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Abstract

Rhizospheric bacteria are naturally occurring soil microbes that are aggressively found in the plant rhizosphere,
at root surface and in association with roots. They give satisfactory benefit plants by several mechanisms such
as nitrogen fixation, phosphate solubilization, potassium decomposition, IAA production, antagonism against
phytopathogenic microorganisms by production of siderophore, antibiotics and cell wall degrading enzymes.
The total number of beneficial bacteria were isolated from different rhizospheric soil in agricultural lands. The
isolated bacterial strains were screened for their plant growth promoting factors such as production of ammonia,
siderophore, cellulase, chitinase, and pectinase enzyme. All of the isolates produced ammonia and 79% of the
isolates produced siderophore on chrome azurole S agar plates. Furthermore, the bacterial isolates produced cell
wall degrading enzyme; pectinase (69%), cellulase (94%), chitinase (51%), amylase (61%) and glucanase
enzyme (59%) on agar plate method. The isolates also produced auxin type plant hormone (IAA), all the isolates
produced IAA and the highest IAA producing strain is W1 and the produce amount was 21.91mg/L. Among the
isolated bacteria, only two strains could produce HCN with the use of Feigl-Anger paper method. The recent
study suggests that the use of these PGPR isolates as inoculants might be a promising source for sustainable
agricultural use.

Keywords: Rhizobacteria, IAA, Siderophore, Phosphate solubilization, PGPR.

INTRODUCTION

The rhizosphere is a specialized region surrounding the plant root zone which possess a very intense
chemical and biological activities due to root exudates. Rhizobacteria are found near the plant roots
colonizing the root surfaces and closely adhering soil interface the rhizosphere [, Plants may be an
important role in selecting and enriching the types of bacteria by using the constituents of their root
exudates because rhizospheric bacterial communities could be efficient systems for the catabolism and
uptake of organic compounds present in the root exudates. The rhizobacterial population may have various
effects on plant growth and health. Plant growth promoting rhizobacteria (PGPR) can be used one or more
direct or indirect mechanism of action to improve plant growth and nutrition. The direct activities of plant
growth promotion are 1) fixation of atmospheric nitrogen 2) solubilization of phosphorus 3) decomposition
of potassium 4) sequestering of iron with the production of siderophores 5) production of plant hormones
such as auxins, cytokinins and gibbrellins and 6) lowering of ethylene concentration in the plants [,
Indirect mechanism of plant growth promotion by PGPR are as follows 1) antibiotic production 2)
depletion of iron from the rhizosphere 3) synthesis of antifungal compound 4) production of fungal cell
wall lysing enzymes 5) competition for sites on roots and induced systemic resistance [,

A large number of microorganisms such as algae, bacteria, fungi and protozoa can be found in a narrow
sleeve around the axes of the root hairs in the rhizospheric zone. Plant growth promoting rhizobacteria
(PGPR) are soil-borne bacteria which enhance the growth of plant directly by providing nutrients and
growth promoting substances (nitrogen, phosphorus and essential minerals) or modulating plant hormone
levels to the plants or indirectly reducing the inhibitory effects of various plant pathogens and development
in the forms of biocontrol agents [“. Free living plant growth promoting rhizobacteria have been shown
promise as biofertilizers. There have been a lot of studies reporting that inoculation with PGPR could
increase plant growth promotion, increased crop yield, uptake of nitrogen, solubilization of phosphorus or
decomposition of potassium. Some other studies have revealed that inoculation with PGPR could enhance
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plant root growth leading to a root system with large surface area
increasing number of root hairs 1. Due to world’s expanding population,
plant nutrients become essential for the crop and healthy food production.
Therefore, plant nutrients are a vital component of sustainable agriculture
to meet rising demand of the food. Microbial inoculants could be
constitute as an important component of integrated nutrient management
and as an economic input to increase crop productivity leadings to a
sustainable agriculture [, In this case, fertilizer doses can be lowered and
more nutrients can be harvested from the soil. Biofertilizers are any inputs
containing a formulation of living microorganisms which are able to fix
atmospheric nitrogen in the available form of plants either by living freely
in the soil or being symbiotically associated with plants or mobilizing
nutritive elements from unusable form to usable form via biological
processes [). Crop productions have been highly effected by pathogenic
microbes threating plant health and affecting ecosystem stability in the
world. Therefore, agricultural productions became highly dependent on
agrochemicals as a reliable approach of crop protection helping economic
stability of agricultural practices Bl. In this way, increasing chemical
inputs may cause several negative effects such as developing resistant
pathogen varieties, non-target environmental impacts and growing cost
and accumulation of chemicals in edible plant parts 1. Plant growth
promoting rhizobacteria (PGPR) could be applied as crop inoculants for
biofertilization, phytostimulation and biocontrol offering an attractive
and eco-friendly alternative to decrease the application of chemical
fertilizers which decrease soil fertility and cause adverse effects on the
environment 1%, Crop plants have been protected from pathogenic
microorganisms and crop productivity have been needed to be improved
as a critical context of demand for food for the increasing human
population.

