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Abstract

A field experiment was conducted during the rainy (kharif) season of 2002 and 2003 at Kalimpong,
Darjeeling to study the effect of integrated use of non-symbiotic N, -fixing bacteria and inorganic nitrogen
on low land rice (Oryza sativa L. ). Highest grain yield (45.71 g/ha) was recorded in the treatment receiving
mixed inoculants of Azotobacter and Azospirillum along with inorganic nitrogen at 60 kg/ha. Statistically
comparable yield of 45.53 q/ha was obtained in the treatment receiving mixed inoculants of Azofobacter
and Azospirillum along with inorganic nitrogen at 30 kg/ha. Single inoculants either Azotobacter or
Azospirillum along with any two levels of inorganic nitrogen (N, or N ) gave comparable yields with the
treatment receiving recommended dose of N at 120 kg/ha. Statistically higher N uptakes were recorded in
the treatments of mixed inoculants along with N, and N, . Highest agronomic efficiency and physiological
efficiency (11.43 kg grain/kg N and 68.61 kg grain/kg N, respectively) were recorded in the treatment
receiving mixed inoculants along with inorganic N at 30 kg/ha. The population of aerobic non-symbiotic
N,-fixing bacteria also conformed to the data of grain yield.Thus, mixed inoculants of Azotobacter and
Azospirillum along with inorganic nitrogen at 30 kg/ha saved 90 kg inorganic N/ha for low land rice

cultivation in the hilly soils of Kalimpong.
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The poor efficiency of applied nitrogen due to
sandy texture, slopy nature and low cation exchange
capacity of soils are the major reasons behind the
under-exploitation of the yield potentials of rice vari-
eties in the soils of Darjeeling. Many workers re-
ported the beneficial effects of integrated use of
biofertilizers and fertilizer nitrogen on crop growth,
yield and maintenance of soil fertility (1). Though the
response of rice to inoculation with non-symbiotic
N, -fixing bacteria, viz, Azotobacter and Azospirillum
has been inconsistent under field condition, yet there
are some reports of improved plant growth and yield
ofrice (2,3). Therefore, in the present investigation a
field experiment was conducted to study the effect of
integrated use of inoculation with non-symbiotic N, -
fixing bacteria, viz, Azotobacter and Azospirillum
along with two levels of inorganic nitrogen in differ-
ent combinations on low land rice cultivation in the
hilly soils of Kalimpong.

Methods
A field experiment was laid out in a randomized

Non-symbiotic N,-fixing bacteria, Inorganic nitrogen, Integrated use, Lowland

block design, replicated thrice with seven treatments
on a clayey loam soil (Typic Haplumbrept) of Regional
Research Station, Uttar Banga Krishi Viswavidyalaya,
Kalimpong during Kharif season of 2002 and 2003.
The test crop was rice (Oryza sativa L) cv IET 13483.
The characteristics of experimental soil has been
shown in Table 1. Thirty days old seedlings were used
for transplanting. The cultures of Azotobacter and
Azospirillum collected from Bidhan Chandra Krishi
Viswavidyalaya were applied at 1 kg/ha by root dip-
ping for 30 minutes. The plot size and plant geometry
were 2m x 2 mand 15 cm x10 cm, respectively. The
treatments were as follows : T, : N (control) ; T :
Azotobacter + N, : T, : Azotobacter + N, : T,:
Azospirillum+N, : T, : Azospirillum +N_; T, : Mixed
Inoculant (Azotobacter + Azospirillum) + N_; T :
Mixed Inoculant (4zotobacter + Azospirillum) + N,
Farm yard manure was applied at 5 tonnes /ha in all
the treatments. Analyses of soil and plant samples
were done as per the standard procedures (4—6). The
population of aerobic non-symbiotic N, -fixing bacte-

ria of the rhizosphere soil were enumerated by the
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Table 1. The characteristics of experimental soil.

Parameters Value
Soil reaction 5.8

Organic carbon 21.3 g/kg
AvdladeNH N 280.0 kg/ha
Bray and Kurtz No. Ip 6.6 kg/ha
Ammonioum - acetate K,O 179.0 kg/ha

Cation exchange capacity
Population of aerobic non-
symbiotic N,- fixing bacteria

17.1 cmol (p+)/kg

65.0 x 10* CFU/g soil

standard method (7). Agronomic and physiological
response of rice to applied inorganic nitrogen were
also computed (8).

