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Abstract

The present investigation was carried out at INKVV, Jabalpur during summer season of 2019 to evaluate
the performance of previously multiply of Pseudomonas (P) fluorescens at different temperature and pH
value on nutrient content and their uptake by plant, nutrient availability and yield of maize (Zea mays L.).
Treatments comprised of 16 isolated from fermentor under different temperature and pH (Temperature:
25, 28, 31, 34 °C and pH 6.7, 7.2, 7.7, 8.2) including two control FUI (fertilized + uninoculated) and
UFUI (unfertilized + uninoculated). Results indicated that inoculation with different isolates had positive
impact on total NPK content and their uptake by crop, NPK availability and yield of maize (grain and
stover) comparing to FUI. The treatment combination Tzs+pH 7.2 (Temp 28 °C + pH 7.2) isolates
significantly enhanced the grain and stover N (12.8 and 8.8%) and P (17 and 10.3%) content respectively,
and the isolate of Tai+pH 7.2 significantly increased K content in grain and stover (26.7 and 26.5%)
respectively, over that of FUI. The treatment combination T2s+pH 7.2 isolates significantly enhanced the
total N and K uptake by plant (42.2 and 45.8%) respectively over that of FUI and the isolate of Tai+pH
7.2 significantly increased total P content by plant (61.1%) over that of FUI. The treatment combination
Tos+pH 7.2 isolates significantly improvement in available N (16.0%), P (25.7%) and K (25.2%) content
in soil after harvest of crop over that of FUI. The treatment combination T2s + pH 7.2 significantly
increased the grain (24.9%) and stover yields (31.6%) of maize over that of FUI. This study demonstrates
the application of P. fluorescens play a vital role for improving the NPK contents their uptake, nutrient
availability and yield of maize.

Keywords: Pseudomonas fluorescens, soil fertility, maize yield and nutrient uptake

1. Introduction

Maize (Zea mays L) is called king of cereal because of it productivity potential compared to
any other cereal crop (Umesha et al., 2014) 1, The cultivation of maize spread rapidly around
the globe and currently it is being produced in most countries of the world. Maize plant is a
major source of food for both human and animals, and is grown in more countries than other
crop. Maize can only be produced in areas that do not have extreme cold temperature. The
majority of the crop is used as livestock feed; the remainder is processed into a range of food
and industrial products including starch, ethanol for use as fuel sweetness such as high fructose
maize syrup and maize oil. In India, maize is grown in an area of 7.18 million ha contributing
14.1 million tonnes of production with a productivity of 1959 kg ha. The state of Madhya
Pradesh occupies 13% of the total maize area and contributing equally to the total maize
production in the India. Nutritionally, maize contains 60-68% starch, 1.2-5.7% edible oil and
7- 15% protein. (Agriculture Statistics at a glance, 2016)

Introduction of plant growth promoting rhizobacteria (PGPR) including P. fluorescens as
biofertilizers is suggested as a sustainable option for the improvement of nutrient availability,
plant growth and yields (Vessey, 2003) 1. Use of microbial consortia in the form of
biofertilizers for reducing the use of chemical fertilizers without compromising vyield is
presently an important feature of research in the field of agriculture, micro- biology and
biotechnology (Minorsky, 2008) [*31. The search for diverse PGPRs is gaining serious attention
and efforts are made to exploit them as biofertilizers for various economically important crops.
During the last two decades use of microbial techniques and introduction of rhizobacteria in
agriculture has increased tremendously due to their potential for N,-fixation and P
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solubilization thus increasing N and P uptake by the plants
and therefore yields (Vessey, 2003) 21, Successful results of
using PGPR species including Azospirillum, Bacillus,
Pseudomonas and Enterobacteria on maize, canola, wheat,
and other horticultural crops have been achieved both in the
laboratory and in the field under variable ecological
conditions (Mehta et al., 2014) 23],

