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ABSTRACT

Afield experiment was carried out in the Rabi season of 2022-2023. The experiment aims to improve linseed
production by optimizing fertilizer management strategies and determining effective nutrient application
methods. It examines the impact of different fertilizer dose levels and foliar nutrient application on growth,
physiological characteristics and productivity features of linseed ensuring environmental sustainability.
Additionally, the findings provide important information about how farmers can modify their fertilization
methods according to regional circumstances. The experiment was carried out in split plot design, the
experiment was conducted with three levels of fertilizer applied to the soil in the main plots: 0% RDF (S),
50% RDF (S,), and 100% RDF (S,) and six distinct nutrients were applied as foliar application to the subplots
at pre-flowering and capsule development stage i.e., F, water spray; F,: 0.5% nano-urea; F.: 2% urea; F,: 2%
DAP; F.: 2% NPK (18:18:18); and F,: 2% seaweed sap and it was replicated thrice. The study found that soil
application of 100% RDF and nutrient management with two foliar sprays of 2% NPK (18:18:18) at the pre-
flowering and capsule developmental stages significantly improved growth characteristics like plant height
and dry matter accumulation, physiological traits like crop growth rate and yield attributes like primary
branches, capsules per plant, seeds per capsule, and 1000-seed weight, and. Moreover, improvement in
production and productivity as indicated by harvest index, grain yield, and straw yield. The interaction
between the levels of fertilizers as soil application and foliar application found to be non- significant for the
above-mentioned characters.

Key words : Foliar application, Soil application, Linseed, Dry matter accumulation, NPK(18:18:18).

Introduction an essential crop for the production of fiber, oil and food

India is the world’s fifth-largest producer of linseed,
accounting for about 3.18% of global production (NITI
Aayog, 2024). Oilseeds play a significant role in India’s
agricultural economy. In Indian languages, flax seed
(Linum usitatissimum), also called Alsi, Jawas, Aksebija
and so on, blooms blue or white and produces tiny, flat
seeds with a range of colors from reddish brown to golden
yellow. It is the most significant oilseed crop in India,
which ranks second in terms of area and production
among the several oilseed crops cultivated in the nation,
after rapeseed-mustard (Rabi) in the winter. Linseed is

products. In most linseed-producing states, it is mostly
farmed under input-starved conditions under rainfed
(63%), utera (25%) and irrigated (17%) environments
under input-starved conditions Kumar (2024). Moreover,
it is @ medicinal plant that is high in dietary fiber (28%),
protein (20%), oil (41%), moisture (7.7%), and ashes
(3.3%). According to Kumar (2018), it contains a high
proportion of important fatty acids, including 75%
polyunsaturated fatty acids, 57% alphalinolenic acid, an
omega-3 fatty acid, 16% linoleic acid and omega-6 fatty
acid.



2564 Meeta Kumari et al.

Foliar spray of nutrients is the fastest way to boost
up crop growth because the nutrient application is uniform
and readily available at the initial and critical stage of the
plant, the crop responds to nutrient application
immediately, thereby reduce the requirement of fertilizers
(Zayed et al., 2011). Enhancing plant inherent
mechanisms, plant cell homeostasis, water relations, and
production during abiotic stresses is better achieved by
foliar spray rather than by soil application. To maximize
crop productivity, Crop- and growth-specific foliar sprays
are essential (Pasala et al., 2022). Applying fertilizer as
a foliar spray produced effective absorption and is the
cost-effective method of fertilization to produce high-
quality produce and increased productivity, particularly
when plant organs compete for carbohydrates and
nutrient uptake from the soil is limited (Singh et al., 2018).

Compared to the global average, the average linseed
productivity in the country is extremely low. However,
the main cause is unbalanced and insufficient fertilization.
Linseed productivity must be increased through balanced
fertilization using chemical fertilizer along with foliar
application of water-soluble fertilizers are essential for
increasing crop production. Previous endeavors have
been undertaken to investigate how fertilizer application
in the soil affects the linseed vegetative and reproductive
attributes. However, little information is available
regarding the combined effects of fertilizer application in
the soil and foliar nutrient spraying. Therefore, this study
was conducted to evaluate the impact of varying fertilizer
levels and foliar nutrient applications on growth,
physiological characteristics, production and productivity
features of linseed. Foliar spray of 2% DAP at flowering
and capsule development recorded significantly higher
seed and straw yield (Mamdi et al. 2023 and Dehury et
al. (2024). Soil application of 100% nitrogen and
supplemental nitrogen management with foliar application
of two sprays of nano-urea @ 3 ml/lit at flowering stage
and capsule developmental stage was found to record
significantly highest seed and straw yield, BC ratio, plant
height, dry matter accumulation and oil yield (Kumar, et
al., 2023) two times foliar sprays of NPK 19:19:19 @
1.0% + ZnSO, @ 0.5% at flowering and capsule
development stage along with recommended dose of
fertilizer (RDF) recorded highest seeds/capsule (7.98),
test weight (5.56 g), seed yield (996.98 kg/ha).

