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Abstract | Plant growth promoting rhizobacteria (PGPR) promote crop growth and seed yield. However, in
farm management practices genotype and environmental conditions may also aftect the growth and nutrient
uptake. PGPR and phosphate solubilizing bacteria (PSB) in combination with synthetic fertilizers can
enhance crop productivity and soil fertility. Present experiment aimed to investigate the effect of PGPR and
PSB inoculation with T, Control (Recommended NP), T, (PGPR-1 + PSB + % N + % P),T, (PGPR-2 +PSB
+% N + % P), T, (PGPR-3 + PSB + % N + % P), T, (PGPR-4 + PSB + % N + % P), T, (PGPR-5 + PSB + %
N +3%P), T (PGPR-1,2,3,4,5 + PSB + 3% N + % P).The inoculation of PGPR + PSB at 75% (T5 and T7)
significantly increased chlorophyll content, no. of leaves, plant height, ear leaf area, ear inter nodes girth, flag
leaf area over T in pot experiment. Similarly, the inoculation of PGPR + PSB with T, and in combination
with T, also at 75% of recommended NP significantly increased chlorophyll content, no. of leaves, plant
height, ear leaf area, ear inter nodes girth, flag leaf area over control in the field experiment. Inclusion of
PGPR and PSB significantly increase grain and straw P contents as well as positively enhance soil nitrogen
and phosphorus compared to T, treatment. Present results implied that PGPR and PSB inoculation is a
plausible strategy for increasing the nutrient availability to maize, and therefore an important tool to increase
maize production under prevailing conditions.
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Introduction low fertile lands are responsible for its low production

while the input of man-made fertilizers can

aize (Zea mays L.) is the member of family

Poaceae (Gramineae) and is widely grown
worldwide. Humans and livestock are dependent on
maize for food. Its grain contains starch, protein, oil,
fiber, sugar and ash having percentage of 72%, 10%,
4.8%, 8.55%, 3.05% and 1.7% respectively. Its total
annual production is 3.7 million tons per 0.9 million

hectares (Chaudhry, 1983; Haji et al., 2008). Primarily

significantly increase the yield simultaneously causing
the environmental problems which are injurious to
living beings and to surroundings in terms of runoft,
leaching, eutrophication and emission of nitrogen
in aquatic ecosystems (Adesemoye and Kloepper,
2009; Flessa et al., 2002; Glick and Pasternak, 2003;
Hussain et al., 2009; Vessey, 2003; Yang et al., 2009).
Distance between production and exploitation of
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maize can be improved by application of bio and
chemical fertilizers. Moreover, the use of bio-fertilizer
with low doses of synthetic fertilizers can avoid the
negative effects of chemical fertilizers. Such holistic
approach is feasible and responsive to environment
(Altomare et al., 1999). PGPR enhance the nutrient
uptake by the plants and inoculation reduces the use
of chemical fertilizers (Cakmakci et al., 2006). PGPR
enhance crop growth by colonizing roots which
has significant effect on development of crop plant
(Kloepper et al., 1980; Wu et al., 2005). Chemical
secretions of PGPR in rhizosphere have potential to
enhance crop productivity (Cherif et al., 2018) even
under stressed environments (Choudhary and Varma,
2016) through a number of biogeochemical processes
such as solubilization of inorganic compounds
and mineralization in soil Van Der Heijden et
al. (2008). Plant growth promoting rhizobacteria
enhances growth in terms of emergence and weight
of newly germinated plants, vigor, improvement in
root system and yield (Khalid et al., 2003). These
are proved to be one of the potent alternatives to
synthetic fertilizer during last two decades and are
widely accepted in silviculture and horticulture
as eco-friendly component (Kumari et al., 2019).

