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POINTWISE BI-SLANT LIGHTEIKE SUBMANIFOLDS OF INDEFINITE
NEARLY KAHLER MANIFOLDS

ABHISHEK SHRIVASTAVA ©  vIQAR AZAM KHAN @ | AND SANGEET KUMAR @ +

ABSTRACT. In this paper, we introduce the notion of pointwise bi-slant lightlike subman-
ifolds of an indefinite nearly Kihler manifold and provide a characterization theorem for
the existence of these submanifolds. Following this, we provide a non-trivial example of
pointwise bi-slant lightlike submanifolds of indefinite nearly Kahler manifolds and then de-
rive some conditions for the distributions associated with this class of submanifolds to be
involutive. Further, we provide a characterization for a pointwise bi-slant lightlike sub-
manifold of an indefinite nearly Kahler manifold to be a bi-slant lightlike submanifold and
investigate the geometry of totally umbilical pointwise bi-slant lightlike submanifold of an
indefinite nearly Kihler manifold. Finally, we obtain necessary and sufficient conditions
for foliations determined by distributions on pointwise bi-slant lightlike submanifolds of an
indefinite nearly Kihler manifold to be totally geodesic.

Keywords: r-lightlike submanifold, Metric connection, Slant distribution, Bi-slant lightlike
submanifold.

2020 Mathematics Subject Classification: 53830, 53B25, 53B35.

1. INTRODUCTION

Chen [4, 5] introduced the notion of slant submanifolds of Kéhler manifolds as a generaliza-
tion of holomorphic and totally real submanifolds. Following this, Lotta [15, 16] introduced
and studied concept of slant submanifolds in contact manifolds. Further, Carbrerizo et al.
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Abstract—This study uses wintergreen (Gaultheria procumbens) plant extract as a reducing agent in a green
synthesis technique to create silver nanoparticles (AgNPs). Numerous analytical methods, including scan-
ning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), Fou-
rier-transform infrared spectroscopy (FTIR), UV-visible spectroscopy, and zeta potential analysis, were used
to characterize the synthesized AgNPs. The results revealed the successful synthesis of AgNPs with an average
size of approximately 25 nm and a face-centered cubic (FCC) crystalline structure. Furthermore, the synthe-
sized AgNPs effectively removed direct yellow 4 (DY4) dye from aqueous solutions, displaying a maximum
adsorption capacity of 92 mg/g. The adsorption kinetics of DY4 on AgNPs followed the pseudo-second-order
model, indicating that chemisorption mechanisms predominantly govern the adsorption process. Addition-
ally, the adsorption isotherms of DY4 on the surface of AgNPs adhered closely to the Langmuir isotherm
model, suggesting monolayer adsorption on the uniform surface of AgNPs through strong adsorbate-adsor-
bent interactions. Moreover, the AgNPs demonstrated promising potential for reusability, as evidenced by the
retention of approximately 97% adsorption efficiency even after undergoing four consecutive adsorption-
desorption cycles. This highlights the robustness and durability of the AgNPs as effective adsorbents for
wastewater treatment applications.

Keywords: adsorption, silver nanoparticles, plant extract, wintergreen plant, langmuir isotherm model, direct
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INTRODUCTION

In recent years, the exploration of eco-friendly and
sustainable solutions for various environmental and
biomedical applications has gained significant
momentum [1, 2]. Among these, the utilization of sil-
ver nanoparticles (AgNPs) derived from medicinal
plant extracts has emerged as a promising avenue,
offering dual benefits in terms of biological properties
and wastewater dye removal [3, 4]. This introduction
delineates the rationale behind exploring AgNPs syn-
thesized from medicinal plant extracts, highlighting
their potential as multifunctional agents for environ-
mental remediation and biomedical applications [5—
7]. The escalating concerns over environmental degra-
dation and the deleterious effects of synthetic com-
pounds on ecosystems and human health have under-
scored the urgency for eco-friendly and sustainable

alternatives. Conventional methods for environmental
remediation often involve the use of chemicals and
processes that can exacerbate pollution and pose
health risks [8, 9]. Hence, there is a pressing need to
explore green and environmentally benign approaches
for addressing pollution and improving environmental
quality [10].

Conventional techniques for creating nanoparticles
frequently call for dangerous chemicals and energy-
intensive procedures, contributing to environmental
degradation and posing risks to human health. Con-
versely, green nanotechnology focuses on building
ecologically friendly methods for synthesizing
nanoparticles from sustainable resources [11—13],
such as plant extracts. By harnessing the phytochemi-
cals present in medicinal plants, green synthesis pro-
vides a sustainable alternative to the basic principles of



2 HIMANSHU SINGH et al.

eco-friendly manufacturing and environmental stew-
ardship [14—16]. Medicinal plants have been revered
for centuries for their therapeutic properties, owing to
the diverse array of bioactive compounds present in
their extracts. Gaultheria procumbens, commonly
known as wintergreen, is one such medicinal plant
known for its rich phytochemical profile, including
phenolic compounds and flavonoids [17]. These bio-
active constituents possess potent biological proper-
ties, making Gaultheria procumbens an ideal candidate
for the synthesis of AgNPs with enhanced biological
activity [18, 19]. Because of their distinct physico-
chemical characteristics and multipurpose uses, silver
nanoparticles have become attractive options for
medicinal and environmental applications. In addi-
tion to their well-documented antimicrobial activity,
AgNPs exhibit remarkable biological properties
attributed to their high surface area-to-volume ratio
and surface plasmon resonance [20, 21]. These
nanoparticles demonstrate scavenging activity against
reactive oxygen species (ROS) and free radicals,
thereby attenuating oxidative stress and oxidative
damage in biological systems [22]. The textile industry
is one of the largest contributors to water pollution
globally, primarily due to the discharge of dye-con-
taining wastewater into water bodies [23]. Synthetic
dyes used in textile manufacturing pose significant
environmental hazards, including water contamina-
tion, disruption of aquatic ecosystems, and adverse
effects on human health [24—28]. Conventional
wastewater treatment methods often fall short of effec-
tively removing these recalcitrant dyes, necessitating
the development of alternative strategies for dye reme-
diation [29, 30]. The synergy between the biological
properties of AgNPs and their efficacy in wastewater
dye removal presents a unique opportunity for devel-
oping multifunctional materials with dual benefits [31,
32]. The literature on the synergistic potential of
AgNPs, which are derived from medicinal plants for
dye removal efficacy in a single material is still seri-
ously lacking.

By synthesizing AgNPs from the medicinal plant
Gaultheria procumbens and thoroughly examining
their ability to remove dye contaminants from waste-
water, this study fills a unique gap in the literature. It
comprehensively investigates the functionality of
AgNPs, offering a novel solution for environmental
applications, while most current research focuses on
their ability to remove dyes in isolation. By detailing
their dye adsorption properties, this study presents
new insights on how green-synthesized nanoparticles
may contribute to environmentally responsible and
sustainable solutions for cleanup. Our goal with this
innovative integration is to provide a comprehensive
solution that could enhance the effectiveness of exist-
ing wastewater treatment technologies and offer a sus-
tainable alternative to biological systems.

EXPERIMENTAL
Materials and Chemicals

Silver nitrate of analytical grade (AgNO;, purity
98%), sodium hydroxide, hydrochloric acid and direct
yellow 4 were procured from Merck India and
employed without any pre-treatment. To make the dye
solutions, the powder was dissolved in deionized water
and subsequently subjected to agitation on an orbital
shaker for 30 min. No additional purification steps
were undertaken for any of the reagents. Deionized
water served as the solvent throughout the investiga-
tion.

Plant Collection and Extraction Preparation

Fresh wintergreen stems of Gaultheria procumbens
were collected in July and August 2023 from their
native habitat at Shillong Peak in Meghalaya, located
at 1.830 m above sea level (25.576516° N,
91.886841° E). After collection, the stems were care-
fully cleaned with deionized distilled water, sliced into
small pieces, and allowed to air dry at room tempera-
ture. They were then thoroughly rinsed using both tap
and double-distilled water and sun-dried. Once dried,
the stems were ground into a fine powder and stored
away. Next, approximately 30 g of finely chopped
stems were cooked for 40 min in 200 mL of deionized
distilled water in a round-bottom flask. After cooling,
the mixture was filtered through Whatman No. 1 filter
paper, and the resulting filtrate was reserved for silver
nanoparticle (AgNPs) production without any further
processing.

Fourier-transform infrared spectroscopy (FTIR)
and UV-vis spectroscopy investigations were con-
ducted to determine the properties of the synthesized
material. Notable phytochemicals such as phenolic
compounds, flavonoids, tannins, and terpenoids as
reported earlier [18, 19] identified in the extract
included gallic acid and tannins, recognized for
enhancing the stability of nanoparticles and their bio-
logical efficacy, as well as quercetin and catechin,
powerful flavonoids with robust biological and metal-
reducing properties, and methyl salicylate, the pri-
mary component known for its anti-inflammatory
and biological benefits. These bioactive compounds
acted as both stabilizing and reducing agents, which
was crucial for the environmentally friendly produc-
tion of AgNPs [18, 19].

Silver Nanoparticle Synthesis

The green synthesis procedure, as previously out-
lined with some modification, was executed for the
preparation of silver nanoparticles (AgNPs) [33].
Notably, an extract of wintergreen plant (EWGP) was
employed as the reducing agent instead of conven-
tional choices like sodium borohydride, chosen for its
favourable environmental and medicinal attributes.

