International Journal of Engineering & Technology, 7 (4.14) (2018) 40-45

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET

Lechnology

e lels

SPC

Research paper

Evaluation of Potential Native Phosphate Solubilizing Bacteria
for the Agriculture Practice of okra (Abelmoschus Esculentus)
with the Target to Replace Chemical Fertilizer - in a Field Study

P Sajeesh' *, P Paulraj?, V Jaamuna®, N Jayakumar*, K P Sajna’,
M Chandramohan®, T Ketharin’, P T Mohamed Javad®

Department of Biomedical Sciences, Faculty of Medicine, MAHSA University, 46210 Bandar Saujana Putra, Selangor, Malaysia
*Corresponding author E-mail: Sajeesh@mahsa.edu.my

Abstract

Phosphorus (P) is a major growth limiting nutrient. Phosphate Solubilizing Bacteria (PSB) plays an important role in the development of
agricultural industry. In this study, the native PSB were isolated from the okra plant root by using Pikovskaya’s medium and potential
strains were selected based on the phosphate solubilization efficiency. The potential strains in presence of Rock Phosphate (RP), Tea
dust, Eggshells and Bone waste of animal (TEB) were studied as an alternative fertilizer instead of chemical fertilizer. The PSB consortia
strains were prepared and inoculated to the plant root. Different growth parameters were studied to determine the effectiveness of strains.
In all cases the difference was significant with p<0.05. A decreasing trend of results were recorded among the tested parameters from
plants in PSB with RP, PSB with TEB, and PSB with TSP and followed by PSB without fertilizer. The highest results were recorded
among plants in PSB with RP for mean shoot length (64cm), mean weight of fruits (29gm), mean length of fruits (23cm), mean number
of leaves (13Nos) and chlorophyll content (5.1mg/g). Hence, the present study showed that the application of PSB with the cheap source
of nutrients has shown the capability of providing similar or enhanced results based on the various characters expressed by the plant and
thus reduce the reliance on synthetic chemical fertilizers.

Keywords: Phosphate Solubilizing Bacteria (PSB), Triple Super Phosphate (TSP), Rock Phosphate (RP), Tea dust, Eggshells and Bone waste of animal

(TEB).

1. Introduction

Okra (Abelmoschus esculentus) is an essential vegetable crop
which supplies greater nutrition consists of protein, fats, carbohy-
drates, vitamins and minerals [1]. Okra is known as a multipur-
pose vegetable crop as they have many uses from the leaves, flow-
ers, buds, pods and seed. Immature okra pods are frequently con-
sumed as a vegetable in Asia. The leaves, buds and flowers are
also edible as well as the dried okra seeds which can also be used
as an oil source [2]. Okra is a high yielding crop at which its mor-
phological traits vary in the plant such as the height, degree of
branching, a period of maturity, size and colour of the pods. The
predominant producers of commercial okra are India and Nigeria
due to its suitable hot air climate [3]. Okra contains myricetin,
possess anti-diabetic properties, anti-oxidant, anti-cancer and even
anti-inflammatory activities which is beneficial to human [4].

Phosphorus is a part of the complex nucleic acid structure of
plants that regulates protein synthesis which is essential in cell
division and proliferation of new tissue. Phosphorus is taken in
several process and functions in the plant development and me-
tabolism. Phosphorus is also vital for the reproductive purposes of
the plant [5]. Moreover, phosphorus have vital role in stimulating
the root growth. The poor availability of phosphorus for the plant
may lead to stunted growth with an unusual dark-green colour,
root structure, yield and seed development [6, 7]. Malaysia is one
of the heavy rainfall countries with annual average of 2500mm
and has average temperature of the 27°C report the year This phe-
nomenon directly affects the soil nutrients which are more essen-

tial to the plants. Studies have proven that the soils in Malaysia are
mostly deficient in P content. This may due to the drainage with
the rainfall [8]. The usage of chemical fertilizer has caused the
reduction of organic matter in the soil in addition to unsuitable
management practices. This will have a negative effect to the
physical, chemical, and biological properties of the soil and will
eventually increase soil erosion [9].