Materials and Methods

A field experiment was conducted at Agronomical
Research Farm of Birsa Agricultural University, Kanke,
Ranchi (23°317’N, 85°19’E, 625 m above mean sea-level)
during the rabi seasons of 2022-2023 under Ph.D.

research program. This location receives 1397.7 mm of
rainfall annually on average (average over 50 years), with
almost 85% of that amount falling between June to
September, the four monsoon months, the climate of site
IS sub-humid with hot summer and cold winter. The mean
annual maximum and minimum temperatures are 26.5°C
and 10.8°C, respectively. It received a total of 100.2 mm
rainfall received during cropping period from Nov to
March of 2022-23. Initial status of soil (0-15 cm) of
experimental field was sandy loam in texture (60.84%
sand, 22.77% silt and 16.39% clay), acidic in reaction
(pH 5.56), low in available nitrogen (218.63 kg/ha) and
medium in organic carbon (5.91g/kg), medium in available
phosphorus (15.75 kg/ha) and in potassium (178.32 kg/
ha). The experiment was laid out in a Split Plot design
with 3 replications.

In the main plots three levels of fertilizer applied to
the soil: 0% RDF (S,), 50% RDF (S,), and 100% RDF
(S,) and six distinct nutrients were applied as foliar
application to the subplots at pre-flowering and pod
commencement stage i.e., F, water spray; F,: 0.5% nano
urea; F,: 2% urea; F,: 2% DAP; F: 2% NPK (18:18:18);
and F,: 2% seaweed sap. Linseed variety “Priyam”,
suitable for rainfed conditions was seeded directly using
20 kg seed per ha in rows spaced at 30 cm on 21th
November 2022 after basal application of fertilizer. Crop
received recommended dose of fertilizer was 40:30:20:20
(N: P,O,: K,O: S kg/ha) was applied through urea, di-
ammonium phosphate muriate of potash and gypsum
respectively and were applied uniformly to all the plots,
all fertilizer were applied in a single dose i.e. basal
application. The size of each plot was 5.4 m x 4.3 m.
Intercultural operations were done as and when required.
Crop was harvested at physiological maturity and plot-
wise seed and straw yield in kg/m? was recorded. The
biometric observation was taken from 5 randomly selected
plants of each plot. The plant dry weight destructive
sampling procedure was followed and three linseed plants
were uprooted from 2" row at either side of plots from
ground level and were dried, first in sun and then in an
oven at 65 £ 5°C till reached a constant weight. Dry
weight obtained was converted into g/plant. Physiological
characteristics, such as growth rate was documented as

Crop growth rate (CGR) is the increase in dry
weight of a plant per unit time, expressed in gram per
day per plant (g/day/plant) and was calculated by adopting
the formulae as suggested by Watson (1952). It was
determined in time interval between 90 DAS - maturity
of linseed crop by using formula:
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Ww2-w1l 1
CGR |g/m?/day)=———"x —
(g y) t2-t1 A
Where, W1 and W2 represent the dry weight of the
plant at the beginning and end of the time interval t1 and
t2, respectively and A is unit area occupied by plants
(m?)
Similarly, the yield —attributing characteristics of
linseed, such as the harvest index, were determined using
the given formula:

Economical yield (grain yield)
Harvest Index (%) = x 100
Biological yield (grain + straw yield)
Harvest index (HI) was calculated as the per cent
ratio of economic yield to biological yield using the formula

suggested by Singh and Stoskopt (1971).
Statistical analysis

The data recorded for different characteristics were
subjected to statistical analysis by adopting the method
of analysis of variance (ANOVA) as described by Gomez
and Gomez (1984). The significance of comparison was
tested. The significant difference values were computed
for a 5 percent probability of error. Wherever the variance
ratio (F value) was found significant, critical difference
(CD) values were computed for the comparison among
the treatment means.

