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Abstract

A pot experiment was conducted to compare the influence of Enterobacter cloacae-W6 and Serratia ficaria-
W10 (exopolysaccharides and auxin producing, phosphate solubilizing and abundantly root colonizing bacteria)
inoculation either alone or in combination with or without carriers (peat, biogas slurry, press mud) on the growth,
yield and nutrient concentration of wheat in semi-arid region of Multan. The experiment was arranged in completely
randomized design with three replications. Results demonstrated significantly higher plant height, root/ spike
length, shoot/ root dry weight, number of tillers/ spikelets/ grains, 1000 grain weight, grain/ straw/ biological yield,
nitrogen/ phosphorus/ potassium concentrations of shoot and grain due to inoculation with W6 or W10 alone or in
combination as compared to no inoculation. Carriers significantly lowered the spike length, root dry weight, grain
number, biological/ grain/ straw yield, nitrogen/ phosphorus/ potassium concentration in shoot and nitrogen
concentration in grains as compared to no carrier (seeds soaked for 1 h). However, peat was statistically at par
with no carrier for plant height, root length, shoot dry weight, number of tillers/spikelets, 1000 grain weight, grain
phosphorus and potassium concentrations. Combined (W6xW10) inoculation remained most prominent followed by
W6 and W10, respectively. Similarly, inoculation without carrier (soaking) remained most efficient from carriers
followed by peat as a carrier. Biogas slurry and press mud remained statistically at par with each other but lower
than no carrier and peat in all parameters. Keeping in view the results, it can be inferred that combined inoculation
without carrier (soaking) is most beneficial but peat can be recommended as best carrier from biogas slurry and
press mud.
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Introduction spp. (Staley and Drahos, 1994; Naveed et al., 2014a,b;
Hussain et al., 2016; Hussain et al., 2017; Shahzad et al.,
2017). Plant growth promoting bacteria are categorized as
biofertilizers, biostimulators, and bioprotectors on the basis
of their dominating plant beneficial attribute. Biofertilizers
increase bioavailability and nutrient uptake in plant by

Since the discovery of soil microorganisms in 18"
century, they have been used for crop production extensively
(Mahmood et al., 2016). These plant beneficial bacteria have
been termed as plant growth promoting rhizobacteria (PGPR)

due to their plant growth improving activities in the jnsreacing root growth and the production of siderophores

rhizosphere (Kloepper and Schroth, 1978). Mainly plant .4 5roanic acids (Meyer, 2000; Ahmadi and Siosemardeh,
beneficial microorganisms trigger plant growth through the 5405 \ehhoob et al., 2012). Biostimulators modulate plant

production of phytohormones, increase the supply of nutrient growth by auxin, cytokinin, gibberellin and abscisic acid
via nitrogen fixation or phosphate solubilization, save plants production (Upadhyaya et al., 1991; Frankenberger and
from pathogens, improve soil physical conditions and rescue Arshad, 1995; Roy and Basu. 2004- Chi et al. 2005).

plant under abiotic stress in soil (Burd et al., 2000; Glick, Bio - L L
. R ) : protectors induce stress (biotic and abiotic) tolerance or
2003; Dey et al., 2004; Zaidi et al., 2006; Podile and resistance in plants with the production of antibiotics,

Kishore, 2006; Saravanakumar et al., 2008). siderophores, HCN, exopolysaccharides and chitinases
Soil fertility and plant health depends on plant-microbe (Antoun et al., 1978; Kloepper et al., 1980; Liu et al., 1995;

interaction under given soil conditions (Jeffries et al., 2003). ~ Antoun and Prevost, 2000; Neeraja et al., 2010; Hussain et
Sustainable agriculture has coined the exploitation of plant ~ al., 2014). The sole inoculation of PGPR strain may perform
beneficial rhizobacteria to increase the bioavailability of ~ better if it could be connoted with other beneficial strain.

