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Effect of nitrogen, compost and plant growth promoting rhizobactria on yield
and nutrient uptake by rice (Oryza sativa)
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ABSTRACT

A field experiment was conducted in wet season of 2011 at New Delhi to study the effects of plant growth pro-
moting rhizobacteria (PGPR) inoculation in different combinations with N-levels through urea and compost on
yield and nutrient uptake by basmati rice cv. ‘Pusa Basmati 1401’.  Results showed that highest grain (5.02 t/ha)
and straw (8.87 t/ha) yield was obtained with the application of 2/3N (80 kg N/ha) + bacterial inoculant (BI) +
cyanobacteria inoculant (CI) + compost (5.0 t/ha). The uptake of N in grain (69.1 kg/ha) and straw (60.5 kg/ha)
were the highest with the application of 2/3 N + BI + CI + compost (5.0 t/ha). Protein content in grain varied be-
tween 6.84% (N0) and 8.20% (2/3 N + CI + BI + compost). Highest uptake of P, K, Fe, Zn and Cu in rice grain and
straw were recorded with 2/3N + BI + CI + compost (5.0 t/ha).  The nutrients uptake was significantly higher in inte-
grated application than single inoculation of bio-inoculants.
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Microbial inoculants are promising components for in-
tegrated solutions to agro-environmental problems be-
cause they possess the capacity to promote plant growth,
enhance nutrient availability and uptake and support the
health of plants by active participation in almost every
chemical transformation taking place in soil (Adesemoye
et al., 2008). Plant growth-promoting rhizobacteria
(PGPR) are beneficial bacteria that colonize plant roots
and enhance plant growth by a wide variety of mecha-
nisms. Plant-PGPR interactions have shown to increase
root growth, yield, nutrient uptake and protein content
(Bakker et al., 2007). PGPR strains enhance phosphorus
availability (Rodriguez and Fraga, 1999) and iron seques-
tration for plants by production of siderophores (Bakker et
al., 2007). Cyanobacteria have been widely employed as
inoculants for enhancing soil fertility and improving soil
structure, besides enhancing rice yield (Singh et al., 2011).
However, the information on effect of PGPR on nutrient
concentration and uptake of rice crop are generally lack-
ing. Therefore, field investigation was conducted to evalu-
ate the influence of PGPR inoculation in combination with

inorganic N-levels and compost on yield and nutrient up-
take in rice.

The experiment was conducted during wet season of
2011 at Indian Agricultural Research Institute, New Delhi.
The soil of experimental field had 145.3 kg/ha alkaline
permanganate oxidizable N, 15.37 kg/ha available P,
254.2 kg/ha 1 N ammonium acetate exchangeable K,
0.52% soil organic carbon and 7.7 pH. The experiment
was laid out in randomized block design with twelve treat-
ments replicated thrice. The treatments included: T

1
: N

0;

T
2
: 2/3 N(80 kg/ha) through urea; T

3
: N

120
 (recommended

dose of N @ 120 kg/ha through urea)
;
 T

4
: 2/3 N + compost

at 5.0 t/ha; T
5
: 2/3 N + bacterial inoculants(BI); T

6
: 2/3 N

+ BI + compost at 5.0 t/ha; T
7
: 2/3 N + cyanobacterial in-

oculants (CI); T
8
: 2/3N + CI + compost at 5.0 t/ha; T

9
: 2/

3N + CI + BI; T
10

: 2/3N + BI + CI + compost at 5.0 t/ha;
T

11
: 2/3N + Multani mitti based blue green algae (BGA)

biofertilizer and T
12

: 2/3N+ compost at 5.0 t/ha + Multani
mitti based BGA biofertilizer. Urea was the source of N
for N application. In this study, one bacterial (Providencia
sp. PW5), one cyanobacterial strain (Anabaena sp. CR3)
and Multani mitti based BGA biofertilizer (composite cul-
ture of Anabaena, Nostoc, Tolypothrix and Aulosira sp.)
were applied at 2.0 kg/ha. After puddling 21 days old
seedlings of rice cv. ‘Pusa Basmati 1401’ were trans-
planted at 20 cm × 10 cm spacing keeping 2 seedlings/hill.
Recommended dose of P and K was applied in all the
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treatments. Concentrations and uptake of NPK and micro-
nutrients (Fe, Zn and Cu) in grain and straw of rice
samples were determined by standard procedure.