Growth of plants is being enhanced by PGPRs
through different physiochemical processes such as
hormones production,development of stress resistance,
fixation of atmospheric nitrogen, mobilization and
solubilization of nutrients and suppression of root
pathogens (Rodri{guez and Fraga,1999; Sindhu etal.,
1999) which result in an increased supply of primary
nutrients to host plant (Wu et al., 2005). Ecological
niches on roots are being colonized by rhizobacteria,
which competes root micro flora, and are responsible
tor some vital mechanisms in soil such as utilization
and mineralization of nutrients and denitrification of
rhizo-micro flora (Antoun, 2001; Pradhan and Sukla,
2006). Although the beneficial effects of the symbiotic
association of rhizobia with legume plants is known,
these bacteria are not considered PGPR, except when
associated with non-legume plants (Dobbelaere et al.,
2003). Growth of non-legumes such as radish and
rice are improved by N, fixing bacteria and Rhizobium
strains (Antoun et al., 1998; Mirza et al., 2006)
and minimizes use of N-based chemical fertilizers
(Bhattacharjee et al., 2008). Non-symbiotic N, fixing
rhizospheric bacteria belonging to genera including
Azoarcus, Azospirillum, Burkholderia, Gluconacetobacter
and Pseudomonas (Bashan and De-Bashan, 2010;

Estrada-De Los Santos et al., 2001; Fuentes-Ramirez
et al.,2001; Mirza et al., 2006; Reinhold-Hurek et al.,
1993) have been isolated from different soils and used
tor growth and yield of different crops.

Phosphorus is an essential plant nutrient, which is
mostly present in unavailable form in the soils. The
plant cannot uptake the phosphorus for optimum
growth and ultimately results in the reduced yield.
There are microorganisms having ability to solubilize
the phosphorus and make it available to the plants
for their optimum growth. PGPR and phosphate
solubilizing bacteria (PSB) make available balanced
nutrition to crop plants (Belimov et al., 1995).
PGPR substances improves plant growth and PSB
facilitate uptake of nutrients from the rhizosphere
soil (Fuhrmann and Wollum, 1989). Under nutrient
limiting conditions presences of rhizo-bacteria
possibly significantly increase the plant growth
and yield have been discussed for many years (Jha
et al., 2009). PGPR helps in plant growth in many
ways; they promote growth of plant by production
of growth hormones like auxins, gibberellins,
cytokinins etc. which help in cell elongation and
cell division. Production of siderophores and
provision of iron to plants, fixation and availability
of nitrogen to plants, Solubilization of minerals such
as phosphorus and Zinc and produce enzymes that
can significantly increase systemic resistance against
different pathogens (Patten and Glick, 1996). PGPR
containingl-aminocyclopropane-1-carboxylate
(ACC)-deaminase enhances the growth, yield, and
salt tolerance of maize grown on salt-affected fields
(Nadeem et al., 2009). Despite the great importance
of plant growth promoting rhizobacteria for nitrogen
fixation and phosphorous solubilization in non-
legumes, small work had been done with regard to
inoculation of PGPR followed by low fertilizer
application. Thus present experiment was undertaken
to assess the responsive potential of maize to PGPR
inoculation followed by reduced fertilizer input
with reduce fertilizer application on growth and
development, uptake of nutrients and yield of maize.

Materials and Methods

A pot and field experiments were conducted at the
National Agricultural Research Center (NARC)
Islamabad (38°78”N,73°57”E).Strains of PGPR were
tested in pot and field experiments for maize during
August-December 2011. For pot experiment soil was

June 2020 | Volume 33 | Issue 2 | Page 235

e o .
Ools Links
OResearchers



QOPEN aACCESS

Role of PGPR on maize nutrient uptake

collected from the cultivated field, homogenized,
ground and filled in 8 kg capacity pots for different
treatment application. Recommended fertilizer rate
80 N, 50 P,O,, 50 K,O mg kg™ soil were applied in
the pot following completely randomized design with
three replications. Field experiment was conducted
following Randomized complete block design with
three replications. Recommended dose of 160 N, 90
P,O,,90 K,O kg ha™was applied in the field while N
was applied in split doses at sowing and silking stage
in both experiments.

Preparation of cultures

Bacterial cultures were prepared in respective media
(Luria Broth for PGPR and Pikoviskia for PSB
(Lavakush ez al.,2012) pH of culture was maintained
at 6.8-7.0 (Table 1).

Table 1: Luria broth media preparation.