The development of biofertilizer composed by beneficial rhizobacteria
could minimize and even replace the use of chemical fertilizers while
assuring a sustainable agriculture and maintaining environmental quality.
[11] For this purpose, the current research focus on the isolation of bacteria
from the rhizosphere of several crops cultured in the Hainan, China, and
then screening of multifunctional PGPRs activities from soil samples of
different crop cultivated lands to determine the possession of direct and
indirect plant growth promoting rhizobacteria attributes.

MATERIALS AND METHODS
Soil Sample Collection

The rhizospheric soil samples were collected from the root zones of soil
cultivated with different crops from Hainan and Anhui Province of China.
The soil samples were carefully dug out at a depth of 5-10 inches and
were taken in plastic bags with proper labelling. They were stored at 4°C
in the refrigerator for future purpose.

Isolation, Identification and Purification of Bacterial Isolates

Microbial species have been isolated from each sample by serial dilution
and spread plate method. The soil sample was weighed as 0.1g and put in
a test tube containing 900ul of sterilized NaCl (0.9 %) and was shaken
well using vortex mixer. This stock solution was then transferred to 900
ul of sterile NaCl to form 10! dilution. In this way, the stock solution was
diluted serially up to 107 for each soil sample. The amount of 100 pl of
each dilution was carefully spread on Burk’s N free medium for about 48
hrs at 30+1°C. It was for the isolation of nitrogen fixing bacteria (NFB),
similarly, on Pikovskaya’s at the same incubation time and at the same
temperature for the isolation of phosphate solubilizing bacteria (PSB) and
on Aleksandrow’s medium for seven days at the same temperature for the
isolation of potassium solubilizing bacteria (KSB). Fine isolated and
distinct bacterial colonies were picked and purified by subculture method
on respective media and incubated at respective temperature. After the
recovery isolates in pure form, the resulting PSB, NFB and KSB isolates
were growing in LB broth. The amount of 500 pL of the overnight culture
were added to 2 ml screw top tube containing 500 pL of 50% glycerol.
The bacterial isolates were then stored in the glycerol stocks at -80°C in
the freezer. The bacterial cultures were also lyophilized by mixing
thoroughly with 15% skim milk and 15% rice powder using vortex
mixture. Morphology and texture of each bacterial colony was recorded

and then randomly selected and further purified on nutrient agar slant at
4°C for further studies 2.

Screening of Phosphate Solubilization Activity

Phosphate solubilization activity of the isolates was evaluated upon the
solubilization of inorganic phosphate on Pikovskaya’s (PVK) agar plates
containing 0.5% tricalcium phosphate as the inorganic form of phosphate.
The colonies on the isolation media were screened on PVK media for
their P solubilisation activities. All the isolates were spot inoculated at
the centre of PVK plates and they were then incubated at 37°C for 5 days.
Each isolate was measured successively after culture incubation by
phosphate solubilization efficiency approach measuring the ratio of total
diameter (clear zone including bacterial growth and the colony diameter).
The halo zone diameter of P solubilization was calculated by subtracting
the colony diameter from the total diameter.

Formula for P solubilization index is PSI= colony diameter + halozone
diameter/colony diameter. The appearance of clear halo zone around the
bacterial colony indicated the phosphate solubilizing activity of the
bacteria and these bacteria were easily identified as phosphate
solubilizing bacteria (PSB) [*3],

Nitrogen Fixing Activity

For the identification of nitrogen fixing activity of the isolates, the
bacterial isolates were spot inoculated on nitrogen free minimal medium
(NFMM) containing KzHPO4, MgSO4, NaCl, CaClz, FeSO4, NaMoOsa,
MnSOs4, glucose and the amount 0.5% bromothymol blue as a pH
indicator. After about 3-10 days of culture incubation, the color changing
of the media from green to blue was identified as NFB isolates (141,

Potassium Solubilization Activity

For potassium solubilization activity of the isolates, the bacterial isolates
were spot inoculated at the center of Aleksandrow’s media containing
MgSQOas, CaCOs, KAISi30s, FeCls, Cas(POa)2, glucose and agar [*31. The
culture plates were incubated at 37°C and the clear zone diameter of the
culture isolates were successively measured after 4 weeks of incubation.

Indole-3-Acetic Acid (IAA) Production Activity

For 1AA production activity test, bacterial isolates were firstly cultured
in sterilized nutrient broth supplemented with 1% tryptophan as a
precursor for IAA production for seven days at the temperature of 28-
30°C at 100-150 rpm of shaking incubation. Then, the different tubes
containing bacterial cultures were centrifuged at 20000 rpm for 10 min.
The supernatants were then separated in new tubes, 1 ml of each
supernatant of particular isolates were mixed with 2ml of Salkowski
reagent (1ml of 0.5M FeCI3 in 50mL of 35% HCIO4) and the mixtures
were kept for 30 minutes at room temperature 161, The development of
pink color was the indicator for production of IAA and the quantity of
IAA was read at 530 nm in a UV-Vis spectrophotometer. IAA standard
solution of 5 pg/ml, 10 pg/ml, 20 pg/ml, 50 pg/ml and 100 pg/ml were
used to estimate the bacterial IAA production activity. A standard curve
was plotted for IAA quantification and a reagent alone without bacterial
inoculation was used as a control. The solutions were incubated at room
temperature for 30 minutes and then read in UV-Vis spectrophotometer
at ODsso. The different color across the gradient of different
concentrations was observed in a few minutes. The different absorbance
was recorded in an excel spreadsheet and the amount of IAA production
by bacterial isolates were calculated using standard curve prepared with
known concentrations of IAA.

