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Effect of integrated nutrient management on green forage, dry matter and
crude protein yield of oat in oat-Lathyrus intercropping system
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ABSTRACT

A field experiment was carried out at Central Research Farm, Gayeshpur, Bidhan Chandra KrishiViswavidyalaya, Nadia, West
Bengal during Rabi season of 2015-16 and 2016-17 to find out the effect of integrated nutrient management on green forage,
dry matter and crude protein yield of oat under various oat-lathyrus intercropping system. The experiment was laid out in split
plot design with three (3) replications comprising 3 levels of cropping system (CS1- sole oat, CS2- intercropping of oat with
lathyrus in 3:2 row ratio and CS3- intercropping of oat with lathyrus in 3:3 row ratio) in the main plot and 4 levels of nutrient
management (N1 - Full RDF through inorganic source, N2 - 75% N through urea + rest N through FYM, N3 -  75% N through
urea + rest N through vermicompost and N4 -75% N through urea + rest N through mustard oilcake) in the sub plot. Pooled
results explored that maximum green forage yield (118.04 q ha-1), dry matter yield (24.69 q ha-1) and crude protein yield (2.67
q ha-1) of oat was obtained when 75% N through urea + rest N through vermicompost was applied. Oat performed best under
3:3 intercropping system due to the benefit of biological nitrogen fixation showing maximum green forage yield (116.09 q ha-1),
dry matter yield (25.24 q ha-1) and crude protein yield (2.70 q ha-1). Fodder yield of oat and its quality were found highest in
combination of 3:3 intercropping system with 75% N through urea + rest N through vermicompost and thus can be recommended.
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India is blessed with an enormous livestock
population and ranks first among all the livestock holding
countries with 15% of global livestock population
accounting about 512 million (Verma et al., 2016).
Livestock productivity, being the backbone of our
country, provides energy for agricultural operation,
animal protein for the rural communities and generates
employment opportunity for them (Raj and
Vyakaranahal, 2014). This sector alone or with
agriculture can boost up rural economy of the country.
However, as compared to our livestock resource, its
productivity is very low due to limited fodder production
and its supply to meet the demand of our total livestock
population. Presently, availability of green fodder is
about 400 million tonnes with a deficit of 63.50 per cent
and dry fodder supply is around 466 million tonnes as
against the demand of 609 million tonnes (Verma et al.,
2016). As our population is ever increasing, arable land
is mostly devoted for food crops and also due to less
attention paid to this sector, production of sufficient
quantity of nutritious fodder is limited (Raj and
Vyakaranahal, 2014). Another reason for low fodder
production is poor fertility status of soil (Iqbal et al.,
2009) which is due the consequence of continuous use
of inorganic sources of nutrient. Integration of inorganic
nutrient sources with organic sources can be the solution

here as organic sources like farm yard manure (FYM),
poultry manure (PM), green manure and compost etc.
are environmentally safe and balanced form of nutrients
to improvethe soil health (Chang et al., 1991; Brady,
1996; Chung et al., 2000; Keupper and Gegner, 2004).

Oat (Avena sativa L.) is an important winter growing,
high yielding fodder crop, better suited to a variety of
soil types, altitude, rainfall and waterlogged conditions
compared to most of other cereals (Alemayehu, 1997)
and requires bulk of fertilizers N for quality forage
production (Singh and Dubey, 2007). Fodder yield of
oat in terms of green forage and dry matter as well as
the quality is a function of plant height, tiller number,
and vegetative growth which are markedly influenced
by nutrient application specially nitrogen (Vyas et al.,
1988). Intercropping with leguminous crop is always a
good option to enhance productivity of cereal crop and
also to cure poor soil health. Lathyrus (Lathyrus sativus
L.) is one such leguminous crop which can fix biological
nitrogen in their roots through symbiotic relationship
with Rhizobium leguminosaram Frank. and thus, helps
intercrop as well as succeeding crops to grow through
replenishment of N depletion in the soil. Keeping all
these facts in mind and for further confirmation, the
following research was conducted to evaluate the impact
of leguminous crop and integrated nutrient management
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on green forage, dry matter and quality of oat fodder
under different oat based cropping system.

