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ABSTRACT

A field experiment in 3 times replicated split plot design comprising 4 cropping systems (CS) (CS;-
Sole oat, CS,- Sole grasspea, CS; and CS;-oat-grasspea intercropping in 3:2 and 3:3 row ratios,
respectively) in main plot and 3 integrated nutrient managements i.e. N», N3 and N4- 75% N through
urea + rest N through FYM, vermi-compost and mustard oilcake, respectively along with N; — 100%
RDF in sub plot, was carried out at Central Research Farm, B.C.K.V., India during winter season of
2015-16 and 2016-17. Pooled results expressed that highest yield of oat (15.40 g/ha) and grasspea
(12.44 g/ha) were obtained from CS, and CS,, respectively, under application of N;. CS, exhibited
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greater competition indices (LER: 1.16, RCC: 3.19, Aggressivity index: 0.184, CR: 1.39) and MAI (X
10,685.02) over CS; under application of N3, showing 16% yield advantage as compared to sole
cropping. Soil fertility remained best under CS, (OC: 0.53%, available N: 218.39 kg/ha, available
P,Os: 49.59 kg/ha, available K,O: 215.28 kg/ha) and among oat based CS, in CS; with N3
application (OC: 0.52%, available N: 196.32 kg/ha, available P,Os: 44.28 kg/ha, available K,O:

194.95 kg/ha).

Keywords: Grasspea; integrated nutrient management; intercropping; oat; yield.

1. INTRODUCTION

Food supply to burgeoning population is not only
channelized from food crops but also from
livestock sector which urges for improved forage
productivity and supply. Livestock productivity in
India is poor due to not only priority towards food
crops cultivation but also poor nutritional quality
of forage [1]. As there is limited scope of forage
cultivation, time has come to utilize crops for dual
purpose of livestock and human beings. Oat
(Avena sativa L.) is one such dual purpose
cereal crop grown in north western, central and
eastern India [2] for its excellent growth habits,
faster regrowth, high yield potential and ability to
supply palatable, nutritious succulent green
fodder to livestock. In India, human consumption
of this non-traditional cereal is gaining popularity
due to nutritional benefits. Grasspea (Lathyrus
sativus) is a legume crop which is also gaining
popularity now as intercrop or succeeding crop
as it produces yield under limited resources and
replenishes soil nitrogen depletion due to its
ability to undergo biological nitrogen fixation
(BNF) in roots through symbiosis with Rhizobium
leguminoseram. In the present scenario of
agricultural land shrinkage and climate bound
risks, intercropping has become pertinent as it
aims to effectively utilize available resources by
simultaneous growing of crops together in
distinctive manner at same land and time. It is
hypothesized that cereal-legume intercropping is
always found promising to provide greater
production as well to improve soil fertility [3].

Today unsatisfactory crop yield is a major issue.
With excessive use of NPK fertilizers and very
scarce application of organic manure, the soil is
now becoming deficient in various secondary and
micro nutrients. In earlier days, the problem did
not arise as only manures were used to supply
nutrients and to improve soil fertility [4]. However,
in order to meet country’s current food demand,
continuous cropping has to rely on chemical
fertilizers, which altogether deplete soil fertility
and leave environmental footprints. Still, there is
no complete alternative of chemical fertilizers

right now. In this regard, integrated nutrient
management (INM) can be a boon to rejuvenate
soil fertility and minimize environmental hazards.
Improvement of crop growth above and below
ground surface in oat-grasspea intercropping
system under various INM options was
previously reported by [5,6]. Improvement of
quality and green forage yield of oat was also
documented by [7] in oat-grasspea intercropping
system under various INM options. Moreover,
many other research works show that integrated
use of organic and inorganic nutrient sources has
already boosted vyield of various crops under
intercropping systems. Considering these facts,
the present research was planned to confirm the
benefits of cereal-legume intercropping and
thereby, to evaluate best oat-grasspea
intercropping system under various INM options
in new alluvial zone of West Bengal, India.

2. MATERIALS AND METHODS

2.1 Experiment site and Field Condition

The field experiment was conducted 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),
India during winter season of 2015-16 and 2016-
17.The soil was sandy loam in texture, neutral in
reaction (pH 6.75), medium in organic carbon
(0.51%), available KO (198.4 kg/ha), high in
available P,O5 (47.2 kg/ha) and low in available
N (196.5 kg/ha).