nutrient present in soil (Hayat et al., 2010). Number of
bacteria have been explored for improving plant growth such
as Rhizobium, Azotobacter, Pseudomonas, Azospirillum,
Serratia, Bacillus, Enterobacter, Klebsiella, and Burkhuderia

Beneficial effects of PGPR inoculation have been
worked out with different strains for various crops. They
postulated that the survival and colonization of inoculated
bacteria in rhizosphere soil reduced due to various abiotic
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and biotic factors (Campbell and Ephgrave, 1983; Heijnen et
al., 1990). Therefore, method of PGPR inoculation could
play a pivotal role in exploiting the plant growth promoting
potential of the strain. Seed soaking in PGPR suspension and
seed coating are the most efficient methods of inoculation
however, the cost and availability of materials required are
main cause of concern. In seed coating a suspension of PGPR
with a solid and a sticking agent is applied on the seed to
cover it uniformly (Bardin and Huang, 2003). Inoculated
seeds exposed to environment cause cell death and reduce the
population of beneficial microorganism. Use of carrier
materials for delivery of optimal cell number, adhesive agent
for sticking of bacteria on seed and desiccation eluding
material for inoculum is recommended (Elegba and Rennie,
1984). Therefore, different carriers are used to prolong the
viability of potential PGPR on the inoculated seed with
higher population size (Chao and Alexander, 1984; Elegha
and Rennie, 1984). It is obvious that the population of
desired bacteria in rhizosphere soil solely depends on the
load of inoculum applied (Milus and Rothrock, 1993). The
more population of desired bacteria on seed can increase the
probability of quenching benefits (Hebbar et al., 1992).

Keeping in view the whole discussion, present
investigation was designed to explore the connoted effect of
Enterobacter cloacae-W6 and Serratia ficaria-W10 on
wheat crop along with different carrier materials (peat, biogas
slurry, press mud) or soaking in bacterial suspension.

Materials and methods
Inoculum and inoculation

Two potential plant growth promoting rhizobacterial
strains Enterobacter cloacae-W6 and Serratia ficaria-W10
(exopolysaccharides and auxin producing, phosphate
solubilizing and abundantly root colonizing bacteria)
(Nadeem et al., 2010) were acquired from Soil Microbiology
and Biochemistry Laboratory, Institute of Soil and
Environmental ~ Sciences, University of  Agriculture,
Faisalabad, Pakistan. The strains were refreshed in Soil
Microbiology Laboratory, Faculty of Agricultural Sciences
and Technology, Bahauddin Zakariya University, Multan
using sterilized 50 mL growth media in a 100 mL conical
flask (Dworkin and Foster, 1958). The inoculated media was
incubated for 72 h on an orbital shaking tray at 110 rpm and
at room temperature. The optical density (OD) of inocula was
maintained at 0.5 (=10° cells mL™) using densitometer.

Freshly prepared inocula of W6 and W10 was used for
seed inoculation of wheat cultivar FSD-2008 either alone or
in combination (W6xW10, 1:1 by volume) using sterilized
peat, biogas slurry, or sugarcane press mud as carriers and
12% sugar solution as sticking agent. Inocula of each bacteria
was mixed with carrier at 2:10 ratio (v/w). Seed and carrier

based inocula mixed at 40:1 (w/w). Sugar solution was
sprayed on the seed and mixed with carrier based inocula till
uniform coating. Un-inoculated control was maintained by
coating seeds with sterilized broth and carriers. Inoculated
and un-inoculated control without carrier was developed by
soaking wheat seeds in bacterial broth for 60 min. The coated
seeds dried for 6 to 8 h in shade.