MATERIALS AND METHODS
The field experiment was laid out at Central Research

Farm, Gayeshpur, Bidhan Chandra Krishi
Viswavidyalaya, Nadia, West Bengal (23°N latitude,
89°E longitude and 9.75 m above mean sea level and
medium land in topography) during last week of
November of 2015-16 and 2016-17in a split plot design
with three replications comprising 3 levels of cropping
system (CS1- Sole oat, CS2 - Intercropping of oat with
lathyrus in 3:2 row ratio andCS3- Intercropping of oat
with lathyrus in 3:3 row ratio) in the main plot and 4
levels of nutrient management (N1 - Full RDF through
inorganic source, N2 - 75% N through urea + rest N
through FYM, N3 -  75% N through urea + rest N through
vermicompost and N4 -75% N through urea + rest N
through mustard oilcake) in the sub plot. Recommended
doses of fertilizers (RDF) were 80 kg N, 60 kg P2O5 and
40 kg K2O ha-1. The recommended doses of phosphorus
and potassium remained same in all four nutrient
management options. The soil was sandy loam in texture,
neutral in reaction (pH 6.75), low in available N (196.5
kg ha-1), high in available P (47.2 kg ha-1), medium in
available K (198.4 kg ha-1) and organic carbon
(0.51%).The variety used in the experiment was ‘OS-6’
for oat @ 100 kg ha-1, 70 kg ha-1, 57 kg ha-1for 3 main
plot treatments, respectively and ‘Ratan’ (Bio L 212)
for lathyrus @15kg ha-1and 20 kg ha-1in 3:2 and 3:3
intercropping systems, respectively. Plot size was
4 ×3 m. Observations included green forage yield (GFY),
dry matter yield (DMY) and crude protein yield (CPY)
obtained by cutting oat at 60 days after sowing (DAS).
The data collected from the field and also estimated after
laboratory work were analysed through the analysis of
variance method (Goulden, 1952 and Cochran and Cox,
1959) and treatment mean comparison was made
according to least significant difference (LSD) at 5%
level of significance.

RESULTS AND DISCUSSION
Effect of intercropping systems and INM on green
forage yield (GFY) of oat

Pooled results of the experiment revealed that at 60
DAS green forage yield differed significantly with
cropping systems. Highest green forage yield (GFY)
(116.09 q ha-1) was obtained from intercropping system
of oat and lathyrus at 3:3 row ratios (CS3) followed by
3:2 intercropping system of oat and lathyrus (CS2)
andsole oat (CS1) (Table 1). This might be due to
advantages of biological nitrogen fixation by legume
crop (lathyrus) on cereal crop (oat).In intercropping

system of oat and lathyrus at 3:3 row ratios (CS3), oat
got additional benefit of more biological nitrogen
fixation by lathyrus as compared to sole oat (CS1) where
no biological nitrogen fixation occurred and 3:2
intercropping system (CS2) where biological nitrogen
fixation was comparatively less. The result was in
agreement with the research outcomes of Tuna and Orak
(2007) and Kokten and Tansi (1999).

On the other hand, at 60 DAS green forage yield
also differed significantly with different levels of nutrient
management. Highest green forage yield (118.04 q ha-1)
was obtained from 75% N through urea + rest N through
vermicompost (N3) followed by 75% N through urea +
rest N through mustard oilcake (N4), 75% N through
urea + rest N through FYM (N2) and full RDF through
inorganic source (N1) (Table 1). This might be because
of integration of organic manure in the form of
vermicompost with inorganic fertilizer which gave quick
responses over other organic nutrient sources. Since
vermicompost is an excellent base for establishment of
beneficial free living and symbiotic microbes and
improves nutrient availability specially nitrogen, green
forage yield of oat was superior when vermicompost was
applied in conjunction with inorganic fertilizers. Almost
similar result was noticed by Godara et al. (2012) where
they reported that instead of using organic or inorganic
nutrient source alone, combined use of both specially
using vermicompost better improved green forage yield
of oat variety ‘Kent’.

Effect of intercropping systems and INM on dry matter
yield (DMY) of oat

Experimental results (pooled of 2 years) showed that
dry matter yield (DMY) at 60 DAS differed significantly
with cropping systems. Highest dry matter yield (25.24
q ha-1) was obtained from intercropping system of oat
and lathyrus at 3:3 row ratios (CS3) followed by 3:2
intercropping system of oat and lathyrus (CS2) and sole
oat (CS1) (Table 1). More biological nitrogen fixation
from more lathyrus plant population in 3: 3 intercropping
system (CS3) might be the reason behind this superior
result as compared to 3:2 intercropping system (CS2)
where too biological nitrogen fixation occurred but at
lower extent due to less plant population of lathyrus.
Lowest dry matter yield was obtained from sole oat (CS1)
as there was no advantage of biological nitrogen fixation
due to absence of legume crop lathyrus. Rahetlah et al.
(2010) also found similar type of result in oat-vetch
intercropping system.

