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ABSTRACT

An experiment was conducted at ICAR—Indian Agricultural Research Institute, New Delhi during kharif season
of 2016 and 2017 to study the influence of bio-inoculants (BI) mediated nutrient management on yield attributes,
yields and economics of pigeonpea [Cajanus cajan (L.) Millsp.]. Experiment was conducted in randomized block
design (RDB) with three replications consisting of nine nutrient management treatments, viz. Control, RDF (30: 60:
40 NPK), RDF + Bio-inoculant (BI), Vermicompost-VC (5 t/ha), FYM (5 t/ha), Leaf compost-LC (5 t/ha), VC +
BIL, FYM + Bl and LC + Bl. Rhizobium leguminosarum, PSB (Pseudomonas putida, Pseudomonas striata, Bacillus
subtilis, Bacillus megaterium) and potassium solubilizers (Bacillus mucilagenosus and Frateuria aurantia) were used
as bio-inoculants for seed treatment. Results indicate that BI mediated nutrient management significantly increased
the pods/plant. Combined effect of inoculation and organic sources of nutrients was significantly higher while
inoculation with RDF remained non-significant over sole organic sources of nutrients as well as RDF. Application
of FYM with BI produced highest pods/plant, grains/pod and test weight. Application of FYM with BI produced
highest seed (1.6; 1.7 t/ha), stover (6.33; 6.5 t/ha) and biological yields (7.93, 8.22 t/ha) respectively during 1 and
27 year which was at par with yield under plots applied with vermicompost and BI. Gross returns, net returns and B:
C were significantly affected by the treatments. Application of FYM with BI gave higher gross returns, net returns
and B: C. Overall, Significantly higher pigeonpea productivity and profitability was achieved with organic nutrient

source + BI over their sole application.
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Pigeonpea [Cajanus cajan (L.) Millsp.] is cultivated
over 3.88 m ha area with the production of 4.32 mt making
India a world leader with a share of 74% and 63% in
terms of area and production, respectively (Choudhary
et al. 2015). India has made spectacular breakthrough
in production and consumption of fertilizers during last
four decades. However, the imbalanced and continuous
use of chemical fertilizers in intensive cropping system
has led to reduction in the crop yields and resulted in
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imbalance of nutrients in soil which has adverse effect
on soil physico-chemical properties (Rahi and Choudhary
2014, Pawar et al. 2015). Use of organics build up the
soil humus improving the soil physical and biological
properties (Paul et al. 2016). Therefore, organic nutrient
management systems are needed to maintain agricultural
productivity and protect the environment. Sole fertilizer
use cause leaching and runoff of nutrients, especially
nitrogen (N) and phosphorus (P), leading to environmental
degradation (Dass et al. 2014). Bio-inoculants are
important components of integrated nutrients management
which can reduce the ill effects of sole application of
chemical fertilizers. These potential bio-inoculants would
play key role in productivity and sustainability of soil
and also protect the environment as eco-friendly and
cost-effective inputs for the farmers (Pawar et al. 2015).
But use of organics alone does not result in spectacular
increase in crop yields due to their low nutrient content
and also availability during initial 3 years (Sharma et
al. 2010). The organic manure and biofertilizers on the
otherside provide a good substrate for crop growth and
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favourable nutrient supply environment to the crops
(Choudhary et al. 2010). Balanced and efficient fertilizer
application, combining inorganic fertilizers, organics and
biofertilizers are essential in realizing the higher yield and
reducing cost of crop production (Dass ef al. 2014). Since,
organic manures are the storechouse of all essential nutrients
besides providing substrate for other bio-inoculants
(Choudhary and Suri 2018). Thus, the basic concept of
integrated nutrient management is to supply the required
essential plant nutrients for sustaining the desired crop
productivity with minimum deleterious effect on soil health
environment (Suri and Choudhary 2013). Moreover, there
is a dire need to enhance the pulse production to ensure
the food and nutritional security vis-a-vis agricultural
sustainability in the country by employing advanced
production technologies (Choudhary 2013, Choudhary and
Suri 2014). Thus, present investigation dealt with the effect
of judicious use of inorganic and organic nutrient inputs
on crop productivity and profitability of pigeonpea crop.

