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Abstract: Exploitation of phosphate solubilizing bacteria (PSB) and fungi as bioinoculants instead of chemical fertilizers is
known to promote plant growth through the supply of plant nutrients. In view of this, the present investigation was planned to
assess the phytobeneficial traits of phosphate solublizing bacterial and fungal isolates recovered from coffee arabica
rhizosphere/ vermicompost and to determine their potential in growth promotion of coffee seedlings. They were isolated and
purified following standard methods. A total number of 154 bacteria and 72 fungi were isolated from vermicompost and coffee
rhizosphere. Out of these, twelve potent bacterial and nine fungal isolates were selected and investigated. Among twelve
bacterial isolates, three of them showed significant potential to solubilize Ca3(PO,), and had phytobeneficial traits, viz, indole
acetic acid, NH;, HCN production and N-fixing ability. The three bacterial isolates (RCHVCB;, RScB1.19 and RMaB2.11)
exhibited also remarkable tolerance to ecophysiological factors such as heavy metal, acidity and salinity. These potent isolates
were selected for further identification based on morphological and biochemical characteristics and presumptively identified as
genera of Pseudomonas (RCHVCB,) and Bacillus (RScB1.19 and RMaB2.11). Similarly, three fungal isolates with superior
phosphate solubilizeation ability were characterized and identified as genera Penicillium (RSCF1.19) and Aspergillus
(RCHVCEF2 and RLVCF2). Consequently, these three efficient bacterial and fungal isolates were evaluated on the coffee seed
germination on Petri dish based trial under laboratory condition. The results of inoculated seeds showed significant (p<0.05)
differences in germination rate and vigor index compared to the control. Among all inoculums RScB1.19,
RMaB2.11+RSCF1.19 and RMaB2.11 + RLVCF2 showed significantly (p<0.05) high germination rate (20.59%) over the
control (13.33%). Moreover, a single inoculation of RLVCF2, RSCF1.19 and co-inoculation of RMaB2.11 with RLVCF2 also
showed significant (p<0.05) mean root length (1.31cm) and mean shoot length (1.48cm) over the control. These effective
bacterial and fungal solublizers can be recommended under field condition as biofertilizer agent and reducing the cost required
for chemical fertilizers and providing a step forward towards sustainable agriculture.
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chemical fertilizers for sustainable agriculture. Among
macro-nutrients phosphorus (P) plays critical roles in plant
nutrition [1]. Organic matter and inorganic compounds are
major sources of available P in the soil [2]. The insoluble and
inaccessible forms of P are hydrolyzed to soluble and
available forms through the process of solubilization of

1. Introduction

Bio-inoculants are one of the important technology that
create very significant impact on farmers as they are cost
effective and renewable resource in making nutrients (macro
and micronutrients) available to plants to supplement the
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inorganic P and mineralization of organic P [3]. Of the
various chemical forms of P, plants take up only negatively
charged primary and secondary orthophosphate ions (H,PO,
and HPO,*) as nutrient, but most of P in nature exists in
various organic and inorganic forms. Therefore, the
availability of P depends on the solubility of this element,
which could be influenced by the activity of plant roots and
microorganisms in the soil.

Phosphate-solubilizing microorganisms (PSMO) solubilize
the insoluble forms of P such as tricalcium phosphate
(Ca3(PO4),), aluminium phosphate (AIPO,4), or iron
phosphate (Fe;POy4) through the production of organic acids,
siderophores, and hydroxyl ions [4]. Some bacteria only
solubilize calcium phosphate, while other microorganisms
are capable of solubilizing other forms of inorganic
phosphates at different intensities. Bacterial isolates
belonging to genera Enterobacter, Pantoea and Klebsiella
solubilize Ca3(PO,), to a greater extent than FePO, and
AIPO,4 [5]. The production of organic acids, particularly
gluconic and carboxylic, is one of the well-studied
mechanisms utilized by microorganisms to solubilize
inorganic phosphates [6].

Several phosphate solublizing bacteria (PSB) have been
isolated from the roots and rhizospheric soil of various plants
[7]. Chen et al. [8] have previously reported several PSB
strains belonging to the genera Bacillus, Rhodococcus,
Arthrobacter,  Serratia, Chryseobacterium, Gordonia,
Phyllobacterium. Later, Souza et al. [7] have identified
isolates belonging to the genera Burkholderia, Cedecea,
Cronobacter, Enterobacter, Pantoea and Pseudomonas
which were able to solubilize Ca3(PO,),. Moreover, an earlier
report by Suhane [9] showed that the abundance of phosphate
solublizers in vermicompost indicating its potential to screen
phytobeneficial microbes from natural pool. Biswas et al. [10]
have demonstrated the efficiency of bacteria isolated from
the gut of earthworm in solubilizeation of Caz(PO,), by
tolerating higher concentration of heavy metals such as Cu
and Zn. Esakkiammal et al. [11] have also reported that the
fungal population is found to be significantly higher in the
fresh vermicast obtained from vermicompost of Fudrilus
eugeniae and Eisenia fetida. Likewise, Anastasi et al., [12]
have isolated and documented a total of 142 fungal species
that are associated with vermicompost.

Penicillium and Aspergillus spp. are the dominant P-
solubilizing filamentous fungi found in rhizosphere [13].
They are said to be the most powerful P solubilizers [14].
Filamentous fungi are highly important in P solubilization. It
was reported that Aspergillus niger and Trichoderma
harzianum could be potential candidate for developing bio-
inoculants to facilitate P supply to different crops in alkaline
and acidic soils with organic and inorganic P content and also
possessed plant growth promoting attributes such as auxin
and sidreophore production [15]. Earlier reports by Pandey
[16] and Pindi [17] were indicated that some Penicillium
species and Aspergillus niger have a potential role in Rock
Phosphate solubilizeation, P mobilization and tend to
accelerate plant growth promotion using different strategies.

Thus, there is a need for rigorous screening of efficient
PSMO with adaptation to different soil conditions [18] with
due emphasis on vermicompost and coffee rhizosphere
thereby to increase organic coffee production and
productivity. In Ethiopia few studies dealt with
phytobeneficial microbes associated with coffee Arabica. For
instance, Muleta et al [19] have conducted in vitro
assessment on P solubilising ability of rhizobacteria
associated with Coffea arabica L. using hydroxyapatite and
tricalcium phosphate and reported that over 72% of tested
genera of Pseudomonas and Erwinia were able to release free
P from complex compounds. Nevertheless, development of
effective microbial bio-inoculants under in vivo condition for
coffee production and importance of bio-inoculant
technologies are yet to be done in coffee production sector.
Therefore, the present study was designed with the aim of
studying morphological and physiological characteristics of
the indigenous P solubilizing bacteria and fungi associated
with vermicompost and coffee rhizosphere to assess their
potential to increase coffee germination rate under laboratory
condition.

2. Materials and Methods

2.1. Description of the Study Areas
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Figure 1. Soil sample collection area.

