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Abstract

The present field experiment was conducted during two consecutive rabi-summer seasons at the Instructional Farm, Jaguli, under
the new alluvial zone of West Bengal to evaluate the effect of integrated nutrient management on the productivity of dual-purpose
oats (Avena sativa L.) and its residual impact on succeeding green gram (Vigna radiata L.). Seven nutrient management treatments
were tested in a randomized block design with three replications, combining different proportions of the recommended dose of
nitrogen (RDN), vermicompost, phosphate-solubilizing bacteria (PSB), Azotobacter and zinc sulphate (ZnSO,-7H,0). Among the
treatments, Ty (75% RDN + vermicompost 2 tha™ + PSB + Azotobacter + ZnSO,7H,O @ 20 kg ha™) produced the best performance.
Pooled over two years, T, increased oat grain yield to 17.2 q ha™ compared with 7.0 q ha™ under the control (x146% higher), and
stover yield to 66.2 q ha™ versus 38.3 q ha™ (=73% higher). Plant height, leaf area index, and dry aerial biomass under T, (152.6
cm, 3.93, and 25.5 q ha™, respectively) were higher by =36%, ~11.6%, and ~82.9%, respectively, compared with the control. The
residual seed yield of green gram under T, was 11.0 q ha”, #15.9% higher than the control. The results suggest that integrated
application of inorganic, organic and biofertilizer inputs can enhance system productivity, improve soil fertility and support
sustainable intensification of food-fodder cropping systems in the region.
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Introduction and high-quality fodder. However, a major limiting

Oat (Avena spp.), belonging to the Poaceae family, is a
widely grown low-input cereal crop that serves as a food
source for humans and an essential feed for livestock.
Historically, oats were primarily grown for animal feed,
but their increasing recognition as a functional food has
contributed to a rise in human consumption (Jing and
Hu, 2012). Oat grains contain a diverse array of bioactive
compounds, including -glucan, polyunsaturated fatty
acids, vitamin E, minerals, and phytochemicals, which
have been linked to a lower risk of chronic diseases
such as cardiovascular ailments, diabetes, obesity, and
cancer (Redaelli et al., 2015; Sterna et al., 2016). Oats
function as a dual-purpose crop, providing both grain
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factor in oat cultivation is its low seed yield, which affects
availability and adoption (Raj and Vyakaranahal, 2014).
Rising global food demands have intensified agricultural
practices, often at the expense of fodder crops, leading to
anutritious feed deficit for livestock (Arif ef al., 2023). The
excessive application of chemical fertilizers negatively
impacts soil health and nutrient balance, emphasizing
the need for an integrated fertilization strategy (Biswas ef
al., 2020). The incorporation of organic amendments like
vermicompost has been found to improve soil structure,
microbial activity, and nutrient availability, thereby
supporting enhanced productivity and sustainability
(Dhaliwal et al., 2024). Additionally, biofertilizers such as
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phosphate-solubilizing bacteria (PSB) and nitrogen-fixing
Azotobacter play an essential role in improving nutrient
efficiency while reducing environmental impact (Jha et
al., 2024; Maity et al., 2025).

Integrating legume crops into cropping systems is a
well-established strategy to improve soil fertility and
boost overall agricultural productivity. Green gram
(Vigna radiata), a short-duration pulse crop, is particularly
beneficial due to its ability to fix atmospheric nitrogen
and its high protein content, making it an essential
nutritional source in developing regions (Raza et al., 2012).
Cultivating green gram during the summer season allows
for the effective utilization of residual soil nutrients,
minimizes fallow periods, and enhances biological
nitrogen fixation, thus improving soil fertility for
subsequent crops (Biswas et al., 2020; Gorai and Mondal,
2023). Furthermore, green gram residues contribute to
organic matter buildup, further enhancing soil health
(Saha et al., 2023). Besides, nutrient release dynamics of
both inorganic and organic nutrient sources in oats-green
gram cropping sequence, carry-over effect of multiple
nutrient sources in total system productivity, microbial
diversity and soil organic carbon pool in different
soil order lacks research quantification. Balanced and
customized INM approaches might be a viable solution
to obtain better yield and nutrient use efficiency at the
same time. Given these advantages, incorporating green
gram in sequence with oats is a promising approach to
improving cropping system sustainability, with both
economic and environmental benefits.