Results and Discussion

Response of low land rice to different treatments
has been presented in Table 2. The statistically com-
parable grain yields between single inoculated treat-
ments along with two levels of inorganic nitrogen
might be due to the failure of higher inorganic nitro-
gen (60 kg/ha) in producing extra positive effect on
yield over lower level of inorganic nitrogen at 30 kg/
ha. This might be attributed to the beneficial role of
lower level of inorganic nitrogen on non-symbiotic
nitrogen fixation (9). The higher level of N application
in N, might have also caused the accumulation of
ammonium nitrogen to such a level that inhibited N_-
fixation as the process is inhibited by the end prod-
uct itself (10).

Statistically comparable grain yields between
single inoculated treatments irrespective of levels of
inorganic nitrogen and treatment receiving only the
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recommended dose of inorganic nitrogen at 120 kg/
ha were observed in the present investigation. Simi-
lar finding was also reported (11). The highest grain
yields were recorded in the mixed inoculated treat-
ments receiving inorganic nitrogen either 30 kg/ha
(45.53 g/ha) or 60 kg/ha (45.71 g/ha) which were found
statistically at par at 5% level of significance. The
statistically greater impact of the mixed inoculants
might be attributed by the synergistic effect of 4zo-
tobacter and Azospirillum throgh the greater micro-
bial production of plant growth substances, increased
rate of water and nutrient uptake from the soil and
non-symbiotic N,-fixation (1).

All the inoculated treatments showed signifi-
cantly higher population of aerobic non symbiotic
N,-fixing bacteria. It might be due to the increased
nitrogenase activity of the microbial population in
the rhizosphere (11). The population of the same was
recorded more the single inoculated treatments re-
ceiving lower level of N (30 kg/ha). The significantly
highest population were recorded in the mixed inocu-
lated treatments receiving inorganic nitrogen either
at 30 kg/ha or 60 kg/ha which were found statistically
at par at 5% level of significance. The lowest popula-
tion was observed in the treatment receiving the rec-
ommended level of inorganic nitrogen at 120 kg/ha.

The statistically highest N uptake was recorded
in the mixed inoculated treatments. The N uptake data
of single inoculated treatments irrespective of levels
of inorganic nitrogen and treatment receiving only
the recommended dose of inorganic nitrogen at 120
kg/ha were found statistically at par at 5% level of
significance. The N uptake efficiency in the mixed
inoculated treatments might have increased due to

Table 2. Response of low land rice to non-symbiotic N,-fixing bactaria and inorganic N (pooled data of two years).Azt :
Azotobacter; Azsp : Azospirillum; Azt + Azsp : Aztobacter + Azospirillum.

Population of

Response aerobic non-symbiotic
Grain yield N uptake Kg grain/ kg N N, -fixing bacteria
Treatments (q/ha) (kg/ha) Agronomic Physiological (x 10* CFU/g soil)
N,,, (control) 42.10 60.50 - - 65
Azot + N 42.30 61.70 0.67 16.67 95
Azot + N 42.67 62.00 0.95 38.00 81
Azosp + N, 43.00 62.80 3.00 39.13 99
Azosp + N, 43.20 63.10 1.83 42.31 88
Azot + Azosp + N, 45.53 65.50 11.43 68.61 114
Azot + Azosp + N, 45.71 66.10 6.02 64.46 110
CD (P = 0.05) 1.50 1.60 2.00 12.5 10
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the increased root growth.

Highest agronomic efficiency was recorded in
the mixed inoculated treatment receiving lower level
of N (30 kg/ha). The agronomic efficiency of inocu-
lated treatment receiving higher level of N (60 kg/ha)
was found significantly higher compared to that of
any single inoculated treatments.

Highest statistically comparable physiological
efficiencies were recorded in the mixed inoculated
treatments (68.61 kg grain/kg N in M1+ N, and 64.46
kg grain/kg Nin M1+ N_ ). The findings conformed to
the data of grain yields.

The results of the present investigation show
that combined inoculation of Azotobacter and
Azospirillum along with 30 kg inorganic N/ha has
been found the most effective integrated nutrient
management with respect to nitrogen for low land
rice in the hilly soils of Kalimpong.
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