Pot trial setup

A pot experiment was designed with inoculation (Factor
A) and carrier material (Factor B) as factors. Soil for the
experiment was collected from the surface layer of the field
at University Agriculture Farm, Bahauddin Zakariya
University, Multan. About 10 kg of dried, sieved and
analyzed soil (sand 50%, silt 27%, clay 22%, EC 3 dS m™,
pH 8.7, total N 0.08%, available P 7.23 mg kg*, and
extractable K 97 mg kg™) was filled in each pot. The pots
were arranged following completely randomized design with
three replications. Treated seeds of wheat cultivar FSD-2008
were sown in pots (9 seeds per pot). After germination, the
pots thinned to maintain three uniformly germinated plants
per pot. Recommended dose of fertilizer urea, diammonium
phosphate and muriate of potash (N:P:K at 120:90:60 kg ha”
1) were applied in each pot. Phosphorus and potassium were
applied as basal whereas nitrogen was applied in three splits
(1/3 basal, 1/3 tillering, 1/3 flowering). Tube well water
available at the farm was irrigated to fulfill the water
requirements of the crop. Plants were grown up to maturity
and at harvest parameters relating to growth, yield and
nutrient concentrations were recorded.

Nutrient analysis

Dried and ground plant and grain samples were
digested following wet digestion method described by
Wolf (1982) using di-acid mixture (H,O, and conc.
H,SO, at 1:2 proportion). The digested sample solution
filtrate was distillated using Kjeldahl apparatus and back
titrated with dilute H,SO, (0.01N) to calculate the
nitrogen concentration (Jackson, 1962.). For phosphorus
determination, the filtrate (5 mL) was mixed with Barton
reagent (10 mL) and measured spectrophotometric
readings at 420 nm wavelength (Ryan et al., 2001).
Flame photometer was used to determine the
concentration of potassium in digested samples (Ryan et
al., 2001). The concentrations of phosphorus and
potassium were calculated using standard curves.

Statistical analysis

The data collected was analyzed statistically following
two analysis of variance in factorial settings. The treatment
means were compared with least significant difference at 5%
probability (Steel et al., 1997).
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Results
Growth parameters

The interactions of carriers and inoculation demonstrated
variable results in interaction. Therefore, main results have been
described for all the parameters as following.

Inoculation with combination of PGPR strains (W6xW10)
proved significantly efficient for improving plant height (Table
1) as compared to the separate W10 inoculation and at par with
W6 inoculation, though all the inoculations remained
significantly higher over un-inoculated control. Among the
carriers, peat was significantly prominent as compared to biogas
slurry and press mud but statistically at par with no carrier.

No carrier and peat as carrier remained statistically similar
to each other but significantly different from biogas slurry and
press mud for improving root length (Table 1). Un-inoculated
control showed significantly lower root length as compared to
PGPR inoculation whether alone W6 or W10 or in combination
W6xW10). The combined inoculation still showed highest
increase in root length as compared to alone inoculation.

Dry weight of root (Table 1) varied significantly due to
inoculation (either alone (W6 or W10) or in combination
(W6xW?10) over un-inoculated control. Both the PGPR strains
and their combination were statistically different in improving
root dry weight where highest increase over control was given
by combination (W6xW10) followed by W6 and W10,

Table 1: Influence of PGPR with carriers on the growth parameters of wheat

Plant height (cm)

Root length (cm)

No Peat Biogas Press Mean No Peat Biogas Press Mean

carrier slurry mud carrier slurry mud
.NO . 49.2 h 56 g 61.3f 58 fg 56.13¢c  8.1lef 796f 8.26def 6.76¢g 7.77¢
inoculation
W6 723ab 72abc 67 de 65.7 e 69.25ab 9.2 bc 9.76b 8.23ef 8.23ef 886D
W10 70.2bcd 70.3bcd 65.2e 68.7b-e 68.61b 9.44bc 9.26bc 9.16bcd 8.83cf 9.17b
W6xW10 75a 723ab 67.5de 683cde 70.77a 12.73a 1253a 9.0b-e 9.5bc 1094 a
Mean 66.68ab 67.65a 65.27b 65.16b 9.87a 9.88a 8.66b 8.33b