The study was carried out at Jimma Agricultural Research
Center (JARC) during 2018/2019. JARC is located at 363 km
to the southwest of Addis Ababa. JARC is found at
7°40'47"N latitude and 36°49'47"E longitude. The mean
minimum and maximum temperature of JARC are 26.2 and
11.3°C, respectively. The elevation of the Center is 1,753 m
above sea level and it receives 1,529.5 mm average annual
rainfall. The total area of Jimma Zone is 18415 km® and
located between latitudes 7°18’N and 8°56°N and longitudes
35°52’E and 37°37°E. Soil samples were collected from Seka
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Chekorsa, Goma and Manna districts of Jimma Zone (Figure
1). Seka chekorsa, Goma and Manna districts are among the
woredas in Jimma zone, which are located at 368, 368 and
395km respectively, southwest of Addis Ababa. The
microbial analysis was conducted in Jimma University,
School of veterinary medicine Laboratory.

2.2. Vermicompost Production

Green grass (Gg) was collected from JARC, chopped and
subjected to initial decomposition in draining plastic
containers of 45 x35 x 15 cm sizes by sprinkling water,
regular mixing and turning of the substrates for 15 days. Cow
dung (CD) was collected from nearby cattle sheds in fresh
form and allowed to dry in open space for one week and used
for the study. The Russian based earthworms, Eisenia fetida,
originally collected from vermiculture of the JARC were
mass multiplied in cow dung and used for the study. Each
pre-decomposed Gg and CD substrates were mixed in 1:2
ratio, respectively on dry weight basis by making piles in
plastic containers of 45%35x15 cm size and was left for a
period of 4 days for stabilization by sprinkling water daily.
After 4 days, each bin containing vermibed substrate was
introduced with 200 adult E. fetida. Vermicomposting was
carried out in an environmentally controlled experimental
glass house at a temperature of 26+2°C and the vermibeds
were maintained to contain a moisture level of (65-75%) by
sprinkling water over the surface at two days intervals until
maturity.

2.3. Collection of Soil and Vermicompost Samples

Over 150 soil samples were collected from commonly
known coffee growing districts of Mana, Goma and Seka
Chokorsa in Jimma Zone, Oromia Regional State. The soil
samples obtained from a depth of 0-15 cm from the
rhizosphere adhering to roots of coffee plants. The samples
were randomly collected from coffee plantation
fields/farmers managed forest coffee/ within 1 to 2 km
interval between the samples. Matured vermicompost was
collected and air dried under shade for the isolation of
phytobeneficial bacteria and fungi as described by Kole &
Altosaar [20]. All samples were placed in polythene bags,
brought to the laboratory in ice boxes and were stored at 4°C
in refrigerator for further analysis. The pH of soil sample and
vermicompost was measured from the suspension of 1:2.5
soils: H,O by pH meter. Soil and vermicompost
determination of OC was done following Wakley and Black
[21] method and available NPK was also analyzed based on
Bray II procedure [22].

2.4. Isolation of Microbes

Primary isolation and identification of fungal and bacterial
P solublizers was done on Pikovskaya’s agar (PVK),
containing per liter: 0.5g yeast extract, 10g dextrose, 5g
Ca3(PO4)2, 05g (NH4)2$O4, 02g KCI, Olg, MgSO47H20,
0.0001g, MnSO4.H,0, 0.0001g, FeSO4.7H,O and 15g agar,
pH 7.2) supplemented with tri-calcium phosphate (5 g/L) as

an insoluble inorganic phosphate source [23 [by plate count
method [24]. 10 ml/L Rose Bengal was added for control of
bacterialgrowth at concentration 1 /1 5000 to PVK for fungal
growth [25]. A 10 g of soil and vermicompost was separately
suspended in 90 ml sterile distilled water in Erlenmeyer flask
and mixed thoroughly for 30 minutes using a mechanical
shaker at 110 rpm. Then 1 ml of aliquot from each was
transferred with sterile pipettes for ten-fold serial dilution.
From appropriate serial dilution, 0.2 ml of aliquot was
transferred to sterile Petri-plate containing pre-solidified
PVK medium. The inoculated plates were incubated for 7-14
days at 30°C for bacterial isolation and incubated for 6 days
at 25+2°C for fungal isolation. From the total colonies, only
those colonies which showed clear zones were re-streaked
onto PVK medium to obtain pure cultures of phosphate
solublizing colonies. The pure colonies that showed clear
zones around them were maintained in PVK slants at 4°C for
subsequent analysis.

2.4.1. Phosphate Solubilization Tendency of Isolates

The P-solubilization index (SI) of phosphate solubilizing
bacterial and fungal isolates were checked on the PVK
medium supplemented with tri-calcium phosphate (5 g/L) as
insoluble phosphates source. A pinpoint inoculation of
bacterial and fungal isolates was placed on the center of
plates under aseptic conditions. The growth and solublization
of insoluble phosphates in the PVK medium by forming the
halo zones were determined by solubilization diameter after
incubation at 30°C for 7 days for bacteria and at 25+2°C for
6 days for fungi. Bacterial and fungal colonies surrounded by
a halo, indicating phosphate removal, were visually observed
and measured [26]. Three replicate plates were used for each
isolate. The solubilization index was measured according to
the formula:

Colony diameter + halozone diameter

PSI = -
Colony diameter
2.4.2. Solubilization of Inorganic Phosphate in Liquid
Medium

Pikovskaya’s broth medium (125 ml) supplemented with
0.5% TCP (equivalent to 5000 mg L") was prepared. The
medium in 125 ml amount was dispensed into a 250 ml
capacity Erlenmeyer flask. Three replicate flasks were used
for each bacterial and fungal isolate. Sterile uninoculated
medium was served as control. The pH of the medium was
adjusted to 7.0 before autoclaving and each flask was
inoculated with 0.1 ml of 24 h old active culture suspensions
of each PS bacterial isolates with a cell density of 10* cuf/ml.
Similarly, the liquid medium in the flasks was inoculated
with fungal isolate using 8 mm mycelia disks taken from 7
days old cultures.

The flasks were kept on a rotary shaker (125 rpm) for 6
days until the day of sampling for bacteria and kept for 15
days until the day of sampling for fungi. To collect
solublized inorganic P by bacteria, insoluble materials in
each culture broth were removed by centrifuging at 4,000
rpm for 20 minutes and filtered through Whatman filter paper
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No. 1. To quantify solubilized P in each fungal culture,
insoluble materials were removed by centrifuging at 5,000
rpm for 25 minutes and filtered through Whatman filter paper
No. 42. From each culture, 0.625 ml of the filtrate was
transferred to a volumetric flask of 100 ml capacity and 13
ml of mixed reagent added. The volume was top upped to
100 ml with distilled water. Soluble phosphorus was
determined following quantitative  spectrophotometric
analysis according to the method of Murphy and Riley [27]
and the pH of the cultures was also measured accordingly
using pH meter [28]. The absorbance of blank and cultures of
the inoculated treatment filtrates were read at 882 nm wave
length using spectrophotometer (JENWAY 6100, JENWAY
LTD, UK). A calibration curve for standard, plotting
absorbance against respective P concentrations was prepared
and the P concentration of treatment filtrates was read from
calibration curve.

