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Abstract :

Two' successive in vifro experiments were carried out to examine the effect of MPS bacterial inoculation on growth, and

nitrogen and phosphorus accumulation of maize plants under greenhouse condition in the same soil. There were four treatments,
uninoculated control and three phosphate solubilizing bacterial inoculations, viz, Pseudomonas striata, Burkholderia cepacia and
Serratia marcescens. The inoculated plants showed the higher plant height, total dry mass, nitrogen and phosphorus accumulation when
compared to uninoculated control plants in both experiments. In the combined data analysis from two experiments, the plants
inoculated with P. striata and B. cepacia showed significantly higher plant height, total dry mass and P accumulation when compared
to S. marcescens inoculated plant and uninoculated control plants. The P. striata and B. cepacia inoculation enhanced total dry matter
accumulation by 14% and phosphorus accumulation by 25% over the uninoculated control plants. The nitrogen and phosphorus
concentration of maize plants were also increased due to MPS bacterial inoculation, however, the effect was not significant.
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INTRODUCTION

Phosphorus is one of the essential element in crop prod-
uction and is major plant nutrient required in sufficient am-
ounts for higher crop yield as well for proper functioning of
soil biota. The P content in average soils is about 0.05% (w/w)
and only 01% of the total P is available to plants’. Its cycle
in the biosphere described as open or sedimentary, because
there is no interchange with the atmosphere™. Microoanisms
play a central role in the natural phosphorus cycle. A nu-
mber of soil microorganisms is capable of dissolving insoluble
inorganic and organic phosphate to orthophosphate ions
(H:POs and HPO,)". These free inorganic P ions in soil soluti-
on can be assimilated in appreciable amounts by plants™.
The major microbiological processes of P solubilization were
due to acidification, chelation and exchange reaction in growth
environments”. Several reports have examined the ability of
different bacterial species to solubilize insoluble inorganic phos-
phate compounds, such as tricalcium phosphate, dicalcium pre-
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phosphate, hydorxyapatite, rock phosphate, iron and aluminum
phosphates®”. As phosphate compounds in Korean soils are
predominantly inorganic, chiefly locked as AIPO; and FePOy”,
the group of phosphate solubilizing microorganisms dissolving
insoluble phosphate seem to have implication in Korean agric-
ulture. During last decade researchers have tried to increase
plant available P by means of phosphate solubilizing microor-
ganismsm“).

The bacterial genera such as Pseudomonas, Bacillus, Burkh-
olderia, Aachromobacter, Agrobacter, Flavobacter and Erwinia has
been reported to have P-solubilizing activity'". Inoculation with
P-solubilizing microorganisms have shown to increase the P
uptake and yield of several crop plants™'?. There have been a
number of reports on growth promotion by bacteria that have
the ability to solubilize inorganic and/or organic P from soil

after their inoculation in soil or plant seeds*>"”

. Simultane-
ous increases in P uptake and crop yield have also been obse-
18 The Pseudomonas

putida also stimulated the growth of shoots and increased “P-

rved after inoculation with Bacillus spp.

labled phosphate uptake in canola”. The Pseudomonas striata
strain showing phosphate solubilizing ability significantly impr-

oved grain and dry matter yields with concomitant increase in
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P uptake™.

Phosphate solubilizing bacteria play an important role in
plant nutrition through the increase in P uptake by the plant,
and their use as PGPR is an important contribution to agri-
cultural crops. Further investigations are needed to improve
the performance phosphate solubilizing bacteria as bacterial
inoculants. In this study two consecutive experiments were
conducted to examine the effect of MPS bacterial strain inocul-
ations on plant growth, and N and P accumulation in the ma-
ize plant.

MATERIALS AND METHODS

Mineral phosphate solubilizing (MPS) bacterial strains viz,
Pseudomonas  striata, Burkholderia cepacia and Serratia marcescens,
were obtained from the Department of Agricultural Microbi-
ology, UAS, Dharwad, India. ‘All the strains maintained in
nutrient agar slants.

