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ABSTRACT

Background: Sail fertility depletion is a major constraint on agricultural production, necessitating a balanced application of
inorganic and organic nutrients while effective crop residue management post-harvest enhances soil quality and structure,
mitigates evaporation and aids carbon fixation. In Nagaland, agriculture faces challenges like nutrient loss from erosion and minimal
use of external inputs while sustainable agriculture requires a viable cropping system and effective crop management; technological
advancements in agro-techniques, particularly in cropping systems and nutrient management, are crucial for improving productivity
in a ricebean-based linseed cropping system.

Methods: A field experiment was conducted to focus on green manuring followed by cultivating a legume crop, rice bean and
subsequently linseed in 2019-2021, the investigation would carry out to study the growth, yield and quality parameter and the
study was laid in randomized block design with three replications and nine treatments with sources of organic manures and
inorganic fertilizers.

Result: The study revealed substantial influence of growth and yield which included a combination of poultry manure at 0.7 tons
ha* along with 100% RDF exhibited superior performance in ricebean, a similar trend was also observed in the subsequent crop,
which was linseed and also yielded promising results in terms of plant height, nodules, pods plant?, seeds pods* and yield and
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concluded to achieve higher seed yield, improve seed quality, preserve soil quality.
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INTRODUCTION
In the present century, legumes with high-quality protein
that are not extensively utilized as food have become a key
focus to address food security issues. According to WHO
and FAO, utilizing underutilized legumes can significantly
contribute to “Food security and the right to food.” These
legumes, rich in protein, dietary fibre and micronutrients,
offer numerous health benefits (Katoch, 2015) while India
still hosts about 24% of the undernourished global
population (Sharma et al., 2016), highlighting the crucial
role of pulses in ensuring food and nutrition security.
Ricebean (Vigna umbellata), an underutilized legume,
has gained attention for its potential to contribute to the
global food supply and the seeds are rich in protein, fat,
fibre, tryptophan and vitamins and has high nutritional
quality, high grain yield and multiple uses, including food,
animal feed; cover crop and green manure. It is often
intercropped with maize, sorghum, or cowpea, especially
in the NER of India under rainfed conditions and shifting
cultivation. Dried seeds are consumed as pulses, while
immature pods are used as vegetables and are also an
excellent green manure and cover crop (Rajerison, 2006).
In Nagaland, ricebean, known as Naga dal, is grown
on 4900 ha with a production of 5620 Mt (Statistical
Handbook of Nagaland, 2017), which has a higher fat,
potassium, magnesium, calcium, sodium, iron, copper
and chromium content and superior cooking quality
compared to other varieties (Bepary et al., 2017). However,
modern agriculture’s reliance on chemical additives has
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led to soil productivity loss, nutrient depletion and
groundwater pollution, necessitating a shift towards
organic practices. Traditionally, Nagaland cultivates rice
during the kharif season, leaving the land fallow during
rabi for cattle grazing. India has about 11.7 million
hectares of fallow land post-rice harvest, with 324
hectares in Nagaland. Effective crop management can
transform cereal-based systems into sustainable ones
by utilizing these fallow lands; an emerging opportunity
in Nagaland is growing linseed as a succeeding crop
after rice harvest.
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Linseed, an oilseed rabi crop, thrives in marginal
soils and globally, it spans 27.64 lakh hectares, yielding
29.25 lakh tonnes and in India, linseed covers 3.30 lakh
hectares, producing 1.72 lakh tonnes (DES 2017-18),
ranking third in acreage and fifth in production. Soll fertility
depletion is a significant challenge, necessitating a
balanced use of inorganic and organic nutrients. Organic
fertilizers from decomposed materials enhance soil
properties and crop productivity (Chandrashekara et al.,
2000), while inorganic fertilizers should be used
judiciously to avoid environmental issues. Effective crop
residue management can improve soil quality and
productivity. Nagaland’s agriculture faces challenges like
nutrient loss from erosion and limited external inputs;
sustainable agriculture requires a viable cropping system
and effective crop management. Technological
advancements in agro-techniques, especially in cropping
systems and nutrient management, are crucial to
improving productivity in a ricebean-based linseed
cropping system.