Chemicals Quantity (g/liter)
Yeast Extract 5

Tryphtone 10

NaCl 5

Agar 18

Distilled Water 1000ml
Pikoviskia Media Preparation

Chemicals Quantity (g/liter)
Ca, (PO, 3

Sucrose 10

(NH,),SO, 0.5

NaCl 0.2
MgSO,.7H,0 0.1

KCL 0.2

Yeast extracts 0.5

MnSO, Trace

FeSO, (Fe-EDTA) 0.1

CaCO, 0.3

Agar 1

Distilled Water 1000ml

Treatments/microorganisms combination for pot
experiment: T1 Control (Recommended NP); T2
PGPR-1 + PSB + 3% N + 3 P; 3 PGPR-2 + PSB
+3% N + 3% P; T4 PGPR-3 + PSB + 3% N + 3 P; T5
PGPR-4 + PSB + 34 N + 3 P; T6 PGPR-5 + PSB +
% N +3% P; T7 PGPR-1,2,3,4,5+PSB+3% N + 3% P.

Treatments/microorganisms combination for field
experiment: Treatments were as follow: T1 Control

(Recommended NPK); T2 PGPR+ PSB + 3% N + %

P; T3 PGPR + PSB+ (Recommended NPK).

Crop parameters

Chlorophyll content was measured using chlorophyll
meter (SPAD, 502) and the average was calculated
at 45 DAS. Number of leaves, ear leaf area (cm?), ear
internode girth (mm), flag leaf area (cm?) and plant
height (cm) at maturity were recorded.

Physio-chemical analysis of the soil

Collected soil samples were analyzed for texture,
pH, nitrate N (mg kg?), available P, K (mg kg™)
and EC (dSm-1) by the Ammonium Bicarbonate-
diethylenetriaminepentaacetic Acid (AB-DTPA)
method. Sol texture was determined by ISSS
triangle (Table 2). (Gee and Bauder, 1986).

Plant analysis
Oven dried samples were kept at 70 °C for 24 hours,
grounded parts were stored in moisture free bags.

Table 2: Physico-Chemical analysis of the soil samples

from experz'mem‘a/ site.

Parameters Amounts
Pot Field
NO,-N mg kg™ 0.95 0.98
Available P mg kg™ 1.02 0.97
Available K (extractable) mg kg™ 105 110
Electrical Conductivity (EC) dS m™ 0.15 0.13

pH 7.5 7.6

Particle size analysis (textural class) Loam  Loam

Plant phosphorous

Finely ground plant samples (0.25 g) were taken
in the conical flask, 10 ml of both acid (perchloric
and nitric acid in 2:1) was added. These flasks were
heated on a hot plate at 100-300 °C till the samples
solution (about 2-3 ml) was colorless. Flasks were
taken away from hot plates and allowed to cool. The
digest was transmitted into a 50 ml volumetric flask
and volume (50 ml) was completed with distilled
water. Five ml extract and 5 ml color developing
reagent (ammonium molybdate + ammonium
vanadate + nitric acid) was mixed in test tube for
phosphorus assessment. The tubes were blended in
a mechanical stirrer. The readings were noted on
spectrophotometer at 470 nm (Ryan et al., 2007).
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Statistical analysis

'The data was statistically analyzed by using Statistix
8.1 and evaluated by using Fisher's Least Significant
Difference (LSD) Test (Steel and Torrie, 1980).

Results and Discussion

Effect of PGPR on growth and nutrient uptake of maize
in pot experiment

SPAD chlorophyll content: Chlorophyll content
of maize enhanced significantly (P < 0.05) up to
9% by inoculation of PGPR-(Mix) and PSB where
nitrogen and phosphorus was applied @ 60 and 37.5
mg kg compared to control (Recommended N 80
and P 50 mg kg') (Figure 1). The inoculation of
different strains of PGPR and PSB with nitrogen
and phosphorus (@ 60 and 37.5 mg kg') showed
significant increase in chlorophyll content of maize
over control Recommended N 80 and P 50 mg kg™
'The inoculation of different strains of PGPR and PSB
with reduced levels of (Recommended 60 and 37.5
mg kg?) significantly enhanced the Total Chlorophyll
of the maize over the control recommended NP

respectively (Table 3).
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Figure 1: Effect of plant growth promoting Rhizobacteria on
Agro-physiological traits of maize in pot experiment.