In light of these considerations, this study investigated
the effects of combined organic and inorganic fertilizers
on the growth, yield, and quality of dual-purpose oats.
Additionally, the research sought to assess the residual
effects of nutrient management on the succeeding green
gram crop, thereby contributing to the development of a
sustainable, resource-efficient cropping system.

Materials and Methods

Study area and environmental conditions: A two-year
field study was conducted during the Rabi seasons of
2018-19 and 2019-20 to assess the cultivation of dual-
purpose oats, followed by green gram during the summer
seasons of 2019 and 2020 at the Central Research Farm,
Bidhan Chandra Krishi Viswavidyalaya, Gayeshpur,
Nadia. The experimental site is situated at 23°N latitude
and 89°E longitude, with an elevation of 9.75 meters above
sea level, within the Indo-Gangetic plains. The region
features a subtropical humid climate, characterized by
hot summers and moderate winters, with an average
annual rainfall of 1400-1600 mm, predominantly received
during the monsoon season. Meteorological observations
recorded during the 2018-19 and 2019-20 experimental
periods confirmed that the climatic conditions were

conducive to the growth and development of the dual-
purpose oat-green gram cropping system (Fig 1a-1b). The
experimental field soil was classified as sandy clay loam,
with a bulk density of 1.32 Mg/ m® and a pH of 7.1 (1:2.5
soil-water ratio). The initial organic carbon content was
5.2 g kg, while the available macronutrient levels were
196.9 kg N ha, 46.6 kg P ha™, and 1775 kg K ha..

Treatment details: This study evaluated the impact
of organic, inorganic, and microbial fertilizers on the
productivity of dual-purpose oat (Avena sativa L.),
followed by green gram (Vigna radiata L.) as a residual
crop. There were seven treatments under this study
(Table 1). The experiment was conducted following a
randomized complete block design (RCBD) with three
replications. The field was systematically divided into
21 plots, each having dimensions of 4 x 3 m. Treatment
combinations were assigned to the plots randomly,
ensuring unbiased distribution. In all treatments, 50% of
the total N requirement was met through a combination
of organic and inorganic sources (urea), while the full
recommended doses of P and K were applied at the basal
stage using single super phosphate (SSP) and muriate
of potash (MOP), respectively, along with biofertilizers.
The remaining half of the N dose was applied as a top
dressing after the first fodder cut at 55 days after sowing
(DAS) to support subsequent plant growth and grain
development.
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Fig 1. Meteorological data collected during the experimental
periods of (a) 2018-19 and (b) 2019-20
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Table 1. Treatment details

Treatment Details
T, Control (No external fertilizer application)
T Recommended dose of fertilizer: RDF (80 kg
2 N, 40 kg P,0s, 40 kg KO per hectare)
T 75% of recommended dose of N (RDN) +
3 vermicompost (2 t/ha)
T3 + Phosphate solubilizing bacteria (PSB) @15
T, K
g/a
Ts T4 + Azotobacter (10 g/kg seed)
T T5 + ZnSO,7H,0O (20 kg/ha)
50% RDN + Vermicompost (2 t/ha) + PSB
T, (15 kg/ha) + Azotobacter (10 g/kg seed) +

ZnSO,7H,0 (20 kg/ha)

Cultural operations: The study utilized the dual-
purpose oat variety ‘Kent’, cultivated for both green
fodder and grain production. Sowing was carried out
on November 3, 2018, and October 31, 2019, using the
‘kera’ method, maintaining a row spacing of 30 cm and
plant-to-plant spacing of 10 cm. A seed rate of 80 kg/
ha was adopted for optimal plant establishment. The
crop reached a height of 1.3 to 1.5 meters, had a growth
duration of 115-120 days, and exhibited a yield potential
of 15 to 20 q ha™.

Pre-sowing irrigation was provided to facilitate uniform
germination, followed by thinning and manual weeding
at 25 days after sowing (DAS) to regulate plant density
and suppress weeds. The crop received six irrigations in
the first year and four in the second year, depending on
moisture availability. The first fodder cut was taken at
55 DAS, allowing regrowth for grain production. At 120
DAS, the mature oat crop was harvested, sun-dried for
2-3 days, threshed, and winnowed to obtain clean grains.
For the succeeding green gram crop, the variety ‘Meha’
(IPM 99-125) was selected. It attained a height of 75-80 cm,
had a growth duration of 70-75 days, and demonstrated
a yield potential of 1200-1500 kg ha™. As it was grown
during the Zaid season, irrigation was applied as
required. During the first weeding, excessive seedlings
were removed to maintain an optimal plant density of
3.33 lakh plants per hectare, ensuring a plant-to-plant
spacing of 5-7 cm. To manage pod borer (Helicoverpa
armigera) infestation, two foliar sprays of Anaconda 505
(Chlorpyrifos 50% + Cypermethrin 5% EC) at a rate of
2 ml per liter were applied at post-flowering and pod
development stages. The crop was harvested manually
in two pickings, with the first at 76 DAS and the second
seven days later. The harvested pods were sun-dried for
2-3 days, and threshed manually by beating with sticks
to extract seeds, which were further dried to reduce
moisture content to 12% before storage.