Naturally Phosphate exists in inorganic form in environment. The
examples of external source phosphate are eggshells, bones, Triple
superphosphate (TSP) and rock phosphate (RP). Huge amounts of
lime and inorganic P fertilizers, for instance, phosphate rocks and
TSP are used to chelate aluminium and iron ions [10]. Bones are a
by-product of the food industry which contains nitrogen, phospho-
rus, potassium and calcium. Phosphorus resources are limited and
recycling phosphorus within the food industry is crucial for sus-
tainable production. This sort of mineral fertilizer is known as
meat and bone meal (MBM). MBM contains approximately 5% of
phosphorus making it an important source for phosphorus recy-
cling. The use of MBM as fertilizers has been tested to various
crops such as, ryegrass, barley and oats, where there has been a
marked increase in grain yields [11]. Besides MBM, eggshells are
also known to be used as an external source of phosphorus in the
agricultural practice [12].

Phosphate solubilizing bacteria (PSB) has a beneficial effect such
as the solubilization of the insoluble phosphate (P) compound. A
plant interacts with these pathogens to create an infection process
known as the rhizosphere effect [13]. PSB has the ability to re-
lease organic acids that produce hydroxyl and carboxyl groups
that chelate the cation bound to phosphate. This causes the phos-
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phate to become soluble [5]. Different bacterial species are availa-
ble to solubilize phosphate that exists in different forms such as
tricalcium phosphate, dicalcium phosphate, hydroxyapatite, and
rock phosphate [14]. PSB has several mechanisms which are al-
most similar to those of plant growth promoting bacteria which
augment the capacity of plants to obtain P in required amounts.
Root colonization by potential PSB tend to improve existing root
growth length or by auxin hormone production from indole-3-
acetic-acid by the plant [15].

Hence this present study was aimed to isolate potential phosphate
solubilizing bacteria (PSB) from rhizosphere and non- rhizosphere
soil of okra as well as to evaluate the solubilization efficacy and
the effectiveness of that strains in the presence of Tea dust, Egg-
shells, Bone waste of animal (ETB) and Rock Phosphate (RP) as
an alternative fertilizer instead of chemical fertilizer with the ref-
erence of Triple Super Phosphate (TSP) as a control.

2. Methodology
2.1 Collection of rhizosphere and non-rhizosphere soil

Rhizospheric and non-rhizospheric soil of okra plants were col-
lected from four different locations (MARDI Serdang, Sungai
Buloh, Bandar Saujana Putra, and Puchong) and transfer into a
sterile vial along with the root of the plant while the excess soils
were removed through gentle shaking and agitation. The soil sam-
ples were processed on the same day in which a series of serial
dilution was made.

2.2 Isolation of Phosphate Solubilizing Bacteria (PSB)

Rhizosphere and non-rhizosphere soil samples were collected and
weighed. One gram of soil mixed with 100ml of sterile saline
water in different conical flasks. These were kept on a shaker for
30 min for vigorous mixing at room temperature and serially di-
luted up to 107 fold with 9ml of sterile saline water in each test
tube. 100 pL of diluted samples were spread on Pikovskaya agar
media (PK) and incubated at 37°C and it was observed every 24
hours until a week [16].

2.3. Study of phosphate solubilzation efficiency and
selection of psb

PSB colony formed a halo zone on the PK media The selected
colony were streaked in PK media. The colony with the halo zone
were noted and the the diameter of the colonies and halo zone was
measured and recorded. The phosphate solubilizing efficiency
were calculated based on the formula below.

Diameter of halo zone (mm)
Solubilization efficiency = - X100
Diameter of colony (mm)

Based on the highest phosphate solubilizing efficiency, the
potential PSB strain were selected for the preparation of consortia
as an inoculum for the plant. Then the selected colonies were
quadrant streaked on the PK media to obtain a pure culture of
PSB. Nutrient agar slants were used to maintain the pure culture.
The selected PSB strains were stored in glycerol at -20°C for
further study.

2.4 Phosphate solubilization estimation

A standard graph for phosphate solubilization estimation was done.