Shoot dry weight (g) Root dry weight (g)
!\'0 . 0.59j 0.55] 0.61j 0.76 hi 0.63c  043f 033g 056¢e 0.39fg 0.43d
inoculation
W6 122b-e 136b 127b-e 128bcd 1.28a 0.67d 0.87b 0.65de 0.46 f 0.66 b
W10 116c¢f 132bc 087gh 1.16¢c-f 113b 0.76¢c 0.38fg 0.57e 0.64de 059c
W6xW10 1.65a 112 def 1.09 ef 0.99 fg 121ab 098a 0.93ab 0.69cd 069cd 0.82a
Mean 116a 1.09ab 0.96¢ 1.05¢ 0.71a 0.63b 0.62b 055¢

Spike length (cm) Number of tillers per plant
!\IO . 5.86 h 573h  573h 5.80h 5.78¢ 2.3d 2.3d 2.3d 2.3d 2.3b
inoculation
W6 9.66ab 8.80cd 7.63fg 8.40de 8.6la 43a 40ab 3.0cd 3.0cd 36a
W10 9.23bc 8.00ef 7.66f 7.66 f 8.14b 43a 40ab 3.0cd 3.0cd 36a
W6xW10 9.83a 9.13¢c 8.26¢e 7209 8.62a 4.7a 43a 3.3bc 3.3bc 39a
Mean 8.65 a 792b 7.32c 7.27¢C 39a 3.7a 29b 29b

Means sharing similar letters are statistically at par with each other at 5% probability level.

Shoot dry weight (Table 1) was significantly increased by
the inoculation of W6 or W10 alone or in combination
(W6xW?10) as compared to un-inoculated control. Maximum
shoot dry weight was observed in W6 inoculated plants followed

respectively. Carriers (peat, biogas slurry and press mud)
decreased root dry weight significantly in comparison to no
carrier.

Spike length (Table 1) increased significantly with the

by combination (W6xW10) which remained statistically similar
to W10 inoculation. Inoculation without carriers (liquid dip) and
peat as a carrier showed significant increase in shoot dry weight
as compared to biogas slurry or press mud based inoculation.
However, the peat based inoculation was non-significant as
compared to no carrier treatment.

=% Soil Environ. 36(2): 182-189, 2017

inoculation of W6, W10 alone and their combination
(W6xW10) in contrast to no inoculation but the performance
with liquid or no carrier based inoculation was significantly
higher over carrier (peat, biogas slurry, press mud) based
inoculation.
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The number of tillers per plant (Table 1) were equally
increased by the inoculation with W6 or W10 alone or in
combination (W6xW10) as compared to un-inoculated
control. Only, peat based inoculation remained statistically
similar to no carrier inoculation but these both were
statistically prominent from biogas slurry and press mud
based inoculation.

Yield parameters

The inoculation with W6 and W10 significantly
improved number of spikelets per spike (Table 2) as
compared to un-inoculated control both in alone and in
combination. Where W6 alone and combination
(W6xW10) showed significantly higher spikelets per
spike over W10 inoculation and remained statistically
similar to each other. Peat from carriers was statistically at
par with no carrier though both were produced
significantly higher spikelets per spike from biogas slurry
and press mud based inoculation.

carriers were significantly lower than no carrier but peat
was prominent within carrier materials.

Thousand grain weight (Table 2) was increased
significantly by the inoculation of W6 or W10 or
combination as compared to un-inoculated control though
differences among inoculants remained non-significant.
Whereas carriers could not show significant improvement
in thousand grain weight as compared to each other but
were significantly lower than no carrier.

The combined (W6xW10) inoculation with no
carrier showed highest biological yield (Table 2) as
compared to no inoculation and carriers. Inoculation
with either W6 or W10 or combination was significantly
higher as compared to un-inoculated control. Among
carriers, the differences were significant but peat
remained at top followed by biogas slurry and press mud,
respectively.