Observations recorded: Collected samples were sun-
dried for seven days, followed by hot air oven drying
at 60°C until a constant weight was achieved, typically
within 48 to 72 hours (Thiex, 2009). Then the amount of
dry matter (%) was calculated.

Major growth parameters of oats, such as leaf area index
(LAI), plant height, and total dry aerial biomass, were
recorded at the time of harvest. Observations were taken
from five randomly selected plants per plot to measure
plant height (cm), LAI and total dry aerial biomass (g
m2) using the destructive sampling method. At 55 DAS,
green forage yield was assessed using a spring balance,
and dry matter yield was estimated by multiplying the
recorded green forage yield by its corresponding dry
matter content (%).

In oat, yield-related parameters such as panicle length,
number of grains per panicle, panicle weight, test weight,
and grain yield were assessed. For green gram, yield
characteristics including pods per plant, seeds per pod,
100-seed weight, and final seed yield were recorded at
harvest.

Statistical analysis: The replicated means were
subjected to ANOVA using MS Excel (2010). The critical
difference (CD) at P=0.05 was calculated to determine
statistically significant differences among treatments.
Pearson correlation analysis between parameters was
conducted using the R-squared value (software R version
3.5.1).

Results and Discussion

Growth parameters of dual oats: Plant height and
dry aerial biomass increased as the crop advanced
toward maturity, regardless of the N management source
(Table 2). Pooled over two years, plant height was highest
under 14 (152.6 cm) and was statistically at par with T;
(143.4 cm), while both were significantly superior to all
other treatments. The lowest plant height (112.1 cm) was
recorded in the control (T;). A similar trend was observed
for leaf area index (LAI) and dry aerial biomass. LAI
under T6 (3.93) was at par with T5(3.92) and significantly
higher than the rest. Dry biomass under T (25.5 q ha™)
was also at par with T5 (24.7 q ha) and significantly
superior to other treatments.

Many agricultural lands in India lack the essential
nutrients required for the growth and development of
crops. Among these, N is a critical nutrient for plant
growth. It is commonly supplied through chemical
fertilizers such as urea. However, the excessive use of
chemical fertilizers poses risks to soil health, including
reductions in microbial populations. In this context,
biofertilizers like Azospirillum play a pivotal role in
sustainable agriculture. Researchers in plant physiology,
microbiology, and agronomy concur that plant growth
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Table 2. Effect of nitrogen fertilization along with organics on growth attributes of dual-purpose oats

Growth attributes
Treatments Plant height (cm) (115 DAS) Leaf area andex (115 DAS) Dry aerial biomass at harvest (q ha™)
2018-19 2019-20 Pooled 2018-19 2019-20 Pooled 2018-19  2019-20  Pooled
T, 111 113 112 3.49 3.56 3.52 13.2 14.7 13.9
T, 127 130 128 3.78 3.86 3.82 20.6 23.0 21.8
T; 133 134 133 3.83 3.90 3.86 21.7 24.1 22.9
T, 135 138 136 3.83 3.91 3.87 21.9 24.4 23.2
Ts 142 145 143 3.88 3.96 3.92 23.4 26.0 24.7
T, 151 155 153 3.88 3.99 3.93 24.1 26.8 25.5
T, 121 125 123 3.57 3.64 3.60 20.5 227 21.6
SEM 2.88 3.20 2.01 0.03 0.04 0.05 0.54 0.52 0.20
CD (P<0.05)  8.32 9.41 4.97 0.09 0.12 0.13 1.59 1.53 0.50

and development are highly dependent on biological
fertility factors. On the other hand, earthworms
enhance microbial activity and metabolism while
biofertilizers influence plant metabolic activities such as
photosynthesis. This interaction releases more nutrients
and microbial metabolites into the soil, improving
fertility.