2.5. Test for Phytobeneficial Traits

2.5.1. Production of Indole Acetic Acid (IAA)

Production of IAA was done based on methodology of Patten
and Glick [29]. The potent bacterial cultures were inoculated
into nutrient broth with L-tryptophan (5 pg/mL) and incubated at
28+2°C for 5 days. After incubation, cultures were centrifuged
at 3000 rpm for 30 min. A 2 mL of the supernatant was mixed
with 2 drops of orthophosphoric acid and 4 mL of Salkowski’s
reagent (50 mL of 35% perchloric acid + 1 mL 0.5 FeCl;) and
incubated in the dark for 25 minutes. Development of pink
colour indicates IAA production.

2.5.2. Production of Ammonia (NH;)

Bacterial isolates were tested for the production of
ammonia in peptone water. PSB was grown for 48 h in
nutrient broth (NB) medium at 36+2°C. Freshly grown
cultures (100 pL of 24 h grown) were inoculated into 10 mL
peptone water in each tube. Nessler’s reagent (0.5 ml) was
added in each tube. Development of brown to yellow color
was taken as a positive test for ammonia production [30].

2.5.3. Hydrogen Cyanide (HCN) Production

Qualitative cyanide determination was carried out by
Lorck [31] method modified by Alstrom and Burns [32]. PSB
isolates were sub cultured onto nutrient agar (NA) medium
supplemented with glycine (4.4 gL™). Whatman filter paper
No. 1 soaked in 2% sodium carbonate in 0.5% picric acid
solution was placed at the top of the plate fixed to the
underside of the Petri-dish lids and sealed with parafilm
before incubation at 28°C for 48 h. Changes in color from
yellow to reddish brown was taken as an indication of
strongly cyanogenic potential.

2.5.4. Nitrogen Fixing Activity

In order to screen for nitrogen fixing ability among the
isolated PSB, the pure cultures were inoculated onto Jensen‘s
medium [33] containing g/L: Sucrose 20.0, Dipotassium
phosphate 1.0, Magnesium sulphate 0.5, Sodium chloride 0.5,
Ferrous sulphate 0.1, Sodium molybdate 0.005, Calcium
carbonates 2.0, Agar 15.0. The inoculated Petri plates were

incubated at 37°C for 5 days. Un-inoculated Petri plate
served as control.

2.6. Test for Eco-physiological Properties

2.6.1. Evaluation for Heavy Metal Tolerance

Tolerance to heavy metals was measured using PVK
medium [23] supplemented with different concentrations of
various soluble heavy metal salts. Freshly prepared agar
plates were amended with various soluble heavy metal salts
namely Hg, Cu, Zn and Mn, at various concentrations
ranging from 100 to 400 ug/ml was inoculated with
overnight grown cultures in PVK medium. Heavy metal
tolerance was determined by the appearance of bacterial
growth after incubating the plates at 37°C for 48 h. Isolates
were considered resistant when growth was observed (“+”)
and (“—") for absence of growth.

2.6.2. Evaluation for Salinity Tolerance

PVK medium supplemented with different concentrations
of NaCl (3%, 4%, 5%, 6% and 7% (w/v) were used to screen
the P-solubilization efficacy of different isolates and it was
incubated at 28°C for 5 days [34]. The results were recorded
qualitatively as (“+”) for presence and (“—) for absence of
growth indicating the salt tolerance and sensitivity level of
the microbes.

2.6.3. Screening for Acid Tolerance

PSB isolates were tested for pH tolerance according to the
method described by Hayat et al. [35]. To analyze whether
bacteria can grow in a range of pH 4.0 to 10.0 at an
increment of one unit pH, all the active strains of PSB were
inoculated separately into test tubes containing 10 ml of
nutrient broth (NB) at varying pH levels adjusted with sterile
0.1N HCI and 1N NaOH. Bacteria were incubated for 8 days
at 25°C. The results were recorded qualitatively as (“+”) for
presence and (“—) for absence of growth.

2.7. Identification of PSM

The selected PSB isolates were studied for their
morphological, physiological and biochemical tests based on
the methods defined in Bergey's Manual of Determinative
Bacteriology [36]. Bacterial colonies from purified culture
were grown on PVK solid medium by streak plate method
and incubated at 30°C until colonies appeared. Gram staining
reaction of isolates was observed under light microscope.
Morphological characters of the fungal isolates were
observed by growing them on PVK agar and stained with
lectophenol cotton blue stain for observation of
morphological characteristics of the hyphae, spores, and
conidiophores under light microscope.

2.8. Multiplication of Bacterial and Fungal Isolates and
Inoculum Preparation

Inoculum of PSB was prepared in Pikovskaya’s broth
medium. After multiplication of the selected elite isolates in
the PVK broth by incubating at 28+2°C under shaking at 100
rpm for three days, the broth culture was mixed with sterilized
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vermicompost (VC) as carrier material. The viable count in the
inoculum was kept as 1x10° CFU/ml before mixing with
carrier material (VC) that was sterilized at 121°C and 15 psi
pressure for one hour. Proper water content of the sterile
carrier material (VC) was maintained and inoculated with
broth cultures of phosphate solublizing isolates (20 mL per 50
g of VC) and was incubated at 28+2°C. For fungal inoculums
preparation, phosphate solubilizing fungal (PSF) isolates were
mass cultured aseptically in 90 mm diameter Petri plates each
containing 15 mL of autoclaved PVK. The plates were
incubated at 28+£2°C for 10 days. On the tenth day, spore
suspensions from the fungal isolates was prepared by flooding
the surface of the agar with 10 mL sterile distilled water and
the culture surface gently scraped using a sterile glass rod to
dislodge the spores. The spore suspension was transferred
separately to 500 mL flask containing 400 mL sterile distilled
water. Flasks were shaken for 2 minutes to ensure that the
spores were properly mixed. The cultures were filtered through
Whatman No. 42 filter paper into sterile glass bottle. The spore
suspension of 25 ml of fungal culture was used per 50 g of the
sterilized carrier material (VC) and immediately stored at 4°C
until use. The mixed and inoculated carrier material was
evaluated for plant growth promotion as bio-inoculants for
seed germination under laboratory condition on Petri plates