Production of Ammonia (NHs)

For the production of ammonia (in term of nitrogen fixing activity),
bacterial isolates were tested in peptone water. Freshly grown bacterial
cultures inoculated in each tube containing 10ml of peptone water and
then incubated on a rotary shaker for 96hrs at 28 + 2°C. After incubation
period, 0.5 ml of Nesseler's reagent was added into each bacterial tube.
The development of yellow to brown color was a positive test for



ammonia production and faint yellow color indicated as small amount of
ammonia and deep yellow to brownish color indicates maximum amount
of ammonia production 7],

Hydrogen Cyanide (HCN) Production Activity

HCN production was detected according to the method developed by
Lorck I8, The bacterial isolates were streaked on Nutrient agar media
amended with glycine (NB 18g/l+ Agar 15g/I+ glycine 4.4g/l). Feigl-
Anger paper were prepared by dipping the filter paper strips in a 1:1
mixture of two freshly prepared solutions: (1) 1% (w/v) methylenebis in
chloroform and (2) 1% (w/v) copper ethyl acetoacetate in chloroform for
2 minutes. After drying, the paper strips were wrapped with aluminium
foil and then put inside the plastic bag until used. These Feigl-Anger
papers turned from a faint blue green to a bright blue in the presence of
HCN and they can detect as little as 1ug HCN 91, Feigl-Anger papers
were placed in the lid of each Petridish and sealed air-tight with para film.
After 48 hrs incubation at 30°C, development of faint blue to bright blue
color was recorded for HCN production.

Siderophore Production Activity

Siderophores are special low molecular weight iron chelating compounds
produced by bacteria under iron restricted condition. They have been
implicated for both direct and indirect enhancement of plant growth.
Siderophore production was detected by the universal CAS-agar plate
assay using blue agar plates containing the dye chrom azurol S (CAS) 29,
Sterilized blue agar was prepared by mixing CAS (60.5 mg/50ml distilled
water) with 5ml iron solution (ImM FeCI3.6H20) and 5ml 10mM HCI).
This solution was slowly added to hexadecyltrimethyl ammonium
bromide (HDTMA) (72.9 mg/40ml distilled water). Thus, 50 ml CAS dye
was prepared and poured into 500 ml nutrient agar and the plates were
prepared. The bacterial cultures were spot inoculated on CAS agar
medium and were incubated at 28°C for four days. The siderophore
producing bacterial colonies could be found by showing orange color
around the colony. The CAS assay is based on siderophore ability to bind
to ferric iron with high affinity. The agar contains Chrome Azurol S
(CAS) dye which, when complexed with Fe3+, is blue in color. If the
inoculated organisms secrete siderophores, ferric iron is stripped from the
dye, causing the media to change colors from blue to orange or yellow.
Therefore, the presence of siderophores is indicated by coloration
surrounding the inoculation site 221, Orange halos around the bacterial
colonies on blue media were positive indicator for the production of
siderophore.

Amylase Enzyme Production

For amylase production activity, starch hydrolysis test was used. The
isolated bacteria were spot inoculated on the starch agar medium and
incubated at 28°C for seven days [?2. After culture incubation, lodine
solution was flooded in the plates using dropper. The plates were then
kept undisturbed for 5-10 minutes and then the iodine solution was
discarded from the plates. The clear halo around the colony was the
positive indicator for the production of amylase.

Pectinase Enzyme Production

For pectinase enzyme production (casein degradation) activity, the
bacterial isolates were spot inoculated in pectin amended nutrient
medium. The plates were then incubated at 28°C for seven days. After
culture incubation, the plates were flooded with 1% Congo red solution.
They were washed with 1M NaCl solution in order to remove
superficially adhered congo red dye. The isolates producing pectinase
indicated the appearance of clear halo zone around the colonies according
to Anand et al. (3]

Cellulase Enzyme Production

The ability to produce cellulase was determined by using the method of

Wood et al. The isolates were spot inoculated into the agar plates
containing NaNOs, K:HPO4, KCI, MgSO4, FeSOs4, yeast extract, agar,
carboxy methyl cellulose (CMC) as a carbon source 24, Bacterial strains
were grown on this media and incubated for 2 days at 28°C. After cell
growth, the presence of extracellular cellulase was detected qualitatively
by formation of a clear zone by flooding the plates with 1% Congo red
solution for 15minutes. The plates were then destained with 1M NaCl for
15 minutes. They were then visualized for halo zone indicating cellulase
production.