The inoculum of each bacterium was prepared separately
by transferring a loopful of 48 h old culture to 50 mL nutrient
broth. After two days of incubation at 287, the entire broth
culture was transferred to a 1-L Erlenmeyer flask containing
500 mL nutrient broth. The flasks were incubated at 28°C for 5
days. The standard population of each MPS bacterial was 10°
CFU/mL, which was made after serial dilution plate methods
and inoculated to soil.

Soil was collected from the agricultural farm of Chungbuk
National University. The initial chemical characteristics of the
soil were determined in accordance with the standard meth-
ods™ (Table 1). The soil was autoclaved twice with 7 days
interval, and the pots (10x10 cm} were filled with 500 g of
autoclaved soil. After completion of the first experiment, the
same soil of each treatment and replication retained and it was
used for the second experiment.

Seeds of maize (Zex Mays) were purchased from a market.
The seeds were presoaked in water for 1 day before sowing.
Three seeds per pot were dibbled into the soil. Thinning was
done to maintain 1 seedling per pot 15 days after sowing,

The first experiment was conducted without any fertilizer
application. However, in the second experiment the recomm-
ended dose of N and K were applied to each pot, but P was
not given to any treatments. The pots were watered period-
ically to maintain the moisture to field capacity in each pot.
Plant height, dry matter, N and I uptake were measured at 45
days after sowing by following standard methods. The plants

Table 1. P status, erganic matter content and pH in soil used

in this study
Organic
pH Ava-P AP FeP Ca-P  Total-?
matter
glkg s g PpOs K v
551 879 4339 37744 23989 10293 1688.%0

(+0.01) (:069) (+4.64) (+1232) (+1311) (5.78) (:7.22)

sample were dried and ground to powder using Wiley mill
in order to estimate the N and P concentrations.

Nitrogen and P concentration were measured using the
standard Kjeldahl method™ and ammonium molybdate-ascorbic
acid method,” respectively. Nitrogen and phosphorus accum-
ulation was calculated by multiplying the dry mass and conce-
nirations of N and P, respectively.

Results of the present experiment were statistically analyzed
as completely randomized design using software package DR-
YSOFT DESIGN.

RESULTS AND DISCUSSION

Although several phosphate-solubilizing bacteria occur in
soils, usually their population is not high enough to compete
with other bacteria commonly established in the rhizosphere.
Therefore inoculation of plants by a target P solubilizing bacte-
ria at a higher rate is necessary to explore its beneficial trait
for sustainable crop production.

The plant heights were not significantly different among the
MPS bacterial inoculations in the first experiment. However, all
the inoculated plants showed higher plant height compared to
the uninoculated control plants (Table 2). In the second exper-
iments, the plant height was significantly increased due to the
three MPS bacterial inoculations. The P. striata inoculated plan-
ts showed the highest plant height, which was significantly
superior over the all other inoculated plants. However, B. cepa-
cia inoculated plants also showed the higher plant height than
the S. marcescens inoculated plants. Combined analysis of the
both consecutive growth experiments also indicated that the
significant increase in plant height is due to MPS bacterial
inoculation. The highest plant height was recorded in the plan-
ts inoculated with P. striata, which was significantly higher than
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Table 2. Effect of MPS bacterial inoculation on plant height
and total dry mass of maize plants in two consec-

Table 3. Effect of MPS bacterial inoculation on nitrogen and
phosphorus accumulation of maize plants in two

utive growth consecutive growth
Plant height Total dry mass N - Accumulation P - Accumulation
Inoculation 1st  2nd 1st  2nd Inoculation st 2nd st 2nd
M M
Expt  Expt can Expt Expt ean Expt  Expt an Expt Expt Mean
- cm g/plant v mg/plant .................... mg/plant ..........

Serratia marcescens 910 803 87 321 233 277
Burkholderia cepacia 913 872 893 346 28 315
Pseudomonas striata 9725 958 965 337 307 322
Uninoculated Control 762 733 748 271 209 240

Serratia marcescens 240 22 251 12 05 08
Burkholderia cepacia 262 335 299 14 08 11
Pseudomomas striata 244 320 282 12 07 10
Uninoculated Control 230 246 238 1.0 04 07

LSDgs NS 597 607 025 02 020

LSDogs NS 213 190 NS 017 006

other MPS bacteria inoculated plants. The least plant height
resulted in the plants without inoculation in all the cases.