2.1.1 Treatment details

The experiment was conducted in split plot
design and replicated thrice. The experiment
consisted 4 levels of cropping system in the main
plot and 4 levels of nutrient management in the
sub plot.

Cropping systems were sole oat (CS;), sole
grasspea (CS,), intercropping of oat with
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grasspea in 3:2 row ratio (CS;3) and in 3:3 row
ratio (CSy).

Nutrient management options were 100%
recommended dose of fertilizers (RDF) through
urea (Nq), 75% N through urea and rest N
through FYM (N,) or vermi-compost (N3) or
mustard oilcake (Ng).

2.1.2 Cultivation details

The oat variety ‘OS-6" was sown continuously at
25 cm inter row distance @100 kg/ha, 70 kg/ha
and 57 kg/ha for CS,, CS; and CS,, respectively,
On the other hand, grasspea variety ‘Ratan (Bio
L 212) was sown also continuously at 20 cm
inter row distance @ 50 kg/ha, 15 kg/ha and 20
kg/ha for CS,, CS; and CS, respectively.
Sowing was done in the last week of November
in each year. Plot size was 4 m x 3 m. RDF (N:
P,Os: K;O) for sole oat as well as for
intercropping systems @ 80:60:40 kg/ha and for
sole grasspea @ 20:40:30 kg/ha were applied as
per treatments. Full doses of P,Os5 and K,O
through S.S.P and M.O.P. were applied as basal
while, N was applied in 3 splits (50% at basal in
form of urea (25%) and FYM/vermi-
compost/mustard oilcake (25%), 25%each at 25
days after sowing (DAS) and 1 day after cutting
of oat made at 60 DAS). Other agronomic

practices were adopted as recommended for the
region.

2.2 Observations and Analysis

Observations covered panicle length, panicle
weight, grains/panicle, test weight and grain yield
of oat, and pod length, pods/plant, seeds/pod,
test weight and seed yield of grasspea, recorded
at harvest (120 DAS). Whether particular crop
combination proved to be advantageous or not,
competitive functions viz. Land equivalent ratio
(LER), Aggressivity index (A), Relative crowding
coefficient (RCC), Competitive ratio (CR) and
Monetary advantage index (MAI) were worked
out using methods suggested by [8-12]
respectively (Table 1).

The data on yield components and yields were
analysed following the analysis of variance
method [13] and comparison of treatment means
was done through LSD at 5% significance level.

Soil pH and fertility status were estimated before
and after the experiment. Methods prescribed by
[14-18] were followed for estimation of soil pH,
organic carbon, available nitrogen, available
phosphorus and available potassium,
respectively.

Table 1. Expression of various competition indices under intercropping system

LER= LER, + LER, = (Ya/Yaa) * (Yoa/ Vo)

Where,

Aggressivity (Aap) = [Yan/(Yaa X Zap)]- [Yoa/(Yoo X Zba)]

Y .= Intercrop yield of species ‘a’

CR, = (LER4/LERy) * (Zoa/Zab)
CRy = (LERY/LER,) * (Za/Zss)

in presence of species ‘b’
Y= Intercrop yield of species ‘b’

Kab = [Yab/(Yaa - Yab)]x (Zba/ Zab)
Kba = [Yoa/( Yob = Yba)1X (Zavl Zba)
RCC (K) = Kab + Kba

in presence of species ‘a’
Y .= Pure stand yield of species

[P}

a

MAI = Value of combined intercrop yield x [(LER-1)/LER]

Y = Pure stand yield of species
‘b

Za,= Sown proportion of species
‘a’ (intercropped with ‘b’)

Zn,= Sown proportion of species
‘b’ (intercropped with ‘a’)

Aap = Aggressivity of species ‘a’
in presence of species ‘b’
CR,=Competitive ratio of species
a in mixture with species b
CR,=Competitive ratio of species
b in mixture with species a
Kapb=Co-efficient of ‘a’ in presence
of ‘b’

Kpa=Co-efficient of ‘b’ in presence
of ‘a’