B -Glucanase Enzyme Production Activity

B-1,3-glucanases are enzymes which are able to destroy cell walls of
some fungi as well as split off the fragments possessing
immunoregulating properties (endogenous elicitors and suppressors). -
1,3-glucanase detection was tested in agar containing nutrient media with
0.01% laminarin 251, Microorganisms were spot inoculated in these agar
media and incubated at 28°C up to 5 days. Laminarin depolymerized
zones were seen on the culture plates after 5 days.

Chitinase Enzyme Production

Chitinases are chitin-degrading enzymes that hydrolyze the B -1, 4-
glycosidic bonds between the N-acetyl glucosamine residues of chitin and
are widely found in nature. These enzymes have the ability to degrade the
fungal cell wall and this is an important mechanism of fungal inhibition.
Activity of chitinase was detected on colloidal chitin agar plates 1% (w/v)
1261, Colloidal chitin was made by slowly adding chitin powder to 10M
HCI with vigorous stirring and kept overnight at 4°C in the refrigerator.
This suspension was added to chilled ethanol by stirring vigorously and
kept overnight at 25°C. The precipitate was then collected by
centrifugation at 10000 rpm for 20 mins. After that they were washed
with sterile distilled water until colloidal chitin became neutral (pH 7).
Finally it was stored at 4°C until further use. Basal chitinase detection
medium was directly supplemented with colloidal chitin (4.5g/l) and
bromocresol purple (0.15¢g/I). Resulting substrate had a bright yellow-
color, and retained enough bromocresol purple even after pH was
adjusted to 4.7 and sterilization at 121°C for 15 mins. Colloidal chitin
media containing bromocresol purple (pH 4.7) were inoculated with
chitinolytic bacterial isolates, resulted in breakdown of chitin into N-
acetyl glucosamine causing a corresponding shift in pH towards alkalinity
and change of color of pH indicator dye (BCP) from yellow to purple
zone surrounding the inoculated fresh culture colonies in the region of
chitin utilization #7281, A single colony of each bacterial isolate was spot
inoculated on this agar medium and incubated at 30°C for 4 days.

RESULTS AND DISCUSSION
Isolation and Purification of Bacteria

The total of 102 bacterial isolates were further screened on the respective
media for their NPK activities. Among them, 39 bacterial strains with
dual effects such as phosphate solubilization, nitrogen fixing and/or
potassium solubilization were selected for further investigation of plant
growth promoting activities such as IAA production, hydrolytic enzyme
production and plant defence substances production. Not wanting to
focus only on the potential to fix nitrogen, whole 39 bacteria isolates were
assessed for the others potential PGPR, such as Tricalcium phosphate
solubilization, 1AA production, siderophore production, hydrolytic
enzyme production and cell wall degrading enzyme production.

Identification of bacterial isolates
All the bacterial isolates were selected on the basis their particular activity

was identified on the basis of gram’s staining. The name of the isolates
were given in this work. (Table 1)



Table 1: Colony Morphology and Gram’s Reaction of the Selected
Bacterial Isolates

phosphate solubilizing bacteria are more abundant in the rhizospheric
soils than non-rhizospheric soil 3+ 32, PSB has been considered as one of
the most alternative way for the production of inorganic phosphate

Phosphate solubilizing activity of the isolates

Phosphate solubilizing bacteria (PSB) play an important role to solubilize
insoluble phosphates into soluble forms for the plants are able to use.
Phosphorus is one of the macro elements for the plant mineral nutrition
due to its importance to plant growth and development 29, It is often a
limiting mineral nutrient for many agricultural crop fields although it is
abundant in many soils but poor assimilable forms [2%, The exploitation
of phosphorus solubilizing rhizobacteria is a very promising approach to
enhance the availability of soluble P in soils. In recent studies, the