2.9. Seed Germination Assay

Healthy seeds of coffea arabica L. (Variety 74110) that

Germination rate (%) =

Number of seeds germinated

were coffee berry disease (CBD) tolerant, high yield bearing
and released variety were obtained from JARC. Coffee
variety 74110 is high yielding variety, suitable for medium
altitudes and collected from Illu Ababor in Eastern Ethiopia
district [37]. The seeds were surface sterilized by immersing
in 3.25% (v/v) sodium hypochlorite for 1 min, followed by
70% (v/v) ethanol for 1 min and rinsing five times in sterile
distilled water. These seeds were submerged in liquid 4 ml of
fungal spore suspension and bacterial cultures, both as single
and dual inoculation separately for 6hr incubation at room
temperature [38]. The seeds were dried in a laminar air-flow.
The Seed germination assay was done with completely
randomized design (CRD) in three (3) replications per
treatments and arranged in two groups. The first group was
designed with six (T; — T¢) treatments for single inoculation
and the second group were designed with ten (T;-Te)
treatments for co-inoculation. A total of 10 seeds were placed
at equal distance on the sterile moist blotter paper of 8.5 cm
diameter in pre-sterilized borosil glass Petri dishes of 10 cm
diameter. The seeds were covered with other moist blotter
paper and these Petri dishes were incubated for 50 days at
room temperature. During these days, sterile distilled water
was properly added to maintain wet condition. After
incubation period, percent seed germination, shoot (plumule)
and root (radicle) length of each seeds was recorded. The
germination rate and vigor index were calculated according
to the following equations [39]:

Total number of seeds

x 100 (1)

Vigor index = % Seed germination X [Mean root (radicle) Length + Mean Shoot (plumule) Length] 2)

2.10. Statistical Analysis

The experimental results are presented in the form of tables
using Microsoft Excel 2007. Data obtained from the different
treatments were statistically analyzed using the one-way
ANOVA and the mean values were compared by the Duncan’s
multiple range tests for multiple comparisons. Differences was
considered significant at the 0.05 level using SAS origin
software (Version 8.5.0) 2010, Origin Lab Corporation.

3. Results

3.1. Physico-chemical Properties of Soil and Vermicompost

Physio-chemical parameters of rhizosphere soil samples
and vermicompost were determined and presented in Table 1.
The soil pH of study site and vermicompost was in the range
of 4.6-6.2 and 8.5-9.5 respectively (Table 1). The organic
carbon and the extractable phosphorus concentration
recorded from study site were in the range of 0.63-0.87% and
10.12-10.30ppm respectively, which are in the very low

range [40, 41]. However, the organic carbon and the
extractable phosphorus concentration recorded from
vermicompost were in the high range. The potassium
concentration of the study site was also in the range of 60.04-
102.86% which is in the high range (Table 1) [40]. The total
N concentration of the study site and vermicompost were in
the range of 0.04- 0.11% and 1.23-1.24 respectively (Table
1), which is in the low range [40, 4].

3.2. Isolation and Characterization of Bacterial and Fungal
Isolates

A total of PSB and fungi isolated from coffee rhizosphere
and vermicompost isolated on PVK agar medium from the
study area are presented in Table 2. Some of the colonies
which produced halo around them on the PVK agar were
considered as phosphate solubilizers and selected for
characterization. A total number of 154 bacteria and 72 fungi
were isolated from vermicompost and coffee rhizosphere
(Table 2).
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Table 1. Physico - chemical characteristic of Soil samples and Vermicompost sample collected.

Sampling Sample CEC Organic Available P pH (H;O: Ex. Acidity
Samples area/source color (meq/100g) C O (ppm) = 1:2.5) (meq/100g
Rgo 3.17 Goma Light grey 13.00 0.87 0.07 10.36 65.04 6.2 0.40
RMa 2.39 Manna Light grey 12.12 0.83 0.07 13.10 102.86 5.6 0.50
RVC3 Vermicompost black 20.86 10.83 1.23 295.998 100.33 8.5 0.59
RCHVCI1 Vermicompost black 20.84 10.83 1.24 295.998 100.33 9.5 0.67
RSC1.50 Seka chekorsa Red 14.78 0.66 0.20 169.16 60.04 4.6 0.30
RLVC 2 Vermicompost black 20.80 10.83 1.24 295.998 89.87 9.5 0.66
RMa 2.33 Manna Light grey 13.00 0.86 0.08 10.36 102.86 5.50 0.42
RSc 1.19 Seka chekorsa red 14.70 0.63 0.11 168.10 64.04 4.86 0.59
Rgo 3.5 Goma grey 13.18 0.81 0.05 10.30 102.86 5.52 0.41
RSc 1.7 Manna grey 14.14 0.82 0.04 13.33 102.86 6.1 0.43
RMa2.11 Manna grey 12.36 0.85 0.08 10.12 102.86 5.59 0.40
RMa 1.2 Manna brown 15.6 0.84 0.08 13.30 102.86 5.55 0.40

Table 2. Total number of bacteria and fungi isolated from samples.

Sources of soil Bacterial Isolates

Fungal isolates

samples Number of samples Number of PSB  Proportion of PSB (%) Number of PSF Proportion of PSF isolates (%)
vC 6 54 35.07 42 58.34

Coffee rhizosphere 120 100 64.94 30 41.67

Total 126 154 100 72 100

VC=vermicompost

Colonies showed clear halo zone around them

Figure 2. Bacteria and fungi showing clearly visible large halo zones
around their colonies.

Among the 154 bacterial isolates, only 12 of them showed
clearly visible large transparent halo zones around their colonies
on PVK agar medium after 7 days of incubation (Figure 2A).
Similarly among 72 fungal isolates, only 9 of them showed clearly

visible large halo zones around their colonies on the same culture
medium after incubation at 25+2°C for 6 days (Figure 2B).

3.3. Phytobeneficial Traits of Bacteria Isolated from
Vermicompost and Coffee Rhizosphere

Among those twelve potent PSB isolates, strain RMaB2.11
showed the maximum phosphate solubilizing halo zone
(15.33+1.53 mm; (Table 3). However, the solubilization
index (SI) of the isolates RCHVCBI1, RScB1.19 and
RMaB2.11 were 3.87+0.12, 3.56+0.14 and 3.09+0.08,
respectively (Table 3). These indicated that the isolates
solubilized inorganic phosphate efficiently in the medium
containing 0.5% tri-calcium phosphate (TCP).

Table 3. Qualitative phosphate solubilization efficiency of bacterial isolate.