COLLOID JOURNAL 2025
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Initially, a 25 mM stock solution of silver nitrate
(AgNO;) was prepared. Subsequently, 100 mL of this
stock solution was gradually mixed with the extract
until the medium reached half dilution, effectively
reducing the concentration of Ag* ions. After that, the
reaction mixture was swirled at room temperature
until the color of the solution changed noticeably. Fol-
lowing completion of the reaction, centrifugation at
6000 rpm for 50 min facilitated the separation of
nanoparticles from residual components. The result-
ing nanoparticle precipitate was redispersed in deion-
ized water and subjected to secondary centrifugation
in ethanol to eliminate any remaining biomass.
Finally, the nanoparticles were obtained after vacuum
drying and then used for further analysis.

Characterisation

The investigation encompassed a comprehensive
array of analytical techniques to thoroughly character-
ize the synthesized materials. UV—vis spectroscopic
analysis was meticulously performed employing a
Lambda 750 (Perkin-Elmer) UV—vis spectrophotom-
eter, ensuring precise determination of absorbance
across a broad spectrum ranging from 200 to 800 nm,
with a remarkable resolution of 1 nm. Fourier trans-
form infrared (FTIR) spectra were meticulously
acquired utilizing a cutting-edge Thermo-Fisher
NICOLET IS50 FTIR spectrophotometer. This anal-
ysis was conducted employing KBr pellets at a con-
trolled moderate temperature, with a scan rate at
4 cm~! s7!, facilitating detailed examination of func-
tional groups and chemical compositions. Morpho-
logical and elemental analyses were carried out
through Scanning electron microscopy (SEM) mea-
surements and Energy-dispersive X-ray spectrometry
(EDX) analysis, utilizing a JEOL Japan JSM 6610LV
microscope operated at accelerating voltages of 10 and
15 kV, ensuring precise characterization of surface fea-
tures and elemental distributions. Transmission elec-
tron microscopy (TEM) measurements were con-
ducted employing a Tecnai G2 20 (FEI) S-Twin field
emission electron microscope, providing high-resolu-
tion images for detailed examination of nanostruc-
tures and particle size distribution. X-ray diffraction
(XRD) analysis, crucial for elucidating the crystalline
structure, was meticulously performed utilizing a
Rigaku SmartLab spectrometer with Cu-Ko radia-
tion, ensuring accurate determination of crystallo-
graphic information.

Statistical Analysis

The data underwent analysis utilizing SPSS 22.0
software. ICs, values were determined via equations
for the best-fitted line derived from linear regression
statistics utilizing the least squares method. After that,
post-hoc Tukey’s tests and one-way analysis of vari-
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ance (ANOVA) were used to compare treatment
means.

Zero-Point Charge (ZPC)

The determination of the zero-point charge
(ZPC), denoted as the pH at which the surface charge
of AgNPs attains neutrality (pH,,.), was conducted
employing the well-established pH drift method [34],
renowned for its accuracy and reliability. Initially,
10 mL aliquots of the silver nanoparticle solution were
dispensed into nine separate vials. The pH of each vial
was adjusted across the range of 1 to 13 utilizing either
1 M NaOH or 1 M HCI acid solutions. Subsequently,
all vials were allowed to equilibrate at ambient tem-
perature for a period of 24 h to ensure the stabilization
of pH levels. Following this stabilization period, the
final pH of each vial was precisely measured, juxtapos-
ing it against the initial pH value. The variation
between the initial and final pH values for each vial
was graphically represented. Notably, the intersection
point of this plotted curve with both the initial pH and
the difference between initial and final pH lines delin-
eates the pH,,,, thus indicating the pH at which the
net charge on the AgNPs surface becomes neutral.
This methodological approach ensures accurate deter-
mination of the crucial pH,,. parameter, essential for
understanding the surface chemistry and stability of
AgNPs.

Adsorption of Direct Yellow 4 on AgNPs

Using a batch procedure, the adsorption behaviour
of AgNPs was examined. The dye solution was made
by dissolving a 0.0010 g sample of direct yellow 4
(DY4) dye in 100 mL of deionised water, and it was
then kept at room temperature in the dark. Using 0.1 g
of AgNPs as the adsorbent, the effects of several fac-
tors were investigated, including dye concentration
(10—100 mg/L), contact duration (5—120 min),
pH (1—13), and temperature (403—418 K). 50 mL of
the dye solution was added to a 100 mL beaker con-
taining AgNPs, and the mixture was agitated at
200 rpm to perform adsorption. Following the reac-
tion, the mixture was filtered, and UV—vis spectros-
copy was used to measure the amount of dye that
remained at 400 nm. The adsorption percentage and
the amount of dye adsorbed at time (#) were calculated
using the following Egs. (1) and (2):

AdsorptionPercentage (%) = @ x100, (1)

1

— (CiCt )V , (2)
m

where, ¢, represents the amount of DY4 adsorbed per
unit mass of the adsorbent (mg/g), C, is the initial MB
concentration (mg/L), C;is the final DY4 concentra-
tion (mg/L), C, is the residual concentration at time ¢,

t
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V denotes the volume of DY4 solution (mL), and m
signifies the mass of the adsorbent (g).

Adsorption Isotherms

Initial dye concentrations ranged from 10 to
100 mg/L, and batch adsorption isotherm tests were
carried out at a constant pH of 4 at 408 K. 50 mL of the
appropriate dye solution was combined with 0.1 g of
AgNPs for each trial. After 60 min of agitation at
200 rpm, the mixture was quickly chilled in an ice bath
to prevent further adsorption. The concentration of
remaining dye in the supernatant was measured using
UV—vis spectroscopy at the maximum absorbance
wavelength of 400 nm after dye solutions were sepa-
rated by centrifugation at 5000 rpm for 20 min. This
process made it possible to thoroughly examine the
adsorption behaviour at different dye concentrations.

Adsorption Kinetics

Under controlled circumstances (pH 4, tempera-
ture 408 K), the kinetics of dye adsorption onto
AgNPs were investigated. 0.1 g of AgNPs were added
to 50 mL of the dye solution (concentration:
10 mg/L), and the mixture was shaken at 200 rpm.
Samples were taken out at regular intervals (5 to
120 min) and put right into a cold bath to stop any
more reactions. After centrifuging the mixture for
20 min at 5000 rpm, the amount of dye left in the
supernatant was determined using UV—vis spectros-
copy at 400 nm, which was based on a standard cali-
bration curve.

Adsorption Thermodynamics

At a constant pH of 4, the adsorption isotherms
were examined at temperatures between 403 and
418 K. 50 mL of the dye solution was mixed with 0.1 g
of AgNPs in each trial. To prevent further adsorption,
the mixture was rapidly moved to an ice bath after
being stirred for 60 min at 200 rpm. Centrifugation was
used to separate the dye for 20 min at 5000 rpm, and
UV-vis spectroscopy was used to determine the
amount of dye that remained in the supernatant.

Nanomaterial Reusability

The study delved into the successive adsorption
capabilities of AgNPs to assess its potential for reuse.
In the initial cycle, 0.1 mg of AgNPs was introduced
into a 50 mL solution of DY4 with a concentration of
10 mg/L. This mixture underwent agitation for
60 min, followed by the collection of AgNPs via cen-
trifugation at 5000 rpm for 20 min. The collected
nanoparticles were precisely washed with deionized
water and methanol before being dried in an oven at
60°C. Subsequently, a 0.05% suspension was prepared
from the dried AgNPs and utilized for cycle 1 ina UV

cuvette. The remaining AgINPs were then repurposed
for subsequent reactions conducted in the absence of
light. This process was repeated for multiple cycles,
with cycle nine serving as a checkpoint to evaluate the
reusability of the AgNPs. Such experimentation sheds
light on the potential of AgNPs for sustainable and
cost-effective applications in various domains.

RESULTS AND DISCUSSION
Nanocomposite Design Strategy

The synthesis of AgNPs employing a green
approach utilizing EGRP was achieved through a
designed procedure [39]. EGRP extract was combined
with silver nitrate aqueous solution at room tempera-
ture during this process. Remarkably, the manifesta-
tion of AgNPs was promptly discerned by the distinct
colour alteration of the EGRP extract, transitioning
from a yellow hue to a black colour within 30 min after
the amalgamation of the solutions. Initially, the
nanoparticle activation ensued, characterized by the
reduction of Ag® ions to Ag’, thereby instigating the
nucleation of reduced silver atoms. This nucleation
event precipitates the growth of a homogeneously
structured AgNPs ensemble, concomitant with the
progressive reduction of silver ions, consequently fos-
tering the augmentation of thermodynamic stability
within the nascent AgNPs. Subsequently, the stabili-
zation of the AgNPs is arranged by the concerted
action of phytochemical moieties inherent within the
EGRP extract. These phytochemical entities function
as efficacious capping agents, thereby mitigating the
propensity for agglomeration among the AgNPs.
Noteworthy is the characterization of this synthesis
methodology as inherently eco-friendly, facile to exe-
cute, rapid in its kinetics, and operates under mild
reaction conditions, thus encapsulating the pragmatic
and sustainable synthetic strategy.