Treatment of plant seeds and seedlings with PGPR can either
directly or indirectly enhance the growth of plants (Glick,
1995) €1, In direct growth stimulation, these bacteria provide
soluble  phosphate, fix nitrogen, deaminase and
phytohormones like indole acetic acid (IAA) and increase the
bioavailability of iron through bacterial siderophore for plants
(Lucy et al., 2004; Glick et al., 2007) 251, Indirect promotion
of growth occurs when these bacteria protect plants from
detrimental effects of plant pathogens, e.g.by competition,
antibiosis and hyperparasitism (Raaijmakers et al., 2012) 1],
PGPRs are also capable of increasing plant resistance to biotic
and abiotic environmental stresses. One of the main
mechanisms by which rhizobacteria exert positive effects on
plants under abiotic stresses is production of ACC deaminase
and regulation of ACC, a precursor to stress-induced ethylene
in host plants (Glick et al., 1998) . The effectiveness of
rhizobacteria with ACC deaminase activity has been reported
in reducing stress ethylene, conferring beneficial effects to
plants under various environmental stressors such as pathogen
and insect infection, high salinity, drought and heavy metal
contamination (Yildirim et al., 2006) 271,

The present study is focused on relative efficacy of P.
fluorescens containing ACC-deaminase for improving soil
fertility and yield of maize. This approach could help to
obtain high yield potential and also reduce dependence on
chemical fertilizers without compromising per unit yield of
maize.

2. Materials and methods

The experiment was carried out at research field, Department
of Soil Science & Agricultural Chemistry, INKVV, Jabalpur
during summer season of 2019 to evaluate the performance of
previously multiply (in 2018) of Pseudomonas (P) fluorescens
at different temperature (25, 28, 31, 34 °C) and pH (6.7, 7.2,
7.7, 8.2) value with treatments comprised of 16 isolated from
fermenter including two control FUI (fertilized +
uninoculated) and UFUI (unfertilized + uninoculated). The
experiment was laid out in randomized block design with 3
replications. The strain of P. fluorescens was obtained from
the project AINP on Soil Biodiversity & Biofertilizers
(ICAR), JNKVV, Jabalpur. All the technical efforts were
endeavored to maintain the population up to the standard 10-8
to 10-° cfu mlL. The selected isolated was directly used for the
experiment and recommended dose of fertilizer
120:60:60N:P,05:K20 kg ha* for maize crop in the form of
urea, single superphosphate and muriate of potash,
respectively. N and K were supplemented as basal application
to each plot as per recommendation and P was applied as per
scheduled dose of treatments.

The isolates of P. fluorescens obtained from the laboratory
experiment (Component 1) performing best for population
growth and ACC-deaminase enzyme activity were earmarked
and specially selected for the field trial on maize to observe
sustainability of the attributes. However, remaining other
isolates along with the selected isolates was also included in
the field trial. The isolates in broth were used for seed
treatment and foliar spray on maize at three growth stages (at
knee hight, tesseling and silking stage).

Maize seeds in polythene bags were slightly moistened and
then treated with carbendazim fungicide @ 2 g kg-1 seed.
Seeds were allowed to air dry under shade. Then the seeds
were inoculated individually with the isolated of P.
fluorescens bioinoculant at double the recommended dose 20
ml or g kg-1 of seed and using sterilized gum acacia (2%) as
adhesive. The field experiment was carried out at research
farm JNKVV Jabalpur during winter season of 2019. The
seeds of Maize (JM-216) were sown in the respective plot.
Recommended package of practices was followed to maintain
plant population, protection and growth.