The application of N at different levels has been shown
to increase the height of oat plants. This effect can be
attributed to nitrogen’s ability to promote internode
elongation, thereby increasing plant height and the
number of leaves. The increase in stem girth due to
N application is likely because N enhances overall
plant growth (Amin, 2011). The leaf area index (LAI),
determined by leaf length and width, was also improved
significantly with nitrogen application due to its influence
on leaf elongation. Increased green forage yield at
different N levels can be attributed to the beneficial
influence of N on the key growth parameters. These
results are consistent with the findings of Smith et al.
(2020). Also, N promotes growth by enhancing cytokinin
production, which affects cell wall elasticity (Bloom et al.,
2006), increases the number of meristematic cells, and
promotes cell growth (Lawlor, 2002).

Yield attributes and yields of dual oats: Different N
fertilization practices along with organics significantly
influenced different yield attributes of oats (Fig 2). The
T, resulted in the highest panicle length (40.8 cm),
panicle weight (3.09 g), number of grains per panicle
(65.9), and number of tillers per square meter (182.5),
on the basis of pooled data of two years. These values
were significantly higher (P<0.05) compared to other
treatments in the experiment, except for panicle weight,
which was statistically at par with treatments T5 and T,.
The impact of different treatments on the grain and stover
yield of dual oats along with the harvest index were also
recorded (Table 3). The T, resulted in the highest grain

yield (172 q ha™), stover yield (66.2 q ha™), and harvest
index (20.0 %), on the basis of pooled data of two years.
These values were significantly higher (P<0.05) compared
to other treatments in the experiment.

Nitrogen plays a crucial role as a key component of the
chlorophyll pigment. Nitrogen fertilization enhances
chlorophyll content and leaf area, thereby maximizing
light interception and the rate of photosynthesis. This,
in turn, leads to increased biomass accumulation and
higher yield (Azeez, 2009; Wortman et al., 2011; Diacono
et al., 2013). Research by Patel et al. (2003) demonstrated
that N levels significantly impacted the seed yield
of oats. An increase in N application from 0 to 90 kg
ha™ resulted in a higher grain yield, although lodging
occurred when nitrogen exceeded 90 kg ha™ (Bhat et al.,
2000). Similarly, Rao and Patil (1979) found that a basal
application of 80-90 kg N/ha was optimal for seed yield in
oats. A multi-location study by Malik and Paynter (2010)
highlighted the importance of adequate N and K levels
to maximize the yield and quality of oat hay and grain.
The maximum hay and grain yields were obtained with
the combined application of 80 kg N ha™ and 100 kg K
ha™. Notably, higher rates of N or K did not adversely
affect the quality of hay or grain. The beneficial role
of K was particularly evident at higher levels, where
it improved grain weight and reduced screenings. The
results presented in Table 3 show that the application
of vermicompost significantly increased the grain yield
of oats. Each level of vermicompost application showed
a notable improvement over the control. A higher
vermicompost rate (5 t ha™) enhanced grain yield by
5.37 q ha™! compared to 2.5 t ha™. The average increases
in grain yield were 10.4% and 16.2% for 2.5 t ha™ and 5.0
thal respectively, relative to the control (Bahadur et al.,
2021). The beneficial effects of vermicompost are linked
to its ability to provide essential nutrients, improve soil
physical properties, and enhance biological activity in
the soil.
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Table 3. Effect of nitrogen fertilization along with bio-products on grain yield, stover yield and harvest index of dual-

purpose oats

Treatments Grain yield (q ha?) Stover yield (q ha) Harvest index (%)
2018-19 2019-20 Pooled 2018-19 2019-20 Pooled 2018-19 2019-20  Pooled

T 6.67 7.33 7.00 37.0 39.6 38.3 15.1 15.7 15.4
T, 11.2 12.3 11.8 57.8 61.8 59.8 16.6 16.6 16.6
T, 12.0 13.3 12.7 61.1 63.4 62.2 16.6 17.3 16.7
T, 12.8 14.1 13.4 61.6 64.7 63.1 17.2 17.9 17.4
Ts 13.5 15.7 14.6 62.6 66.9 64.7 17.7 19.0 18.4
Te 17.0 17.5 17.2 63.9 68.4 66.2 21.0 19.1 20.0
T, 10.7 11.8 11.2 56.7 60.6 58.6 15.8 16.2 16.0
SEM 1.30 0.96 0.74 0.85 1.36 1.23 0.28 0.34 0.32
CD (P<0.05) 3.84 2.82 2.08 2.50 4.00 3.05 0.80 0.95 0.91
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Fig 2. Effect of nitrogen fertilization along with organics on different yield attributes of dual-purpose oat