Results showed that grain and straw yields of basmati
rice significantly increased due to the inoculation of PGPR
and BGA with compost at 5.0 t/ha and chemical N fertil-
izer (120 and 80 kg N/ha through urea) over N control
(Table 1). Highest grain yield (5.02 t/ha) was obtained
with the application of 2/3N + BI + CI + compost at 5.0 t/
ha and this was at par with N

120
 and 2/3 N + compost (C)

+ BGA and significantly different from other treatments.
Highest straw yield (8.87 t/ha) was obtained with the ap-
plication of 2/3 N + BI + CI + compost at 5.0 t/ha and it
was at par with N

120
, 2/3 N + BI + compost at 5.0 t/ha, 2/

3 N + CI + compost at 5.0 t/ha, 2/3 N + BI + CI, 2/3 N +
BGA and 2/3 N + C + BGA and significantly different
from other treatments. Response of combined inoculation
of bacterial and cyanobacterial was better when these were
inoculated with compost compared to without compost
inoculation. Singh et al. (2011) also found significantly
increased rice yield due to inoculation with BGA. Khan
and Zaidi (2007) reported 133% higher yield of wheat due
to combined inoculation with Bacillus sp. (PGPR) and
Glomus fasciculatum (AMF) over their single application.

The uptake of N in grain and straw of basmati rice in-
creased significantly due to the integrated application of
bacterial and cyanobacterial PGPR with compost at 5.0 t/
ha, BGA and chemical N fertilizer (80 and 120 kg N/ha)
over N

0
 control (Table 1). Highest uptake of N in grain (69

kg/ha)  and straw (61 kg/ha) was found due to the com-
bined inoculation of 2/3 N + BI + CI + compost at 5.0 t/ha
followed by 2/3 N + compost + BGA, 2/3 N + CI + BI, 2/
3 N + CI + compost at 5.0 t/ ha, 2/3 N + BI + compost at
5.0 t/ha in that order and these uptake were significantly
higher than single inoculation of bio-inoculants.
Adesemoye et al. (2008) confirmed that inoculation with
mixed strains were more consistent than single strain in-
oculations. In addition to improvement of plant growth
and yield, PGPR are directly involved in increasing con-
centration and uptake of nitrogen, synthesis of phytohor-
mones and solubilization of minerals such as phosphorus
and production of siderophores that chelate iron and make
it available to the plant root (Bowen and Rovira, 1999).
Choudhary et al. (2010) found significant effect of PGPR
on N concentration in grain and straw of rice. Singh et al.
(2011) reported significantly increased N concentration
and uptake in grain and straw of rice due to the application
of BGA.

Uptake of P and K in grain and straw of rice increased
due to the integrated application of bacterial and
cyanobacterial PGPR, compost, BGA and chemical N fer-
tilizer (80 and 120 kg N/ha) over N

0
 (Table 1). But the Ta
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response of PGPR on P and K was lower compared to N.
Uptake of P and K in grain and straw was the highest in
treatment having application of 2/3 N + BI + CI + compost
at 5.0 t/ha. Singh et al. (2011) also found significant effect
of BGA application on concentration and uptake of P and
K in grain and straw of rice. Choudhary et al. (2010) re-
ported that inoculation of rice with PGPR was beneficial
with respect to P and K concentration in grain and straw
over non-inoculated control. Biswas et al. (2000) reported
significantly increased P uptake in rice due to rhizobial
inoculation compared to control.

Uptake of Fe, Zn and Cu in grain and straw of rice in-
creased significantly due to the integrated application of
PGPR, compost, BGA and chemical N fertilizer (80 and
120 kg N/ha) over N

0
 (Table 1). The highest Fe uptake in

grain (457 g/ha) and straw (3818 g/ha) was recorded with
inoculation of 2/3N + BI + CI + compost at 5.0 t/ha and
this uptake was significantly higher than all other treat-
ments. Inoculation with 2/3N + BGA biofertilizer, 2/3N +
CI + BI, 2/3N + CI + compost at 5.0 t/ha, 2/3 N + CI, 2/3
N + BI, 2/3 N also showed higher Fe uptake compared to
2/3N and N

o
. The highest total Fe uptake (4,275 g/ha) was

recorded with the 2/3 N + BI + CI + compost at 5.0 t/ha.
Uptake of Zn and Cu in grain and straw at N

120
 was sig-

nificantly higher than N
80 

and N
0
. Highest uptake of Zn

and Cu were recorded with the inoculation of 2/3 N + BI
+ CI + compost at 5.0 t/ha.  But the response of PGPR on
Zn and Cu uptake was lower compared to Fe uptake.
Singh et al. (2011) also found significant effect of BGA
application on Fe and Zn concentration and uptake in
grain and straw of rice.

It is concluded that yield and uptake of N, P, K, Fe, Zn
and Cu in grain and straw of rice increased significantly
due to the integrated application of bacterial and

cyanobacterial PGPR with compost and 2/3 N (80 kg N/
ha) through fertilizer. So, PGPR can be used to enhance
the productivity and quality of rice.
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