Results and Discussion
Plant height

As the crop developed, plant height grew gradually.
According to data analysis, plant height increased with
crop age, however this was particularly apparent at the
harvest stage. The data found on plant height recorded
and analyzed is presented in Table 1. Plant height was
found significantly greater height with the application of
S,-100% RDF (52.21 cm) which was significantly
superior to of S,- 75% RDF (45.94 cm). The plant height
was found to be lowest with S - 0% RDF (35.75 cm) at
maturity. It could be because the plants have access to a
balanced and adequate supply of nutrients, which
improves almost every growth characteristic when
fertilizer is applied at a higher level. Similar result were
also noticed by Devedee et al. (2019), Gaikwad et al.
(2020). These results are in conformity with those reported
by Meena et al. (2023). The interaction varying fertilizer
levels and different foliar nutrient applications on plant
height was also found non-significant.

Among in terms of different foliar application where
the crop were treated at pre flowering and capsule
formation stage showed significant effects on plant height,
the two sprays of F5- 2% NPK (18:18:18) calculated

significantly taller (48.36 cm) and had followed by F2-
0.5% Nano urea (47.68 cm) and application of F6- 2%
seaweed sap (46.28 cm) and the minimum plant height
was observed with the application of water spray
(F1).The probable reason may be due to the use of
complex fertilizer i.e. NPK 18:18:18 that contains equal
percentages of nitrogen, phosphorus, and potassium and
could readily absorbed by leaves. These nutrients play
vital roles in various physiological processes of plant, from
vegetative growth to reproductive activities. The equal
proportion of nutrients in 18:18:18 NPK fertilizer makes
it an ideal choice for promoting robust plant growth, flower
formation, and bearing of flowers. Due to balanced
application of NPK which enhanced cell division, cell
multiplication and tissue differentiation, which may have
increased the nutrient uptake and chlorophyll content.
Which contribute overall growth and development of
plants by reducing nutrient losses, enhancing nutrient use
efficiency which ultimately increased plant height. Similar
result was also reported by Mousa et al. (2010) and Singh
et al. (2020).

Dry matter accumulation

The buildup of dry matter serves as a gauge for crop
growth rate and biomass production. As the crop
developed, the dry matter accumulation of linseed
increased steadily and peaked at harvest (Table 1 and
Fig. 1). Result reveled that higher level of fertilizer i.e.
application of 100% RDF significantly influenced dry
matter accumulation at 90 DAS and at harvest (11.90
and 14.21 g/plant, respectively) over 75% RDF. Lowest
dry matter accumulation was found with 0% RDF (5.25
and 5.89 g/plant respectively). This might be owing to
efficient utilization of nutrients which helped in better and
vigorous vegetative growth. These results are in
conformity with those reported by Meena et al. (2011).
Higher fertility levels made nutrients more available and
easier for plants to absorb, which led to more vegetative
growth. This increased plant height because of increased
cell division, enlargement, and elongation from improved
photosynthesis, which improved the interception,
absorption, and utilization of radiant energy and ultimately
increased the accumulation of dry matter. This view is in
cognizance with finding of Duhan (2013), Nataraja et al.
(2021) and Sheoran et al. (2017). The increase in dry
matter accumulation with incremental levels of RDF has
also been reported by Dwivedi and Dwivedi (2005), Singh
et al. (2013).

Similarly, with respect to different foliar application,
2% NPK (18:18:18) exerted significantly influence on
the dry matter accumulation (9.91 and 11.78 g/plant,
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Table 1 : Effect of soil application of different levels of fertilizer and foliar application of nutrients on growth and physiological
characteristics of linseed in soybean linseed sequence during rabi season 2022- 2023.

A: Soil application Primary Capsule Seed per 1000 seed Grain Straw Harvest
of nutrients branches per plant Capsule weight (g) yield yield index
per plant (No.) (No.) (kg/ha) (kg/ha) (%)
S1: 0% RDF kWil 525 6.69 7.37 671 1352 33.07
S2: 50 % RDF 4.06 9.32 7.06 7.63 1231 2387 3394
S3: 100 % RDF 4.9 11.90 7.34 7.87 1593 2925 35.25
SEm+ 012 0.14 0.20 0.16 26.7 553 0.56
CD (P=0.05) 0.42 0.49 NS NS 96.99 201.22 NS
B: Foliar application of nutrients
F1: Water spray 342 721 6.91 752 930 1849 3328
F2:0.5% Nano urea 450 9.79 7.10 7.73 1311 2431 34.63
F3: 2% Urea 397 8.42 6.98 7.55 1081 2116 33.39
F4:2% DAP 395 831 6.95 753 1075 2110 3HA
F5: 2% NPK (18:18:18) 4.64 991 722 7.75 1374 2515 3633
F6: 2% Seaweed sap 4.03 9.29 7.02 7.66 1218 2308 34.55
SEm+ 0.17 033 021 0.20 46.7 88.0 091
CD (P=0.05) 050 0.95 NS NS 1348 254.3 NS
CV (%) 12.62 11.20 9.10 7.85 12.02 11.89 8.03
Interaction (A xB)
SEm+ 0.29 057 0.37 0.35 8.09 15.25 158
CD (P=0.05) NS NS NS NS NS NS NS