Number of leaves per plant

Number of leaves per plant were significantly
different (P < 0.05) between the treatments with co-
inoculation of PGPRs and PSB with N and P @ 60
and 37.5 mg kg™ recording the highest 27% increase
in the number of leaves per plant with PGPR-(Mix)
over control (Recommended N 80 and P 50 mg kg1)
(Figure 1). PGPR-1 and PSB inoculation with N and

P@ 60 and 37.5 mg kg! improved number of leaves
per plant at maturity to 18% over control (Table 3).
Whereas, inoculation of PGPR-2, PGPR-5 and
PGPR -3 showed similar results.

Plant height

Maximum plant height was recorded by the
application of PGPR-(Mix) and PSB with nitrogen
and phosphorus applied @ 80 and P 50 mg kg™ that
was 8% higher compared to control (Recommended
N 80 and P 50 mg kg?) (Figure 1). Inoculation of
PGPR-4 and PSB with N and P @ 60 and 37.5 mg kg
1) was 7% higher over control (Table 3). Furthermore,
simultaneous inoculation of all PGPR strains and
PSB with low levels of nitrogen and phosphorus (@
60 and 37.5 mg kg™) was significantly higher over

recommended NP respectively.

Ear leaf area (cm?)

The data on ear leaf area indicate significant
difference (P < 0.05) in co-inoculation of PSB and
PGPR-(Mix) with N and P @ 60 and 37.5 mg kg™
that was 55% higher over control (Recommended
N 80 and P 50 mg kg!) (Figure 1). Inoculation of
PGPR-4 and PSB with nitrogen and phosphorus
(@ 60 and 37.5 mg kg!) showed 41% increase over
control (Recommended N 80 and P 50 mg kg')
(Table 3). Similarly, inoculation of PGPRs and
PSB at reduced levels of nitrogen and phosphorus
(@ 60 and 37.5 mg kg!') was significantly higher

over recommended NP.

Ear internodes girth (mm)

Maximum ear internodes girth was recorded in case
of simultaneous application of PGPR-(Mix) and
PSB with N and P @ 60 and 37.5 mg kg™ that was
21% higher over control (Recommended N 80 and
P 50 mg kg!) (Figure 1). Co-inoculation of PGPR-
1 and PSB with N and P @ 60 and 37.5 mg kg™)
showed 16% increase than control (Recommended
N 80 and P 50 mg kg™!). Inoculation of PGPRs and
PSB with N and P @ 60 and 37.5 mg kg™ improved

ear internodes girth compared to control (Table 3).

Flag leaf area (cm’)

'The data on flag leaf area indicated significant (P <
0.05) increase in case of co-inoculation of PGPR-
(Mix) and PSB with N and P @ 60 and 37.5 mg kg™
that was 31% higher over control (Recommended

N 80 and P 50 mg kg?) (Figure 1). Inoculation of
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PGPR-5 and PSB with N and P @ 60 and 37.5 mg
kg showed 27% increase over control (Table 3).

Plant analysis after harvest

Straw phosphorus (%): A considerable variation in
straw phosphorus contents was observed by individual
application of PGPR strains with PSB and N and P
@ 60 and 37.5 mg kg (Figure 2). Maximum increase
in straw phosphorus was recorded by co-inoculation
of PGPR-(Mix) and PSB with N and P @ 60 and
37.5 mg kg™ over control (Recommended N 80 and
P 50 mg kg™) (Table 4).

Straw Phosporus (%)
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Figure 2: Effect of plant growth promoting Rbizobacteria on
contents and uptake of Phosphorous (gm plant-') in maize plants in
pot experiment.

Grain phosphorus (%): Like phosphorus content in
straw, a significant (P < 0.05) increase in P content
in grain was recorded as compared to control
(Recommended N 80 and P 50 mg kg™!) was observed
in response to combined inoculation of PGPR-(Mix)
and PSB where nitrogen and phosphorus was applied
@ 60 and 37.5 mg kg (Figure 2). While grain
phosphorus contents vary considerably by individual
application of PGPR strains with PSB and N and P
@ 60 and 37.5 mg kg (Table 4).

Straw phosphorus uptake (gm plant™?): The results
revealed that the straw phosphorus uptake was
significantly improved in case of inoculation of
PGPR strains with PSB and N and P @ 60 and 37.5
mg kg™ over control (Figure 2). Maximum increase in
straw phosphorus uptake was observed in case of co-
inoculation of PGPR-(Mix) and PSB with N and P
@ 60 and 37.5 mg kg over control (Recommended
N 80 and P 50 mg kg™) (Table 4).