Grain yield and yield attributes of residual green
gram crop: Various yield attributes positively influenced
the seed yield of green gram. The maximum seed yield
was associated with the highest number of pods per plant
(21.1) and seeds per pod (11.9). T, yielded the highest
seed yield of 11.0 q ha™ (Table 4). This was statistically
comparable to that of Ts. In contrast, the lowest yield
attributes and seed yield were recorded in the control
(Ty). T; had the lowest number of pods per plant (13.6),
seeds per pod (7.54), and seed yield (9.52 q ha™) (Table 4).

The yield response of cereals to the inclusion of summer
green gram crop in the cropping sequence was more
pronounced when lower levels of N fertilizer were
applied. The combined application of 75% of the RDN
with vermicompost, bio-fertilizers, and micronutrient
(zinc) supplementation, might have exerted a positive
residual effect on the yield, harvest index, and seed
index of green gram. Principal component analysis (PCA)

identified two principal components (PC; and PC,), which
collectively explained 97.49% of the total variance in
the dataset. The PC,; contributed 93.29%, while the PC,
accounted for 4.20% of the variation, based on pooled
data from two years (Fig 3).

A strong correlation was observed among various traits,
including grain yield, plant height, leaf area index, green
forage yield, dry matter yield, grain per panicle, and
panicle weight. The values of the green forage yield, as
well as the quality parameters of oat like crude protein
content and crude protein yield can be found in the
published paper by Mondal et al., (2024). The integration
of seven nutrient management practices in the oat-green
gram cropping sequence revealed that the combined
application of 75% of the RDN with vermicompost, bio-
fertilizers, and micronutrient (zinc) supplementation,
i.e., Ty, resulted in the highest values for the measured
attributes. These practices showed significant correlations
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Table 4. Pods per plant, seeds per pod and seed yield of residual mung bean as influenced by integration of nitrogen fertilization and

bio-products during pre-kharif season (Pooled values of two years)

Treatments Pods per plant Seeds per pod Seed yield (q ha™)
T, 13.6 7.54 9.52
T, 17.3 9.93 9.86
Ts 17.9 10.7 10.1
T, 18.6 10.7 10.3
Ts 19.3 115 10.9
Tg 21.1 11.9 11.0
T, 16.8 8.57 9.66
SEM 0.88 0.44 0.13
CD (P<0.05) 2.20 1.09 0.32
10 with the observed parameters. The next best treatment
038 b was Ts. As evident from the correlation matrix (Fig 4),
0.6 1 significant positive correlations (P<0.01) were observed
0.4 1 among several traits, including grain yield, green forage
ef 024 }; yield, plant height, leaf area index, dry matter yield, crude
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S 02 in the pooled analysis of two years.
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Fig 3. Biplot analysis of different important parameters of
dual purpose oats [PH: Plant height; LAI: Leaf area index;
GFY: Green forage yield; DMY: Dry matter yield; CPC: Crude
protein content; CPY: Crude protein yield; GPP: Grain per
panicle; PW: Panicle weight; TW: 1000-seed weight; GY:
Grain yield]
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Fig 4. Correlation matrix among various plant growth
and yield attributes, yield and quality parameters of dual
purpose oats [PH: Plant height; LAI: Leaf area index; GFY:
Green forage yield; DMY: Dry matter yield; CPC: Crude
protein content; CPY: Crude protein yield; GPP: Grain per
panicle; PW: Panicle weight; TW: 1000-seed weight; GY:
Grain yield]

of T6 viz. 75% recommended doses of nitrogen with
vermicompost, bio-fertilizers, and micronutrient (zinc)
over the remaining treatments in all the aspects. This
treatment excelled in terms of growth parameters, crop
growth rate, green forage yield, grain yield from dual-
purpose oats. Furthermore, it showed enhanced residual
effect in growth parameters, crop growth rate, seed yield
for the subsequent green gram in the dual-purpose
oats-green gram cropping sequence during the Rabi and
pre-Kharif seasons, respectively. Hence, this treatment is
recommended for the new alluvial plains of West Bengal
and the trial may afford site-specific integrated nutrient
management modules to boost productivity, nutrient
use efficacy and overall soil health in inceptisols as a
sustainable model for cereal-legume cropping system.
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