Characterisation of Silver Nanoparticles (AgNPs)

The investigation of surface morphology and size
through transmission electron microscopy (TEM)
and scanning electron microscopy (SEM), is crucial
for understanding the properties and potential appli-
cations of biogenic silver nanoparticles [40]. SEM
analysis of AgNPs synthesized using wintergreen plant
extract revealed important insights into their mor-
phology and size distribution. The SEM Figs. la—Ic
unveiled larger particles of AgNPs, suggesting aggre-
gation induced by solvent evaporation during sample
preparation. Additionally, particle size distribution
was observed, with some particles reaching up to
60 nm with spherical shape (Fig. 1c). This aggregation
phenomenon was further supported by the presence of
smaller particles surrounding larger ones, indicating a
coagulation process. TEM imaging provided comple-
mentary information, illustrating the spherical shape
of AgNPs with an average size of approximately 15 nm

COLLOID JOURNAL 2025
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Fig. 1. SEM (a—c, 2 u, 1 nand 200 nm, respectively) and TEM (d—e, 100 and 50 nm) images of silver nanoparticles at different

magnifications; (f) EDX spectrum of silver nanoparticles.

(Figs. 1d—1e). The size and shape of the synthesized
AgNPs were confirmed by the TEM results, which
showed good agreement with the SEM findings. The
adsorption qualities of nanoparticles are significantly
influenced by their size and shape. Understanding
these characteristics is essential for optimizing the per-
formance of AgNPs in various applications.

The elemental composition analysis was conducted
via SEM equipped with EDX and subsequent energy
dispersive [41]. X-ray spectroscopy (EDX) provided
crucial insights into the formation of silver nanoparti-
cles. The strong signals observed in the silver region
(depicted in Fig. 1f) confirmed the presence of
AgNPs, with characteristic absorption peaks indica-
tive of surface plasmon resonance (SPR). Addition-
ally, the involvement of silver as a capping agents from
the plant extract was suggested by the EDX spectros-
copy, which provided both quantitative and qualitative
information about other elements present in the
nanoparticles.

The UV-visible spectra analysis revealed a promi-
nent peak of absorbance at 420 nm, exhibiting a pro-
gressive enhancement in intensity with prolonged
incubation duration of silver nitrate with the plant
extract (Fig. 2a) [42]. Concurrently, discernible peaks
were identified at 420 nm, suggesting that silver
nanoparticles have surface plasmon resonance. This
observation strongly suggests an extracellular reduc-
tion of Ag™ ions. Notably, previous research by Nestor
et al. [43] has underscored the significance of absor-
bance around 430 nm as a hallmark feature of noble
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metal particles such as silver. The X-ray diffraction
(XRD) analysis conducted in the range of data was
gathered spanning from 30° to 80° of 20, with an
incremental step of 0.0202°, ensuring comprehensive
coverage of the sample’s diffraction profile. In a rigor-
ous comparative analysis, the resultant diffractogram
(as depicted in Fig. 2b) was aligned with the standard
reference powder diffraction card sourced from
JCPDS file No. 04-0783 [44]. This scrutiny revealed
distinct peaks at 20 values of 38.2901°, 44.5583°,
64.8185°, and 77.4383°, unequivocally attributed to
the presence of silver metal. These peaks corre-
sponded continuously to the (4kl) values denoting the
(111), (200), (220), and (311) planes of silver, affirm-
ing the crystalline structure of the face-centered cubic
(FCC) characteristic of silver nanoparticles. Addition-
ally, the diffractogram exhibited four supplementary
peaks at 32.35°, 46.38°, 54.03°, and 57.66°, attributed
to AgNO;, implying residual quantities potentially
unaltered during the reduction process. Subsequently,
employing the Debye-Scherrer formula, the average
crystalline size (D) of the silver nanoparticles was esti-
mated, yielding a remarkable consensus of approxi-
mately 20 nm, reaffirming the homogeneity and struc-
tural integrity of the synthesized nanoparticles.

The biomolecular components that regulate the
stabilisation and surface coating of silver nanoparticles
derived from Gaultheria procumbens (wintergreen)
plant extract were examined using FTIR spectroscopy.
When closely examined, distinct peak patterns were
found in both synthesised AgNPs, indicating the pres-
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Fig. 2. UV-Visible (a), XRD (b), FTIR (c) and zero-point charge (d) spectra of AgNPs.

ence of phenolics, aliphatic/aromatic hydroxyl
groups, and amino acids. Alkanes were represented by
peaks at 2865 and 2933 cm™!, which is in line with ear-
lier studies (Fig. 2c). Notably, the 1611—1400 cm™!
range suggested aromatic ring existence. Primary/sec-
ondary amides and alkyl halides were indicated by
peaks at 1109 cm™!' (OH groups) and 827 cm™' (alkyl
halides). These results were confirmed by extensive
research on G. procumbens. These functional groups’
attachment to AgNPs suggested that they played a part
in metal ion reduction and encapsulation. Signifi-
cantly, stretching vibrations were ascribed to the
encapsulation-facilitating mediation of aliphatic/aro-
matic OH group repositioning by phenolic chemicals.

Because the plant extract came from a natural
source, environmental factors like soil composition,
climate, and harvesting conditions may cause minor
differences in its composition. FTIR analysis was car-
ried out on several batches of extract derived from var-
ious harvests to assess the repeatability of the extract’s
properties. The primary functional groups involved in
AgNP production, specifically hydroxyl (—OH), car-
bonyl (C=0), and aromatic rings, were shown to be
constant across batches, according to the spectral
analysis. Even though there were slight differences in
peak intensities, they had no appreciable effect on the
extract’s capacity to reduce and stabilize. This consis-

tency implies that the green synthesis of AgNPs with
extract from G. procumbens is repeatable, guaranteeing
consistent nanoparticle generation with little change
from batch to batch.

The pH level of the solution containing the sub-
stance to be adsorbed is critical in the process of
adsorption since it impacts both the surface charge of
the material adsorbing and the movement of the sub-
stance being adsorbed. According to the pH at the
zero-point charge (pH,,.), when the pH surpasses the
pH,,., the surface charge of the material tends to be
predominantly negative, while a net positive charge is
observed when the solution’s pH falls below the pH,,,.
For instance, in the case of AgNPs, depicted in
Fig. 2d, the zero-point charge is noted at pH 8.6 on
the surface of the AgNPs. Notably, this pH level
exceeds the one where the adsorbent exhibits maximal
adsorption. This suggests that the surface of AgNPs
carries a positive charge, thereby exhibiting excep-
tional adsorption capabilities towards anionic dyes.

Adsorption Studies
Effect of pH and temperature. When using synthetic
silver nanoparticles (AgNPs) for water treatment, the
adsorption of direct yellow 4 (DY4) is significantly
influenced by the pH level. The dye’s interaction with

COLLOID JOURNAL 2025
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Fig. 3. (a) The effect of pH on adsorption of DY4 dye by AgNPs.

AgNPs.

AgNPs is directly affected by its pH-dependent ionic
state. At lower pH values (acidic conditions), DY4
predominantly exists in its protonated form, which
results in less electrostatic attraction to the positively
charged AgNPs, leading to decreased adsorption
effectiveness. However, as the pH exceeds the zero-
point charge (pH,,.) of AgNPs (pH 8.6, as shown in
Fig. 2d), the nanoparticles acquire a negative charge,
enhancing the adsorption of the dye in its anionic form
due to strong electrostatic interactions. By balancing
electrostatic forces and hydrogen bonding interac-
tions, the partial ionization of the dye increases its
affinity for AgNPs, leading to optimal adsorption at
pH 4. Beyond this pH, electrostatic repulsion causes
excessive negative charge accumulation on both
AgNPs and dye molecules, thereby reducing adsorp-
tion effectiveness.

The effect of temperature on the percentage of
decolorization is shown in Fig. 3b. According to the
study, the ideal temperature for dye degradation is
308 K. At lower temperatures, there is insufficient
interaction between the negatively charged adsorbent
and dye molecules. Conversely, raising the tempera-
ture above 308 K results in a significant decrease in dye
adsorption. This decline can be attributed to the
heightened kinetic energy of dye molecules, causing
them to desorb from the adsorbent surface. Conse-
quently, the maximum adsorption percentage is
recorded at 308 K, indicating the critical role of tem-
perature in optimizing dye removal efficiency.

Adsorption Kinetics

The pseudo-first order and pseudo-second order
models developed by Lagergren were used to assess the
adsorption kinetics. The pseudo-first-order model is
described by Eq. (3), which shows that the difference
between equilibrium and current adsorption capacity
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is directly proportional to the rate at which the bound
absorbate changes with time. Conversely, Eq. (4) por-
trays the pseudo-second order model, suggesting that
the adsorption process is governed by a rate-limiting
step [45, 46].

In (qe - qt) = lnqe - Klts (3)
Lo, 1 4)
9. 4. que

In this case, 7 denotes the time in minutes, while ¢,
and g, stand for the adsorption capacity at equilibrium
and at a certain time 7 (mg/g). Additionally, K, denotes
the first-order rate constant (min~'), and K, represents
the second-order rate constant (g mg~! min™'). Param-
eters derived from Egs. (3), (4) are summarized in
Table 1. Comparing the regression coefficients, the
pseudo-second order model outperformed the
pseudo-first order model, yielding coefficients of
0.9797 for DY4 dye solutions, respectively, whereas
the coefficients for the pseudo-first order model were
0.9374. Graphs illustrating the second-order kinetics
displayed linearity (Figs. 4a—4b), with adsorption
capacities closely aligning with experimental values
(Fig. 4c). Overall, the kinetic data suggest that
chemisorption and a rate-limiting step are crucial fac-
tors influencing dye adsorption on the adsorbent.