Grain vyield (Table 2) was significantly increased by

Table 2: Influence of PGPR with carriers on the yield parameters of wheat

Number of spikelets per spike

Number of grains per spike

No Peat Biogas Press Mean No Peat Biogas Press Mean
carrier slurry  mud carrier slurry mud

No . 8.4f 9.06ef 9.26ef 9.2ef 8.98¢ 13.33f  13.33f  15ef 14.33f 14.00c
inoculation

W6 1396b 151a 127c 12.06cd 1346a 22d 23.66cd 2233d 18e 2150 b
W10 14.06ab 12.13cd 9.93e 11.33d 1186b 2766b 2233d 18e 22.33d 22.58b
W6xW10  15.17a 14.3lab 1255c¢ 12.33cd 1359a 39.66a 28.66b 26.33bc 23.33cd 29.50a
Mean 1290a 1265a 11.11b 11.23b 25.66a 22.00b 20.42bc 19.50c

1000 grain weight (g) Biological yield (g pot™)

No . 28 f 28.3f 30.7ef 3lef 29.50b 39.671 47 k 51]j 57.251  48.73c
inoculation

W6 42 ab 40a-d 31.3ef 40ad 38.33a 76.17c 7433d 6767f 60.25h 69.61b
W10 39 a-e 3lef 32c-f 40.3abc 3558a 75.87cd 65.88g 67.83f 65589 68.79b
W6ExW10  47.7a 36.7b-f 32.7c-f 32c-f 37.25a 116.12a 86.9b 7148e 69.25f 8594a
Mean 39.17a 34.00b 31.67b 35.83ab 76.96a 68.53b 6450c 63.08d

Grain yield (g pot™) Straw yield (g pot™)

No . 10k 12 15i 15i 13.00d 29.67i 35h 36 h 40.67g 3534c
inoculation

W6 22.67c 20.67de 19.3efg 18.7fgh 20.34b 5417c 53c 48.33def 42339 49.46Db
W10 20.05ef 185gh 1733h 17.33h 1830c 55.17c¢c 47.33f 50.5d 48.25ef  50.31b
W6xW10 28.17a 2592b 21.8cd 20.33e 24.04a 87.93a 6098b 49.73de 49def 61.91a
Mean 20.22a 19.27b 1835c 17.83c 56.74a 49.08b 46.14c 45.06¢c

Means sharing similar letters are statistically at par with each other at 5% probability level.

The combination (W6xW10) of bacterial inoculation
produced maximum number of grains per spike (Table 2)
as compared to un-inoculated control and inoculated
treatments (W6 or W10). Inoculation as a whole with W6
or W10 or combination significantly improved number of
grains as compared to un-inoculated control. All the

inoculation over no inoculation where combination
(W6xW10) showed highest grain yield followed by W6
and W10, respectively. No carrier again remained
significantly higher as compared to carriers like peat,
biogas slurry and press mud but peat among carriers was
significantly at top.

Soil Environ. 36(2): 182-189, 2017
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Inoculation with W6, W10 and their combination
produced significantly higher straw yield (Table 2) in
comparison to no inoculation. Combined inoculation
(W6xW10) was most prominent as compared to W6 or W10
inoculation alone. Peat as a carrier was most efficient in
improving straw yield as compared to biogas slurry and press
mud though no carrier treatment showed significantly higher
straw yield over carriers.

Nutrient concentrations

Nitrogen concentration in shoot and grain (Table 3)
increased significantly due to inoculation with W6, W10 or
combination (W6xW10) in contrast to no inoculation. The
differences among the inoculation treatments also remained
significant where (W6xW10) was at the top followed by W6
and W10, respectively. However, no carriers produced
significantly higher shoot or grain nitrogen concentration as
compared to carriers (peat, biogas slurry and press mud).
Peat remained prominent carriers followed by biogas slurry
and press mud, respectively, for improving grain or shoot
nitrogen concentration.

observed in plants inoculated with combination (W6xW10).
Grain and shoot phosphorus concentration in peat and no
carrier was significantly higher as compared to biogas slurry
or press mud. However, peat was statistically at par with no
carrier for grain phosphorus and significantly lower for shoot
phosphorus. Biogas slurry and press mud were non-
significant to each other in both shoot and grain phosphorus
concentrations. Combined (W6xW10) inoculation produced
maximum and significantly higher concentration of
potassium (Table 3) in shoot and grain samples as compared
to no inoculation and W6 or W10 inoculation. Even though
no inoculation remained significantly lower in grain and
shoot potassium concentration over W6 or W10 inoculation.
Carriers showed significantly lower concentration of shoot
potassium over no carrier but peat was statistically higher as
compared to biogas slurry and press mud. Both press mud
and biogas slurry were statistically similar for grain or shoot
potassium concentrations. Peat and no inoculation were at
par for improving grain potassium concertation but
significantly higher from biogas slurry and press mud.

