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A field experiment was conducted on sesame during summer season of 2015 in
red and lateritic soils of West Bengal at the Agricultural Farm of Palli Siksha
Bhavana (Institute of Agriculture), Visva-Bharati, Sriniketan to study the effect of
combined application of macro- and micronutrient fertilizers and biofertilizers on
yield, growth attributes and microbial population of Sesame. The experiment was
laid out in randomized block design. Highest grain yield (7.9 g ha), stover yield
(245 q ha™), biological yield (32.4 g ha®) and oil yield of sesame was
registered where higher doses of sulphur along with other inorganic fertilizers
(Nyg Pyo Kyp S45 Zny, Mo, , + FYM) were applied. Plant height (cm), branch no.
per plant, pods per plant is found highest in combined application of inorganic
and organic fertilizers (N4o P4o Kao ZN195 MO; By g S3p + Azospirillum + FYM).
Higher population of Azospirillum was registered in post- harvest soil treated
with Azospirillum along with sulphur, micro and macronutrients treated plots.

Introduction

The demand for vegetable oil in India is
increasing steeply owing to increase in
population, improvement in standard of
living, increasing industrial requirement
besides the current global pressure on bio-
fuels. The post green revolution scenario of
Indian  agriculture  encompasses many
problems such as stagnation or even decline
in production and productivity growth rates of
major crops, deterioration of soil fertility,
decline in factor productivity, low diversity of
production systems and increasing cost of
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production. These constraints have cropped-
up partially as a result of continuous cropping
without proper nutrient management and
indiscriminate use of agrochemicals on soil
and crops. Indiscriminate use of high analysis
chemical fertilizers resulted in the deficiency
of nutrients other than the applied and
disturbs the natural equilibrium of nutrient
elements in soils (Singh et al., 1995). The
problems of micronutrients also generally
crops up with the use of high analysis
chemical fertilizers having one or two nutrient


http://dx.doi.org/10.20546/ijcmas.2016.501.055

Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 462-468

elements (Takkar et al., 1989). The decline in
productivity of intensive cropping systems
over the years was associated with
deficiencies of secondary and micronutrients
(Swarup  and  Ganeshamurthy,  1998).
Sustainability of crop production is not a
viable proposition either through use of
organic manures or chemical fertilizers alone
(Singh et al, 2009). Use of chemical
fertilizers alone increase the crop yields in the
initial  year  adversely  affected the
sustainability at later stage. Furthermore, the
chemical fertilizers are in short supply,
derived from non-renewable sources of
energy and are costly. Under these
constraints, bioinoculants are the route to
alternative strategy and many workers
reported the beneficial effects of integrating
biofertilizers on crop growth, yield and
maintenance of soil fertility (Pattanayak et al.,
2001). Azospirillum, an associative diazotroph
have been identified as potential microbial
inoculants for increasing the productivity of
various non-legume crops. Biofertilizer helps
in nitrogen fixation, synthesize and secrete
many amino acids which influence seed
germination, plant growth and yield (Sardana,
1997). FYM is a key fertilizer in organic and
sustainable soil management. It contains
many of the elements that are needed for plant
growth and development. Higher seed yield of
sesame can be obtained by integrated use of
fertilizer along with FYM and Azospirillum
(Purushottam, 2005 and Jaishankar and
Wahab, 2005).

Oilseed crops play the second important role
in the Indian agricultural economy next to
food grains in terms of area and production.
The Indian climate is suitable for the
cultivation of oilseed crops; therefore, large
varieties of oilseeds are -cultivated here.
Among the oilseed crops, sesame (Sesamum
indicum L.) is well known and is one of the
oldest crops in the world (Were et al., 2006).
It is one of the important oilseed crops in
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West Bengal and mainly grown in marginal
land with  minimum care. The area,
production and productivity of sesame are
higher in summer season than those of post-
kharif and kharif seasons (Anonymous, 2006).
Lower productivity of sesame is due to use of
sub-optimal rate of fertilizer, poor
management and cultivation of sesame in
marginal and sub-marginal lands where
deficiency of macronutrients such as nitrogen,
phosphorus, potassium and micronutrient is
predominant. Sulphur plays an important role
in the primary and secondary plant
metabolism as a component of proteins,
glucosinolates and other compounds that
related to several parameters determining the
nutritive quality of crops (Ceccotti, 1996).
The response of oilseeds to sulphur is
increasing due to increasing of cropping
intensity (Chattopaddhyay et al., 2012). It is
required for the synthesis of proteins,
vitamins and chlorophyll and also S
containing amino acids such as cystine,
cysteine and methionine which are essential
components of proteins (Tisdale et al., 1999).
S-application significantly increased the
uptake of N in straw and grain (Badruddin,
1999) thereby increased grain yield.