During this study, NPK content and their uptake by plant,
crop yield and soil nutrient availability were measured, on
each plot in the considered experimental site. The surface (0-
15 cm depth) soil samples were collected from the
experimental site before sowing of crop and after harvest. The
soil samples were air dried and crushed with wooden pestle
and mortar and sieved through 2 mm sieve. The material
passed through the sieve was used for determination of
various characters. N content was determined by Kjeldahl
method and P was determined in digest (HNOs: HCLO,) by
vanadomolybdate yellow colourmethod (Jackon 1973) and the
K content was estimated from acid digest (3.10.2) with a
flame photometer using the procedure of Bhargava and
Raghupathi (1984) [?. Uptake of the NPK was calculated by
multiplying yield with content of nutrients in grain and stover.
Available N in soil was determined by using alkaline
permanganate method (Subbiah and Asija, 1956) ?2. The P
content of soil was estimated by extraction procedure as
described by Olsen et al., (1954) 7], Soil available P was
extracted using 0.5 M NaHCO; (pH 8.5) and determination
was done by ascorbic acid method as described by Miller and
Keeney (1982). The available K was extracted by neutral 1N
ammonium acetate and it was estimated using flame
photometer (Mohr et al., 1963) (61, The crop was harvested
plot wise and yields of seed and stover were recorded.

3. Results and discussion
Results of field experiments revealed that inoculation with P.
fluorescens isolates, containing ACC-deaminase activity,
under field conditions significantly improvement the nutrient
contents their uptake, soil fertility including available N, P
and K and yield of maize.

3.1 NPK content in maize

The quality of any produce is judged by the content of
nutrients in the economic produce. Further, the use efficiency
of the applied inputs is related to total utilization and uptake
by the growing crop.

The data on N content in grain varied from 1.27-1.47% N,
respectively with the average value 1.37% N. Among all the
treatments, the Tog+pH 7.2 isolates were recorded maximum
N content of 1.47% N. It was interesting to note that the
percent increment were computed 12.8%, by grain,
respectively over FUI of grain (1.30% N). The data
pertaining to the P content in grain varied from 0.32 to
0.44% P, respectively with the mean value 0.38% P.
On comparing all the treatments, the Ts;+pH 7.2 isolates were
recorded maximum P content of 0.44% P grain in maize. It
was interesting to note that the percent increment were
computed 26.7% by grain, respectively over FUI (0.35% P).
The data related to the K contents in grain increased from
0.56- 0.71% K with the mean values of 0.65% K. The isolates
of Togt+pH 7.2 were recorded statistically higher for K content
of 0.71% K by seed of maize with percent response of 17.0%
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respectively over FUI (0.61% K). This was followed by the
treatment combinations of Taz+pH 7.2 and Txs+pH 7.2 by
grain of 0.70 and 0.70% K with response of 15.4 and 15.3%
by grain, respectively (table 1).

The data on N content in stover varied from 0.95-1.07% N,
respectively with the average value 1.02% N. Among all the
treatments, the Tog+pH 7.2 isolates were recorded maximum
N content of 1.07% N. It was interesting to note that the
percent increment were computed 8.8%, respectively over
FUI (0.95% N). The data pertaining to the P content in stover
varied from 0.28-0.35% P, respectively with the mean value
0.31% P. On comparing all the treatments, the Ts;+pH 7.2
isolates were recorded maximum P content of 0.35% P. It was
interesting to note that the percent increment were computed
26.5% by stover, respectively over FUI (0.28% P). The data
related to the K contents in stover increased from 0.83
t00.93% K with the mean values of 0.88% K. The isolate of
Tog+pH 7.2 was recorded statistically higher for K content of
0.93% K by stover of maize with percent response of 10.3%,

respectively over FUI (0.89% K). This was followed by the
treatment combinations of Ts+pH 7.2, Tos+pH 7.2, Tas+pH
7.2, Tog+pH 7.7 and Ts1+pH 7.7 by stover of 0.92, 0.92, 0.91,
0.91 and 0.90% K with response of 9.5, 9.5, 8.3, 7.9 and 7.1%
by stover, respectively (Table 1).

This is reflective of the efficiency of the microorganisms in
promoting plant growth, nutrient content, biomass and
thereby yields due to effective nutrient mobilization from soil
to plant. Our earlier publications (Joshi et al., 2007) [l have
illustrated a similar trend. It can therefore be surmised that the
PGP traits of the micro-organisms used and their colonization
in the rhizosphere lead to the enhanced yields and nutrient
quality of grains. Rana et al., (2012) 11 the combined
inoculation of Anabaena oscillarioides CR3, Brevundimonas
Diminuta PR 7, and Ochrobactrum anthropic PR10 (T6)
significantly increased NPK content and improved rice yield
by 21.2%, as compared to the application of recommended
dose of NPK fertilizers.