Adsorption Thermodynamics

The thermodynamic parameters (AG°, AS° and
AH®) were employed to discern the nature of adsorp-
tion of direct yellow 4 dye on the Ag nanoparticles,
determining whether the process is endothermic or
exothermic and spontaneous or non-spontaneous.
AG°, AS° and AH® were computed using Egs. (5) and
(6) respectively:

AG° =—-RT In K, 3)
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Table 1. Kinetics parameters in the adsorption process of DY4 on AgNPs
1st order 2nd order Exp.
Dyes 1 o1 1 1 in—1 1
g, mgg™' | Kj, min~ r g mgg™ |Kp, gmg~! min~ 2 qe, Mg g~
DY4 117.56 0.04 0.9374 89.56 0.00047 0.9797 92.98
Table 2. Thermodynamic parameters for DY4 dye onto Ag NNPs in the adsorption processes
Parameters | AH°, kJ mol™! | AS°,J mol™! AG°, kJ mol™!
Temperature 308 K 308 K 303 K 308 K 313K 318 K
DY4 —2.822 —4.668 —1.408 —1.385 —1.361 —1.338
o o Adsorption Isotherm
Ink, = A" _AH" (6) P
R RT The adsorption isotherm of the AgNPs was

Here, T is the temperature in Kelvin, R is the gas
constant (8.314 J mol~' K1), K, (kJ mol™!) is the dis-
tribution coefficient (K; = ¢./C.), AG°® (kJ mol™') is
the change in Gibb’s free energy, AS® (J mol~! K71) is
the entropy change, and AH° (kJ mol™!) is the
enthalpy change at 308 K. Table 2 compiles all of the
parameters that were obtained from these equations.
The calculated values of AG° and AH® are negative,
suggesting that the adsorption process is both sponta-
neous and exothermic. This emphasises the energy
release and electrostatic interaction that take place
when dye molecules adsorb onto the adsorbent’s active
regions in the absence of outside influences. Addition-
ally, a decrease in disorder during the adsorption pro-
cess after the contact between the dye molecules and

explored across varying initial concentrations of DY4
solutions, with all other parameters held constant.
Various isotherm models were employed to elucidate
the interaction nature between the adsorbent and
adsorbate at equilibrium, as well as to determine the
maximum adsorption capacity of the AgNPs for DY4
dye. Specifically, two equilibrium models, namely
Langmuir and Freundlich, were utilized to analyze the
experimental data using Egs. (7) and (8) respectively:

_ I K0 Ce
1+ K.C.’

where C, is the dye solution’s equilibrium concentra-
tion, K; (L/mg) is the Langmuir adsorption constant
related to the binding site’s affinity, and ¢,,,, and g,
(mg/g) are the adsorbent’s maximum and equilibrium
adsorption capacities.

qe 7

the adsorbent is shown by a negative value of AS®. q. = KFC;/ ", 8)
S @ s ®) ©
o | 120_ ssaBsssReBee
4 | n.-..‘ 16 %ﬁ .‘..,...-
3 ‘.".‘! 14 B "" E 100 - .... L uNsEeETEEIEEEES
- ."\. 12 L .'! é .::“.““‘jA‘AA‘jA
S 2L '\._ 1oL - 5 80 st
Ll $ os) = ol
S \‘l-. = 0.6 a g = L]
z ol R .6 o S 40} £ = Experimental
' 0.4 &7 é a o First order model
-1+ 02+ 4 2 20 4 Second order model
" S Non-linear
_2 | 0 r - < 0 |
1 1 1 1 1 1 1 _0.2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 —20 0 20 40 60 80 100120140 0 20 40 60 80 100120140
Time, min Time, min Time, min

Fig. 4. Pseudo- first (a) and second-order (b) kinetic model for adsorption of DY4 on AgNPs. (c) Adsorption capacity for first

and second order models.
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Table 3. Isotherm parameters in the adsorption process

Langmuir Freundlich Experimentally
Gmax- mg g | K, Lmg™! R Kp, Lmg™! N R G- mg g
DY4 102.52 0.718 0.9707 3.96 1.21 0.8222 110.77

The adsorption capacity and intensity of the adsor-
bent are indicated by the Freundlich isotherm con-
stants, Ky (L/mg) and n, respectively. With the values
given in Table 3, the experimental findings were fitted
to the Langmuir and Freundlich isotherm models for
DY4 dye, as shown in Figs. 5a and 5b, respectively. In
contrast to the Freundlich isotherm model (0.8222),
the experimental data for DY4 dyes showed a superior
match with the Langmuir isotherm model, as indi-
cated by higher regression coefficients of 0.9707. This
implies that monolayer adsorption plays a major role
in the adsorption process. Additionally, based on the
Langmuir model and experimental calculations for
the corresponding dye solutions, the AgNPs’ maxi-
mum adsorption capabilities were found to be
102.52 mg/g DY4 and 110.77 mg/g DY4, respectively
(Fig. 5¢).

Stability and Reusability of Adsorbent

The pivotal attributes of composite materials lie in
their recyclability and stability, which serve as funda-
mental pillars in mitigating costs while upholding per-
sistent and efficient catalytic performances, thus ren-
dering them indispensable for practical applications in
wastewater treatment. Utilizing silver nanoparticles in
such composites not only ensures cost-effectiveness
but also facilitates simple recovery owing to the abun-
dance and easy sedimentation of this natural resource
in aqueous dispersion. The reusability of dye adsor-
bents emerges as a critical criterion for assessing their
efficacy in wastewater treatment endeavours. In the

depicted study, the performance evaluation of a
nanoparticle in removing DY4 from wastewater
reveals intriguing insights. As illustrated in Fig. 6,
across the initial five cycles, the adsorption capacity of
DY4 fluctuated within a range of 97 to 95%. This
nuanced fluctuation in adsorption could potentially
be attributed to a combination of partial DY4 desorp-
tion and the loss of minute quantities of AgNPs during
the washing process. Conversely, the shorter desorp-
tion duration observed might be indicative of a more
efficient desorption process, possibly facilitated by
reduced desorption time. Nevertheless, it becomes
evident that the remarkable reusability of AgNPs
underscores their promise in effectively eliminating
various dye contaminants during wastewater treatment
processes.

Comparison with Earlier Reported Work

As little work has done on DY4 dye, Table 4 pro-
vides comparison of our obtained result with pub-
lished reports for the degradation performance of DY4
dye as organic pollutants at the indicated experimental
conditions. Our study on biosynthesized AgNPs
demonstrated a high adsorption capacity of
110.97 mg/g within 60 min at 308 K, providing an
energy-efficient and environmentally friendly
approach for direct yellow 4 (DY4) dye removal.
Unlike advanced oxidation processes, this method
does not require external energy input or stringent
conditions, making it a cost-effective alternative. In
contrast, the electro-Fenton (EF) process facilitated

(a) 5 (b) (©)
0.5F 200 | .
0.4 ,/ 4r / 0 :
20 L
T 031 /'/ o 3F / 3
= / E 2~ E 100F % % "
< 0.2 7 ool ' J i
§ ’ 2 / s . Experimental
01k e / 50 - Non-linear fitting
: 1+ / ‘A‘ Langmuir isoterm
0 & L ol * Freundlich isoterm
1 1 1 J 0 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.02 0.04 0.06 2.5 3.0 3.5 4.0 455055 0 20 40 60 80 100 120
1/C.,mg~'L Ing, C., mg/L

Fig. 5. Adsorption isotherm of DY4 dye on the AgNPs.
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100
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Fig. 6. Reproducibility of AgNPs with DY4 dye.

partial mineralization, meaning the dye was broken
down into intermediate organic compounds rather
than being fully degraded. This method required an
acidic pH 3.0 and electrochemical input, making it
more complex and resource-intensive. The Photo-
electro-Fenton (PEF) and Photo-Assisted Electro-
Fenton (PA-EF) processes achieved near-total miner-
alization of DY4 by integrating EF with UVA light,
significantly enhancing degradation efficiency but
demanding high energy input and controlled reaction
conditions [47, 48]. Overall, our biosynthesized
AgNPs-based adsorption method presents a sustain-
able and efficient approach for dye removal, particu-
larly in scenarios where energy-intensive oxidation
methods are impractical. However, while adsorption
effectively removes the dye from solution, it does not
degrade it into non-toxic byproducts, unlike Fenton-
based methods, which ensure complete mineraliza-
tion. Treatment goals, operational feasibility and envi-
ronmental impact considerations should guide the
choice between adsorption and oxidation.