No. |Isolates|Colony Morphology Gram’s Reaction |Cell Shape biofertilizers to improve plant growth and yield. The isolated bacterial
1 |BP2 [Irregular, raised, lobate, creamish |+ Rod strams_ were |dept|f|ed as potenugl _p_hosphate solu_blllzers based on the
_ i screening of their solubilizing activities by producing clear zone around
2 |BP3 [lrregular, raised, lobate, creamish |+ Rod the colonies after seven days of culture incubation on Pikovskaya’s agar
3 [BP4 |Irregular, flat, lobate, creamish |- Rod plates. Among all 39 PSB isolates, the best strains were SP2, WP2, TK6,
o Tiat Tob = 5 WAG and SAKG6 base on their PSI value and their P solubilizing index are
4 |RP4 |Irregular, flat, lobate, creamish |- Ro 7.75, 4.17, 3.88, 3.71 and 3.6 respectively. Results for the phosphate
5 |[SP2 Irregular, flat, lobate, creamish |- Rod solubilisation assay are shown in Table (2). (Figure 1.b)
6 |[SAPL |I lar, flat, undulate, yellowish |- Cocci A L
rreguar, e, unadrate, yeTlowls ocdl Table 2: P Solubilization Activity of the Isolates
7 |MAP3 [Irregular, flat, undulate, yellowish |- Cocci
: No | PSB P- NF P- KSB | P-
+
8 |MAP4|lrregular, flat, lobate, creamish Rod Solubilizati | B | Solubilizati Solubilizati
9 |MAPS5 (Circular, convex, entire, creamish |- Rod on Index on on Index
- - - Index
10 [WAPS (Circular, convex, entire, creamish |+ Rod 1 BP2 | 256 B2 21 TKL | 21
11 |WP1 [Irregular, flat, lobate, creamish - Rod > BP3 55 B3 307 TK6 | 3.88
12 [WP2 |Circular, convex, entire, creamish |- Cocci 3 BPA4 23 B4 3 TK7 317
13 |WP5  |lrregular, flat, undulate, yellowish |- Cocci 2 RP4 517 B5 o1 SAK | 36
14 |TAP1 |lrregular, flat, undulate, yellowish |- Rod 2
- 5 SP2 7.75* R3 23 SAK | 3.22
15 B2 Irregular, flat, lobate, creamish - Rod 5
16 (B3 Irregular, flat, lobate, creamish |- Rod 6 | SAP1 | 221 S2 | 24 SAK 31
17 |B4 Irregular, flat, lobate, creamish - Rod 7 MAP | 2.32 33 2.86 SUK 203
18 [B5 Circular, convex, entire, creamish |- Rod 3 2
8 MAP | 211 S4 23 SuK | 2.69
19 [R3 Circular, convex, entire, creamish |- Rod 4 7
20 |S2 Circular, convex, entire, creamish |- Rod 9 QAAP 2.77 n 225 WK3 | 27
21 |S3 Irregular, flat, lobate, creamish - Rod 10 | WAP | 215 T4 2 WK5 | 2.8
- 5
22 |S4 Irregular, flat, lobate, creamish - Rod o Twel |27 T5 25
23 |T1 Irregular, flat, lobate, creamish - Rod 2 wp2 | 217 T6 29
24 |T4 Irregular, flat, lobate, creamish + Rod 3 [Wps | 221 MA | 22
25 |T5 Irregular, flat, lobate, creamish - Rod 4
14 | TAP 212 WA | 2
26 |T6 Irregular, flat, lobate, creamish - Rod 1 4
27 [MA4 [Circular, convex, entire, creamish |+ Rod 15 WA | 371
6
28 |WA4 (Circular, convex, entire, creamish |- Rod
29 |WAG6 [Circular, convex, entire, creamish |- Rod ) - o )
30 |TK1 Irregular, raised, lobate, creamish |- Rod Nitrogen fixing activity of the isolates
31 |TK6 |Irregular, raised, lobate, creamish |- Rod The nitrogen fixation from atmospheric nitrogen is an important criterion
32 [TK7 [Irregular, raised, lobate, creamish |- Rod for the selection of p_otentlal_plant_ growth promoting bacteria. Plants are
_ i seen to be able to achieve their optimal growth only when they get enough
33 |SAK2 [Irregular, raised, lobate, creamish |- Rod amount nutrients such as nitrogen in the presence of N-fixing plant
34 |SAKS [Irregular, raised, lobate, creamish |- Rod growth promoting bacteria (3], Nitrogen fixing activity of the bacterial
. isolates is determined by the strain screening on nitrogen free minimum
35 |SAKG |lrregular, flat, lobate, creamish |- Rod medium (NFMM). Among 39 bacterial strains, only 10 have showed
36 |SuK2 |Irregular, flat, lobate, creamish |- Rod satisfactory results on nitrogen fixing activity by changing color of the
37 |SuK7 [Iregular, fiat, lobate, creamish |- Rod culture media from green to blue. The strains with color changed were
Y ' B2, B3, B5, S2, S3, S4, T1, T4, WA4 and WAG. (Figure 1.a) Among
38 |WK3 [Irregular, flat, lobate, creamish |+ Rod these 10 strains, B3, S2, S3 and S4 strains indicated the best nitrogen
39 |WK5 [lrregular, flat, lobate, creamish |- Rod fixing activities and the best phosphate solubilizing activities.

Potassium solubilizing activity of the isolates

The K solubilizing activities of the isolates were detected by spot
inoculated them on Aleksandrow’s agar media. Among 39 isolates, 10
isolates were able to possess potassium solubilizing activity on
Aleksandrow’s media plates containing KAISizOs as insoluble K source.
K solubilization index was obtained by formula: SI= Colony diameter +
Diameter of zone/colony Diameter. KSB isolates namely TK1, TK6,
TK7, SuK2, SAK5 and SuK2 strains have high potassium solubilizing
activities and their K solubilizing index are 4.2, 3.75, 3.11, 3 and 2.9
respectively as shown in Table 2. Most of the KSB isolates were able to
produce phosphate solubilizing activity. This findings are in agreement
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with those studies, i.e. Silva et al. 34 found that 90% of the isolates were
positive for phosphate solubilisation while Oteino et al. 3] reported that
75% of the isolates were phosphate solubilizers. (Table 3) (Figure 1. c)