Grain phosphorus uptake (gm plant™): Similarly
phosphorus uptake in grain was significantly (P <
0.05) increase in all inoculated pots as compared to
control (Recommended N 80 and P 50 mg kg1)
(Figure 2). However, highest response was recorded
where inoculation of PGPR-(Mix) and PSB with
nitrogen and phosphorus @ 60 and 37.5 mg kg™ was
applied (Table 4).

Effect of PGPR on growth and nutrient uptake of
maize in field experiment: Field Experiment was
carried out to check the influence of PGPR with
varied levels of fertilizers on maize.

SPAD Chlorophyll content: The increase in
chlorophyll content of maize is up to 9% by inoculation
of PGPR and PSB where nitrogen and phosphorus
was applied @ Recommended N 160 and P 90 kg ha™
compared to control (Recommended N 160 and P 90
kg ha') (Figure 3). Whereas inoculation of PGPR
and PSB with nitrogen and phosphorus @ 120 and
P 67.5 kg ha' showed 5% increase in chlorophyll

content of maize over control (Recommended N 160

and P 90 kg ha) (Table 5).
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Figure 3: Effect of plant growth promoting Rhizobacteria on
Agro-physiological traits of maize in field experiment.

Number of leaves per plant: Number of leaves per plant
at maturity showed significant difference (P < 0.05)
between the treatment with co-inoculation of PGPR
and PSB with recommended N and P @ 160 and 90 kg

harecording 45% increase over control (Recommended
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Table 3: Effect of plant growth promoting rhizobacteria on Agro-physiological traits of maize in pot experiment.

Treatment Chlorophyll % In- No. of
Contents

T1= Control (Recom- 37.4d ---—--

mended NP)

T2= PGPR-1 + PSB 39.53cd 5.7

+% N+3%P

T3= PGPR-2 + PSB 38.44bc 2.78

+% N+3%P

T4= PGPR-3 + PSB 38.44bc 2.78

+% N+ %P

T5= PGPR-4 + PSB 39.96ab 6.84

+% N+ %P

Té6= PGPR-5 + PSB 38.87bc 3.93

+ %N+ %P

T7= PGPR-1,2,3,4, 40.95a 9.49

5+PSB+3% N+3%P

12.33d

14.67ab 18.92

13.33 cd 8.11

13.33 cd 8.11

14.33bc 16.22

13.33 cd 8.11

15.67a 27.03

% In- Plant

crease Leaves crease Height crease area

98.50e

100.73d 2.26

103.12¢ 4.7

101.52d 3.07

105.48b 7.09

101.58d 3.13

107.02a 8.65

33.07d

34.18d 3.37

40.84 ¢ 23.49

45.44b 37.42

46.81b 41.56

41.46 ¢ 25.37

51.44a 55.55

122 a

1.42 a

1.37 a

1.40 a

1.38a

1.30a

1.50 a

————— 3.58d
16.44 4.30c¢
10.59 3.69d
13.41 3.77d
119 4.44bc

6.02 4.58ab

21.79 4.72a

% In- Earleaf % In- Earinter- % In- Flagleaf % In-

crease node girth crease area

crease

291

5.12

23.9

27.93

31.84

Table 4: Effect of plant growth promoting rhizobacteria on contents and uptake of Phosphorous (gm plant-") in maize
plants after harvesting in pot experiment.

Treatment

T1= Control (Recommended NP)

T2= PGPR-1+PSB +3% N+ %P
T3=PGPR-2+PSB+3% N +3%P
T4=PGPR-3+PSB+3% N+ %P
T5=PGPR-4+PSB+3% N+ %P
T6=PGPR-5 +PSB+ %4 N+ %P
T7=PGPR-1,2,3,4,5+PSB +3% N + 3% P

Straw P

content (%)

0.038f
0.038e
0.039d
0.040b
0.040c
0.039d
0.041a

% In- Grain P % In-
crease content (%) crease
————— 0.34f -
1.27  0.43e 25.95
3.27 0.44b 30.75
5.93 0.44c 29.78
4.6 0.44c 29.86
3.27 0.44d 29.42
7.93 0.45a 30.97

Straw P % In-

uptake
0.027¢
0.031d
0.033cd
0.034bc
0.033cd
0.035ab
0.036a

Grain P
crease uptake (%)

0.047c
0.094a
0.076b
0.098a
0.093a
0.075b
0.101a

15.45
20.63
25.22
20.7

29.11
33.72

% In-
crease

Table 5: Effect of plant growth promoting rhizobacteria on Agro-physiological traits of maize in field experiment.