MATERIALS AND METHODS

The field experiment was conducted during kharif
seasons of 2016 and 2017 at the research farm of ICAR-
IARI, New Delhi [28.40°N latitude; 77.12°E longitude;
229 m altitude]. Crop experienced the mean maximum
temperature 34.3 and 33.5°C, mean minimum temperature
22.8 and 22.1°C, total rainfall 665.8 and 707.4 mm during
2016 and 2017 respectively. The soil of experimental site
was sandy clay loam in texture, low in organic carbon
(0.40%) and KMnO, oxidizable N (164.5 kg/ha), medium
in 0.5 N NaHCO; extractable P (14.5 kg/ha), high in 1.0 N
NH,OAC extractable K (292.5 kg/ha) and slightly alkaline
in reaction (pH 7.8). Nine nutrient management treatments,
viz. Control, recommended dose of fertilizers (RDF) (30: 60:
40 NPK), RDF + Bio-inoculant (BI), Vermicompost (VC)
(5 t/ha), FYM (5 t/ha), Leaf compost (LC) (5 t/ha), VC +
BI, FYM+ BI and LC+ BI were compared in randomized
block design and replicated thrice. At the time of field
preparation, the recommended dose of fertilizers (30:60:40
kg N, P,O4 and K,O/ha), FYM (5 t/ha), VC (5 t/ha), LC
(5§ t/ha), Biofertilizers (2.5 packet each of Rhizobium and
PSB and one bottle of K solubilizers) were assigned as
per treatment. NPK were supplied basally through urea,
diammonium phosphate and muriate of potash, respectively.
Pigeonpea seeds were treated with Rhizobium, PSB @ 25
g/kg seed and K solubilizing microbes @ one liquid bottle
of 5 ml/kg seed. For weed management, pendimethalin 30
EC @ 0.9 kg/ha as pre-emergence was applied and one
hand weeding was carried out at 45 DAS. The crop was
sprayed with dimethoate 30 EC (Rogor) @ 250 ml a.i./ha
(0.025%) and monocrotophos @ 300 ml a.i./ha (0.03%)
to control insect-pests. Zineb (0.2%) was applied to
control certain fungal diseases like leaf spot. Crop was
harvested, dried and threshed and the observations were
recorded using standard procedures (Rana et al. 2014). The
data were analyzed statistically following standard procedure
(Rana et al. 2014).
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RESULTS AND DISCUSSION

Yield attributes

Bio-inoculant mediated nutrient management
significantly affected the pods/plant among the yield
attributes, whereas the grains/pod and test weight were
non-significantly affected due to different treatments
during both the years of experiment (Table 1). Application
of FYM along with biofertilizers has resulted in highest
number of pods/plant of pigeonpea which was at par with
the application of vermicompost (VC) + BI during both the
years of experiment. Effect of BI with RDF as well as with
organic sources on pods/plant was found significant over
sole application of RDF and organic sources. Among organic
sources of nutrients, FYM followed by VC and leaf compost
(LC) under both, inoculated as well as un-inoculated have
resulted in higher pods/plant. The enhancement in yield
attributing characters might be due to improved microbial
activity in the rhizosphere with the application of organic
manure and biofertilizer in conjunction which resulted in
balanced nutrient supply, good microbial activity, optimum
moisture availability, anti-pathogenic activity resulting
in better growth, yield attributes and yield (Reddy et
al. 2011). Rhizobium helps in faster root nodulation and
facilitates nitrogen fixation in the roots of the plant while
phosphate solubilizing bacteria solubilize applied and native
unavailable-P into available forms for improvement in
growth and yield (Suri and Choudhary 2013). Pandey et al.
(2015) also reported that seed inoculation with biofertilizers
was superior to un-inoculated treatments with respect to
yield-contributing characters. Inoculation of pigeonpea
crop with biofertilizers and FYM significantly affected
the yield attributes such as pods/plant, seeds/pod and test
weight compared to sole FYM and RDF treatments (Sharma
et al. 2012).