Modified PK broth was used in this study. There were four sets of
the conical flask with different composition of PK broth and addi-
tion of bone to two sets and eggshell to another two sets .Total

volume per each conical flask was 100ml. The modified PK broth
was prepared, 2 sets without tricalcium phosphate and 2 sets with
tricalcium phosphate. Later 1g of bone and eggshell were added
into the respective conical flask. It was then autoclaved. 200ul of
selected PSB strain was inoculated into the broth and incubated at
37°C in a shaker over the period of five days. After incubation
1ml of the samples was pipetted out from each respective conical
flask and transferred into the eppendorf tube every 12 hours until
108 hours. It was then centrifuged at 5000rpm for 10 minutes. The
P content in the supernatant was estimate by ammonium
molybdate method. The concentration of P was tabulated based on
the standard graph and absorbance value obtained.

2.5 Preparation of the consortia for the plant
inoculation

Seven potential strains of PSB were selected and inoculated into
nutrient broth and incubated overnight at 37°C. The selected
strains were then mixed (consortia), 5ml each strain transferred
into a 50ml centrifuge tube and centrifuged at 5000rpm for 15
minutes. Pellet was suspended with 270ml of tap water to obtain a
total of 540ml of inoculum. The inoculums were inoculated to the
plants at row E, F, G and H.

2.6 Agriculture field design

The total field length is 16m and total width is 6m. The field was
divided equally for 8 sets of row(A, B, C, D, E, F, G and H). Each
row consists of three segments( For eg. Al, A2, A3) which have 5
areas to plant each. Total of 15 seeds will be planted in a segment.

Table 1: Design of cultivation field

Without °PSB Consortia With PSB Consortia

Environmental plant (Uninoculated Experimental plant ( Inoculated
with PSB consortia) with PSB consortia)

Al Bl C1 D1 El F1 Gl Hi
A2 B2 Cc2 D2 E2 F2 G2 H2
A3 B3 C3 D3 E3 F3 G3 H3
With- TSP "RP  °TEB With- TSP RP TEB
out out

fertilizer fertilizer

*Triple Super Phosphate, "Rock Phosphate, “Tea Eggshells dusts, Bone
waste of animal, Phosphate Solubilizing Bacteria.

2.7 Soil analysis

The soil sample from the cultivation land was collected and dried
under the shadow part for two days. Later the soil was sent to
MARDI Food & Agriculture Analysis Laboratory Serdang Selan-
gor for soil analysis to show the suitability of the soil for cultiva-
tion and various physicochemical parameters such as carbon, ni-
trogen, calcium, magnesium, potassium, sodium, pH and soluble P
were recorded.

2.8 Seed planting
The okra seeds were purchased from the Malaysian Agricultural

Research and Development Institute (MARDI Serdang Selangor).
Three seeds were planted for each segment.

2.9 Fertilizer preparation

Potash 120gm and 120g of urea was dissolved in 1200ml of tap
water. 10ml of the mixture was poured to all the sets except for the
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environmental control and experimental control set. For set B and
F, 10g of triple superphosphate was dissolved in 100ml of tap
water and 10ml of the mixture were poured to the plants. 10g of
rock phosphate was dissolved in 100ml of tap water and 10ml of
the mixture were poured to the plants in set C and G. Finally, the
bone, eggshells and used tea dust were collected from few restau-
rants and were washed and dried. The tendons on the bone were
also removed before drying. The tea dust also was dried under the
sunlight. The dried bones and eggshells were crushed into a pow-
der form using the mortar and pestle. 2gm of bones, 2gm eggshells
and 1gm of tea dust were applied to each plant in set D and H.

2.10 Plant parameters

The shoot length, number of leaves, number of flowers, number of
fruits, length of fruits, and weight of fruits were measured at a
periodically ( 30, 50 and 70 days) and data were recorded.

2.11 Chlorophyll content estimation

Chlorophyll estimation was carried out according to Trivedy &
Goel (1986) [17] protocol. Chlorophyll content of plant was esti-
mated by using 0.5g of leaf from each set of plant and ground with
acetone. Then, the grinded samples were transferred into 15ml
centrifuge tube and added with 0.2 ml of MgCOzand the volume
of acetone was made up to 10ml. Samples were then incubated for
4-6 hours at 4°C and centrifuged at 3000rpm for 20 minutes. Ab-
sorbance reading was taken at 645nm and 663 nm using the Uv
Line 94000 spectrophotometer. The test was done on 50" day after
the application of bio fertilizer.

2.12 Statistical analysis

Statistical analysis was carried out using the statistical package
SPSS windows version 23.The data were expressed as the mean +
standard error. All collected data were analyzed with independent
t-test and accepted as statistically significant with p<0.05.