Treatment

contents
T1 = Control (Recom- 53.60c  -----
mended NP)
T2 = PGPR+PSB + 3% 56.26 b 4.96
N+ %P
T3 = PGPR+PSB 58.70a 9.52
(Recommended NP)

Chlorophyll % In- No.of % In- Plant

crease leaves crease Height crease area

192.12 ¢

11

16

12 9.09

45.45 194.58b 1.28

197.39a 2.74

10.94 ¢ --—--

11.37b 3.86

11.46 a 4.68

112 ¢

1.35b

1.52a

% In- Earleaf % In- Ear Inter- % In- Flag

crease node girth crease leafarea crease

5.88 ¢

209 6.33b

35.82 6.53a

% In-

7.65

11.06

Table 6: Effect of plant growth promoting rhizobacteria on contents and uptake of Phosphorous (gm plant-1) in

maize])/ants inﬁeld experiment.

Treatment

Straw P con- % In-

Grain P

% In-

Straw P % In-

Grain P

% In-

tent (%) crease content (%) crease uptake crease uptake (%) crease
T1 = Control (Recommended NP) 0.036c  -———- 0.35b - 1.55¢  -—-—-—-- 8.48c -
T2 =PGPR+PSB +3% N + %P 0.038b 6.22 0.35b 0.47 2.05b 32.38 11.49b 35.62
T3 = PGPR+PSB (Recommended NP) 0.039a 8.09 0.41a 18.68 2.20a 42.37 15.09a 78.05
N 160 and P 90 kg ha™) (Figure 3). Whereas PGPR 160 and P 90 kg ha*) (Table 5).
and PSB with N and P @ 120 and P 67.5 kg ha™
showed 9% increase over control (Recommended N
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Plant height (cm)
Increaseof2%plantheightwasrecordedwithcombined
application of PGPR, PSB and recommended N and
P @ 160 and 90 kg ha) and increase in plant height
was 1% with PGPR strains and PSB with low levels
of nitrogen and phosphorus (@ 120 and P 67.5 kg ha"
1) compared to control (Recommended N 160 and P
90 kg ha?) (Figure 3, Table 5).

Ear leaf area (cm?): The data on ear leaf area showed
significant increase in case of co-inoculation of
PSB, PGPR and recommended N and P (@160
and 90kg ha) that was 4% superior over control
(Recommended N 120 and P 62.5 kg ha') (Figure
3). Inoculation of PGPR and PSB with nitrogen and
phosphorus @ 120 and P 67.5 kg ha™ showed 3%
increase over control (Recommended 160 and P 90

kg ha) (Table 5).

Ear internodes girth (mm)

Maximum ear internodes girth was recorded in case
of application of PGPR and PSB with nitrogen and
phosphorus (@ Recommended N 160 and P 90 kg ha"
1) that was 35% higher over control (Recommended
N 160 and P 90 kg ha™) (Figure 3). Co-inoculation of
PGPR and PSBwith N and P@ 120 and P 67.5 kg ha’
1) showed 20% increase than control (Recommended

N 160 and P 90 kg ha™?) (Table 5).

Flag leaf area (cm?): The data on flag leaf area
indicated significant (P < 0.05) increase in case of
co-inoculation of PGPR and PSB with N and P @
Recommended 160 and 90 kg ha'l that was 11%
higher over control (Recommended N 160 and P 90
kg ha') (Figure 3). Inoculation of PGPR and PSB
with N and P @ 120 and 67.5 kg ha™ showed 7%

increase over control (Table 5).

Plant analysis after harvest

Straw phosphorus (%): A considerable variation in
straw phosphorus contents was observed with all the
three treatments. Maximum increase of 8% in straw
phosphorus was recorded by co-inoculation of PGPR
and PSB with N and P @ Recommended 160 and
90 kg haover control (Recommended N 160 and P
90 kg ha) (Figure 4). The application of PGPR and
PSB with N and P (@ 120 and P 67.5 kg ha™) also
showed 6% increase over control (Recommended N

160 and P 90 kg ha?) (Table 6).