Yield
Influence of different BI mediated nutrient management
treatments on seed, stover and biological yields was

Table 1 Effect of bio-inoculant mediated nutrient management

on yield attributes of pigeonpea

Treatment Pods/plant Grains/pod Test weight (g)
2016 2017 2016 2017 2016 2017
Control 51 49 26 26 692 703
RDF (30:60: 40NPK) 82 86 3.6 35 718 72.1
RDF + BI 95 102 38 34 720 725
Vermicompost (5t/ha) 96 105 3.4 3.6 73.0 72.7
FYM (5 t/ha) 79 83 34 34 698 712

Leaf compost (5 t/ha) 65 66 33 34 68.8 69.4
Vermicompost + Bl 109 121 3.7 3.6 728 74.1

FYM + BI 112 124 35 38 73.6 756
Leaf compost + BI 81 8 37 35 709 71.3
SEm+ 4 5 04 02 12 1.3
CD (P=0.05) 12 15 NS NS NS NS
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Table 2  Effect of bio-inoculant mediated nutrient management on seed, stover and biological yield of pigeonpea

Treatment Seed yield Stover yield Biological yield Harvest index
(t/ha) (t/ha) (t/ha) (%)
2016 2017 2016 2017 2016 2017 2016 2017
Control 0.84 0.83 3.34 3.70 4.18 4.53 20.1 18.5
RDF (30: 60: 40 NPK) 1.23 1.32 5.09 5.60 6.32 6.92 19.5 19.1
RDF + BI 1.40 1.45 5.57 5.70 6.97 7.15 20.1 20.3
Vermicompost (5 t/ha) 1.42 1.47 5.63 6.11 7.04 7.58 20.1 19.4
FYM (5 t/ha) 1.19 1.24 4.40 5.07 5.59 6.31 21.3 19.6
Leaf compost (5 t/ha) 1.02 1.00 4.43 433 5.45 5.33 18.7 18.8
Vermicompost + BI 1.59 1.68 6.13 6.30 7.71 7.98 20.5 21.1
FYM + BI 1.60 1.71 6.33 6.51 7.93 8.22 20.2 20.8
Leaf compost + BI 1.20 1.28 4.67 5.21 5.87 6.50 20.4 19.8
SEm+ 0.05 0.06 0.15 0.17 0.17 0.20 0.7 0.7
CD (P=0.05) 0.16 0.19 0.44 0.51 0.52 0.59 NS NS

significant while, on harvest index, it was non-significant
during both the years (Table 2). FYM along with BI has
produced highest seed, stover and biological yield of
pigeonpea which was at par with yields under VC + BI.
Effect of BI with organic sources on seed, stover and
biological yields was found significant over sole application
of organic sources of nutrients. However, BI effect on
seed, stover and biological yields at RDF was significant
during first year while, non-significant during second year
of experiment. Among the BI organic treatments, FYM+BI
followed by VC+BI and LC+BI application have resulted
in higher seed, stover and biological yields of pigeonpea.
However, among the sole organic sources of nutrients, VC
followed by FYM and leaf compost has resulted in higher
seed, stover and biological yields of pigeonpea. The increase
in grain yield under inoculated treatments over un-inoculated
may be attributed to vigorous root development, better N
fixation and better development of plant growth leading to
better development of yield attributes and finally higher
grain yield. Paul ef al. (2016) reported also an increase in
pigeonpea yield by application of FYM and bio-inoculants as

compared to un-inoculated treatments. Similarly, Sharma et
al. (2012) and Rathod et al. (2015) revealed that combined
inoculation of Rhizobium + PSB + plant growth promoting
rhizobacteria and FYM out-performed in terms of yield
attributes and seed yield over both control and sole FYM.