Table 3: K. Solubilization Activity of the Isolates

No. | Isolates | Colony diameter | Zone diameter | Solubilization
(mm) (mm) Index

1 TK1 75 24 42

2 TK6 8 22 3.75

3 TK7 8.5 18 311

4 SAK2 11 17 2.55

5 SAKS 75 15 3

6 SAK6 7.2 125 2.81

7 Suk2 12 17 242

8 SuK7 105 20 29

9 WK3 7 11 2.57

10 WKS5 7.8 14 2.79

Table 4: IAA Production of the Isolates

Estimation of IAA production from the isolates

Auxin is the most investigated hormone among other plant growth
regulating substances. The most physiologically active auxin for the plant
is indole-3-acetic acid (IAA) and it is known to stimulate both a short-
term response (e.g., increased cell elongation) and a long-term response
(e.g., cell division and differentiation) in plants. Production of IAA is an
important trait of plant growth promoting rhizobacteria (PGPR) because
it is most important phytohormones and function as signal molecule in
the regulation of plant development. IAA producing by PGPR can vary
among different bacterial species and also influenced by culture
condition, growth stage and substrate availability (3¢, About 80% of the
rhizospheric bacteria are able to produce IAA when L- tryptophan is used
as a precursor in bacterial culture media for IAA production B7. Plant
root exudates are natural source of L-tryptophan to enhance auxin
biosynthesis in the plant root zone where rhizosphere microflorea are
inhibited [38], Several PGPRs for the genera Azospirillum, Azotobacter,
Bacillus, Burkholderia, Enterobacter, Pantoea and Pseudomonas have
been reported for the production of IAA in the presence of tryptophan as
a precursor B9, All the 39 bacterial isolates are found to produce plant
defence hormone 1AA. The best IAA producer strain was WP1 while it
produced 21.91 pg/ml. (Figure 4) The second higher IAA producer strain
was WA4 while producing 11.32 pg/ml. The remaining higher IAA
producer strains were S4, T6, TK6, SP2 and B2 and their IAA production
activities were as shown in Table (4).

No. | PSB 1AA NFB | IAA KSB 1AA
Concentration (pg/ml) Concentration (ng/ml) Concentration (ng/ml)

1 BP2 0.81 B2 8.44 TK1 5.94
2 BP3 0.97 B3 5.46 TK6 9.72
3 BP4 0.22 B4 0.97 TK7 3.19
4 RP4 5.12 B5 3.15 SAK2 | 1.59
5 SP2 8.53 R3 2.29 SAKS5 | 2.00
6 SAP1 | 4.71 S2 0.69 SAK6 | 5.08
7 MAP3 | 2.82 S3 0.89 SukK2 | 2.82
8 MAP4 | 3.73 S4 10.5 SuK7 | 2.41
9 MAP5 | 5.74 T1 5.98 WK3 | 2.17
10 | WAPS | 241 T4 5.45 WK5 | 1.96
11 | WP1 21.91* T5 3.15

12 | WP2 4.67 T6 9.76

13 | WP5 1.34 MA4 | 3.47

14 | TAP1 | 0.32 WA4 | 11.32

15 WAG | 2.08

Estimation of Siderophore production

Besides IAA production, most of the microorganisms also enhance plant
growth by scavenging available iron (Fe3+), which involves secretion of
high affinity, low molecular weight iron chelating substances called
siderophores [0 411, Siderophore production of PGPR is one of the most
prominent biocontrol properties against pathogenic microbes in iron

Table 5: Siderophore Production of the Isolates

limiting condition [“2. Plant growth promoting rhizobacteria can produce
a certain amount of siderophore 3. In the present study under iron
limiting environment, totally 31 isolates were found to show the
siderophore activity in the CAS agar medium. (Figure 1.d) Among
siderophore producer strains in this sturdy, the maximum discoloration
was with B2, S3, TK7 and SAK6 while the least was recorded in the
isolates BP4, WP2, TAP2, R3, WA6, TK6 and SAKS5. (Table 5)

No. | PSB Siderophore Activity | NFB | Siderophore activity | KSB Siderophore Activity
1 BP2 ++ B2 +++ TK1 ++

2 BP3 ++ B3 ++ TK6 +

3 BP4 + B4 ++ TK7 +++

4 RP4 - B5 ++ SAK2 | -

5 SP2 ++ R3 + SAKS | +

6 SAP1 - S2 ++ SAKG | +++

7 MAP3 | ++ S3 +++ SukK2 | ++

8 MAP4 | ++ S4 ++ SuK?7 | -
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9 MAPS | ++ T1 ++ WK3 | -
10 | WAPS | ++ T4 - WK5 | -
11 | WP1 ++ T5 ++