CONCLUSIONS

In conclusion, wintergreen plant extract was used
in the green synthesis of silver nanoparticles, which
turned out to be a simple, environmentally responsi-
ble, and quick way to produce small particles. The syn-
thesized AgNPs exhibited favourable characteristics
including a spherical morphology, uniform size distri-
bution and crystalline structure. The comprehensive
characterization of AgNPs using various analytical
techniques provided valuable insights into their struc-
tural and chemical properties. The adsorption capac-
ity was notably influenced by parameters such as con-
tact time, pH, temperature and dye concentration.
Notably, the biosynthesized AgNPs exhibited superior
adsorptive removal capacity for direct yellow 4 (DY4)
dye, achieving a removal efficiency of 110.97 mg/g
within a 60 min timeframe at 308 K. The Langmuir
isotherm model demonstrated the best fit with a max-
imum monolayer capacity, indicating a chemisorption
mechanism. Kinetic modelling revealed that the
adsorption of DY4 dye onto AgNPs followed a
pseudo-second-order reaction, further confirming the
efficient adsorption process. The negative values of
AG° and AH° indicated an exothermic spontaneous
process at the interface of the adsorbent and adsor-
bate, with physisorption playing a significant role.
Importantly, the material exhibited reusability, main-
taining catalytic performance over nine cycles without
significant degradation. Overall, this study contributes
to the development of sustainable nanomaterials with
promising applications in environmental remediation
and healthcare.
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Abstract

This study presents an innovative approach to enhance the thermo-mechani-
cal properties of multi-walled carbon nanotube (MWCNT) reinforced epoxy
nanocomposites through a dual-action dispersion method. By simultaneously
applying ultrasonic energy and shear force via an axial-flow impeller, a uni-
form distribution of MWCNT's within the epoxy matrix was achieved without
the need for chemical modification. The impact of MWCNT loading (0.25 -
1.0 wt%) on the thermal and mechanical behavior of the composites was sys-
tematically investigated. Dynamic mechanical analysis revealed a significant
improvement in storage modulus, with a maximum enhancement observed at
0.75 wt% MWCNT content. Thermogravimetric analysis demonstrated in-
creased thermal stability, confirming the efficiency of nanotube reinforce-
ment. Scanning electron microscopy of fracture surfaces validated the homo-
geneity of nanotube distribution and provided insights into fracture mechan-
ics. These findings suggest that the adopted hybrid dispersion technique is ef-
fective for fabricating high-performance polymer nanocomposites for struc-
tural applications.
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1. Introduction

Carbon nanotubes (CNTs), particularly multi-walled carbon nanotubes (MWCNTs),
have garnered extensive attention since their discovery by Iijima in 1991 due to
their extraordinary mechanical strength, electrical conductivity, and thermal sta-
bility [1]. These characteristics make MWCNT's exceptional candidates for rein-
forcing polymers, ceramics, and metals across a wide range of applications, in-
cluding aerospace, automotive, and electronics [2] [3].

In polymer nanocomposites, the integration of MWCNTSs has been shown to
significantly improve mechanical stiffness, toughness, and thermal performance
[4]-[6]. However, the full potential of MWCNTs can only be realized if they are
uniformly distributed and strongly bonded within the polymer matrix. Aggrega-
tion of nanotubes—caused by van der Waals forces and high surface energy—
often results in inhomogeneous composites with reduced or inconsistent perfor-
mance [7] [8].

To address the issue of dispersion, researchers have explored various strategies,
such as mechanical stirring, ultrasonication, melt blending, and chemical func-
tionalization of the nanotube surfaces [9]-[11]. While chemical functionalization
can improve dispersibility and interfacial bonding, it may also compromise the
intrinsic structure and properties of CNTs [12]. Thus, physical dispersion meth-
ods remain a desirable alternative for preserving nanotube integrity while achiev-
ing effective distribution. Previous studies have shown that combining ultrasoni-
cation with shear mixing can significantly improve dispersion quality [13] [14].
For instance, Thostenson et a/ demonstrated the effectiveness of high shear ex-
trusion in dispersing CNTs in thermoplastics [15], while Guadagno et al reported
improvements in epoxy composites using ultrasonication [16]. Nevertheless, there
remains a need for scalable, efficient techniques that ensure both uniform disper-
sion and enhanced interaction with the matrix.

The enhanced thermo-mechanical properties achieved through uniform dis-
persion of MWCNTs make these nanocomposites promising candidates for struc-
tural and functional components in high-performance applications. Specifically,
they can be applied in aerospace parts where weight-to-strength ratio is critical,
automotive components requiring impact resistance and durability, and elec-
tronic encapsulations where thermal stability and conductivity are vital. Such ap-
plications justify the need to optimize dispersion techniques to achieve superior
mechanical and thermal performance in the final composite. In this work, we pro-
pose a novel hybrid dispersion technique that simultaneously employs ultrasonic
waves and mechanical shear force using an axial-flow impeller. This synergistic
approach aims to de-agglomerate MWCNTs effectively and distribute them uni-
formly throughout an epoxy resin. The focus of this study is to investigate how
this improved dispersion influences the thermo-mechanical properties of the re-
sulting nanocomposites, including storage modulus, glass transition temperature,

and thermal stability.
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2. Experimental Procedure

2.1. Materials

The primary components for composite fabrication included multi-walled carbon
nanotubes (MWCNTs) produced via chemical vapor deposition (CVD), with an
average diameter of approximately 30 nm and the length of MWCNTs is fall in
the range of 20 to 45 um. The cobalt oxide nano particles on alumina substrate are
used as catalyst in growth of MWCNTs. The polymer matrix was an epoxy resin
(Camcoat-2071 Bisphenol A based) paired with a compatible aliphatic hardener
(HY-951 amine based), both sourced from Champion Advanced Materials Pvt.
Ltd., India.

2.2. Composite Fabrication Procedure

A predetermined amount of MWCNTSs (ranging from 0.25 to 1.0 wt%) was first
dispersed into the epoxy resin with the aid of 10% acetone to temporarily reduce
viscosity and assist in preliminary mixing. This mixture underwent manual stir-
ring with a glass rod to pre-disperse the nanotubes.

Subsequently, a hybrid dispersion process was employed. The MWCNT-epoxy-
acetone mixture was treated using a dual-action technique: ultrasonic energy was
applied using a titanium alloy (Ti-6Al-4V) probe (13 mm diameter) operating at
20 kHz and 750 W, while simultaneously agitating the mixture using an axial-flow
impeller (Mixture volume-50 ml, Impeller blade angle-45°, Diameter of impeller-
2.5 cm). The probe was positioned outside the primary vortex zone to enhance
cavitation and disrupt MWCNT clusters through repeated sonic pulses. The im-
peller, rotating at 400 rpm, ensured effective flow dynamics and shear force
throughout the 50 mL batch. The sonication amplitude was set at 60% with inter-
mittent pulsing (10 s on/10 s off) for a duration of 30 minutes. To maintain ther-
mal stability during dispersion, the beaker was externally cooled, limiting the tem-
perature rise to 45 °C.

After processing, the acetone was allowed to evaporate completely. The hardener
(10 wt% of total epoxy weight) was then thoroughly blended into the MWCNT-
epoxy mixture. The resultant formulation was degassed under vacuum to elimi-
nate entrapped air bubbles and poured into silicone rubber molds to shape the

samples. Curing was performed in a hot air oven at 50°C for 12 hours.

2.3. Dynamic Mechanical Analysis (DMA)

Thermo-mechanical behavior was analyzed using a PerkinElmer DMA 8000 sys-
tem configured in single cantilever bending mode. Tests were conducted in the
temperature range of 35°C to 160°C, with a controlled heating rate of 2°C/min
and a constant frequency of 1 Hz, following ASTM D4065 guidelines. The sample

dimensions were approximately 9.2 mm x 7.5 mm x 2.5 mm.

2.4. Thermogravimetric Analysis (TGA)

Thermal stability was assessed using a STA-204 F1 instrument from Netzsch. Ran-
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dom fragments from cured composite samples were heated from room tempera-
ture to 550°C at a rate of 10°C/min under nitrogen flow. Alumina served as the

reference material.

2.5. Morphological Characterization

To evaluate the dispersion of MWCNTSs and the fracture surface features, field
emission scanning electron microscopy (FESEM) was performed on gold-coated

tensile fracture samples. An accelerating voltage of 15 kV was applied during im-

aging.

3. Results and Discussion

3.1. Thermo-Mechanical Behavior

The dynamic mechanical performance of the MWCNT-reinforced epoxy compo-
sites was evaluated to determine the influence of nanotube content and dispersion
quality on stiffness and thermal transitions. As shown in Figure 1, the storage
modulus (E') of the nanocomposites exhibited a noticeable increase with increas-
ing MWCNT content up to 0.75 wt%, beyond which the modulus slightly de-
clined. At 35°C, a 0.75 wt% loading led to an approximately 35% improvement in
modulus compared to the neat epoxy, suggesting efficient stress transfer through

a well-dispersed nanotube network.

Effect of MWCNT Content on Storage Modulus of Epoxy
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Figure 1. Storage modulus (E') as a function of temperature for neat epoxy and MWCNT/epoxy nanocomposites. A significant
increase in modulus is observed up to 0.75 wt% MWCNT loading, indicating improved stiffness due to enhanced dispersion and

interaction.
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The reduction in modulus at 1.0 wt% MWCNT may be attributed to the onset
of nanotube aggregation, which disrupts the continuous polymer network and di-
minishes reinforcement efficiency. Similar non-linear trends in modulus with in-
creasing filler content have been reported in earlier studies [17] [18].

The glass transition temperature (Tg), as determined from the peak of the tan
§ curves (Figure 2), also shifted to higher values with increasing nanotube con-
tent. Neat epoxy showed a Tg of approximately 78 °C, which rose to nearly 83°C
for the 0.75 wt% MWCNT composite. This increase is indicative of restricted seg-
mental mobility in the polymer chains due to strong interfacial interactions with
dispersed MWCNTs [19]-[24]. The drop in Tg at 1.0 wt% reinforces the hypoth-
esis of poor dispersion and weaker interfacial adhesion at higher loadings.