Isolate code Colony diameter (mm)

Halo zone diameter (mm) Solubilization index (SI)

RgoB3.17 6.33+0.58abc
RMaB2.39 7.00+1.00ab
RLVCB 3 6.67+2.08abc
RCHVCBI1 4.67+0.58¢c
RSCB1.50 6.67+2.08abc
RLVCB 2 6.00+1.00bc
RMaB 2.33 8.00+1.00a
RScB1.19 5.33+0.58bc
RgoB3.5 6.67+0.58abc
RScB1.7 7.67+1.53a
RMaB2.11 7.33+0.58ab
RMaBl1.2 6.00+1.00abc
Ccv 18.46

Mean 6.53

T test (0.05) (LSD) 2.04

10.33+1.53de 2.62+0.11cde

13.33+1.16abed 2.92+0.14bc
11.67+3.51bcd 2.81+0.61bcd
14.67+1.16ab 3.87+0.12a
8.33+2.31e 2.26+0.12¢
12.33+1.53abcd 3.07+0.12b
13.33+2.08abcd 2.66+0.09cd
13.67+2.08abc 3.56+0.14a
11.33+1.16cde 2.70+0.02cd
11.33+1.53cde 2.50+0.15ed
15.33+1.53a 3.09+0.08b
11.00+1.00cde 2.86+0.30bc
15.63 7.40

12.22 291

3.24 0.37

Means followed by the same letter (s) in each column are not significantly different at P < 0.05.; ‘+’ positive to bromophenole blue,” -“Negative

Phosphate solubilizing bacterial isolates, RScB1.19,
RCHVCBI1 and RMaB2.11 were produced 361.46, 340.37
and 327.32 ug mL™" available P in the PVK broth after 6 days

of incubation time respectively (Table 4).
The pH value in the uninoculated control flasks remained
similar (Table 4). A gradual pH decrease from the initial



International Journal of Applied Agricultural Sciences 2021; 7(1): 1-15 7

value of 7.07 to 3.20 on the 6th day was recorded in PVK
broth supplemented with tricalcium phosphate (Table 4).
Moreover, it was observed that significant (P < 0.05)
increments in soluble P content along with a significant
decline in the pH of the PSB-inoculated medium as evaluated
with the control where it remained constant (pH-7).

The lowest pH value was recorded (pH-3.20) when the
quantity of solubilized P reached the maximum value (361.46
pg/ml) and this highest P-solubilizing potential was exhibited
by the bacterial strain RScB1.19 (361.46ug /ml). The
maximum drop in pH value was significantly coincided with
elevated quantity of P solubilization, where pH was declined
to 3.20 from initial pH (pH-7.07) by PSB strain RScB1.19
(Table 4).

Quantitatively PSB isolates, RScB1.19, RCHVCBI and
RMaB2.11, were produced 361.46, 340.37 and 327.32pug mL"
" soluble P in the PVK broth after 6 days of incubation period,
respectively (Table 4). A gradual pH reduction from the
initial value of 7.07 to 3.20 on the 6™ day was recorded in
PVK broth supplemented with TCP (Table 4). Moreover, it
was observed that the amount of solubilized P increased
along with the medium pH decrease (Table 4). The lowest
pH value was recorded (pH-3.20) when the amount of
solubilized P reached the maximum value (361.46 pg/ml)
which exhibited by the bacterial strain RScB1.19 (Table 4).

The 12 superior bacterial isolates were tested for their
other phytobeneficial traits such as IAA, HCN, NH;

production (Figure 3A, B, C) and nitrogen fixing ability and
ecophysiological traits (Table 4). Among the isolates
RCHVCBI (gram negative) and RScB1.19 (gram positive)
were found to be the best producer of IAA followed by
RMaB2.11 and were selected as potential IAA producers
(Table 4). On the other hand, the rest 10 isolates were found
to be a medium producer of IAA (Table 4). Study on
qualitative analysis of HCN indicated a strong production of
HCN by isolates from soil samples and vermicompost
collected in the study area. Accordingly, 9 of the isolates
produced HCN but three isolates were negative for HCN
production (Table 4).

All the 12 isolates produced ammonia (Table 4). Two
isolates (RMaB2.39, RLVCB 2) were not able to grow on the
N-free medium (Table 4). The rest ten isolates were able to
grow on the N-free medium (Table 4).

Control

Figure 3. Phytobeneficial traits of bacteria; (a) IAA production, (b) HCN
production, (c) NH; production.

Table 4. Quantitative, pH estimation and PGP traits of phosphate solubilization efficiency of bacterial isolate.

Quantitative and pH analysis

Phytobeneficial Traits

Isolate code Incubation period (day) P-Solublized (ng/ml) pH after incubation IAA NH; HCN N- Fixing
Control 6 0.00+00m 7.07+0.06a - - - -
RgoB3.17 6 174.22+0.021 4.44+0.02b I + + +
RMaB2.39 6 192.95+0.02i 4.30+0.01d + + =

RLVCB 3 6 219.65+0.01h 4.21£0.01e + + ++ +
RCHVCBI 6 340.37+0.02b 3.46+0.00j I=F + ++ +
RSCB1.50 6 260.51+0.01e 3.98+0.02¢g I + + +
RLVCB 2 6 228.04+0.00g 4.18+0.01f + + = =
RMaB 2.33 6 251.53+0.09f 4.16+0.01f + + + +
RScB1.19 6 361.46+0.01a 3.20+0.00k I ++ ++ +
RgoB3.5 6 186.16+0.01j 4.36+0.01c + + + +
RScB1.7 6 271.21+0.01d 3.85+0.01h + + + +
RMaB2.11 6 327.324+0.01c 3.76+0.011 I=F + ++ +
RMaB1.2 6 180.26+0.01k 4.44+0.01b I + - +
CcvV 0.01 0.41

Mean 230.28 4.26

T test (0.05) (LSD) 0.02 0.03

* Means followed by the same letter (s) in each column are not significantly different at P < 0.05

3.4. Ecophysiological Traits

3.4.1. Tolerance to Heavy Metals

The 12 PSB isolates resisted heavy metals such as Hg, Cu,
Zn and Mn, up to 400pg/ml at varying degree (Tables 5 and
6). The results showed that most of the PSB isolates grew
well at low concentrations of heavy metals studied and their
number drastically decreased as the concentration of Mercury

(Hg), Copper (Cu) and Manganese (Mn) increased. In Zinc
(Zn) medium, all the PSB isolates were able to grow at
concentrations of 100-300 pg/ml, except at concentration 400
pg/ml. Among the twelve PSB isolates, RCHVCBI,
RScB1.19 and RMaB2.11 showed high tolerance to all the
tested heavy metals (Table 6).
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Table 5. Numbers of heavy metal tolerant PSB at different concentrations of tested heavy Metals. Values in parenthesis indicated % of heavy metal tolerant

isolates.

Heavy metals concentration  Heavy metals

(ng /ml) Mercury (HgCL) Copper (CuCly) Manganese (MnCl,) Zinc (ZnCl,)
100 11 (91.67) 9 (75.00) 11 (91.67) 12 (100)

200 11 (91.67) 7 (58.33) 9 (75.00) 12 (100)

300 8 (66.67) 6 (50.00) 7 (58.33) 12 (100)

400 4 (33.33) 7 (50.00) 4(33.33) 11 (91.67)

Table 6. Heavy metal tolerant PS bacterial isolates at different concentrations.