3. Results and Discussion

3.1 PSB isolated from rhizosphere and non-rhizosphere
soils of okra plant

The rhizosphere effects of PSB of okra between non-rhizosphere
and rhizosphere soils were identified as shown in (Table 2).

Table 2: Strains of PSB isolated from rhizosphere and non-rhizosphere
soils of Okra plant.

3.2 Study of phosphate solubilization efficiency

The diameter of the colony and the halo zone were measured and
tabulated in table 3. The phosphate solubilization efficiency was
calculated. The solubilization efficiency greater than 50% were
selected for this study, which includes strains, M03, M08, BS17,
S22, S25, P27, P29. They had an efficiency of 90%, 50%, 71%,
75%, 115%, 52%and 57% respectively.

Table 3: Phosphate solubilization efficiency of PSB strains

Strain Diameter of halo Diameter of Solubilization effi-
name zone (mm) colony (mm) ciency (%)
Mo01 2.0 2.3 87

M03 2.0 2.2 90

M08 1.0 2.0 50

BS 10 0.8 1.0 80

BS 13 1.8 25 72

BS 17 2.2 3.1 71

S20 1.9 2.0 95

S22 21 2.8 75

S25 2.3 2.0 115

p23 15 2.0 75

p27 1.2 2.3 52

P29 14 2.1 67

Serial Phosphate Solubilizing
Area number Bacteria (PSB) (CFU/g)
of soil Non- Rhizosphere No of isolate
samples  Rhizosphere PSB
M M-01 1.4 x 10* 1.4 x10° M 01, 02, 03
M-02 1.1 x10* 3.2x10° M 04, 05, 06
M-03 1.0x10° 3.3x10’ M 07, 08
B BS-01 2.4 x10° 3.3x107 BS 09, 10,11
BS-02 2.3x10° 3.7x10° BS 12,13
BS-03 2.0x10° 3.2x10° BS 14, 15,16
S S-01 3.2x10* 2.8x10° $17,18,19
S-02 2.9 x 10’ 2.3x10’ $20,21
S-03 3.2x107 2.9x108 S21,22
P P-01 3.1x10° 3.6 x10° P 23,24,25
P-02 2.5x10° 4.0x10’ P 26,27, 28
P-03 3.0x10’ 3.8x10’ P 29,30

M=MARDI, B=Bandar Saujana Putra, S=Sungai Buloh, P=Puchong

3.3 Phosphate solubilization estimation

PK= Pikovskaya media, TCP=Tri Calcium Phosphate

35 —+— Eggshell
28230 TTICP~
EN: PK broth
a5 25 4
C - Bone+
ap — ~  TCP+
215 PK broth
E 2
2510 — Eggshell
£ P N K
< 5 _/ —— broth

0 - - Bone +

0 1224 36 48 60 72 8 9 108 Dy broth
Incubation Time/Hour

Fig.1: Phosphate released in modified PK broth with consortia

The amount of inorganic phosphate released from the bones and
eggshells is being increased. The inoculated strain has digested
and solubilises the organic P present in the bones and eggshells
and released into the medium efficiently. The broth containing
tricalcium phosphate and bones showing high concentration com-
pared to egg shell with PK broth shown in figure 1. This indicates
that the bacterial strain solubilised P efficiently with the presence
of inorganic P.

3.4 Physicochemical parameters of soil

Table 4: Physicochemical parameters of soils used for cultivation

No. Parameters Results

1 Carbon 0.41 %

2 Nitrogen 0.07%

3 Calcium 3.24 me@/100gm
4 Magnesium 0.17 meg@/100gm
5 Potassium 0.25 me@/100gm
6 Sodium 0.05 me@/100gm
7 pH 5.18 pH

8 Soluble P 1.00 ppm

The physicochemical properties of the soil collected from the
experimental site shown in Table 4. The pH of the soil revealed
that the soil was slightly acidic. The study shows PSB were able to
grow in arange pH 5to 9 [18].
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3.5. Plant parameters

The cumulative result of plant Earameters after application of
fertilizer was recorded on 30", 50" and 70" day.