360



Biswas et al.; IRIPAC, 21(24): 358-371, 2020; Article no.IRJPAC.65902

3. RESULTS AND DISCUSSION
3.1 Yield Attributes and Yield of Oat

The pooled data (Table 2) depicted that oat-
grasspea intercropping sytem and various
nutrient management options exerted significant
effects on yield attributes and yield of oat except
panicle length and test weight. Among the three
oat based cropping systems, highest panicle
length (26.74 cm), panicle weight (2.98 g),
grains/panicle (56.10) and test weight (37.80 g)
were observed from 3:3 intercropping system
(CS,). On a contary, sole oat showed the lowest
result. Grain yield also exhibited similar trend
with best result obtained from CS, (13.44 g/ha)
followed by CS;(12.36 g/ha). It might be due to
the benefits of BNF of grasspea on component
crop oat. The present result agreed the findings
of [19] in maize-mungbean intercropping system.
According to Senaratne et al. [20], cereal in
association with legume in intercropping system
can draw nitogen fixed biologically by legume
crop. It might be also due to better utilization of
light, space etc under intercropping system.
Similar type of finding was repeorted earlier by
[21] in maize-legume intercropping system as
they observed maximum harvesting of solar
radiation, proper utilization of land area under
intercropping system, which finally improved the
growth and productivity of component crops. The
highest panicle length (26.73 cm), panicle weight
(3.01 g), grains/panicle (56.94) and test weight
(37.90 g) were observed in 75% N through urea
+ rest N through vermi-compost (Nj).
Consequently, highest grain yield (13.40 g/ha)
was obtained where N; was used. It could be
attributed to the beneficial effect of vermi-
compost on oat by stimulating soil microbial
activities and continuously supplying various
plant nutrients specially nitrogen to oat. Similar
beneficial effect of vermi-compost was earlier
reported by Cavender ND et at [22] in sorghum.
Interaction effect had significant influence on
panicle weight, grains/panicle and grain yield of
oat. Highest panicle weight (3.25 g) (Fig 1),
grains/panicle (62.30) (Fig 2) and grain yield
(15.40 g/ha) (Fig 3) were experienced when Nj
was applied in CS,; (CS4N3). On the other hand,
CS;N; expressed lowest panicle weight while,
CS1N; exhibited lowest grains/panicle and grain
yield.

3.2 Yield Attributes and Yield of Grasspea

Pooled results (Table 2) revealed that except
pods/plant and yield, rest characters were not
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significantly influenced by cropping system
and nutrient management as those were variety
specific. Sole crop (CS;) attained maximum pod
length (2.67 cm), pods/plant (40.58), seeds/pod
(2.62), test weight (48.08 g) and seed yield
(11.29 qg/ha). It was next followed by CS,. It
might be due to greater plant population to
undergo BNF, less disturbance and less inter-
plant competition in sole grasspea. Kakon et al.
[23] in maize-pea and Naik et al. [24] in maize-
legumes intercropping systems noticed similar
observations. Among intercropping systems, CS,
outperformed CS;in terms of yield attributes and
yield of grasspea. In both the intercropping
systems although cereal crop oat got benefit
from grasspea, there was no beneficial effect of
cereal oat on grasspea crop. It thus, resulted in
less vyield of grasspea under intercropping
systems. However, among two intercropping
systems, vyield attributes and seed yield of
grasspea were comparatively more in 3:3
intercropping system of oat and grasspea (CS,)
due to availability of more space, light and also
due to more biological N fixation and less
shading effect from oat. Shading effect of maize
hampering intercrop soybean was previously
documented by [25]. Among the nutrient
management options, highest pod
length (2.67 cm), pods/plant (41.44), seeds/pod
(2.61), test weight (48.03 g) and seed yield
(11.22 g/ha) were observed when N; was used
as integrated nutrient management option. The
result was in close conformity with finding of
[26] in cowpea. Vermi-compost, beside
containing almost all macro and micronutrients,
also acts as an excellent base for beneficial free
living and symbiotic microbes. Vermi-compost
improves soil aeration, root proliferation and
makes water, nitrogen, phosphorus and several
micronutrients available for crop growth. It thus,
helps in better synthesis and
translocation of carbohydrates in plant parts
which reflects on their growth and productivity