12 | WP2 + T6 ++

13 | WP5 ++ MA4 | -

14 | TAPL | + WA4 | ++

15 WAG6 | +

- =no += low ++= medium +++= high production
Ammonia and HCN production

Production of ammonia is another important trait of the PGPR (plants can
use ammonia as a hitrogen source) which impacts directly the growth of
the plants 14, The ammonia producing activity is an indicator for the
process of ammonification which takes place in the rhizosphere rather
than non-rhizosphere 451, Ammonia and HCN are considered as indirect
mechanisms of the plant growth and development. The excess production
of HCN may play a critical role in the control of fungal diseases 61 and
HCN synthesized by some rhizobacteria inhibits diseases in plant and
thereby increasing the biocontrol mechanisms [“71. In the present study,
ammonia production was observed in all 39 bacterial isolates and highest
NH3 producer strains were BP2, SP2, MAP5, WAP5, WP1, WP2, B2,
B3, R3, S2, S4, MA4, WA4, SAK5, SuK2 and WKS5 as shown in Table
(6). (Figure 3.c) HCN production of rhizobacteria is also essential to play
an important role in the biological control of pathogenic microbes 81,
When the isolated bacteria were subjected to HCN production assay, only
the isolates SAK6 and TK1 were found to be efficient hydrogen cyanide
producers. (Figure 3.b) SAK6 produced higher HCN than TK1 strains
according to color intensity from screening of Feigl-Anger paper method.

Table 6: Ammonia Production of the Isolates

No | PSB NH; NFB | NH; KSB NH;
Productio Productio Productio
n n n

1 BP2 +++ B2 +++ TK1 ++

2 BP3 + B3 +++ TK6 ++

3 | BPA |+ B4 | ++ TK7 | ++

4 RP4 + B5 ++ SAK2 | +

5 SP2 +++ R3 +++ SAK5 | +++

6 SAP1 | ++ S2 +++ SAK6 | ++

7 MAP3 | ++ S3 ++ SUK2 | +++

8 | MAP4 | + S4 +++ SUK7 | ++

9 MAP5 | +++ T1 ++ WK3 | ++

10 WAPS | +++ T4 ++ WK5 | +++

11 WP1 +++ T5 +

12 | wp2 | +++ T6 +

13 WP5 + MA4 | +++

14 | TAPL | + WAL | +++

15 WAG | ++

+= low ++= medium +++= high production

Production of Hydrolytic Enzymes (Chitinase, Glucanase, Amylase,
Pectinase, and Cellulase)

Hydrolytic enzymes are the crucial agents for the prevention of plant

diseases by pathogenic microorganisms in the close vicinity of the plants.
They have the ability to secrete elevated level of lytic enzymes such as
chitinase, glucanase, etc from the cell wall of pathogenic fungi [,
Almong all the selected bacterial isolates, 20 isolates were seen to
produce chitinase and the highest discoloration was found in the isolate
SAK®G with the zone diameter of 75mm. (Table 7) Other high chitinase
producers’ strains were B3, B5, WA4 and WKS5 while their zone diameter
were 47mm, 33mm, 30mm and 27mm respectively. (Figure 2. a) 23
isolated bacteria could produce B-glucanase enzyme and the highest
producer strains were BP2, MAP5, B3, B5, S3, S4 and WKS5 according
to their screening results. (Table 8) (Figure 2. b) Furthermore, amylase
enzyme production has been detected by inoculating the isolates on starch
agar media. Among 39 isolates, 24 bacterial isolates showed the positive
results for amylase enzyme production and the other 15 isolates could not
produce this enzyme. (Table 9) (Figure 2. d) The screening of pectin
degrading enzymes was done by inoculating of the isolates in pectin
amended nutrient medium. (Figure 2.c) It is observed that 12 isolates
among all the tested strains, could not produce pectinase while the other
27 strains produce a minor amount of this enzyme. (Table 10) In another
comparison, 37 isolates out of 39 isolates produced a certain amount of
cellulase while screening in CMC media in vitro, (Figure 3. a) only the
isolates SP2 and WP2 were not able to produce cellulase. (Table 11)

Table 7: Chitinase Enzyme Production of the Isolates

No.[PSB |zone NFB [zone KSB |zone
diameter |Activity| diameter [Activity| diameter [Activity|
(mm) (mm) (mm)

1 |BP2 |14 ++ B2 |20 +++ TK1 |0 -

2 |BP3 |0 - B3 |47 ++++ |TK6 |0 -

3 |BP4 |0 - B4 (20 +++ TK7 |0 -

4 |RP4 |9 + B5 (33 +++ SAK2(0 -

5 |SP2 |15 ++ R3 |0 - SAKS5(0 -

6 |SAP1 |13 ++ S2 |0 - SAKG|75 ++++

7 |MAP3|0 - S3 |24 +++  [SuK21|0 -

8 |MAP4|12 + S4 125 +++ SuK7 (0 -

9 |MAP5|0 - T1 |0 - WK3 |0 -

10 [WAP5|15 ++ T4 |0 - WKS5 |27 +++

11 (WP1 |15 ++ 5 |9 +

12 |\WP2 (13 ++ T6 [0 -

13 (WP5 |0 - MA4(13 ++

14 [TAP1 |0 - WA4|30 +++

15 WAB(0 -

- =no += low ++= medium +++= high ++++= highest production
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Table 8: Glucanase Enzyme Production of the Isolates