Materials and Methods

A field experiment was conducted on sesame
during summer season of 2015 in red and
lateritic soils of West Bengal at the
Agricultural Farm of Palli Siksha Bhavana
(Institute of Agriculture), Visva-Bharati,
Sriniketan. The experimental farm was
situated at 23°39" N latitude and 87°42" E
longitude with an average altitude of 58.9 m
above the mean sea level under sub humid
semi-arid region of West Bengal. The soil
was acidic (pH 4.35), low in organic carbon
(0.32%), available nitrogen (160 kg ha™),
available phosphorus (15.92kg ha), available
potassium (72 kg ha™) and available sulphur
(11.23 kg ha). The experiment was laid out



Int.J.Curr.Microbiol.App.Sci (2017) 6(7): 462-468

in randomized block design with 15
treatments. As  per the treatments
specification, fertilizers were applied in the
form of urea, Diammonium phosphate (DAP),
Murate of potash (MOP) for the source of
nitrogen,  phosphorus and  potassium
respectively. Magnesium sulphate (26.63% S)
was used for the source of sulphur. In the
cases of micronutrients Boric acid (17% B),
Zinc Sulphate Heptahydrate (21% Zn),
Ammonium molybdate (54% Mo) are used
for the source of boron, zinc and
molybdenum. The sesame seed was
inoculated properly with the culture of
Azospirillum. All the plots are treated with
FYM (5tonnes per ha) except T; whereas T
was treated as control plot where RDF (80:
40: 40kg: N: P,Os: K,O ha') was added.
Grain yield, stover yield, biological yield, oil
yield along with microbial population was
calculated. Oil extraction was done by
Soxhlet’s extraction method. The soil samples
were analyzed following standard procedures.
The data collected from the experiment at
different growth stages was subjected to
statistical analysis as described by Gomez and
Gomez (1984).

Results and Discussion
Growth attributes of sesame

The growth attributes measured in term of
plant height, branch no. per plant and pods
per plant are presented in table 1. Combined
applications of micro- and macro nutrients
along with sulphur and biofertilizers have
shown significant improvement in all growth
parameters than control in sesame. As regards
to plant height, branch number per plant and
pods per plant maximum value was obtained
in Tis (NaoPaoKao Znyos Moy
B1.0S30+Azospirillum). There is no significant
difference between branch numbers per plant
between  treatments. These treatments
recorded a significant higher plant height and
pods per plant as compared to control
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treatment i.e. T; (RDF) where the plant height
was minimum. This might be due to more
synthesis of amino acids, increase in
chlorophyll content in growing region and
improving the photosynthetic  activity,
ultimately enhancing cell division and thereby
increased the crop growth rate. This was
evinced through the studies of Dubey and
Khan (1993). The results clearly indicate that
integrated use of chemical fertilizer, organic
manure and biofertilizer was better than
application of chemical and organic or
biofertilizer or chemical sources of nutrient
alone. This may be due to supply of nutrients
from diversified sources and prolonged
availability of nutrients to the growing plants.
The beneficial role of free living nitrogen
fixing microorganisms for enhancing plant
growth through their ability in nitrogen
fixation as well as the effect of their
metabolites secretion on the crop may also be
attributed for the same. Using organic manure
to supplement chemical fertilizer with respect
to N might have resulted in good supply of
potassium also. These results are in agreement
with  Jaishankar and Wahab  (2005),
Imayavaramban et al., (2002) and Verma et
al.,, (2012).