Grain phosphorus (%): Like phosphorus content

in straw, a significant (P < 0.05) raise of 18% in
phosphorus content in grain compared to control
(Recommended N 160 and P 90kg ha™') was observed
in response to combined inoculation of PGPR and
PSB with nitrogen and phosphorus at recommended
levels (Figure 4). Slight increase of 0.47% was
observed in case of application of PGPR and PSB
with N and P @ Recommended 120 and 67.5 kg ha™!
over control (Recommended N 160 and P 90 kg ha™)
(Table 6).
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Figure 4: Effect of plant growth promoting Rhizobacteria on
contents and uptake of Phosphorous (gm plant=") in maize plants in
pot experiment.

Straw phosphorus uptake (kg ha): A considerable
variation in straw phosphorus uptake was observed
with all the three treatments. Maximum increase of
42% in straw phosphorus uptake was recorded in case
of co-inoculation of PGPR and PSB with N and P
@ Recommended 160 and 90 kg ha'over control
(Recommended N 160 and P 90 kg ha™) (Figure 4).
'The application of PGPR and PSB with N and P (@
120 and P 67.5 kg ha™) also showed 32% increase
over control (Recommended N 160 and P 90 kg ha™)
(Table 6).

Grain phosphorus uptake (kgha™): Like phosphorus
uptake in straw, a significant (P < 0.05) raise of 78%
in phosphorus uptake in grain compared to control
(Recommended N 160 and P 90 kg ha™) was observed
in response to combined inoculation of PGPR and
PSB with nitrogen and phosphorus at recommended
levels (Figure 4). Significant increase of 35% was

observed in case of application of PGPR and PSB
with N and P @ 120 and 67.5 kg ha'over control
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(Recommended N 160 and P 90 kg ha™) (Table 6).

For optimum growth and yield of crops the nutrients
must be available in adequate and balanced quantities.
Soil is natural body having reserves of plant nutrients
except nitrogen which is low in soil. However, these
nutrient reserves for plants are mostly in unavailable
forms. Nitrogen and phosphorus are the most
important nutrients for plant growth and development.
'The use of nitrogenous and phosphatic fertilizers has
increased more than nine and fourfold during the last
tew years (Vance, 2001). The intensive use of synthetic
tertilizers in agriculture land is posing momentous
threats to the environment (Yunlong et al., 2009). For
soil fertility maintenance and to increase crop yield it
is necessary to integrate nutrient management (/Afzal
etal.,2017). Soil microbes play a vital role in providing
nutrients for growth and development of crop plants
(Adesemoye et al., 2008, 2009; Berg, 2009). To
sustain environment friendly crop production and to
compensate synthetic fertilizers microbial inoculants
are biological alternative (Dobbelacre et al., 2003).
Combined use of microbial and synthetic fertilizers
can be cost effective and more yields can be harvested
from the soil. In this aspect, the present study was
designed to draw out information on the integrated
use of plant growth promoting rhizobacteria (PGPR)
and PSB on growth, nutrient uptake, crop quality and
yield of maize (Zea mays L.) with reduced synthetic
fertilizer rates. The results attained from these
investigations are discussed as follows.

In biogeochemical cycles soil bacteria are involved.
For decades these have been used in crop production
(Hayat et al, 2010). Plant growth promoting
rhizobacteria (PGPR) with signal communication
between host and plant and form colonization on
root surface (Bianciotto et al., 2000). At low cost
Nitrogen fixing bacteria could improve yield (Kigiik
and Kivanc, 2008). Interaction of PGPR with C,
and C, plants (e.g., rice, wheat, maize, sugarcane and
cotton) significantly increases their growth and yield
(Kennedy et al., 2004). PGPR synthesized plant
growth promoting substances that improved plant
growth and PSB facilitated the more nutrient uptake
from the soil rhizosphere (Fuhrmann and Wollum,
1989). Nitrogen and phosphorous availability and
uptake was significantly increased with PGPR
resulting in enhanced growth and yield of wheat but
also have economic benefits (Sood et al., 2019).