Heavy metals (ng /ml)

Isolate No Mercury (HgCl,) Copper (CuCly)

Manganese (MnCl,) Zinc (ZnCl,)

100 200 300 400 100 200 300

400 100 200 300 400 100 200 300 400

RgoB3.17 1 1 + - + + o - + + L _ + + + +
RMaB2.39 1 + + o - - - - + + + + + + + T
RLVCB 3 + + + - + ; - - n + ) . + o o .
RCHVCBI1 + + + + + + + + + + + + + + + +
RSCB1.50 + + + + + + + + + + + + + + + +
RLVCB 2 + + - - ; - . . n + ) . n " 4 N
RMaB 2.33 4+ 4+ - - + + + + + = = - + + 4 4
RScB1.19 1 1 + - + + + + + + + o + + + L
RgoB3.5 S S - = + = = = + - - - 4 4 + +
RScB1.7 S S 4 4 4 4 S S 4 4 + + + + + +
RMaB2.11 + + S S S S + I 1 1 1 = + + + +
RMaBl1.2 - - - - - - - - + - - - + + + -
“+” resistant, “-*’ sensitive

3.4.2. Tolerance to Salinity and pH

The results showed that most of the PSB isolates grew well
at concentrations of 3%, 4% and 5% NaCl (Table 7). However,
no growth was observed as the concentration of NaCl
increased from 6% to 7% (Table 7). The interaction effect
between isolates and NaCl concentrations was found to be

effective. Generally, as the concentration of NaCl increased
beyond 5%, growth decreased abruptly (Table 7). Moreover,
the majority of the isolates tolerated pH in the range of 5 to 8
except isolates RSCB1.50, RScB1.19 and RMaB2.11, because
they showed tolerance to pH-4. Some isolates, RCHVCBI1 and
RLVCB?2, were able to tolerate pH up to 9 (Table 7).

Table 7. Evaluation of the isolate to salinity and pH.

Concentrations of NaCl (w/v)

Acid tolerance (pH)

Isolate code
3% 4% 5% 6% 7%

4

RgoB3.17
RMaB2.39
RLVCB 3
RCHVCBI1
RSCB1.50
RLVCB 2
RMaB 2.33
RScB1.19
RgoB3.5
RScB1.7
RMaB2.11
RMaB1.2

+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ +
+ o+ + + o+ o+ o+ o+ +
+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ +

+ o+ + o+ o+ o+ o+ o+ o+ o+ o+ +

I T e e T )

+ o+ + + o+ o+ o+ N

+ + + + + + + + + + + + |
+

“+” indicates presence of growth “-” indicates absence of growth
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Table 8. Qualitative and quantitative estimation of phosphate solubilized by fungal strains.

Qualitative analysis

Isolate code Colony diameter (mm)

Halo zone diameter (mm)

Solublizationindex (SI)

RCDVCF4 43.33+1.53abc
RLVCF2 45.00+0.00ab
RCHVCF3 42.3342.08bc
RCHVCF2 43.33+2.89abc
RCHVCF1 45.00+0.00ab
RLVCF1 41.33+3.22¢

R CHVC F4 37.67+2.52d
RSCFI1.19 46.00+1.73a
RMaF2.35 44.00+1.00abe
()% 4.798

Mean 43.11

T test (0.05) (LSD) 3.58

90+0.00a

3.08+0.07094599bc

90+0.00a 3.03+0.05bc
90+0.00a 3.10+0.13bc
90+0.00a 3.08+0.14bc
90+0.00a 3.00+0.00c
90+0.00a 3.19+0.16b
90+0.00a 3.40+0.16a
90+0.00a 2.96+0.07¢
90+0.00a 3.05+0.05bc
0.00 3.45

90.00 3.10

0.00 0.19

* Means followed by the same letter (s) in each column are not significantly different at P < 0.05

3.5. Qualitative and Quantitative Estimations of Phosphate
Solubilization by Fungi

All the 9 fungi tested were able to solubilize the inorganic
TCP at sixth days of incubation, showing strong average
mean halo zone formation (mean SI=2.91) with a little
variation in average mean colony diameter (Table 8).

The phosphate solubilization potential of the 9 fungal
isolates ranged between180.26+0.01to 360.48+10.05 pg/ml
(Table 9). Among all the nine PSF, the fungal isolate,
RSCF1.19, was found to be the best solubilizer of TCP
(360.48+10.05 pg/ml). Overall, RSCF1.19, RCHVCF, and
RLVCF, were found to be the best fungal solubilizers (Table
9).

Table 9. Quantitative estimation of phosphate solubilized by fungal strains

Quantitative and pH estimation

Isolate code Incubation P-Solublized pH after
period (day) (ng/ml) incubation
Control 15 7.02+0.06a 7.07+0.06a
RCDVCF4 15 180.26+0.01i 4.44+0.01b
RLVCF2 15 327.32+0.01c 3.76+0.01g
RCHVCEF3 15 219.65+0.01g 4.21+0.01ed
RCHVCE2 15 340.37+0.02b 3.46+0.00h
RCHVCEF1 15 260.51+0.01d 3.98+0.02f
RLVCF1 15 228.04+0.00f 4.2940.12cd
R CHVC F4 15 251.53+0.03¢ 4.16+£0.01e
RSCF1.19 15 360.48+10.05a 3.20+0.101
RMaF2.35 15 186.16+0.01h 4.36+0.01bc
CvV 15 1.35 1.26
Mean 235.43 4.29
T test (0.05) (LSD) 5.44 0.09

* Means followed by the same letter (s) in each column are not significantly
different at P <0.05

3.6. Characterization and Identification of Isolates

Based on their phytobeneficial and ecophysiological trait
profiles, the three superior bacterial isolates; RCHVCB,,

RScBI1.19 and RMaB2.11 were selected for the seed
germination assay and subjected to be characterized and
identified biochemically. The results revealed that among the
three isolates two of them (RScB1.19 and RMaB2.11) were
negative for gelatin liquefaction, and positive for oxidase test,
catalase, and starch hydrolysis (Table 10). Similarly, these
two isolates were negative for sucrose utilization and positive
for utilization of galactose, lactose and glucose (Table 10).

Among the total of 72 isolates of coffee rhizosphere and
VC samples, 9 fungal isolates were showed clearly visible
large halo zones around their colonies with different diameter
on PVK agar medium after 6 days of incubation. The code
numbers given to the nine (9) fungal isolates and their
respective identification are as follows: RCDVCF4
(Aspergillus sp.), RLVCF2 (A4spergillus sp.), RCHVCF3
(Aspergillus sp.), RCHVCF3 (Aspergillus sp.), RCHVCF2
(Aspergillus sp.), RCHVCF1 (4spergillus sp.), RLVCF1
(Aspergillus sp.), RCHVCF4 (Aspergillus sp.), (Aspergillus
sp), RSCF1.19, (Penicillium sp.) and RMaF2.35 (Aspergillus
sp.). The morphological characteristics of the hyphae, spores,
and conidiophores of the PSF were examined by optical
microscopic. RSCF1.19 presented typical penicillate
conidiophores with conidia (Figure 4B), whereas Aspergillus
group produced typical double spore production cells, which
were identified as the black conidia in conidiophores and
represented Aspergillus sp (Figure 4A).

(A)

Figure 4. Morphological characters (A) Conidia (Aspergillus spp) (B)
Conidia (Penicilium sp).
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Table 10. Morphological and biochemical characteristics of phosphate solubilizing bacterial isolates.