Table 1: Influence of isolates of P. fluorescens obtained from fermentation study at different temperature and pH on NPK contents in grain and
stover of maize

Nutrient content (%)
Treatment combination Grain Stover
N p K N P K

Tos+pH 6.7 1.35 0.36 0.65 1.01 0.29 0.87
Tos+pH 7.2 1.43 0.42 0.69 1.05 0.34 0.92
Tos+pH 7.7 1.40 0.39 0.67 1.03 0.32 0.90
Tos+pH 8.2 1.33 0.35 0.63 1.00 0.29 0.86
Tog+pH 6.7 1.38 0.38 0.67 1.03 0.31 0.89
Tog+pH 7.2 1.47 0.43 0.71 1.07 0.34 0.93
Tag+pH 7.7 141 0.41 0.68 1.05 0.33 0.91
Tost+pH 8.2 1.34 0.39 0.65 1.01 0.29 0.87
Ta1+pH 6.7 1.37 0.37 0.66 1.02 0.31 0.89
Ta1+pH 7.2 1.45 0.44 0.70 1.06 0.35 0.92
Tai+pH 7.7 1.40 0.40 0.68 1.04 0.32 0.90
Ta+pH 8.2 1.34 0.36 0.64 1.00 0.28 0.86
Tast+pH 6.7 1.36 0.37 0.66 1.02 0.30 0.88
Tast+pH 7.2 1.42 0.41 0.69 1.05 0.33 0.91
Taat+pH 7.7 1.32 0.36 0.62 1.00 0.29 0.85
Tas+pH 8.2 1.32 0.35 0.61 1.00 0.29 0.85

FUI 1.30 0.35 0.61 0.99 0.28 0.84

UFUI 1.27 0.32 0.56 0.95 0.26 0.83

Mean 1.37 0.38 0.65 1.02 0.31 0.88

SEmt 0.03 0.02 0.03 0.02 0.01 0.02

CDso% 0.09 0.05 0.09 0.06 0.04 0.06

3.2 NPK uptake by maize

The N, P and K uptake by crop was presented in table 2. The
data on total N uptake by plant ranged from 87-154 kg N ha'?,
respectively with the average value 125 kg N ha*. Among all
the treatments, the Tos+pH 7.2 isolates were recorded higher
N uptake of 154 kg N ha. It was interesting to note that the
percent increment were computed 42.2%, respectively over
FUI (108 kg N ha'). The data on total P uptake by plant
ranged from 23.1-48.1 kg P hal, respectively with the average
value 36.8 kg P hal. Among all the treatments, the Ts;+pH
7.2 isolates were recorded maximum P uptake of 48.1 kg P
ha'l. It was interesting to note that the percent increment were
computed 61.1%, respectively over FUI (30.0 kg P ha?). The
data on total K uptake by plant ranged from 62 to 113 kg K
hal, respectively with the average value 91 kg K hal. Among
all the treatments, the Tus+pH 7.2 isolates were recorded
higher uptake of 113 kg K ha. It was interesting to note that
the percent increment were computed 45.8%, respectively
over FUI (78 kg K ha'l).

The possible reason might be associated with the initial
increase in root growth by the application of PGPR strains,
which could promote better absorption of essential nutrients.
PGPR synthesize phytohormones that promote plant growth
at various stages (Kloepper et al., 1986) [*4. Similarly finding
was Vikram (2007) [? reported that inoculation with PSB V-I
recorded, the highest ear head weight, shoot length, shoot dry
matter, grain yield, P content and P uptake in root and grain of
sorghum plants. The high increase in P uptake and its
consequent reflection on yield as an effect of PSB inoculation
may be caused by the ability of PSB strains to solubilize
insoluble inorganic phosphates as well as to produce
necessary phytohormones (Hameeda et al., 2006) 1. All PSB
strains used in the present study produced considerable
amounts of IAA and GA besides being efficient in
solubilization of insoluble inorganic phosphates. Supanjani et
al. (2006) [#31 showed that the co-inoculation of potassium and
PSB increased P availability from 12-21% and K availability
from 13-15% and also subsequently improved N, P and K
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uptake. The integration also increased the biomass harvest
and yield of the treated plants were increased by 23-30%

which showed that it was sustainable alternative to the use of
chemical fertilizer.