Similarly, the solubilization of phosphate is equally
important.Phosphate solubilizingbacteria(PSB) make
available different forms of soil-bound phosphorus to
crop plants (Hayat et al., 2010; Rodri{guez and Fraga,
1999; Whitelaw, 1999). More phosphate is available to
plants in sustainable and environment friendly manner
by these bacteria (Khan et al., 2007). Application of
phosphate solubilizing microorganisms significantly
improves the growth, development and uptake of
phosphorus by plants (Chen et al., 2006; Igual et al.,
2001). Combined inoculation is more effective than
single inoculation of microbes. (Rudresh et al., 2005)
observed significant effect of combined inoculation
of legumes with microbes on growth as compared
to either single inoculations or un-inoculated
control. Similar results were observed by (Khurana
and Sharma, 2000). Ahmad et al. (2019) concluded
significant increase in growth and nutritional value
of maize and Mungbean with application of bacterial
strains such as aryabbattai S10 and Bacillus subtilis.

'The microbial strains used in pot experiment were
first tested in laboratory. Results indicated that
inoculation had a significant influence on shoot and
root length, shoot and root fresh weight compared to
un-inoculated control. PGPR and its combinations
with AMF improve the NUE. With the combination
of reduced RDF and inoculants plant height, shoot
and root dry weight, yield, and uptake of nutrient
were comparable to those with the full RDF without
inoculums was reported by (Adesemoye et al., 2009).
Effect of co-inoculation of PGPR and PSB on
growth, yield and nutrient uptake of maize at low
levels of nitrogen and phosphorus (90 and 50 mg kg™?)
was studied in pot and field experiments. Application
of microbes in conjunction with chemical fertilizers
had significant influence on morphological characters
and yield parameters of maize.

Combined inoculation of PGPR and PSB with
reduced levels of NP resulted in significant difference
in growth and yield of maize comparatively un-
inoculated. Physio-morphological parameters
significantly increased due to combined application of
PGPR and phosphate solubilizing bacteria compared
to un-inoculated. Combined use of plant growth
promoting rhizobacteria (PGPR) and phosphate
solubilizing microorganisms was more effective than
the single inoculation. Results are in accordance with
the findings of (Rudresh et al., 2005) who reported

significant effect of combined application of microbes
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on growth and development of legumes compared to
either single inoculations or un-inoculated control.
Similar results were also observed by (Khurana and
Sharma, 2000). In the present research, co-inoculation
significantly increased growth and yield contributing
parameters over non-inoculated. These results are in
confirmation with the findings of (Mirza et al., 2007,
Yadegari and Rahmani, 2010; Zahir et al., 2010)
whom observed the effects of inoculation on growth
and yield of various field crops. (Zaidi, 1998; Garcia et
al., 2004) also demonstrated that the combination of
nitrogen fixing and phosphate solubilizing microbes
observed significant difference in yield and yield
components of crops.

Measurement of nitrogen and phosphorus content in
plant can be a direct criterion to verify the efficiency
of nitrogen fixing and phosphate solubilizing
microbes, because of fixed nitrogen and increased
available phosphorus ultimately leads to nitrogen and
phosphorus accumulation in plant. Plant nutrient
uptake i.e. phosphorus and nitrogen content in
straw and grain were also enhanced by inoculation
of PGPR and phosphate solubilizing bacteria. These
findings are in agreement with those of (Rudresh et
al.,2005) who reported that the combined inoculation
of Rhizobium and PSB gave a higher nutrient uptake
compared to single inoculation and un-inoculated
control. Enhancement of nutrient uptake by
plants with inoculation has also reported by many
researchers (Ashrafi and Seiedi, 2010; Gholami et al.,
2009; Nadeem et al., 2009; Yazdani et al., 2009) as

compared to control without inoculation.

In addition, nutrient status i.e. nitrogen and
phosphorus content of soil was improved by the
simultaneous application of phosphate solubilizing
and nitrogen fixing bacteria compared to single
inoculation and un-inoculated control. Same results

were observed by (Linu et al., 2009; Zaidi et al., 2003).

'The co-inoculation of PGPR and PSB canssignificantly
increase the yield/production of maize even using
lower doses of nitrogen and phosphate fertilizers and
then can contribute in the uplift of farmer’s economic
status and ultimately in the national economy. It can
also improve the nutrient status/quality of maize.
Therefore, their use should be recommended for
maize cultivation.
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