MATERIALS AND METHODS

The present investigation was conducted at the
experimental farm of School of Agricultural Sciences,
Nagaland University, Medziphema campus, Nagaland
during from 2019 - 2021 and the farm was located at an
altitude of 310 msl with monthly temperature, relative
humidity and rainfall during the cropping period ranged
from 9.6 to 33.1°C, 34 to 97%, 0 to 274.5 mm respectively.
The soil was clayey loam with acidic pH of 4.6, high in
organic carbon (1.47%), available N (293.78 kg ha),
available P (36.02 kg ha') and medium in available K
(152.63 kg ha?). The experiment was laid out in
randomized block design with three replications with of
three different organic manures: poultry manure; pig
manure and farm yard manure with inorganic fertilizers:
100% RDF, 75% RDF, 50% RDF with inorganic fertilizers,
including urea, SSP and MOP, were applied the day before
crop sowing and placed in open furrows and
recommended agronomical methods were followed. In
April 2019-2020, dhaincha, green manure crop was sown
and integrated into the soil after 30 days with soil samples
from the top 0-15 cm layer were analysed. The experiment
followed a randomized RBD in three replications per
treatment and each plot 3 m x3.6 m2. In the experiment,
Bidhan-1 ricebean and Ruchi linseed varieties were grown
with recommended spacing and three organic treatments
were paired with varying doses of inorganic fertilizers.
Dhaincha was sown in March-mid week 2019 and the
first week of April 2020 and incorporated into the soil in
May for both seasons; residues from the previous ricebean
crop, along with locally sourced well-decomposed
farmyard manure, pig manure and poultry manure, were
used for the subsequent linseed crop according to
treatment specifications. Statistical analysis of data
recorded during the course of the investigation was
computed by following the standard ANOVA procedure.

RESULTS AND DISCUSSION

The data on growth, yield parameters are presented while
discussion and data on the effects have been omitted from
the paper due to the lack of significant findings.

Growth attributes

The results indicated that nutrient management has a
significant impact on plant height as, it is a crucial factor
affecting yield in fodder crops, as it reflects how different
nutrient treatments affect plant growth and vitality. As
depicted Table 1, at the time of harvest, the maximum plant
height was observed in T, reaching 167.93 cm in 2019,
174.70 cm in 2020. In table 2, T, also recorded significant
effect of nutrient management on number of branches at
30,60,90 and harvest, similarly with number of nodules as
it was recorded that the addition of poultry manure with
RDF had significant increasing effect on the number of
nodules relative to the other treatments as depicted in
Table 1, these finding were similar to those reported by
Panda et al. (2012) who revealed that poultry manure
improve the effectiveness of rhizobium in cowpea and
consequently, the highest number of nodules (196) was
obtained in the pot that had poultry manure at 2t ha®. The
observed phenomenon is likely due to poultry manure
containing significant quantities of organic phosphates, in
addition to nitrogen and other elements (Msaakpa, 2016).
Incorporating more green materials like dhaincha into the
soil brought about an increase in the presence of organic
matter. Consequently, this enhancement contributed to
greater quantities of vital nutrients accessible to plants,
ultimately resulting in improved growth and crop yield;
poultry manure’s ability to rapidly release essential
nutrients needed for plant vigor and growth, along with its
strong nitrogen-fixing capabilities, contributes to this effect.
The higher nutrient levels found in poultry manure
compared to other sources further support these findings,
consistent with previous research (Diwale et al. 2020).

Yield attributes

T, showed the highest number of pods per plant, while the
residual effect of green manure may have improved soll
fertility in ricebean by adding organic matter and essential
nutrients. These findings align with studies showing that
organic matter enhances plant growth and photosynthesis,
leading to increased seed yield. Jasim and Mhanna (2014),
who observed an enhanced yield in broad beans, it
attributed that the yield increase to the contribution of organic
matter in providing vital nutrients to plants, thereby
promoting the growth of vegetative elements and
subsequently improving the photosynthesis process
(Anuja and Vijayalakshmi, 2014). The residual effect of
green manure likely improved soil fertility in ricebean by
enhancing organic matter, nitrogen, P and K levels,
boosting root nodulation and nitrogen fixation. Additionally,
the application of poultry manure, rich in essential nutrients,
may have further enhanced micronutrient availability,
directly improving crop yield and nutrient concentration.
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Incorporating poultry manure along with green
manuring and recommended dose fertilizer (RDF) in T,
resulted in the highest seed yield (1161.83 kg ha?), while
T, and T, had similar yields. The lowest yield was recorded
with pig manure application. T, also provided the highest
stover yield in both 2019 and 2020 in Table 2. Poultry
manure in T, resulted in the highest harvest index, while
the lowest values were observed in T.. The variation in
nutrient sources and fertilizer combinations significantly
affected both seed and stover yield, consistent with
previous research showing the benefits of nitrogen
accumulation from fertilizers and organic manures in
increasing production and yields. Similar results were
found by Reddy (2008), Ghosh et al. (2014) and Getachew
and Tilahun (2017). The increase in yield and related
factors may be due to the preference for chicken manure
over other animal manures like pig or kraal manure,
because of its high nutritional value containing elevated
levels of NPK; this combination of recommended dose
fertilizer (RDF) and nutrient-rich poultry manure directly and
indirectly boosted crop yields by promoting growth and
productivity (Kawikhonliu 2022). In parallel to the findings,
Soysal (2021) recorded that applying 1000 kg ha* of poultry
manure resulted in the highest seed yield in faba bean,

with yields of 2119 kg ha'in 2017 and 2083 kg ha™ in 2018.
All yield-related parameters were influenced by poultry
manure doses, with the 1000 kg ha! dose being the most
effective.