Table 2: Effect of isolates of P. fluorescens obtained from fermentation study at different temperature and pH on total NPK uptake and yield of
Maize (grain and stover)

A Total nutrient uptake (kg ha?) Yield (kg ha't)
Treatment combination N b K Grain Stover
Tos+pH 6.7 117 32.8 85 3033 7502
Tos+pH 7.2 148 46.0 109 3552 9205
Tos+pH 7.7 132 39.3 97 3353 8257
Tos+pH 8.2 112 31.3 81 2950 7247
Tog+pH 6.7 129 37.5 94 3319 8037
TostpH 7.2 154 47.6 113 3641 9387
Tost+pH 7.7 142 43.5 104 3452 8900
Tos+pH 8.2 116 33.6 85 2999 7485
Ta1+pH 6.7 125 36.3 91 3235 7855
Ta1+pH 7.2 151 48.3 110 3590 9248
Ta+pH 7.7 134 40.3 98 3427 8305
Ts1+pH 8.2 113 31.6 82 2977 7357
Tss+pH 6.7 122 35.0 89 3182 7756
Tas+pH 7.2 144 43.9 106 3478 8964
Tast+pH 7.7 110 31.1 79 2918 7150
T34+pH 8.2 110 31.1 78 2935 7140
FUI 108 30.0 78 2914 7133
UFUI 87 23.1 63 2440 5874
Mean 125 36.8 91 3189 7934
SEm* 4.2 15 3.3 142.5 233.9
CDs% 12.3 4.4 9.6 420.0 689.3

3.3 Grain and stover yields

The data related to the grain and stover yield of the maize
crop is given in table 2. The grain yield of maize ranged from
2440 to 3641 kg ha with the average value of 3189 kg ha.
The grain yields of maize due to every treatment under study
differed significantly over the control of FUI. Among all the
treatments, the treatment combination of Tyg+pH 7.2 yielded
significantly maximum grain yield of 3641kg ha? that was
responded 24.9% over FUI (2914 kg ha?).

The stover yield of maize increased from 5874 to 9387 kg ha'*
with the mean value of 7934 kg ha*. The highest stover yield
of maize 9387 kg ha?l was recorded with the treatment
combination of Tpt+pH 7.2 by 31.6% response over the
control FUI (7133 kg hal).

Gholami et al. (2009) ! studied the effect of PGPR on seed
germination, seedling growth and yield of field grown maize.
The results showed that inoculation with bacterial treatments
had a more stimulating effect on growth and development of
plants. Inoculation of maize seeds with bacterial strains
significantly increased plant height, 100 seed weight, number
of seed per ear and yield of maize. Such an improvement
might be attributed to No-fixing and phosphate solubilizing
capacity of bacteria as well as the ability of these
microorganisms to produce growth promoting substances
(Salantur et al., 2006) (21,

On the basis of findings, it may be concluded that the
application of P. fluorescens isolates of Tos+pH 7.2 obtained
from fermenter under different condition of pH and
temperature. The application of ACC-deaminase containing
PGPR improving nutrient content their uptake by crop, soil
physiochemical properties and yield of maize.

3.4 Available N, P and K in soil after harvest

Table 3 and depicted data on available N, P and Kin soil after
harvest of the crop. The available N content in soil at harvest
of the crop varied from 154-195 kg ha! with the mean value
of 179 kg hal. The isolates of Tx+pH 7.2 significantly
increase the N content 195 kg ha in soil with response of
16.0% over FUI (168 kg ha'). The available P content in soil
at harvest of the crop varied from 11.7-15.2 kg P ha'* with the
mean value of 13.2 kg P ha. The isolates of Tpg+pH 7.2
significantly increase the P content (15.2 kg P ha) in soil
with response of 25.7% over FUI (12.1 kg ha'). The available
K content in soil at harvest of the crop varied from 237-273
kg ha! with the mean value of 257 kg ha™.The isolates of
Tos+pH 7.2 significantly increase the K content 273 kg ha in
soil with response of 25.2% over FUI (241 kg ha?).