The plants inoculated with MPS bacterial strains, showed
significantly higher shoot dry mass when compared to the
uninoculated control plants (Table 2). The dry masses of B.
cepacia and P. striata inoculated plants were not significantly
different, however, both of which were found to be signifi-
cantly superior over S. marcescens inoculated and uninocula-
ted control plants in the first experiment. In the second exper-
iment, P. strigta inoculated plants showed higher dry mass
when compared to all other inoculated plants. The least dry
mass was recorded in the uninoculated control plants in both
consecutive growth experiments. In the pooled analysis of two
consecutive growth experiments, P. strigta and B. cepacia inoc-
ulated plants showed significantly higher dry mass than that
of plants inoculated with S, marcescens. The uninoculated plants
showed the lowest dry mass. However, dry masses of P.
striata and B. cepacia inoculated plants were not significantly
different. Increase in plant height and dry mass due to MPS
bacterial inoculation was also reported in other field crops™™.,

The increased plant height and dry mass in inoculated
plants attributed to the increased phosphate accumulation in
the maize plants of MPS bacterial inoculation (Table 3).

The plants inoculated with B. cepacia and P. striata accumul-
ated significantly higher amount of P than S. marcescens. The
least P accumulation was recorded in the plants devoid of ino-
culation. Phosphorus accumulation in P. striata inoculated pla-
nt was lower compared to B. cepacia inoculated plants, how-
ever, plant height and dry mass were higher in P striata inoc-
ulated plants. This might be due to the plant growth substan-

ce production by P. strigta. Similarly, increased growth in P.
striata inoculated sunflower plants was attributed to its PGPR
activity”. The Burkholderia cepacia inoculated plants also disp-
layed significantly higher mineral phosphate solubilization and
moderate phosphatase activity'.

Maximum N accumulation was found in the plants inocu-
lated with MPS bacteria when compared to plants without
inoculation (Table 3). The plants inoculated with P. striata and
B. cepacia were not significantly different with respect to N
accumulation. However, both of these strains were signific-
antly superior over S. marcescens inoculated plants and unino-
culated plants. The least N accumulation was found in the
uninoculated plants. Similarly, higher N accumulations in MPS
bacterial inoculated plants were reported in other crop plan-
ts°*. The increase in N accumulation due to inoculation can
be ascribed to increased P availability to the crop. Phosphorus
is known to increase the root growth and proliferation by cre-
ating more absorptive area for uptake of other nuirient esp-
ecially N.

The shoot P concentration of maize plant was increased
due to the MPS bacterial inoculation, however the increase was
not significant in the both experiments (Table 4). The mean
shoot P concentration of the second experiment was reduced
and this is mainly due to the experiments conducted without
application of P fertilizer.

In the two separate consecutive experiments of MPS bacte-
rial inoculation to maize plants, the first experiments resulted
higher plant height, dry mass, and N and P accumulation
when compared to the second experiment. These results are

mainly due to the experiments conducted without application
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Table 4. Effect of MPS bacterial inoculation on nitrogen and
phosphorus concentration of maize plants in two
consecutive growth

N - Concentration P - Concentration

Inoculation st 2nd M st 2nd N
Expt Expt ean Expt Expt ean
- mg NfGDW - mg P/GDW -

Serratia marcescens 611 1102 857 033 018 026
Burkholdetia cepacia 639 1179 909 035 020 028
Pseudomonas striata 694 1063 879 034 02 028
Uninoculated Control 604 1044 824 032 016 024

LSDo s NS 02 NS NS NS NS

of P fertilizer to know the P solubilizing efficiency of the
bacterial strains. The reduction of these parameters might ind-
icate that the proper application of P is necessary, which reve-
als about integrated nutrient managements. Hence, the com-
bined use of chemical fertilizer and biofertilizer has been
considered as a workable technology. The MPS bacterial inoc-
ulation in combination with 75% recommended dose of single
super phosphorus or 100% recommended dose of rock phos-
phorus plus MPS bacterial inoculation gave the same yield as
that of 100% recommended dose of single super phosphate
without inoculation'.
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