Table 3: Influence of PGPR with carriers on the nitrogen, phosphorus and potassium concentrations of wheat

Nitrogen in shoot (%)

Nitrogen in grains (%)

No Peat Biogas  Press Mean No Peat Biogas Press Mean
carrier slurry mud carrier slurry mud
NO . 1.05k 1.15) 1.2i 1.18j 1.15d 1571 1.75k 18] 1.75k 1.72d
inoculation
W6 1.63c 16¢c 149ef 146fg 155b 2.44c 2.44d 2.23f 217gh 23lb
W10 149¢ 145g 1.43g 1.3h 142c 2.23f 2.17 gh 2.14h 1.95i 212c
W6xW10 185a 1.71b 1.55d l46efg 164a 277a 2.58b 2.32¢ 2.2fg 247 a
Mean 151a 1.48bh 142¢c¢ 1.35d 2.25a 2.23b 2.12¢ 2.02d
Phosphorus in shoot (%) Phosphorus in grains (%)
!\'0 . 0.2k 0.23j 0.21k 0.24i 0.22d 0.34i 0.38 h 0.37h 0.43¢g 0.38d
inoculation
W6 0.35¢ 0.34d 0.3f 0.29gh 0.32b 0.62¢ 0.60c 0.53e 0.51ef 057b
W10 0.34d 0.32e 0.29¢g 0.28 h 03lc 0.6¢c 0.57d 0.51 ef 05f 0.55¢
W6xW10 0.39a 0.37b 0.34d 0.32¢ 0.36a 0.69a 0.65b 06¢ 0.57d 0.63a
Mean 0.32a 0.31b 0.29c 0.28 ¢ 0.56 a 0.55a 0.50 b 0.50 b
Potassium in shoot (%) Potassium in grains (%)
No . 0.69 k 0.72i 0.70j 0.70j 0.70d 1.33i 1.36i 1.34i 1.36i 1.35d
inoculation
W6 0.93b 0.90d 0.87e 0.85f 0.89b 1.73de  1.69ef 1.65fg 1.63 ¢ 1.68b
W10 0.88¢e 0.85f 0.80h 0.82g 084c 161g 1.65fg 1.57h 1.57h 1.60c
W6xW10 0.97a 093b 091c 0.90d 093a 1.88a 1.83b 1.77c 175cd 18la
Mean 0.87 a 0.85b 0.82c 0.82c 1.64a 1.63a 1.58b 1.58b

Means sharing similar letters are statistically at par with each other at 5% probability level.

The concentration of phosphorus (Table 3) significantly
increased over no inoculation by the inoculation of W6, W10
or combination (W6xW10) in both grain and shoot samples.
Highest phosphorus concentration in shoot and grain was