Parewa et al., (2014) results revealed that application of
fertilizer levels, FYM and bioinoculant on soil properties in
Inceptisol of Varanasi, Uttar Pradesh, India. The available N,
P and K and microbial population of soil after the harvest of
wheat were improved significantly due to the integration of
inorganic fertilizers with FYM and bioinoculant. Positive
impact of biological and organic manure application have
been recorded with an additional advantage of reduction of
chemical fertilizer use. Similarly findings was reported by
Jakhar et al., (2018) 21! Hayat et al., (2010) ¥ concluded that
the inoculation of seed with PGPR or biofertilizers increase
the mobility and availability of plant nutrients N, P and K in
the soil.

~ 598~



International Journal of Chemical Studies

Table 3: Influence of isolates of P. fluorescens obtained from fermentation study at different temperature and pH on available NPK in soil after

harvest the crop

; R 1
Treatment combination N Available nut;lents (kg ha”) K

Tos+pH 6.7 177 12.7 257
Tos+pH 7.2 192 145 269
Tos+pH 7.7 185 13.7 263
Tos+pH 8.2 173 12.2 246
Tost+pH 6.7 181 13.4 261
Togt+pH 7.2 195 15.2 273
Togt+pH 7.7 188 14.0 266
Tog+pH 8.2 175 12.5 254
Ta+pH 6.7 180 12.8 259
TaitpH 7.2 194 14.7 271
Ta+pH 7.7 186 14.0 264
Tai+pH 8.2 175 12.2 250
Tast+pH 6.7 178 13.0 258
Tast+pH 7.2 191 14.2 268
TaatpH 7.7 170 12.5 245
Tas+pH 8.2 169 125 243
FUI 168 12.1 241
UFUI 154 11.7 237
Mean 179 13.2 257
SEm+ 4.8 0.5 5.6
CDs% 14.0 1.4 16.6

4. References

1.

10.

11.

Anomyous. Agricultural statistics Division Directorate of
Economics & Statistics Department of Agriculture &
Cooperation, Govt of India, 2016.

Bhargava BS, Raghupathi HB. Analysis of plant
materials for macro and micronutrient, pp 49-82. In: HLS
Tandon (Ed.). Methods of analysis of soils, plants, waters
and fertilizers. Fertilizer development and consultation
organization, New Delhi, 1984,

Gholami A, Shahsavani S, Nezarat S. The effect of plant
growth promoting rhizobacteria (PGPR) on germination,
seedling growth and yield of maize. Int J Biology Life
Science. 2009; 5:35-40.

Glick BR, Penrose DM, Li J. A model for the lowering of
plant ethylene concentrations by plant growth promoting
bacteria. J Theor Biology. 1998; 190:63-68.

Glick BR, Todorovic B, Czarny J, Cheng Z, Duan J,
Mcconkey B. Promotion of plant growth by bacterial
ACC deaminase. Critical Reviews in Plant Sciences.
2007; 26:227-242.

Glick BR, Karaturovic DM, Newell PC. A novel
procedure for rapid isolation of plant growth-promoting
pseudonomads. Can J Microbiol. 1995; 41:533-536.
Hameeda B, Harini G, Rupela OP, Wani SP, Reddy G.
Growth promotion of maize by phosphate solubilizing
bacteria isolated from composts and macrofauna.
Microbiol Research. 2006; 163(2):234-242.

Hayat R, Ali S, Amara U, Khalid R, Ahmed 1. Soil
beneficial bacteria and their role in plant growth
promotion: a review. Ann. Microbiology. 2010; 60:579-
598.