Table 9: Amylase Enzyme Production of the Isolates

No. | PSB B NFB | B 1,3 | KSB B 1,3 No | PSB Amylase NFB | Amylase KSB Amylase
1,39chanase glu_cgnase glupgnase Productio Productio Productio
activity activity activity n n n

1 BP2 +++ B2 + TK1 - 1 BP2 + B2 + TK1 +

2 BP3 - B3 +++ TK6 - 2 BP3 - B3 + TK6 +

3 BP4 - B4 + TK7 - 3 BP4 + B4 + TK7 +

4 RP4 + B5 +++ SAK2 | - 4 RP4 + B5 + SAK2 | -

5 SP2 - R3 - SAK5 | + 5 SP2 + R3 - SAK5 | -

6 SAP1 | + S2 ++ SAK6 | + 6 SAP1 | - S2 - SAK6 | +

7 MAP3 | + S3 +++ Suk2 | + 7 MAP3 | - S3 + SukK2 | +

8 MAP4 | - S4 +++ SuK7 | + 8 MAP4 | - S4 - SuK7 | +

9 MAP5 | +++ T1 - WK3 | - 9 MAPS | - T1 - WK3 | -

10 | WAPS | - T4 ++ WK5 | +++ 10 | WAP5 | + T4 + WK5 | -

11 | WPl - T5 ++ 11 | WP1 + T5 +

12 WP2 - T6 ++ 12 WP2 - T6 +

13 WP5 ++ MA4 | - 13 WP5 + MA4 | -

14 TAP1 | - WA4 | + 14 TAP1 | + WA4 | +

15 WA6 | ++ 15 WAG | +

- =no += low ++= medium +++= high production

Table 10: Pectinase Enzyme Production of the Isolates

- = Not detected + = Detected

No. | PSB Pectinase Production | NFB | Pectinase Production | KSB Pectinase Production
1 BP2 + B2 + TK1 -
2 BP3 + B3 + TK6 +
3 BP4 + B4 + TK7 +
4 RP4 + B5 + SAK2 | -
5 SP2 - R3 - SAKS5 | +
6 SAP1 + S2 - SAKG6 | -
7 MAP3 | - S3 + SukK2 | +
8 MAP4 | + S4 - SuK?7 | +
9 MAPS | - T1 - WK3 +
10 WAPS | + T4 + WK5 +
11 WP1 + T5 +

12 WP2 - T6 +

13 WP5 + MA4 | -

14 TAP1 + WA4 | +

15 WAG6 | +

= = Not detected + = Detected
Table 11: Cellulase Enzyme Production of the Isolates

No. | PSB Cellulase Production | NFB | Cellulase Production | KSB Cellulase Production
1 BP2 + B2 + TK1 +
2 BP3 + B3 + TK6 +
3 BP4 + B4 + TK7 +
4 RP4 + B5 + SAK2 | +
5 SP2 - R3 + SAKS5 | +
6 SAP1 | + S2 + SAK6 | +
7 MAP3 | + S3 + SukK2 | +
8 MAP4 | + S4 + SuK7 | +
9 MAPS | + T1 + WK3 +
10 WAPS | + T4 + WK5 +
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11 | WPl + T5 +

12 | WP2 - T6 +
13 | WPS + MA4 | +
14 | TAP1 | + WA4 | +
15 WAG | +

= = Not detected + = Detected

(b)

(O

Figure 1: (a) Screening of nitrogenase enzyme activity, (b) Phosphate solubilisation activity, (c) potassium solubilisation activity, (d) Siderophore production

@

(©) (d)

Figure 2: (a) Screening of Chitinase enzyme production, (b) Glucanase enzyme production, (c) Amylase enzyme production, (d) Pectinase enzyme production

Figure 3: (a) Screening of Cellulase enzyme activity, (b) HCN production, (c) Ammonia production

Figure 4: Quantitative estimation of IAA production

CONCLUSION

In the present study, 39 isolates from different crop fields (kidney bean,
rice, sugarcane, tomato, maize, soybean and watermelon) were screened
for their plant growth promoting activities. The capacity to produce
phytoharmones such as IAA, is a desirable characteristic of PGPR [,
Almost all the PGPR isolates have multifunctional activities for plant
growth promoting acitvities such as IAA production, phosphate

solubilization, ammonia production and hydrolytic enzyme production
[51], Based on the results, the currently isolated bacterial strains especially
PSB isolate showing the highest IAA producer strain WP1, NFB isolates
namely B2, B3, S3, S4 and KSB isolates such as TK1 and SAK6 could
be useful for bio-fertilizer individually or as a consortium in order to be
used for an alternative approach to chemical fertilizers. These bacterial
isolates had dual activities such as nitrogen fixation and phosphate
solubilisation, potassium solubilisation and phosphate solubilisation

[ 60



rather than plant hormone IAA production and defence substances such
as ammonia and siderophore production. PGPR ability can be exploited
further by using it as bio-fertilizers in the field of medicinal plant,
agriculture and crop plantation after further field studies to support these
findings.
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