respectively) at 90 and at harvest. Moreover 0.5% nano
urea and 2% seaweed sap also caused significant
improvement in dry matter production. While, the lowest
dry matter accumulation was observed with treatment
F1 i.e., water spray. Increased dry matter production is
due to availability of these balanced proportion of
macronutrients by the foliar fertilization to the crop at
appropriate vegetative stage which resulted in better crop
growth and photosynthetic activity which has led to better
supply of photosynthates ultimately resulted in higher dry
matter production per plant. These results are in
conformity with the findings of Bhayal et al. (2022) and
Parasuraman et al. (2008)

Crop growth rate

The crop growth rate (CGR) determines the
exponential growth of any crop (Table 1). Linseed moves
into its maturation phase after ninety days. As the plant
dries out, the seeds develop inside the pods. Now that
the plant’s energy is being directed toward seed filling
and ripening, the growth rate has substantially slowed.
The plant will be almost ready for harvest after ninety
days. During 90 DAS-at harvest, significant variation was

observed regarding crop growth rate (CGR). Among soil
applications of different levels of fertilizer; 100% RDF
had a significant maximum CGR (5.10 g/m?/day) and
among foliar sprays, the significantly highest CGR (4.12
g/m?/day) was attributed to the application of 2% NPK
(19:19:19) over application of F1- water spray (2.86 g/
m?/day) irrespective of fertilizer sprays, estimation (Table
1). Applying the full RDF ensures that the crop receives
an optimal supply of all essential nutrients. This leads to
better root development, stronger vegetative growth, more
efficient photosynthesis and enhanced accumulation of
dry matter during growth period that finally increased
the crop growth rate. These results corroborated with
the findings of Arancon et al. (2006), Dass et al. (2022)
and Vishwakarma (2023). Similarly, the significant
increase in CGR due to combined NPK fertilizer nutrition
through application of 2% NPK (18:18:18) might be owing
to better availability of nutrients and effective conversion
of macronutrients at the site of photosynthesis and have
maximum photosynthate accumulation towards the dry
matter accumulation through continued photosynthesis,
led to significant improvement in CGR .Similar result was
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Fig. 1 : Effect of soil application of different levels of fertilizer and foliar application of nutrients on dry matter accumulation by
linseed at 90 DAS and at harvest in soybean linseed sequence.
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Fig. 2 : Effect of soil application of different levels of fertilizer and foliar application of nutrients on grain yield of linseed in

soybean linseed sequence.

reported in different crops in cluster frontline
demonstration were documented by Singh et al. (2014)
in onion, Das et al. (2023) in rice and Banerjee et al.
(2021) in pea.

Yield attributes

A perusal of data presented in Table 2 revealed a
significant difference in yield attributing character with
the enhancement in fertilization levels. Application of
100% RDF was found significant superiority in terms of
number of primary branches per plant (4.99), capsule
per plant (11.90) but failed to cause significant variation
in number of seed per capsule. The highest number of

seed per capsule (7.34) and 1000 seed weight (7.87) was
recorded over lower levels of fertilizers i.e. 0% RDF.
This might due to higher dose of fertility level helps in
facilitated greater crop growth and consequently result
in higher linseed production. The positive response of
higher level of improvement in crop growth, enabled the
plant to absorb more nutrient and moisture which
empowered the plant to manufacture more quantity of
photosynthetic accumulate there in sink. This results are
in conformity by Malik et al. (2008) and Gaikwad et al.
(2020).

Among different foliar application of 2% NPK
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Fig. 3 : Effect of soil application of different levels of fertilizer and foliar application of nutrients on straw yield of linseed.

(18:18:18) found significantly better in increasing yield
contributing characters like primary branches per plant
(4.64), capsule per plant (9.91). Additionally maximum
number of seed per capsule (7.75) was recorded and
found at par with F2- 0.5% nano-urea and F3- 2%
seaweed sap. This could have stemmed from the
balanced application of NPK, which improved tissue
differentiation, cell division and multiplication. This, inturn,
led to an increase in plant height and branching, as well
as an increase in yield attributes, such as the number of
capsules per plant, the number of seeds per capsule, and
1000-seed weight. The results of the present investigation
corroborate the findings of Meena et al. (2011) and Gupta
et al. (2017). However, 1000-seed weight remained
unaffected by fertilizer level and foliar application of
nutrient.