Jackson ML. Soil chemical Analysis. Prentice Hall of
Englewood cliffs, New Jersey, USA, 1973.

Joshi AK, Chand R, Arun B, Singh RP, Ortiz R. Breeding
crops for reduced-tillage management in the intensive,
rice-wheat systems of South Asia. Euphytica. 2007;
153:135-151.

Kloepper JW, Scher FM, Laliberte M, Tipping B.
Emergence-promoting rhizobacteria: Description and
implications for agriculture. Iron, Siderophores, and Plant

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

~ 599~

Disease, In Swinburne, TR. (ed.), Plenum Publishing
Corp., New York, USA, 1986, 155-164.

Lucy M, Reed, E, Glick BR. Applications of free living
plant growth promoting rhizobacteria.  Antonie
Vanleeuwenhoek. 2004; 86(1):11-25.

Mehta GD et al. Functional characterization of
kinetochore protein, Ctf19 in meiosis I: an implication of
differential impact of Ctf19 on the assembly of mitotic
and  meiotic  Kkinetochores in  Saccharomyces
cerevisiae. Mol Microbiology. 2014; 91(6):1179-1199.
Miller, Keeney. Estimation of available phosphorus in
soil by extraction with sodium bicarbonate. Circ. U.S.
Department Agriculture. 1982; 939:1-20.

Minorsky PV. On the Inside. Plant Physiology. 2008;
146(4):1455-1456.

Mohr GR, Daija NP, Subbaramany HS, Leleyand VK,
Danalrue RL. Soil testing in India Asian Press, New
Delhi, 1963.

Olsen SR, Cole CV, Vatanabe FS, Dean LA. Estimation
of available phosphorus in soil by extraction with sodium
bicarbonate. Circ. U.S. Department Agriculture. 1954;
939:1-19.

Raaijmakers JM, Mazzola M. Diversity and natural
functions of antibiotics produced by beneficial and plant
pathogenic  bacteria. Annu Rev  Phytopathology.
2012; 50:403-424.

Rana A, Joshi M, Prasanna R, Shivay YS, Nain L.
Biofortification of wheat through inoculation of plant
growth promoting rhizobacteria and cyanobacteria.
European J of Soil Biology. 2012; 50:118-126.

Salantur A, Ozturk A, Akten S. Growth and yield
response of spring wheat (Triticum aestivum L.) to
inoculation with rhizobacteria. Plant. Soil Environ. 2006;
52(3):111-118.

Shish Ram Jakhar, Vinod Kumar, Mitra NG, Singh O.
Effect of Soybean (Glycine max) Seed inoculation with
liqguid and carrier based Rhizobium cultures and
phosphorus levels on productivity and physico-chemical
properties of soil. Int. J Curr. Microbiol. App. Science.
2018; 7(6):1807-1814.



International Journal of Chemical Studies

22.

23.

24.

25.

26.

217.

Subbiah BV, Asija EC. A rapid procedure for estimation
of available nitrogen in soil. Current Sciences. 1956;
25:259-260.

Supanjania, HS, Hanb, Jae Sung Jungb, Kyung Dong
Leea. Rock phosphate-potassium and rock-solubilizing
bacteria as alternative, sustainable fertilisers. Agron.
Sustain. Development. 2006; 26:233-240.

Umesha S, Divya M, Prasanna KS, Lakshmipathi RN,
Sreeramulu KR. Comparative effect of organics and
biofertilizers on growth and yield of maize (Zea mays. L).
Current Agriculture Research Journal. 2014; 2(1):55-62.
Vessey JK. Plant growth promoting rhizobacteria as
biofertilizers. Plant and Soil. 2003; 255:571-586.

Vikram A. Efficacy of phosphate solubilizing bacteria
isolated from Vertisols on growth and yield parameters of
sorghum. Res. J of Microbiology. 2007; 2:550-559.
Yildirim E, Taylor AG. Effect of biological treatments on
growth of bean plans under salt stress. Ann. Rep. Bean
Improvement Cooperative. 2005; 48:176-177.

~ 600"~