Furthermore, the tan § peak height decreased with MWCNT addition, pointing
to increased material stiffness and energy dissipation capacity—features favorable
for applications involving vibration damping [20] [23].

To assess the degree of interfacial bonding quantitatively, an interaction param-
eter (B) was calculated using the equation proposed by Ziegel and Romanov [21].
The highest B value corresponded to the 0.75 wt% sample, confirming optimal
filler-matrix compatibility at this concentration.

Effect of MWCNT Content on Tan Delta of Epoxy

—— Neat epoxy :
MWCNT/epoxy 0.25 Wt%
1.2} —— MWCNT/epoxy 0.50 wt%
—— MWCNT/epoxy 0.75 wt%
—— MWCNT/epoxy 1.00 wt%
1.0f
0.8f
©
=
@
(]
c 0.6
=
041
021
0.0t

40 60 80 100 120 140 160
Temperature (°C)

Figure 2. Variation of tan § with temperature for different MWCNT loadings in epoxy matrix. The peak shift towards higher tem-
peratures and the reduction in peak height signify increased glass transition temperature and material stiffness with MWCNT rein-
forcement.

3.2. Thermal Stability

The thermal stability of the composites was examined via thermogravimetric anal-
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ysis. As illustrated in Figure 3, the onset of degradation, defined at 5% and 10%
weight loss, shifted to higher temperatures as the MWCNT content increased. For
example, at 0.75 wt% loading, the degradation temperature rose by nearly 15°C
compared to neat epoxy.

This improvement is ascribed to the barrier effect of MWCNTs, which inhibit
the escape of volatile degradation products and delay thermal decomposition [25].
Moreover, the nanotubes may act as radical scavengers, suppressing the propaga-
tion of degradation reactions [24] [26]. The thermal behavior observed in this
study aligns well with prior findings on carbon nanomaterial-reinforced polymers
[27].

Thermogravimetric Analysis (TGA) of MWCNT/Epoxy Composites
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—— MWCNT/epoxy 0.75 wt%

— MWCNT/epoxy 1.0 wt%

100

200 300 200 500 500
Temperature (°C)

Figure 3. Thermogravimetric analysis (TGA) curves for neat epoxy and MWCNT/epoxy composites. The degradation temperatures
increase with MWCNT addition up to 0.75 wt%, indicating enhanced thermal stability.

3.3. Fracture Surface Morphology

Field emission scanning electron microscopy (FESEM) images of the fracture sur-
faces (Figure 4) further confirmed the effect of dispersion on composite behavior.
Neat epoxy exhibited smooth, river-like fracture patterns, characteristic of brittle
failure. In contrast, the composites displayed rougher, more tortuous surfaces in-
dicative of enhanced energy dissipation during fracture.

At 0.75 wt% MWCNTs, the fracture surface was densely populated with pulled-
out nanotubes and deflected crack paths, implying strong matrix-filler interac-
tion. At 1.0 wt%, however, visible clusters of MWCNTSs were detected, acting as
flaws that weaken the composite, consistent with the observed drop in mechanical

performance.
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Figure 4. FESEM images of fracture surfaces: (a) neat epoxy, showing smooth and brittle
fracture surface; (b) 0.75 wt%, displaying dense nanotube dispersion and rough fracture;
(c) 1.00 wt%, where clustering of MWCNTSs begins to appear, indicating reduced disper-
sion quality.

Such morphological features corroborate the mechanical and thermal trends
and are in agreement with literature reporting that uniform nanotube dispersion

contributes to increased fracture resistance [28] [29].

4. Conclusions

In this study, a dual-action dispersion technique employing ultrasonic waves and
axial-flow shear mixing was successfully utilized to achieve homogeneous distri-
bution of multi-walled carbon nanotubes (MWCNTs) within an epoxy matrix.
The integration of this novel hybrid method demonstrated clear improvements in
the thermo-mechanical performance of the resulting nanocomposites.

Dynamic mechanical analysis revealed that the storage modulus and glass tran-
sition temperature increased notably with MWCNT loading, peaking at 0.75 wt%,
indicating enhanced stiffness and restricted molecular mobility due to strong in-
terfacial bonding. Thermal stability, as assessed by TGA, also improved with in-
creasing MWCNT content up to 0.75 wt%, owing to the barrier and radical-scav-
enging effects of well-dispersed nanotubes.

However, exceeding the 0.75 wt% threshold led to diminishing returns or slight
reductions in all measured properties, attributed to the formation of MWCNT
clusters that act as defects within the polymer matrix. FESEM observations of frac-
ture surfaces corroborated these findings by visually confirming the transition
from uniform dispersion to visible aggregation at higher nanotube loadings.

Opverall, the findings suggest that the hybrid dispersion method is a highly ef-
fective, scalable approach for enhancing the mechanical and thermal characteris-
tics of epoxy nanocomposites. The optimal MWCNT loading identified in this
work (0.75 wt%) provides a benchmark for developing high-performance struc-

tural materials in aerospace, automotive, and advanced engineering applications.
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Control of failure of lap shear epoxy adhesive joint

through CNTs

Anurag Mishra®*, Akhilesh Singh', Deep Narayan Maurya?, B.S Yadav3,

Abhishek Singh#4, Ashutosh Singh®

ABSTRACT

In this research investigation, we explore the attributes of lap shear connections, employing
epoxy adhesive and a carbon nanotube-epoxy nanocomposite on a mild steel substrate. We
offer an intricate portrayal of a variety of factors, encompassing the surface characteristics of
mild steel, the width of the adhesive bonding layer (thickness), the affinity in term of wettability
between epoxy resin as adhesive and mild steel substrate surface, and the impact of carbon
nanotube (CNT) incorporation within the epoxy resin. These variables collectively exert a
significant influence on sustainability of lap shear joints under stress. Our empirical findings
underscore a noteworthy enhancement in the lap shear joint's strength, attributed to the even
dispersion of CNTs within the polymer matrix, with consequent modifications in the surface of
substrate. Furthermore, these alterations induce a shift in the failure mode exhibited by lap
shear connections. Remarkably, the introduction of 0.5 weight percent of CNTs into the epoxy
adhesive emerges as the most substantial contributor to the augmentation in lap shear strength.

KEYWORDS: CNTs; Mild Steel; Epoxy; Adhesive; Lap shear joints.

1. Introduction

Epoxy constitutes a two-component system resulting from a
cross-linking reaction, commonly known as curing, between
epoxide groups in one component and nucleophile groups in
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the second component. The presence of this cross-linking
network transforms epoxy into a thermosetting polymer with
and
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Nonetheless, this cross-linking imparts a brittle nature to
epoxy, which limits its applicability. Depending on the degree
of cross-linking, epoxy can exhibit a wide range of properties,
including respectable tensile performance, minimal shrinkage
during curing, strong chemical resistance, high anti-corrosion
properties, environmental resilience, dimensional stability,
and excellent adhesion [1-7]. Epoxy finds extensive use as an
adhesive in the automobile and aircraft industries, as an
electrical insulating material in the electric and electronics
sectors, as a coating material, and in composite materials [1-
7]. Epoxy-based adhesives offer numerous advantages in
comparison to other adhesives such as even stress
distribution, the ability to bond different material surfaces,
effective sealing, and relatively low weight compared to
mechanical fastenings [8]. However, the brittle nature of
epoxy limits its application, particularly in metal adhesive
joints, due to lower resistance to crack propagation [9-11]. To
boost the performance of epoxy, it has become common
practice to incorporate various nano-fillers, resulting in epoxy
nanocomposites with promising potential for bonding diverse
components. These nanocomposites demonstrate
improvements in key properties like increased modulus,
thermal stability, toughness, and strength [12-15]. Carbon
nanotubes (CNTs), among the favored nano-fillers for epoxy,
are notable for their ability to improve physical, mechanical,
electrical, anti-corrosion, and adhesive [16-24]. However, the
literature on the impact of CNTs on epoxy-based joints
remains somewhat limited. The effectiveness of a nano fillers
reinforced adhesive depends on various factors, including the
even dispersion of nano fillers, adherent material thickness,
substrate surface topography, adhesive bond line thickness,
and the adhesive's ability to wet the substrate. Historically,
diverse methods such as in-situ polymerization, extrusion,
ball milling, melt milling, electrospinning, surface
modification of fillers, and ultrasonic mixing have been
employed to achieve a uniform and agglomerate-free
dispersion of nano fillers. This uniform dispersion
significantly enhances the nanocomposite's performance [25-
33]. Furthermore, mechanical polishing and chemical reaction
on metallic substrate have been applied to improve the
wettability and joint strength between the adhesive and the
metallic substrate [34-37]. An appropriate surface roughness
on the substrate contributes positively to adhesive
performance by providing a larger surface area for
mechanical interlocking between the adhesive and substrate
[38]. Mechanical treatments serve a dual purpose, eliminating
surface contaminants such as greases, dust, oils and oxides
layers while simultaneously imparting surface roughness,
leading to increased bond strength. The temperature and
duration of reaction that generates cross linking network
(epoxy curing of epoxy) also significantly affect the
performance of joint [37, 38]. In the realm of adhesives, the
width of the adhesive layer between substrate, (also called
bond line thickness), emerges as a critical factor influencing
joint strength, primarily due to the relatively brittle nature of
neat epoxy.