3.5.1 Mean shoot length

Effect of PSB inoculation on mean shoot length for plants
under different fertilization condition

Mean shtshoot length of
plantsCcm)

60 -
40 4
20 1
0 i
Control TSP
Different fertilization Condﬁmn
mUninoculated with PSB - ®Inoculated with PSB

Fig.2: Effect of PSB inoculation on mean shoot length for plants under
different fertilization condition expressed as mean + standard error.
Groups represented by *** indicates significant difference with p<0.05.

The mean shoot lengths of inoculated and uninoculated plant were
conditions compared in figure 2. The treatment plant (RP with
PSB) significantly showed higher shoot length with an increase of
21% when compared with the plant uninoculated with PSB.
Whereas, the lowest shoot length was obtained in control without
fertilizer and experimental plant without fertilizer with a differ-
ence of 59% which was statistically significant (p<0.05).The
treatment TEB with PSB recorded a 24% difference when com-
pared to the uninoculated with PSB control plant which was also
significant with (p<0.5). This is due to the low solubility of the
fertilizer into the soil. Moreover, the mean shoot length of the
uninoculated plant is maintained constantly whereas, the inoculat-
ed plant shows different values at different conditions. The inocu-
lated plants showed the highest shoot length. So the presence of
PSB and bio- fertilizer can increase the plant parameters. The
present study was also consistent with a number of previous stud-
ies [19, 20, 21, & 22].

3.5.2. Mean number of leaves

- Effect of PSB inoculation on mean number of leaves for
% plants under different fertilization condition
~ 15.0 - g
5
E
— 10.0 4
[
o]
(2]
-g ) j
=
[
5 00-
(4]
s Control
Different fertilization condition
B Uninoculated with PSB B Inoculated with PSB

Fig.3: Effect of PSB inoculation on mean number of leaves for plants
under different fertilization condition expressed as mean + standard error.
Groups represented by *** indicates significant difference with p<0.05.

Fig.3. shows the effect of all treatments on mean number of leaves
until 70 days. The treatment (RP with PSB) recorded the highest

number of leaves with a difference of 42% when compared to an
uninoculated with PSB, followed by the treatment (TEB with
PSB) increased the number of leaves by 29% when compared to
uninoculated with PSB. The lowest mean number of leaves were
obtained by the control without fertilizer and experimental plant
without fertilizer which was the difference of 40%.In all cases, the
increase was significant with p<0.05 Similar studies by Singh et
al. (2013) [23] also showed inoculation with PSB significantly
increased plant growth parameters compared to control plant.

3.5.3 Mean number of flowers

Effect of PSB inoculation on mean number of flowers for
# g  plantsunder different fertilization condition
:
= 6
T~
554
=,
g
L+]
= 4
Control TSP
Different Condmons
B Uninoculated with PSB B Inoculated with PSB

Fig.4: Effect of PSB inoculation on mean number of flowers for plants
under different fertilization condition expressed as mean + standard error.
Groups represented by *** indicates significant difference with p<0.05.

The mean number of flowers counted up to 70 days in the
different interval stated in Fig.4. The treatment RP with PSB
significantly showed the higher number of flowers with an
increase of 53% when compared with RP without PSB. TEB with
PSB increased the number of flowers by 33% when compared
with TEB without PSB. TSP with consortia recorded the
moderately increases the number of flowers with a difference of
17% when compared to control. Lowest Mean number of flowers
were obtained by the control without fertilizer and experimental
plant without fertilizer with a difference of 86%.In all cases, the
increase was significant with (p<0.05). Similar studies on plant
growth promotion by phosphate solubilizing bacteria that have the
capability to solubilize inorganic and/or organic P from soil after
their application into the soil and it will be promoting plant growth
and yield reported with some of the previous studies [24, 25, 23,
& 26].

3.5.4 Mean length of fruits

Effect of PSB inoculation on mean length of fruits for
plants under different fertilization condiﬁcm

JI“

Control TSP
Different Ferhhzer ccmd1t1cm
m Uninoculated with PSB mInoculated with PSB
Fig.5: Effect of PSB inoculation on mean length of fruits for plants under

different fertiliza6tion condition expressed as mean + standard error.
Groups represented by *** indicates significant difference with p<0.05.