Yield

Table 2 shows that grain yield (1593 kg/ha), straw
yield (2925 kg/ha) of linseed were significantly influenced
by the application of 100% RDF, compared to the various
fertilizer levels. These yields were found to be comparable
to those obtained with the application of 50% RDF (Figs.
2 and 3, respectively). The lowest grain yield (671 kg/
ha), straw yield (1352 kg/ha) was observed with
application of 0% RDF. However, harvest index was
found to be non-significant. The increase in grain yield
might be due to remarkable improvement in the yield
attributes viz. no. of capsules/plant, no. of seeds/ capsule
and seeds weight/plant with higher level of fertilizer
application also had profound effect of straw yield this
could be attributed to the increased plant height, branching
and dry matter accumulation with increasing levels of
fertilizer application. Similar results were also supported
by Gokhale et al. (2008) and Bhanwariya et al. (2013).

The yield was shown to be significantly impacted by
the foliar application of fertilizers. Application of 2% NPK
(18:18:18) recorded significantly highest grain (1374 kg/
ha) and straw yield (2515 kg/ha) though it was statistically
at par with 0.5% nano urea. However, the treatment
followed by the water spray had the lowest grain and
straw yield (930 kg/ha and 1849 kg/ha). Despite this, the
harvest index was found to have no significant effect.
This might be due to a balanced dose of fertilizer
application increased uptake of nutrients and effective
translocation of nutrients from sink to reproductive area
of crop which ultimately owning to increase in dry matter
accumulation, number of branches per plant, capsule per
plant, seed per capsule and seed weight, which led to
increased grain and straw yield as reported by Paikra et
al. (2018). Furthermore, this integrative treatment
facilitated/enabled plants to uptake the required amounts
of NPK nutrients avoiding nutrients deficiency and
significantly increased growth and productivity,
physiological and biochemical attributes, which ultimately
enhanced grain and straw production, as reported by
Hemida et al. (2023). The result is agreement with findings
by Lakshmy et al. (2020), Dandge et al. (2018) who
recorded higher seed and straw yield (1599 and 2131 kg/
ha respectively) with the application of 2% 19:19:19
(NPK) + RDF at pod initiation stage.

Interaction effect

The interaction effect between the level of fertilizer
applied as soil application and foliar application of various
nutrients was found to be non-significant at all stages of
linseed crop growth. Likewise, the combined influence
of fertilizer levels through soil and foliar applications on
growth, yield attributes and yield indices (such as plant
height, dry matter accumulation, crop growth rate, primary
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Table 2 : Effect of soil application of different levels of fertilizer and foliar application of nutrients on yield and morphological
characteristics of linseed in soybean linseed sequence during rabi season 2022- 2023.

A: Soil application of nutrients Plant height(cm) | Dry matter /plant(g) | Dry matter /plant(g) | CGR (g/m?/day)
At harvest 90 DAS At harvest 90 DAS- At harvest

S1: 0% RDF 35.75 525 5.89 14

S2: 50 % RDF 45.94 9.32 1115 4.03

S3: 100 % RDF 5221 11.90 1421 5.10

SEm+ 0.39 0.14 012 012

CD (P=0.05) 142 0.49 0.45 043

B: Foliar application of nutrients

F1: Water spray 39.07 721 8.51 2.86

F2:0.5% Nano urea 47.68 9.79 1155 387

F3: 2% Urea 4357 8.42 9.93 33

F4:2% DAP 42.83 831 9.78 324

F5: 2% NPK (18:18:18) 48.36 991 11.78 412

F6: 2% Seaweed sap 46.28 9.29 10.96 366

SEm+ 138 033 0.283 022

CD (P=0.05) 397 0.95 0819 0.63

CV (%) 9.25 11.20 8.16 18.69

Interaction (A xB)

SEm+ 2.38 057 0.49 0.38

CD (P=0.05) NS NS NS NS

branches, capsules per plant, seeds per capsule, 1000-
seed weight, grain yield, straw yield, and harvest index)
was also determined to be non-significant.

Conclusion

The study found that higher fertilizer levels, i.e. 100%
RDF (40 N: 30 P,0,:20 K,0:20 S kg/ha) improved linseed
growth characteristics and productivity and foliar
applications, particularly 2% NPK (18:18:18), promoted
plant growth, physiological traits, and yield due to the
supply of readily available balanced nutrients, which
enhanced metabolic processes. This highlights the
importance of precise nutrient management strategies in
optimizing linseed production and productivity.
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