However, the relationship between strength of joint and
thickness remains a subject of ongoing investigation. In
contrast to classical analyses, experimental observations
suggest that joint performance may not necessarily improve
with an increase in bond line thickness [39, 40]. Consequently,
there is a pressing need for a more comprehensive
understanding of how the wettability of epoxy and CNT-epoxy
nanocomposites on the substrate, bond line thickness (width
of joint), and different substrate surface morphologies
collectively influence joint strength.

2. Experimental

2.1. Materials

Lap joints were constructed using mild steel strips, which are
commercially available with a thickness of 2.2 mm. Two types
of adhesives were employed in the fabrication process: neat
epoxy and a CNT-epoxy nanocomposite. The CNTs utilized in
this research are multi-walled carbon nanotubes (MWCNTSs)
(Diameter -38 nm), as illustrated in Fig. 1. These MWCNTSs
were synthesized through the chemical vapor deposition
method. Additionally, the adhesive consisted of resin and an
aliphatic hardener obtained from Huntsman Company,
serving as the base material for the adhesive.

= N

Fig.1. TEM image of multi-walled carbon nanotubes
(MWCNTS).

2.2. Preparation of mild steel substrate
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Surface modification of the substrate involved both
mechanical polishing and chemical procedures to ensure
proper preparation. To prepare the faying surface, a
mechanical process was employed, involving the use of 220-
grade emery paper for polishing [41]. This procedure was
carried out to remove contaminants such as metal oxides, dirt,
and grease. A chemical treatment procedure adhering to the
ASTM D2651 standard was followed. In this process, a strip of
substrate was immersed for 3 minutes in a solution (10 wt.%
H2S04 and 10 wt.% oxalic acid in water). Subsequently, the
steel strip underwent a rinsing step with deionized (DI) H20
for 4 minutes. To maintain surface pH at 7 (Neutralization)
the, a solution containing NaOH (2 wt.%) was utilized.
Following this, the surface was thoroughly rinsed with tap
H20 and then dried at a temperature of 65°C.

2.3. Characterization of substrate

The prepared surfaces of the substrate, which underwent
both mechanical and chemical treatments, were examined
using a Field Emission Scanning Electron Microscope (FESEM)
operating at an accelerated voltage of 15 kV. Additionally, to
assess the substrate surface roughness, a Mitutoyo SJ 400
profilometer was employed.

2.4. Preparation of CNT-epoxy nano-
composite adhesive

Initially, an amine-based hardener was introduced into the
resin (10 wt.%). The two components were meticulously
mixed using a glass rod, and subsequent vacuum degassing
was performed to eliminate any trapped air. The resulting
adhesive, composed of neat epoxy, was then utilized to
fabricate adhesive joints for mild steel, as depicted in Fig. 2.
To formulate the CNT-epoxy nanocomposite adhesive, the
following procedure was meticulously followed. Initially,
CNTs (0.5 wt.%) were mixed into the resin. To reduce the
mixture's viscosity, 15 wt.% of acetone was introduced, and
thorough mixing of the two components was achieved using a
glass rod. Ultrasonic waves were then employed, generated by
a Vibracell ultrasonic processor, for a duration of 60 minutes
at 70% amplitude, utilizing a pulse cycle (10 seconds on and
10 seconds off) to ensure the dispersion of CNTs, as illustrated
in Fig. 2. Following the ultrasonic treatment, the mixture was
maintained at 50°C to facilitate the vaporization of acetone.
Subsequently, the hardener (10 wt.%) was evenly blended
into the mixture, followed by vacuum degassing to eliminate
any trapped air. The resulting CNT-epoxy nanocomposite
adhesive was then employed in the creation of adhesive joints.

2.5. Fabrication of lap shear joints

Lap shear joints were meticulously fabricated on mild steel
substrates utilizing two distinct types of adhesives: neat

epoxy adhesive and CNT-epoxy nanocomposite adhesive
(shortly called CNT-epoxy Adhesive), adhering to the
procedural guidelines outlined in the ASTM D1002 standard.
The adhesives were evenly spread across both surfaces of the
mild steel substrate to ensure complete coverage and optimal
adhesion. These prepared surfaces were then joined together
following the configuration illustrated in Fig. 3. Throughout
the assembly of adhesive joints, varying rolling loads (3 N, 6
N, 9 N, and 12 N) were applied (1.5 mm/min) to achieve
different bond line thicknesses (width of joint). After the
assembly, the joints were placed within an oven set at 70°C for
a curing duration of 10 hours. After curing, any excess
adhesive protruding beyond the joints was meticulously
removed to prevent compromising the integrity of the joints.
The width of joints was subsequently recorded utilizing an
optical microscope.

To assess the performance of the joints under
tensile stress, single lap shear testing was conducted
employing a Hounsfield H25K-S machine (crosshead speed of
0.5 mm/min). The specimens of joints were securely held in
position using alignment tabs, as depicted in Fig. 3. The lap
shear strength (os) of the adhesive joints, employing different
adhesive types, was determined using the formula o5 =
(N/X) x Y, (N - failure load in Newtons, X - bond line
thickness in millimeters, and Y - length of joint in millimeters).
The results reported here are the averages obtained from a
minimum of four measurements, and a stress-strain plot was
recorded until the adhesive joint reached the point of fracture.

Ultrasonic Probe

CNTs & epoxy
resin mixture

Hardener mixing

/

CNT-epoxy adhesive

Dispersion of CNTs in
epoxy resin

e

Milg Stee] Strip

Fig. 2. Schematic diagram portrays the preparation
of CNT-epoxy nanocomposite adhesive.
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Fig. 3. Dimensions of a single lap shear adhesive
joint.

3. Results and Discussion

3.7. Morphology of treated substrates

Fig. 4 displays FESEM images of the mild steel substrate,
providing a comparison between surfaces prepared through
mechanical polishing and chemical treatment at both low and
high magnifications. In Fig. 4(a), we can observe the effects of
mechanical polishing, which results in parallel scratches with
hills and valleys structure on substrate's surface. Conversely,
Fig. 4(b) demonstrates the impact of chemical treatment
applied on substrates after mechanically polishing, which
introduces porosity through a chemical reaction within the
areas corresponding to the hills and valleys.

The chemical reaction responsible for etching the mild steel
substrate involves acidic action. This reaction causes
positively charged Fe ions to be released into the aqueous
solution from metallic Iron, leading to the creation of surface
roughness in the form of porosity. This transformation is clear
in Fig. 4(b). The roughness measurements for both type
surfaces were determined to be Ra = 0.3 mm and R; = 2.5 mm,
respectively. These measurements align with the

observations derived from the FESEM images presented in
Fig. 4.

Fig. 4. FESEM images 4(a) of mechanically and 4(b) chemically treated mild steel substrates.

3.2. Wettability

The wettability of an adhesive on a substrate (Mild Steel) is a
crucial factor that significantly influences the performance of
a lap shear joint. In our investigation, we explored the
wettability of epoxy-based adhesive towards various surfaces,
including mechanically polished surface with neat epoxy,
chemically modified surface with neat epoxy, and chemically
modified surface with CNT-epoxy adhesive (0.5 wt.%).

To assess the wettability of these adhesives, we
measured the contact angle. As depicted in Fig. 5, the contact
angles (0) for different adhesives on these distinct surfaces
were as follows: mechanically polished surface exhibited a
contact angle of 65° with neat epoxy, while chemically
modified surface had a lower contact angle of 58° with neat
epoxy. This indicates that chemical reaction of iron with acidic
solution enhances the wettability of neat epoxy on substrate

in comparison to mechanically polishing alone. However, the
chemically modified surface with CNT-epoxy adhesive (0.5
wt.%) exhibited an even lower contact angle of 52°, which
further affirms the enhancement in epoxy wettability
attributed to the presence of CNTs.

The chemical reaction of iron with acidic solution
creates a porous structure on the surface, facilitating
mechanical interlocking and offering a larger adhesive area
with improved surface wettability. These observations
suggest that the performance of adhesive joints may be
influenced by surface structure, available adhesive area, and
wettability. Additionally, the presence of chemical forces
between the substrate surface and the epoxy can also play an
important role in deciding the performance of joints.
Therefore, it is essential to investigate the lap shear strength
as a function bond line thickness (width of joint). It's
noteworthy that the viscosity of epoxy-based adhesive can
affect its flow properties, but in our study, we observed no
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significant alteration in viscosity, especially with the very low
loading of CNTs (0.5 wt.%) in the epoxy-based adhesive.

(a = (b) -

65+1.4° 58+1.6°

52+1.3°

Fig. 5. Optical images of contact angles of (a) neat epoxy/mechanically polished surface, (b) neat
epoxy/chemically modified surface and (c) 0.5 wt.% CNT-epoxy/chemically modified surface.

3.3. Effect of width of joint on lap shear
strength for neat epoxy/mechanically
polished surface

Table 1 provides valuable insights into the influence of
applied rolling load during joint fabrication on the width of
joints for neat epoxy applied to mechanically polished
substrates (Mild steel), along with the corresponding lap
shear strength. This table underscores the significant impact
of the magnitude of rolling load on width of joints.