Different levels of nutrient management also
significantly influenced dry matter yield of oat. Pooled
results stated that highest dry matter yield (24.69 q ha-1)
was recorded from75% N through urea + rest N through
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Table 1: Effect of oat-lathyrus intercropping systems and integrated nutrient management on green forage
yield (GFY), dry matter yield (DMY) and crude protein yield (CPY) of oat (Pooled)

Treatment Green forage yield Dry matter yield Crude protein yield
(q ha-1)  (q ha-1)  ( q ha-1)

Levels of cropping system (CS)
CS1 104.6 20.9 2.07
CS2 107.4 22.4 2.24
CS3 116.1 25.2 2.70

SEm (±) 0.22 0.3 0.02
LSD (0.05) 0.88 1.15 0.07

Levels of nutrient management (N)
N1 102.8 21.5 2.08
N2 107.4 22.4 2.15
N3 118.1 24.7 2.67
N4 109.2 22.8 2.45

SEm (±) 0.28 0.36 0.03
LSD (0.05) 0.85 1.09 0.10

Table 2: Interaction effect of oat based intercropping systems and integrated nutrient management on dry
matter yield (DMY) of oat (q ha-1) (Pooled)

Cropping systems Levels of nutrient management (N)
N1 N2 N3 N4

Mean

CS1 19.21 20.95 21.95 21.61 20.93
CS2 21.28 22.24 23.36 22.55 22.36
CS3 23.94 24.06 28.76 24.19 25.24
Mean 21.48 22.42 24.69 22.78

CS × N N × CS
SEm (±) 0.64 0.62
LSD (0.05) 1.89 1.98

Table 3: Interaction effect of oat based intercropping systems and integrated nutrient management on crude
protein yield (CPY) of oat (q ha-1) (Pooled )

Cropping systems Levels of nutrient management (N)
N1 N2 N3 N4

Mean

CS1 1.75 1.89 2.35 2.29 2.07
CS2 1.98 2.09 2.69 2.21 2.24
CS3 2.51 2.48 2.97 2.85 2.70
Mean 2.08 2.15 2.67 2.45

CS × N N × CS
SEm (±) 0.06 0.06
LSD (0.05) 0.18 0.17

vermicompost (N3) followed by 75% N through urea +
rest N through mustard oilcake (N4), 75% N through
urea + rest N through FYM (N2) and full RDF through
inorganic source (N1). Dry matter yieldof oat under full
RDF through inorganic source (N1) was statistically at
par with dry matter yield of oat under 75% N through

urea + rest N through FYM (N2) whereas dry matter yield
of oat under 75% N through urea + rest N through FYM
(N2) was statistically at par with dry matter yield of oat
under 75% N through urea + rest N through mustard
oilcake (N4) (Table 1). Benefits of incorporation of
organic sources of nitrogen especially vermicompost

Biswas et al.
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with inorganic sources in oat was confirmed by Jayanthi
et al. (2002). Devi et al. (2011) also observed the
beneficial effect of integrating vermicompost in nutrient
management option on dry matter of wheat. Kumar and
Shivadhar (2006) from Jhansi got almost similar type of
result in single cut oat under irrigated condition where
they found that 50% RDF + 5t ha-1 vermicompost was
statistically at par with 100% RDF in terms of dry matter
yield and use of 50% RDF + 5t ha-1 vermicompost + 5t
ha-1FYM gave superior result over full inorganic nutrient
sources.

Effect of intercropping systems and INM on crude
protein yield (CPY) of oat

At 60 DAS crude protein yield (CPY) differed
significantly with cropping systems. Highest crude
protein yield (2.70q ha-1) was observed in intercropping
system of oat and lathyrus at 3:3 row ratios (CS3)
followed by 3:2 intercropping system of oat and lathyrus
(CS2) and sole oat (CS1) (Table 1). CPY of oat was lowest
in sole oat cropping system (CS1) due to absence of
legume crop lathyrus to undergo biological nitrogen
fixation. Haq et al. (2018) similarly reported that crude
protein yield was influenced positively by various cereal-
legume intercropping system due to effect of biological
nitrogen fixation.