Characteristics Bacterial isolates
RCHVCB,

Cultural and Morphological Rod shaped

Characteristics Gram -ve
Yellowish green Colony color
Oval colony shape

Motility test +

Bacterial growth at 5% NaCl +

Catalase test +

Oxidase test +

Gelatin hydrolysis +

Starch hydrolysis -

Nitrate reduction +

Galactose -

Glucose +

Lactose -

SUCTose +

RScBI1.19 RMaB2.11
Rod shaped Rod shaped
Gram +ve, Gram +ve,

Creamy white Colony color Creamy white Colony color
Circular colony shape Circular colony shape
+ +

+ + +
+ o+ +

+ o+ o+ o+
+ o+ o+

3.7. Effect of Isolates on Coffee Seed Germination

The Highly effective PSB (n=3) and fungal isolates (n=3)
affected the germination of coffee seeds remarkably (Table
11). Germination rates and vigor index was calculated for all

treatments RScB1.19 + RSCF1.19, RMaB2.11 + RCHVCF2,
RMaB2.11 + RLVCF2, RCHVCB;+RSCF1.19, RCHVCB,,
RScB1.19 and RSCF1.19 isolates increased seed germination
index over untreated seeds (Table 11).

inoculation treatments

(Table 11).

In almost all the

Table 11. Results of germination rate and Vigor Index (VI).

Treatments Germination rate (%) Mean Root Length (cm) Mean Shoot Length (cm) Vigor index
T1 RCHVCBI 23.33ab 1.50ab 1.83ab 77.69
T2 RScB1.19 30.00a 1.17ab 1.33bcd 75.00
T3 RMaB2.11 23.33ab 1.00b 1.23cd 52.03
T4 RSCF1.19 23.33ab 1.47ab 2.00a 80.96
TS RCHVCE2 16.67ab 1.30ab 1.67abed 49.45
T6 RLVCF2 23.33ab 1.83a 1.33bed 42.17
T7 RCHVCBI1+ RSCF1.19 26.67ab 1.50ab 1.23cd 72.81
T8 RCHVCBI1+ RCHVCF2 16.67ab 0.93b 1.23cd 36.01
T9 RCHVCB1+ RCHVCF2 16.67ab 1.33ab 1.53abcd 47.73
T10 RScB1.19 + RSCF1.19 26.67ab 1.33ab 1.67abcd 80.01
T11 RScB1.19 + RCHVCF2 13.33ab 1.17ab 1.17d 31.10
T12 RScB1.19 + RLVCF2 10.00b 1.17ab 1.67abcd 28.37
T13 RMaB2.11 + RSCF1.19 16.67ab 1.17ab 1.33bed 41.73
T14 RMaB2.11 + RCHVCF2 30.00a 1.50ab 1.50abcd 90.00
T15 RMaB2.11 + RLVCF2 30.00a 1.83a 1.50abcd 99.90
T16 -Ve control 13.33ab 1.00b 1.17d 28.88
(6% 51.27 33.46 21.41

Mean 20.59 1.31 1.48

T test (0.05) (LSD) 17.55 0.73 0.53

* Means followed by the same letter (s) in each column are not significantly different at P < 0.05

4. Discussion

On the basis of morphological and biochemical
characteristics of the phosphate solubilizing efficacy, three
bacterial isolates (RCHVCB,;, RScB1.19 and RMaB2.11)
were identified at genus level and selected for the seed
germination assay. The results obtained are consistent with
the many phenotypic characteristics of the genera Bacillus
and Pseudomonas. The results revealed that among the three
isolates, two of them (RScBI1.19 and RMaB2.11) were

Bacillus species but one isolate identified as Pseudomonas sp.

(RCHVCB,). Accordingly, Babu et al/ [42] have isolated both
Bacillus and Pseudomonas from maize rhizosperic soils

samples using morphological and biochemical parameters.
The present findings are consistent with the finding of
Dhurve et al. [43] who verified the ability of Pseudomonas
isolates to produce H,S gas, liquefy gelatin but failed to
hydrolyse starch. Moreover, our findings are in line with
reports of Karpagam and Nagalakshmi [44], who
characterized and identified Bacillus spp. based on their
Vogues Proskauer test, Citrate utilization, nitrate reduction,
gelatin hydrolysis, lactose and mannitol fermentation but did
not produce H,S gas.

Phosphate solubilization results recorded in liquid medium
showed that all the isolates had the potential to solubilize the
inorganic form of P as indicated by a gradual increase in the
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amount of soluble P in the medium. The highest decrease in
pH value was related to high levels of P released by PSB
isolate RScB1.19, while the pH was dropped to 3.2 from
initial pH- 7. Our result was similar to the earlier findings
which indicated that available P released from Ca;(PO,), by
3 strains of Bacillus megaterium and Pseudomonas
fluorescens ranged from 427.7 to 489.4 mg "' and the pH
values of the cultures were reduced from 7 to values between
4 and 4.4 [45].

The decline in pH might indicate the production of organic
acid, which suggests that acidification of the culture
supernatant, might be the principal mechanism for phosphate
solubilization [8, 46]. Efficient P solubilizers are known to
lower the pH of plant growing medium in which the
microbes are establishing themselves [47]. Phosphate
solubilizing rhizobacteria exhibited diverse phytobeneficial
triats. Accordingly, most of the rhizobacteria associated with
coffee rhizosphere and vermicompost produced indole acetic
acid detected qualitatively.

A characteristic pressure of Rhizobacteria in the soil
environment is a release of auxin phyto-hormones to make
available nutrients in the soil [48]. Mohite, [49] described
that TAA producing rhizosphere isolates were significantly
increased the plant height and root length of wheat seedlings
along with increased in chlorophyll content compared to the
control. Moreover, IAA enables the rhizo-bacteria to adapt
and resist the high concentrations of heavy metals through
activation of physiological changes in plant cell metabolism
under metal stress (Glick 2010). Moreover, an increased in
root length because of IAA, was reported in Brassica
campestris plants due to inoculation with Pseudomonas and
Azotobacter spp [50]. Production of high level of TAA by
bacterial isolates has a direct influence on plant growth as
they increase plant root length [51]. Hence the test isolates
were extremely promising in enhancing root growth for the
vigor of plant establishment and increased yield production.

In the present study, most of the isolates produced HCN
under in vitro conditions and they are promising in the plant
growth promotion as reported in the previous study [52]. An
investigation was conducted on the production of HCN by P.
fluorescens to control root rot of ground nut due to M.
phaseolina with strong suppression of the pathogen [53].
Moreover, Ramette et al., [54] have reported that growth of
causative agent of black root rot of tobacco was suppressed
due to released HCN in the rhizosphere by Pseudomonas sp.
Ahmad et al, [55] have also documented accumulation of
HCN by Pseudomonas and Bacillus spp. in nodule forming
plant rhizosphere.