Yield components of sesame

Sesame seed yield was affected significantly
by integrated application of fertilizer in
different treatments over control (Table 2).
Combined application of inorganic nutrients
along with micronutrients and sulphur has a
great role to increase the seed yield of sesame
as compared to only inorganically treated
nutrients. The seed yield varied between 4.85
to 7.92q ha™. The highest grain yield (7.92q
ha™) was observed in Tis
(N40P40K40845zn21|\/|02_o) followed by T15
which were treated by both micronutrients
(Zn, B and Mo) and sulphur along with
macronutrients (NPK) and lowest seed yield
(4.85 q ha®) was recorded in control. It is
interesting to note that Azospirillum treated
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plots recorded higher yield than only NPK
and NPK with micronutrients. Integrated
nutrient management is reported to be the best
option to increase the yield of the crops and
maintaining soil health. The results clearly
indicate that integrated use of organic and
inorganic fertilizers in various combinations
or alone performed better with regards to seed
yield, stover yield, and biological yield of
sesame. It is interesting to note that
application of either B, or Mo or Zn along
with NPK boosted the yield of sesame
significantly.

Like seed yield, stover yield was significantly
increased by different treatments under study.
In case of stover yield the ranges varied
between 15.93 to 24.50q ha™. Like grain yield
the highest yield was also found in Ti3 i.e.
24.50 gha™ followed by Tis i.e. 23.27 q ha™.
Lowest stover yield was found in control
i.e.15.93 g ha’. It was also found that
Azospirillum and FYM treated plots recorded
higher yield than only NPK and NPK with

micronutrients treated plots. Here also
combined application of macro and
micronutrients along with sulphur has a great
role to increase the stover yield of sesame.

Depending upon stover yield and seed yield
the biological yield was summed up. The
biological yield was found highest in Ty3 i.e.
32.42q ha™ followed by Tis i.e. 31.05 q ha™
and lowest value was observed in control i.e.
20.79 q ha’. Harvest index was also
calculated depending upon the seed yield and
biological yield. The ranges of harvest index
were observed in case of sesame from 23.34-
28.82%. The highest harvest index was found
in T3 and lowest value was observed in Ts.
Improvement of yield is due to combined
application of macro and micronutrients along
with sulphur. In case of T3 integrated use of
fertilizer was done by combined application
of macro and micronutrients along with
higher doses of sulphur helps to get higher
yield in sesame.

Table.1 Effect of INM in growth attributes of sesame

Treatment Details Plant ht Branch Pods per

(cm) no.per plant Plant
T1- Control(RDF) 82.33 4.33 44.33
T2- NgoPaoKao+ FYM 88.33 5.00 52.00
T3- NaoPaoKeo+ FYM 84.67 4.67 55.33
T4- NgoP4oKgo+ FYM 91.67 5.00 59.00
Ts- NagP4oKao MO]_kg"' FYM 92.67 6.00 59.33
Te- NagP4oKso Bogs+ FYM 97.33 5.67 58.67
T7- NgoP4oKao Zns+ FYM 100.67 5.00 60.67
Tg- NaoPaoKao Zn1gs+ FYM 111.00 6.00 61.33
Tg- NyoPaoKao ZNo1+ FYM 114.00 6.00 64.33
T10- NayoP4oKao + Azospirillum+ FYM 122.33 6.33 66.33
T11- NaoPaoKago S15 + FYM 126.67 6.45 66.67
T12- NagP4gKag Sz Zn1ps5 M0O1 g + FYM 128.00 6.47 69.67
T13- NaoP4gKag Sas Znp1 M0+ FYM 129.67 6.49 76.67
T14- NaoP4oKao ZN105 M01Bos S0+ FYM 138.33 6.52 77.67
T15-N40P40K4OZn10_5M0181,0830+AzospiriIIum+ FYM 143.67 6.97 80.00
SEm(+) 3.40 0.46 2.22
CD(P=0.05) 10.49 1.43 6.86
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Table.2 Effect of INM on yield components of sesame

Treatment Details Seed Yield Stover Biological | Oil Yield
Yield Yield (kgha™)
(Qha™)