Even in nutrient uptake as showed in Table 3, in 2019,
2020 and pooled value, T, exhibited the highest total nitrogen
this was at par with the findings of Sugihara et al. (2010)
found that early application of poultry manure during crop
growth increases microbial biomass nitrogen and prevents
nitrogen leaching into the environment and also noted that
poultry manure enhances nitrogen absorption by crops,
supported by Kawikhonliu's (2022) findings. Poultry
manure’s richness in essential nutrients, including major,
secondary and micronutrients, makes them more available
for crop growth, ensuring better nutrient content in crops.
Thus, besides major nutrients, poultry manure provides a
range of micronutrients, making it an excellent choice for
crop fertilization. This combined approach of using both
organic and inorganic nutrient sources has the potential to
boost overall agricultural productivity and support
sustainable farming practices, is in line with findings from
Maiksteniene and Arlauskiene (2004), Goulding et al.
(2008), Senthivalavan and Ravichandran (2019).

Table 3: Effect of nutrient management on total uptake (kg ha?) after harvest in ricebean plant.

Total N uptake

Total P uptake Total K uptake

Treatment 2019 2020 Pooled 2019 2020 Pooled 2019 2020 Pooled
T, 84.45 92.75 88.60 13.80 15.94 14.87 49.38 5249  50.94
T, 81.18 91.46 86.32 11.91 15.05 13.48 44.62 50.38  47.50
T, 78.11 90.36 84.23 11.47 13.32 12.39 40.67 4951  45.09
T4 68.55 77.59 73.07 11.03 13.61 12.32 41.43 48.88 45.16
T, 67.42 74.81 7111 9.33 11.85 10.59 36.85 4395  40.40
T, 64.64 72.18 68.41 8.73 9.51 9.12 34.43 4318 38.80
T7 76.36 88.31 82.34 11.95 14.21 13.08 44.49 51.01 47.75
TB 73.28 81.96 77.62 10.84 11.49 11.16 37.78 46.54 42.16
Tg 70.77 79.65 75.21 9.72 9.37 9.55 36.27 45.13 40.70
SEm+ 1.84 2.50 1.55 0.46 1.01 0.55 1.98 2.03 1.42

CD (P=0.05) 551 7.49 4.47 1.38 3.02 1.60 5.93 6.07 4.08

Table 4: Effect of nutrient management on yield parameters in linseed.

No of pods plant? No of seeds pod*

Seed yield (kg ha?) Stover yield (kg ha?)

Treament 5019 2020  Pooled 2019 2020 Pooled 2019 2020  Pooled 2019 2020  Pooled

T, 4370 4560 4465 7.91 1100 9.46 769.32 776.04 772.68 1426.83 1440.28 1433.55
T, 4211 4433 4322 787 10.86 9.37 706.33 685.60 695.97 1360.80 1381.31 1371.06
T, 4011 42555 4133  7.83 1031 9.07 703.79 673.97 688.88 1333.80 1347.25 1340.52
T, 35.07 37.27 3617 6.89 850 7.70 631.07 640.15 63561 1252.39 1238.53 1245.46
T, 36.78 3897 3787 655 7.54 7.05 600.27 598.71 599.49 1223.22 1220.74 1221.98
T, 3053 3387 3220 622 7.00 661 576.95 59591 586.43 1204.08 1217.10 1210.59
T7 40.00 43.48 41.74 7.48 10.56 9.02 702.82 706.51 704.67 1246.55 1225.47 1236.01
T, 4174 4202 4188 755 918 836 661.39 693.87 677.63 1213.99 1208.87 1211.43
T, 4022 4127 4074 7.19 9.08 813 646.30 643.88 64509 1227.41 1227.66 1227.53
SEm+ 225 156 137 035 087 047 3355 2092 1977  41.43 37.76  28.03

CD (P=0.05) 6.74 4.67 3.94 1.05 2.61 1.35 100.57 62.73 56.95 124.21 113.21 80.74
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In the current study, it was observed that consistent
results when examining the lasting impact of nutrient
management on the following crop, which happened to be
linseed in Table 4 in yield parameters specifically, using
0.7 tons ha of poultry manure (T,) led to significant
improvements in yield-related factors like pod count, seed
yield, stover yield. The increased growth and yield of linseed
after a green manure crop aligns with the findings by
Thakuria and Thakuria (2018) where green manuring with
dhaincha enhanced all yield attributes and boosted seed
and stover yields due to the higher biomass added by
dhaincha and in parallel. Irin and Biswas (2023) reported
that green manure crops accumulate phosphorus and their
decomposition releases bicarbonates that solubilize soil
phosphorus, improving availability for subsequent crops
and increase soil organic carbon, lower pH, reduce
phosphate fixation and enhance phosphorus availability.

CONCLUSION

The superior growth observed is credited to the nutrient-
rich poultry manure, which enhances nodule formation in
legumes, improves soil fertility and stimulates beneficial
microbes. Combining RDF with poultry manure resulted in
higher yields due to improved legume health and growth
while FYM outperformed pig manure, providing balanced
nutrients, microbial activity and positive soil quality impact,
promoting plant growth.
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