[27]. Bajracharya and Rai [28] working on
chickpea reported that vermi-compost also
helped in better nodulation in legume,

facilitating plant's capability for BNF. It also
provides quicker response than other
ordinary composts. The present result might be
due to the above facts regarding
benefits of vermi-compost. Interaction
effect was found to be significant in pods/plant
and vyield only. Among the combinations,
CS;N; and CS3N; achieved respectively the
highest and lowest pods/plant (Fig 4) and seed
yield (Fig 5).
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Table 2. Effect of cropping systems and nutrient management on yield attributes and yield of oat and grasspea (Pooled of 2 years)

Treatment Oat Grasspea
Panicle Panicle weight (g)  Number of Test Grain yield Pod Number of pods Number of Test Seed yield (gq/ha)*
length grains per weight (g/ha)* length per plant seeds per weight
(cm) panicle (9) (cm) pod (9)
Levels of cropping system (CS)
CS; 26.03 2.63 48.12 36.99 10.68 - - - - -
CS, - - - - - 2.67 48.33 2.62 48.08 11.29
CS; 26.17 2.77 51.54 37.67 12.36 2.64 43.92 2.41 47.12 9.25
CS, 26.74 2.98 56.10 37.80 13.44 2.66 46.83 2.47 47.84 9.76
S.Em () 0.21 0.05 0.14 0.46 0.12 0.01 0.31 0.06 0.25 0.17
LSD (p=0.05) NS 0.18 0.57 NS 0.48 NS 1.22 NS NS 0.66
Levels of nutrient management (N)
N4 25.99 2.54 45.78 36.99 11.20 2.65 38.22 2.44 47.37 9.09
N, 26.12 2.74 51.50 37.30 12.01 2.64 46.22 2.46 47.59 9.68
N 26.73 3.01 56.94 37.90 13.40 2.67 51.33 2.61 48.03 11.22
N4 26.42 2.88 53.46 37.76 12.03 2.66 49.67 2.48 47.76 10.41
S.Em () 0.32 0.07 0.50 1.199 0.11 0.01 0.32 0.06 0.24 0.11
LSD(p=0.05) NS 0.21 1.48 NS 0.31 NS 0.96 NS NS 0.34
Interaction - CSxN NxCS CSxN N xCS - CSxN NxCS - CSxN N xCS - - CSxN NxCS
S.Em () - 0.12 0.12 0.86 0.76 - 0.18 0.20 - 0.56 0.58 - - 0.20 0.24
LSD (p=0.05) - 0.37 0.37 2.56 2.28 - 0.55 0.67 - 1.67 1.87 - - 0.58 0.83

*g/ha represented quintal/hectare (100 kg = 1 q)
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2.63 2711 2.66

2.51

CSIN1 CSIN2 CSIN3 CSIN4 CS3N1  CS3N2

Fig. 1. Interaction effect of cropping system and nutrient management (CS xN) on panicle weight of oat (LSDg¢s5: 0.37)
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3.3 Competition Indices and Monetary
Advantage
Competition indices and MAI values were

represented in Table 3. Biological efficiency of
intercropping system over mono-cropping is
clearly expressed by LER [29]. Among the two
intercropping system (CS; and CS,), combined
LER was more in CS,. It might be due to more
plant population of grasspea in 3:3 intercropping
system of oat and grasspea (CS,;) undergoing
more amount of biological nitrogen fixation
(BNF). It directly reflected on better yield of both
the crops compared to other 3:2 intercropping
system (CS;). Better grasspea yield due to less
shading effect and better utilization of available
resources also contributed to greater LER in
CS,. Similar results were reported by [30] and
[31] in maize-soybean and maize-cluster bean
intercropping systems, respectively. Besides,
beneficial effect of incorporating vermi-compost
as organic nutrient source with inorganic
fertilizers (N3) on yield increase of both the
component crops was also a major factor in
elevating LER particularly in CS, (1.16) providing
16% vyield advantage over sole cropping. RCC
(>1.0) indicated advantages of both intercropping
systems over sole cropping and greater
advantage in CS, under application of N; (RCC:
3.19). The result corroborated the finding [32] in
barley-grasspea intercropping system.
Aggressivity index (A) gave an estimate of how
much relative yield increase in one was greater
than that of the other. Partial ‘A’ of oat and
grasspea were positive and  negative,
respectively, in CS, indicating the dominance of
oat over grasspea in that system. Oat showed
more dominance under N; in CS; application
(0.184). Accordingly, CR of oat was also found
to be more in CS4than CS; inferring that oat was
more competitive with grasspea in CS, specially,
under N; application. Similar result was reported