T1- Control(RDF) 4.85 15.93 20.79 2.0
T2- NgoP4oKgo+ FYM 5.26 16.60 21.86 2.5
T3- NgoP4oKeo+ FYM 5.24 17.23 22.47 2.5
T4- NgoP4oKgo+ FYM 5.86 17.10 22.96 2.8
Ts- NgP1oKgo MOg+ FYM 5.97 17.20 23.17 2.9
Tg- NyoP40Ka0 B0gs+ FYM 6.25 17.47 23.72 3.2
T7- NgoP4oKgo Zns+ FYM 6.34 18.00 24.34 3.4
Tg- NaoP4oKso ZN1gs5+ FYM 6.37 18.80 25.17 3.3
To- NgoP4oKgo Znp1+ FYM 6.53 19.50 26.03 3.5
T10-NaoP4oKaot+Azospirillum+ FYM 6.84 21.57 28.40 3.7
T11- NaoP1oKsg S15 + FYM 6.93 22.37 29.30 3.8
T12-N4oP4gK40S30ZNn105M01 o + FYM 7.17 22.83 30.01 4.0
T13-N2oP4oKag Sas ZNoy M2+ FYM 7.92 24.50 32.42 45
T14-NaoP40K40ZN105M01Bg 5S30+ FYM 7.55 23.07 30.61 4.2
T15-NaoP10K40ZN105M01B1 0S30+

Azospirillum+ FYM 7.1 23.21 3105 44
SEm(z) 0.064 0.227 0.243 0.081
CD(P=0.05) 0.199 0.702 0.749 0.251

Table.3 Effect of INM on microbial population
Treatment Details Azospirillum

(No.x 10° cfu g)

T1- Control(RDF) 2.44
To- NagPagKag+ FYM 2.85
T3- NygPaoKeo+ FYM 2.84
T4~ NagPaoKgot+ FYM 2.94
Ts- NagPaoKag MOlkg+ FYM 3.01
Te- NagP4oKso Bogs+ FYM 3.01
T7- NagPaoKag Zns+ FYM 2.85
Tg- NagP4oKao ZN1gs+ FYM 3.36
To- NagPaoKag ZNo1+ FYM 3.22
T10- NagPaoKao + Azospirillum+ FYM 7.48
T11- NagPaoKag S15 + FYM 3.25
T12- NagP4gKag Sz Zn1p5 M0O1g + FYM 3.77
T13- NagP4gKag Sas Znyy M0 g+ FYM 2.93
T14- NagPaoKag Zn1g5s M01Bgs Sz0+ FYM 3.00
T15-N40P40K4OZn10,5M0181,0830+AzospiriIIum+ FYM 9.36
SEmM(x) 0.221
CD(P=0.05) 0.681
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The value oil yield varied from 2.0 q ha™ to
4.5q ha™. The minimum value was recorded
in control plot. The highest oil yield was
observed in T13 i.e. 4.5 q ha™ followed by
T15 i.e. 44 q ha'. The highest value was
observed due to application of high doses of
sulphur i.e. @45kg ha™. Increased oil content
and oil yield due to application of nitrogen
and sulphur was also reported by Das and Das
(1996). The acetic thiolinase, a sulphur based
enzyme in the presence of S convert acetyl
Co-A to melonyl Co-A, rapidly resulting in
higher oil content in seed crops
(Krishnamurthy and Mathan, 1996).

Microbial population

Analysis of the data of microbial population
in soil after harvesting of sesame is presented
in table 3. The microbial population mainly
includes the Azospirillum population. The
effect of INM treatments on population of
Azospirillum in soil after harvest of sesame is
presented in table 3.

Application of Azospirillum along with NPK
did not show any significant difference in
case of growth and yield attributes in sesame
but application of Azospirillum along with
FYM, sulphur, micro and macronutrients i.e.
T1s recorded significant difference in case of
growth parameters, yield attributes and uptake
of nutrients.

In case of seed, stover, biological yield and
oil yield T15 gave comparatively higher yield
than all other treatments except T13 which was
treated by high dose of sulphur i.e. @45kgha™.
In case of oil content T;5 gave the highest
yield. The highest population of Azospirillum
was observed in T;s followed by Ty, and
lowest population was observed in control.

In conclusion, Integrated Nutrient
Management is one of the important issues for
sustainable crop production. The result of the
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study revealed that integrated application of
NPK with sulphur, boron, molybdenum, zinc
along with biofertilizer recorded higher
growth attributes, grain yield, total biological
yield, oil yield and microbial population.
Combined application of sulphur, boron,
molybdenum, zinc increase the use efficiency
of nitrogen, phosphorus and potassium.

Integrated nutrient applications are more
beneficial when the rate of the nutrient
application is below the normal rate. It also
improved the crop yields, quality of the
produce as well as improves the soil fertility,
thus the overall profit of the farmers. Thus, it
may be recommended for the farmers of red
and lateritic belt of West Bengal.
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