All of our isolates were able to produce ammonia and this
phytobeneficial trait can effect indirectly plants growth. Our
result was in line with reports of Ahmed et al. [55] who
found that release of ammonia by all the isolates of
Pseudomonas and Bacillus spp.

Among the phosphate solublizers, ten isolates including
both Bacillus species and Pseudomonas species (83.33%)
were able to grow on the N-free media. This result is
consistent with the findings of Muthukumarasamy et al [56]

who confirmed the existence of N-fixation among the genera
of Bacillus and Pseudomonas.

In the present study, some of the potent isolates exhibited
enhanced tolerance to various potentially toxic heavy metals.
He et al. [57] described that rhizosphere bacteria such as
Bacillus sp. and Pseudomonas sp. are very promising agents
due to their solubilization of insoluble and biologically
unavailable Zn by secreting low molecular weight organic
acids. Madhaiyan et al. [58] have also added an isolates
obtained from coffee plantation that could solubilize
insoluble Zn;3(POy),. Our results also support the idea that
these groups of soil bacteria play a pivotal role in monitoring
the possible impact of heavy metal contamination by making
it bio-available to plants.

Among our isolates, RCHVCB1 showed growth on
maximum concentration of NaCl (6%) and was superior to
other isolates. This bacterium was isolated from the
vermicompost having pH 9.5 (Table 1). Tolerance towards
high salinity and pH could be important traits for
rhizobacteria in a competitive rhizosphere for multiplication,
survival and spread in alkaline soils.

The three phosphate solublizing fungi (RSCFI1.19,
RCHVCF, and RLVCF,) were isolated from the coffee
rhizosphere in acidic soils and alkaline vermicompost.
Similarly, the qualitative estimations performed through agar
based bioassays showed a clear halo zone around the fungal
colony [59]. Rinu and Pandey [60] demonstrated a decline in
pH was in a parallel increment with fungal phosphate
solubilizeation tendency. The pH of the fermentation broth of
the nine PSF generally changed with the increasing initial pH
and tended to decrease with a narrow pH range (3.20+4.44)
from the initial pH (7.02+£0.06). This result could show that
organic acids were secreted by all the nine PSF with different
degrees [61]. The finding of the phosphate solubilization of
the three fungal isolates (RSCF1.19, RCHVCF2 and
RLVCF2) for the TCP clearly indicated an optimum and
efficient solubilization potential of TCP [62].

RSCF1.19 showed more P accumulation
(360.48+10.05ng/ml) with pH range of 3.20+4.44 compared
to other eight PSF which may be explained by the finding
that the solubilization of the P mostly dependent on the
amount of acids production [63].

The lower pH (3.20) by isolate RSCF1.19 may be
attributed to the higher production of organic acids compared
to the rest nine PSF [64]. 4. niger and A4. flavus have been
studied as TCP solubilizers by several researchers whose
investigations are in agreement with our findings [65].
Several strains of PSMs solubilize TCP to make it available
to plants.

Based on the current investigation, these three fungal
isolates (RSCF1.19, RCHVCF2 and RLVCF2) that showed
substantial qualitative and quantitative inorganic phosphate
solublization was chosen to be tested for seed germination
under laboratory condition.

Bacterial and fungal phosphate solublizers, which can
solubilize insoluble phosphate compounds by producing
organic acids and/or phosphatase enzymes to improve P
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availability in soils [66] can stimulate growth and mineral
uptake of plants. Consistently, our results with others findings
suggest that selection and integration of the most efficient
bacterial and fungal P solublizers as bio-inoculants with
chemical phosphate fertilizer can improve crop mineral
nutrients in nutrient-deficient soils. In this regards, three
bacterial and three fungal isolates were selected for
germination assay. In our investigation, a significant variation
in seed germination rate and root and shoot lengths of coffee
seedlings were observed in response to different PSB and
fungal isolates. In general, all the isolates showed better
performance with respect to seed germination and growth of
seedlings. Inoculation results revealed that root and shoot
lengths were significantly increased when treated with
RLVCF2 and RSCF1.19 over uninoculated control,
respectively. Moreover, co-inoculation of RMaB2.11 with
RLVCF2 (RMaB2.11+ RLVCF2) was also significantly
increased root length over uninoculated control. Results
showed that both RSCF1.19 and RLVCF2 (Fungal) isolates
took the highest level over bacterial inoculants in coffee seed
germination and vigor index as well as root and shoot
elongation. Bertrand et al. [67] was also reported a similar
findings that increased root length due to microbial
intervention during root propagation. However, except in co-
inoculation of RScB1.19 with RLVCF2 (RScB1.19+
RLVCF2), both bacterial and fungal isolates were not shown
significant variation in germination rate over the control. Both
co-inoculation and single inoculation of bacteria and fungi
(RScB1.19+ RSCF1.19, RMaB2.11+ RCHVCF2, RMaB2.11+
RLVCF2, RCHVCBI+ RSCFI1.19, RCHVCBI1, RScB1.19,
and RSCF1.19) showed better performance with respect to
vigor index. In germination assay, coffee seedlings growth
(root, shoot and vigour index) was improved [68]. Likewise,
PGPR enhanced the growth and germination of seeds in pot
under natural condition [69]. A large body of evidence
suggests that phosphate solublizing microorganisms enhance
the growth, seed emergence and crop yield, and contribute to
the protection of plants against certain pathogens and pests
[70]. On the basis of these findings, it can be assumed that the
future microbial phosphate solublizers are the best alternative
to chemical fertilizers and pesticides. Therefore, it was
concluded that the bacterial and fungal isolates such as
RSCF1.19, RCHVCF2, RLVCF2, RCHVCBI, RScB1.19 and
RMaB2.11, can be used as inoculants for development of
efficient biofertilizer for field application in cultivation of
Coffea arabica in sustainable agriculture.

5. Conclusion

Some of the potent isolates exhibited plant growth
promoting attributes such as indole acetic acid (IAA),
hydrogen cyanide production (HCN), ammonia (NH;)
production and inherent nitrogen fixing capacity and
adaptation to different ecophysiological traits such as heavy
metals, saline soils and acidic soils. This study also revealed
that wide varieties of phosphate solubilizing fungi are present
in the vicinity of coffee plants and vermicompost but the

dominant strains are Aspergillus and Penicillium. Penicillium
spp can be used as potential biofertilizers for promoting
growth of coffee plants because of its higher solubilization
efficiency of TCP. In the present study, the efficient bacterial
and fungal isolates showed significant variation in
germination rates over control. Both co-inoculation and
single inoculation of bacteria and fungi (RScB1.19+
RSCF1.19, RMaB2.11+ RCHVCF2, RMaB2.11+ RLVCF2,
RCHVCB1+ RSCF1.19, RCHVCBI1, RScB1.19, and
RSCF1.19) showed better performance with respect to seed
germination and vigor index. Therefore, these selected PSF
and bacteria should be investigated in detail for field
application in coffee production for its potential as
biofertilizer agents in sustainable low inputs agriculture.
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