Use of VC, FYM and LC in absence of bio-inoculants
could produce only 1.42, 1.19, and 1.02 t/ha (first year) and
1.47,1.24 and 1.0 t/ha (second year) seed yield, respectively,
indicating that organics applied alone might not fully
support high productivity levels. However, when the bio-
inoculants were applied in conjunction with VC, FYM and
LC, the respective seed yield was improved and attained the
beneficial productivity level. The rate of increase in seed
yield under inoculated VC, FYM and LC treatment over the
un-inoculated VC, FYM and LC treatment was 11.9, 34.2
and 17.6% (first year) and 14.2, 37.9 and 28.0% (second
year), respectively. Highest pigeonpea yield was registered
under FYM+BI because of annual carbon and nutrient inputs
were relatively higher in treatments involving FYM which
resulted in good fruiting ability that results higher pods/
plant and ultimately higher yield.

Table 3  Effect of bio-inoculant mediated nutrient management on economics of pigeonpea

Treatment Cost of cultivation (X 103 %/ha) Gross returns (x 10J %/ha) Net returns (x 10J I/ha) B:C
2016 2017 2016 2017 2016 2017 2016 2017
Control 25.5 26.3 48.9 52.8 234 26.6 1.92 2.01
RDF (30: 60: 40 NPK) 29.9 31.0 72.5 83.2 42.6 52.1 2.42 2.68
RDF + BI 30.1 31.2 81.9 90.6 51.8 59.4 2.72 2.90
Vermicompost (5 t/ha) 50.5 51.3 82.8 92.4 323 41.1 1.64 1.80
FYM (5 t/ha) 35.5 36.3 68.7 77.6 333 41.3 1.94 2.14
Leaf compost (5 t/ha) 455 46.3 60.4 63.2 14.9 16.9 1.33 1.37
Vermicompost + BI 50.7 51.4 92.1 104.3 414 529 1.82 2.03
FYM + BI 35.7 36.4 93.5 106.3 57.8 69.8 2.62 2.92
Leaf compost + BI 457 46.4 69.8 80.4 24.1 33.9 1.53 1.73
SEm+ 2.8 3.5 2.8 3.5 0.08 0.10
CD (P=0.05) 8.5 10.6 8.5 10.6 0.23 0.30
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Economics

Economic parameters, viz. gross returns, net returns and
B: C were affected significantly due to different treatmenpts.
Highest cost of cultivation (¥ 50.7x10 and 51.4x10 /ha
during 2016 and 2017, respectively) incurred under VC
+ BI treatment which might be due to relatively higher
cost of VC. FYM + BI treatment resulted in higher gross
returns, get returns and,B: C (X 93.5x10 , and 106.3x10 ;
57.8x10 and 69.8x10 ; 2.62 and 2.92 during 2016 and
2017, respectively). Effect of bio-inoculants with organic
sources on gross returns, net returns and B: C was found
significant over sole application. However, bio-inoculation
effect on seed yield at RDF was significant during first year
while, non-significant during second year of experiment as
compared to sole RDF. Highest gross returns, net returns
and B: C under FYM + BI treatment might be due to higher
seed yield of pigeonpea coupled with relatively lower cost
of FYM. BI treatments have out-performed over the un-
inoculated treatments w.r.t. profitability which might be
due to much lesser cost incurred for bio-inoculant culture
application. These findings are in accordance with the result
of Chaudhari et al. (2017).

Conclusion

Combined effect of bio-inoculation with organic sources
of nutrients was significantly higher while, inoculation
with RDF was non-significant as compared to sole organic
sources of nutrients as well as RDF. Bio-inoculant mediated
nutrient management significantly increased the pods/plant.
Application of FYM with bio-inoculant produced highest
pods/plant, grains/pod and test weight seed, stover and
biological yield; gave higher gross returns, net returns and
B: C ratio.
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