$ Soil Environ. 36(2): 182-189, 2017

Discussion

Many studies have demonstrated the beneficial plant-
microbe interaction where they can be used effectively to
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increase nutrient use efficiency and rescue crop growth and
productivity (Herrera et al., 1993; Requena et al., 1997).
After a cautious review it was observed that about 25 to 65%
increase in crop growth and yield parameters can be gained
for different crops and under diverse environments
(Mahmood et al., 2016). In the present study, inoculation
with Enterobacter cloacae-W6 showed significant increase
in growth and yield parameters and nutrient concentrations
against un-inoculated plant where combined inoculation of
Enterobacter cloacae-W6 and Serratia ficaria-W10
remained most prominent. These increases might be due to
their capability to increase root growth with higher auxin
production in the rhizosphere, exopolysaccharides production
to increase nutrient and moisture availability to plant roots
and sanctuary to beneficial microbes, phosphate
solubilization to increase P uptake, and capability to massive
colonization of plant roots (Principe et al., 2007; Nadeem et
al., 2010), and most importantly the synergism of the two
strains. Plant growth improving effects of beneficial bacteria
are well versed and documented but the synergy of the PGPR
strains is more effective in increasing different crop yields
under varied soil conditions (Nadeem et al., 2013; Islam et
al., 2014; Paulucci et al., 2015). The combined inoculation of
PGPR may ameliorate the nutrient deficient conditions in soil
and increase nutrient use efficiency while solubilizing the
soil bound nutrients and ultimately increase crop productivity
(Herrera et al., 1993; Requena et al., 1997).

The benefits of inoculated PGPR to seeds directly
depend on the cell count (Mahmood et al., 2016). More
populace is the spermosphere with beneficial bacteria higher
will be the gains. The inoculation method and carriers
influence the PGPR colonization on seeds. The seeds soaked
with inoculum showed significantly higher increases in the
growth, yield and nutrient parameters of wheat as compared
to biogas slurry and press mud coated seeds but remained at
par with peat based coating in most parameters. Press mud
and biogas slurry coated seeds showed similar results in
majority parameters. Soaking of the seed with PGPR broth
accelerate physiological changes for ultimate germination
(Anitha et al., 2013) and increase beneficial microbe number
in spermosphere (Taylor and Harman, 1990). Higher
numbers in the spermosphere benefit the germinated plants to
gain vigor and better defense against diseases, improve plant
growth leading to higher crop yield (Callan et al., 1990). Peat
is the best carrier as compared to press mud and biogas slurry
as it provides nutrition, surface area and moisture to
inoculated microbes. Peat has always been a preference as a
carrier for inoculant but its availability and composition is a
major limitation (Boonkerd and Singleton, 2002). Therefore,
we have to move towards easily available materials which
may contribute in the optimal supply of PGPR to plant seeds.
No doubt biogas slurry and press mud based inoculation is

not much efficient as compared to seed soaking in inoculum
or peat based inoculation even though they produced good
results as compared to un-inoculated control. Even though
carriers increase the viable population of inoculants on the
seed, the results are inconsistent. Inoculated microbes have to
be competitive enough to let down the indigenous microflora
for root colonization (Hebbar et al., 1992).

Soaking of seed with combination of both strains
(W6xW10) produced highest significant results in growth,
yield and nutrient parameters followed by peat based
inoculation of combination. Peat based PGPR inoculation
increased plant height, yield, nitrogen, phosphorus and
potassium concentrations in leaves, root, shoot and grain
samples (Dey et al., 2004; Nadeem et al., 2010, 2013). Auxin
production ability of the inoculated strains might have
increased the root growth and the area under its influence to
explore for more nutrients (Principe et al., 2007). The results
demonstrated the synergism of Enterobacter cloacae-W6 and
Serratia ficaria-W10 strains without carrier (soaking) and
carrier material which is helping them to flourish and exert
positive impacts on wheat growth. Arora and coworkers
(2014) have described the coexistence of Rhizobium and
Pseudomonas in sawdust, bagasse and coriander husk with
high numbers. These high cell numbers could be beneficial
for improving the productivity of agricultural crops. In a
similar study, Sarma et al. (2011) examined talcum and
vermiculite based formulations of pseudomonas strains R62,
R81 and Pi either in combinations or alone. They recorded a
significant increases in growth and yield of tomato due to the
application of (R81xPi) talcum based formulation.

Finally it can be concluded that the connotation of
Enterobacter cloacae-W6 and Serratia ficaria-W10 is most
beneficial for improving growth, yield and nutrient
concentration in wheat if seed soaked (no carrier). However,
peat is the best carriers as compared to biogas slurry and
sugarcane press mud.
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