Among different levels of nutrient management,
crude protein yield also differed significantly. Pooled
results showed that highest crude protein yield (2.67 q
ha-1) was obtainedfrom75% N through urea + rest N
through vermicompost (N3) followed by 75% N through
urea + rest N through mustard oilcake (N4), 75% N
through urea + rest N through FYM (N2) and full RDF
through inorganic source (N1) (Table 1). Crude protein
yield of oat under full RDF through inorganic source
(N1) was statistically at par with crude protein yield of
oat under 75% N through urea + rest N through FYM
(N2). Though Crude protein percentage is always higher
in general when full inorganic nutrition is done, in this
experiment crude protein yield was found highest when

Table 4: Interaction effect of oat based intercropping systems and integrated nutrient management on green
forage yield (GFY) of oat (q ha-1) (Pooled)

Cropping systems Levels of nutrient management (N)
N1 N2 N3 N4

Mean

CS1 98.06 102.23 113.37 104.73 104.60
CS2 101.47 104.07 117.07 106.90 107.37
CS3 108.84 115.77 123.87 116.10 116.14

Mean 102.79 107.36 118.10 109.24
CS × N N × CS

SEm (±) 0.44 0.48
LSD (0.05) 1.58 1.54

vermicompost was applied with inorganic fertilizers and
it might be because of the fact that dry matter yield of
oat was improved significantly due to beneficial effect
of vermicompost. The results were in conformity with
research findings of Khan et al. (2013) in oat crop.

Interaction effect on dry matter yield of oat
Interaction between cropping systems and different

levels of nutrient management had significant influence
on dry matter yield of oat at 60 DAS. It was found that
when 75% N through urea + rest N through
vermicompost (N3) was applied in the intercropping
system of oat and lathyrus at 3:3 row ratios (CS3),
maximum dry matter yield (28.76q ha-1) was recorded
(Table 2). It might be due to beneficial influence of
vermicompost on supplying adequate nutrients to the
crop throughout the growth period (Arya and Niranjan,
1994; Dasset al., 2008) and also its role in improving
soil biological activity and thus enhancing the biological
nitrogen fixation (BNF) capacity of legume crop lathyrus.
Besides, greater sown proportion of lathyrus in that
system fixed more quantity nitrogen biologically. On the
other hand, use of full RDF through inorganic source
(N1) in sole oat (CS1) exhibited lowest dry matter yield
(19.21 q ha-1) among all the combinations due to not
getting any benefit of vermicompost and biological
nitrogen fixation. Similar result was also reported by
Singh et al. (2014) in sorghum-phillipesara intercropping
system.

Interaction effect on crude protein yield of oat
Interaction effect between cropping systems and

different levels of nutrient management on crude protein
yield of oat at 60 DAS was found statistically significant.
Table 3 revealed that intercropping system of oat and
lathyrus at 3:3 row ratios (CS3) when applied with 75%
N through urea + rest N through vermicompost (N3)
recorded highest crude protein yield (2.97 q ha-1). Since
crude protein yield was the function of dry matter and
crude protein content, increased crude protein yield

Effect of integrated nutrient management on green forage
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might be due to biological nitrogen fixation capacity of
more lathyrus population and also release of nitrogen
from integrated source of nutrients specially using
vermicompost which helped in better uptake of nitrogen
from soil resulting in its deposition in plant as crude
protein. This result was closely in agreement with
findings of Gill et al. (1988) and Pereira et al. (1989).
Among different combinations, sole oat (CS1) under the
use of full RDF through inorganic source (N1) was the
weakest in recording crude protein yield of oat
(1.75 q ha-1).

Interaction effect on green forage yield of oat
Pooled results of two years as represented in the

table 4 depicted significant effect of interaction between
cropping systems and different levels of nutrient
management on green forage yield of oat obtained
through cutting at 60 DAS. Application of 75% N
through urea + rest N through vermicompost (N3) in
intercropping system of oat and lathyrus at 3:3 row ratios
(CS3) ensured highest green forage yield of oat (123.87
q ha-1). Combined application of inorganic and organic
sources of nitrogen specially use of vermicompost in
INM option positively influenced the crop nutrient
uptake which reflected in attaining green biomass of oat.
Further, biological nitrogen fixation through leguminous
inter crop lathyrus particularly in CS3 helped oat to
flourish and attain vigorous growth. Amin (2011)
reported influence of nitrogen from various sources on
yield and quality of forage maize. Sole oat (CS1), on the
other hand, under application of full RDF through
inorganic source (N1) exhibited lowest green forage yield
(98.06 q ha-1) at 60 DAS.

Oat as fodder crop during rabi season in new alluvial
zone of West Bengal even in India is gaining importance
day by day due to its high green forage potential. Since
green forage is one of the most appreciated livestock
feed and its quality is a very vital factor for attaining
high livestock productivity, nutritious green forage
production of oat is the focus of the time. From this
experiment based on the pooled results of two years it
may be concluded that 75% inorganic N and 25% N
from organic source i.e.vermicompost can be
recommended for application under 3:3 intercropping
system of oat-lathyrus with the benefit of biological
nitrogen fixation in order to achieve maximum green
forage yield, dry matter yield of oat along with its
nutritive value in terms of crude protein yield.
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