and Sinha [34] also found almost similar
observation regarding effect of integration of
vermi-compost with fertilizer on competition
indices in maize-cowpea intercropping. MAI
reflected identical trend of competition
indices expressing highest value (¥ 10685.02)
obtained from CS, under Nj application. Positive
effects of legume in pearl millet-cowpea
intercropping and INM in maize-soybean
intercropping on MAI were earlier reported by
Osman AN et al. [35] and Baghdadi A et al. [36]
respectively.

3.4 Soil pH and Fertility Status

Soil pH after crop harvests ranged between 6.52
and 6.76 i.e. slightly acidic condition, which did
not differ much from initial (6.75) inferring less or
no influence of treatments (Table 4). However,
slightly low pH was observed in CS, since
legume acquired most nitrogen as N, from
air than as NO; from soil [37]. Singh et al. [38]
observed similar increase of soil acidity
under cultivation of cowpea. It was also found
that application of organics resulted in increase
of soil acidity. Turning soil towards low pH
occurred in the order of mustard oilcake>vermi-
compost>FYM, irrespective  of  cropping
systems. It might be due to accumulation of
organic matter at the top soil which on
decomposition released organic acids and
thereby, incurred slightly decrease of soil pH
[39]. OC % was decreased after harvesting due
to the crop consumption in case of sole oat. It
agreed the observation of [40]. However,
cultivation of legume grasspea specially under
sole cropping improved OC % slightly. It might be
due to its greater carbon sequestration ability
over cereal [40]. Available soil nitrogen (kg N/ha)
was also found to be less than the initial value
specially, in case of cereal oat. Improvement of

g ' > i ' post-harvest available N status
by [33] in maize-soybean intercropping. Chhetri
Table 3. Effect of nutrient management on competition indices under oat-grasspea
intercropping systems (Pooled of 2 years)
Levels of Combined Relative Aggressivity = Competitive Monetary
nutrient LER crowding index (A) ratio (CR) Advantage Index
management co-efficient (MAI) ()
(N) (K)
CS; CS, CS; CS, Cs; CS, CS; CSs, Cs; CS,

N1 099 1.05 2.03 236 -0.116 0.151 0.77 1.34 -566.25 2941.32
N> 1.04 101 225 213 -0.103 0.141 0.80 1.33 2399.20 624.46
N3 1.07 116 243 319 -0.096 0.184 0.82 1.39 4448.24 10685.02
Ny 1.02 1.06 225 229 -0.190 0.066 0.67 1.14 124212 3869.59
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(Pooled of 2 years)

Treatments pH OC (%) Available N Available P,O5; Available K,0
(kg/ha) (kg/ha) (kg/ha)
(OSH N, 6.76 0.45 130.67 32.24 136.45
N, 6.74 0.46 151.57 35.89 160.16
N; 6.69 0.49 160.72 38.07 165.95
N4 6.61 0.47 151.57 37.37 162.21
CS, N4 6.70 0.49 197.25 47.31 184.67
N> 6.64 0.51 202.87 47.85 206.32
N; 6.63 0.53 218.39 49.59 215.28
Ny 6.52 0.51 211.93 48.85 209.87
CS; N4 6.74 0.47 171.57 35.37 157.71
N, 6.73 0.49 179.41 38.76 183.56
N; 6.63 0.51 192.28 41.15 192.11
N, 6.60 0.50 189.87 39.07 188.16
CS, N, 6.68 0.48 179.41 37.15 163.09
N2 6.66 0.50 183.04 40.54 185.68
N3 6.62 0.52 196.32 44.28 194.95
Ny 6.56 0.51 193.29 41.24 189.33
Initial 6.75 0.51 196.5 47.2 198.4
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