L
=
]

[
L)
1

—
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1

Mean length of fruits (cm)

[
I




44

International Journal of Engineering & Technology

The results in Fig.5.also showed the same trend. PSB consortia
inoculated plants. For the PSB uninoculated plants, the values
were remaining constant whereas, for PSB inoculated plants the
parameters were increasing The treatment with RP and PSB re-
corded the highest length of fruits with the difference of 49%
when compared to RP without PSB control which was statistically
significant (p<0.05), followed by the treatment TEB with PSB
increased the length of fruits by 32% when compared with TEB
without PSB. The treatment TSP with PSB recorded 38% differ-
ence when compared to TSP without PSB. Lowest mean number
of fruits length was obtained by the control plant without fertilizer
and experimental plant without fertilizer which was also signifi-
cant with p<0.05. A similar study conducted by Sreedevi Sarsan
(2016) [27] showed significant plant yield parameters in tomato
with PSB stain.

3.5.5 Mean weight of fruits

Effect of PBS inoculation on mean weight of fruits for
plants under different fertilization condition

*kk *dk ok
1 TSP RP TEB

Different fertilization condition
m Uninoculated with PSB ~ mInoculated with PSB
Fig.6: Effect of PSB inoculation on mean weight of fruits for plants under

different fertilization condition expressed as mean + standard error.
Groups represented by *** indicates significant difference with p<0.05.

40.00

30.00 1

* k%
20.00 A
10.00 -
0.00 -

Contro

Mean weight of fruits(gm)

Comparison of the mean weight of fruits obtained from okra plant,
whereby the mean weight of fruits obtained from inoculated plants
is higher compared to uninoculated plants shown in figure 6. Sig-
nificant (p<0.05) difference in the weight of fruits were observed
in PSB inoculated plant with RP with a difference of 37%, fol-
lowed by consortia with TEB 27%, consortia with TSP 32%, and
low weight of fruits was observed in control without fertilizer and
experimental plant without fertilizer. The difference was signifi-
cant with p<0.05. PSB help to increase the nutrient uptake of the
plant, providing a healthier growth for plants to produce quality
fruits that have higher dry weight [28].

3.5.6 Total chlorophyll content

=  EffectofPSB inoculation on chlorophyll concentration
g 7 -for plants under different fertilization condition
E 6 * ok ok ok *Ak
EC
S 4 Rk
85 31
5 2
= 17
g o
Control TSP RP TEB
Different fertilization condition
B Uninoculated with PSB mInoculated with PSB

Fig.7: Effect of PSB inoculation on chlorophyll concentration for plants
under different fertilization condition expressed as mean + standard error.
Groups represented by *** indicates significant difference with p<0.05.

The plant treated with RP and PSB recorded the highest concen-
tration of chlorophyll content with the difference of 19% when
compared to RP without PSB control which was statistically sig-
nificant (p<0.05), followed by the treatment TEB with PSB in-
creased the chlorophyll content of leaves by 23% when compared
with TEB without PSB. The treatment TSP with PSB recorded
14% difference when compared to TSP without PSB. The lowest
amount of chlorophyll of leaves was obtained by the control plant
without fertilizer and experimental plant without fertilizer which
was also significant with (p<0.05) as shown in figure 7. The chlo-
rophyll content was lower due to there are no any additional nutri-
ents applied to, so the available nutrients in the soil will be ab-
sorbed by the plant in the early growing stage. Eventually, when
the time passed, the availability of the nutrient in environmental
control plants will be limited, subsequently limit the absorption of
nutrient, next the formation of chlorophyll was disturbed. Overall,
the treatment plants with PSB consortia are showing higher total
chlorophyll content if compared with the treatment plants without
consortia. According to Singh et al (2013), the enriched plant
growth and yield can be because of improved photosynthesis to
the proficiency of the plants [23].

4. Conclusion

Thus, the present study showed that PSB consortia were capable
of solubilizing phosphate sources which contribute to promote the
growth of Okra (Abelmoschus esculentus), there was a significant
increase in the growth parameters compared to control treatment
without consortia. Further, the large level pilot study can be con-
ducted to find the significance of the effect of PSB consortia to
promote the growth and yield parameters of the plant. The appli-
cation of PSB microbial consortia with the cheap source of nutri-
ents has shown the capabilities of providing similar or enhanced
results based on various characters expressed by the plant and thus
reduces the reliance on synthetic chemical fertilizer
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