The table demonstrates that as the applied weight increases,
reaching up to 9 Newtons (N), the width of joints experiences
a noticeable decrease, followed by a more gradual reduction
as the load continues to increase. This phenomenon suggests
that at thickness (width) levels below 90 pum, the interfacial
drag force exerted by the substrate surface becomes
increasingly effective in securing the epoxy-based adhesive in
place, thereby limiting its flow under the applied rolling load.
Fig. 6. depicts optical micrographs of width of neat epoxy
adhesive joints on mechanically polished substrate for various
loads.

Table 1. Width of joints and Lap shear strength of neat epoxy adhesive for mechanically polished substrate.

Rolling Adhesive/surface

load (N)

3 Neat epoxy/mechanically polished
6 Neat epoxy/mechanically polished
9 Neat epoxy/mechanically polished
12 Neat epoxy/mechanically polished

width of Joints Lap shear
(pm) Strength (MPa)
152 3.1(x0.720)
125 4.2 (+x0.837)
20 5.9(+0.989)
77 3.4(x2.126)

Fig. 6. Optical micrographs depicting the width of neat epoxy adhesive joints on mechanically polished

substrate for various loads.

Table 1 also provides insight into how the width of neat epoxy
adhesive between the substrates influences the strength of
joints on mechanically polished substrates. An interesting
trend is evident: as the width decreases, up to 90 um, the laps

shear strength increases. However, with a further decrease in
width of joints, the strength experiences a significant decline.
This reduction in lap shear strength at lower adhesive width
can be attributed to the relatively higher brittleness of neat
epoxy, making it susceptible to tearing due to surface tension,
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which can disrupt its continuity within the adhesive joint. On
the other hand, higher width of joints increases the likelihood
of joint fracture by altering the triaxial stress distribution and
potentially creating micro defects, such as air entrapment,
within the adhesive joint. These observations underscore the
intricate relationship between adhesive width between the
substrate (thickness), substrate treatment, and lap shear
strength, offering insights into the optimal conditions for
achieving robust adhesive joints.

3.4. Shear failure modes in epoxy-based
adhesive

In polymer adhesive joints, there are typically two primary
modes of failure: (1) Cohesive Failure: In this mode, crack
propagation occurs within the polymer-based adhesive itself.
Cohesive failure is characterized by the presence of polymeric
material on both faying surfaces of the substrate after the joint
has failed. (2) Adhesive Failure: In this mode, crack
propagation takes place along the interface between the
polymer-based adhesive and substrate. Adhesive failure is
characterized by one faying surface of the substrate being

entirely covered by polymer, while the other faying surface
lacks polymer coverage.

It's important to note that adhesive failure is typically
observed in joints where neat epoxy is used with mechanically
polished substrates. In such cases, only one of the faying
surfaces is completely covered with neat epoxy, while the
other faying surface primarily exposes the substrate surface,
as confirmed in Fig. 7.

In contrast, for joints involving chemically modified
substrates, cohesive failure is observed, as also confirmed in
Fig. 7. Therefore, it becomes evident from Fig. 7 results that
acidic action on polished substrates wings the failure mode
towards cohesive failure from adhesive failure, leading to an
improvement in strength (Table 2). This shift can be
primarily attributed to the higher wettability of neat epoxy on
chemically modified substrates (Fig. 5) and the introduction
of porosity on the surface (as shown in Fig. 4(b)), which
facilitates mechanical interlocking and ultimately improves
the lap shear strength of joints. The location of shear failure in
joints is determined by the weaker of the two components: the
adhesive itself and the interfacial bond between substrate and
adhesive. Notably, the interfacial strength experiences
significant improvement through chemical reaction applied to
the metal substrate.

W

P

Fig. 7. Typical fracture surfaces of (a) Mechanically polished substrate without epoxy(b) Mechanically
polished substrate with epoxy (c) Chemically modified substrate with epoxy (d) Chemically modified

substrate with CNT-epoxy.

3.5. Lap shear strength of CNT-epoxy
nanocomposite adhesives on chemically
modified surface

Our current research focus revolves around enhancing the
strength of epoxy-based adhesives. To accomplish this goal,
we reinforced 0.5 weight percentages of carbon nanotubes
into the epoxy adhesive. This nanocomposite was formed by
uniformly dispersing CNTs within the cross-linking network
of epoxy using ultrasonic waves, as illustrated in Fig. 2.
Subsequently, we evaluated the strength of the resulting CNT-
epoxy nanocomposites as adhesive when used on chemically
modified substrates. Throughout our study, we maintained a

approximately 90 um. This specific width of joint was
determined to yield the maximum strength for joints when
employing neat epoxy as adhesive on mechanically polished
substrates. The impact of varying CNT loading in the epoxy
adhesive is visualized in Fig. 8 and summarized in Table 2 for
chemically modified substrates. This investigation seeks to
provide insights into the influence of CNT loading on the
adhesive's performance under these specific conditions.

The data from Fig. 8 and Table 2 reveal a clear trend: as 0.50
wt.% of CNTs loaded in the epoxy adhesive, the strength of
joints on chemically modified substrates experiences a
noticeable improvement. The fracture behavior of CNT-epoxy
adhesive joints is characterized by a mixed mode of failure,
predominantly involving cohesive failure within the CNT-

consistent bond line thickness (width of joint) of  €poxynanocomposite. Inthis mode, cracks propagate through
the CNT-epoxy material, followed by interfacial fracture, as
(E-ISSN: 3048-6718) 346 RW Materials 2025, 07, 341-350.



Research Article

RW Materials

https://www.rwpublisher.com/

indicated by Fig. 7. By examining the cohesive failure zone of
neat epoxy on chemically modified substrates through FESEM
image (Fig. 9 (a)), we observe that cracks propagate smoothly
and freely, creating river-like structure. This signifies the
inherent brittleness of the epoxy, which cannot effectively
resist crack propagation, resulting in typical brittle fractures.
The rise in strength with 0.50 wt.% CNT loading in epoxy can
be attributed to the homogeneous and cluster-free dispersion
of CNTs, as observed in Fig. 9 (b). This dispersion results in a

Table 2. Summarizes the strength of adhesives.

rougher fracture surface, with numerous circuitous pathways.
A rougher surface dissipates more energy during fracture,
leading to increased strength. In this case, CNTs resist
cohesive fracture by deflecting crack growth through crack
blunting mechanisms within the matrix. Additionally, the
slightly improved wettability of CNT-epoxy on chemically
modified surfaces also contributes positively to the strength
enhancement of joints.

Rolling Adhesive/surface width of Joints Lap shear
load (N) (pm) Strength (MPa)
9 Neat epoxy/mechanically polished 90 5.9(£0.989)
9 Neat epoxy/chemically modified 88 7.5(+0.798)
9 CNT-epoxy/chemically modified 88 10.2(£1.112)
Fig. 8. Lap Shear Strength vs strain curves for
Ly CNT-Epoxy/chemically treated substrate various combinations of adhesive with substrate.
10
9- 4. Conclusions
8-
e ] - The strength of an adhesive is intricately tied to two critical
§ 4 Epoxy/chemically treated substrate factors: the surface characteristics of substrates and the width
= L ofjoints. The application of acid treatments to metal substrate
B 5. \ has the capacity to transform the failure mode from adhesive
2 & . to cohesive failure, resulting in higher strength of joints. When
o Tpenimehailly etieh steirate CNTs are dispersed uniformly and without clustering within
3 the polymer-based adhesive, they significantly enhance
2] strength. This enhancement is accompanied by a mixed mode
zall of failure observed during testing.
o | T T T T T 1 T
0 1 2 3 4 5 5 7
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Fig. 9. Cohesive failure zone (a) Neat Epoxy (b) CNT-epoxy on chemically modified substrate (FESEM).
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1.1 Abstract
This research study examines the impact of Bangladesh's political situation on its
relationship with India. After gaining independence in 1971, Bangladesh underwent
numerous political changes, sometimes secular, and sometimes more nationalist. It also
oscillated significantly between democracy and its inherent ‘political volatility.” Whatever
else may be said about it, the political situation always has a direct effect on foreign policy.
Bangladesh’s foreign policy has a direct and significant effect on the bilateral relationship
it has with its closest neighbour. The domestic political scene in Bangladesh, dominated
primarily by two major parties—the Awami League (Al) and the Bangladesh Nationalist
Party (BNP)—has complex diplomatic relations in various ways. The AL, seen as the party
Sriendly toward India, has tried to encourage Bangladesh to offer more options and
opportunities for India to be present in Bangladesh, in order to establish connections,
facilitate trade, and combat terrorism. The methodology is qualitative, based on policy
documents, diplomatic correspondence, scholarly articles, and media reports, to understand
how ideologies of leadership and governance models affect bilateral ties. The work also
addresses significant issues, including borderland infrastructure, migration, insurgency
control, and environmental cooperation. Research indicates that political agreement and a
mutual understanding of leadership between New Delhi and Dhaka ofien result in a strategic
parinership and collaborative initiatives. However, if Bangladesh experiences political
instability or its leadership decides to whip up anti-India sentiments, or if a third party like
China or Pakistan increases its influence over Bangladesh's foreign policy, then the India-
Bangladesh partnership may be at risk. This study aims to contribute to the academic and
policymaking discussions on India-Bangladesh relations by identifying trends and providing
strategic recommendations to ensure that these two countries maintain and strengthen their
relationship, regardless of the political changes either country undergoes. The study is
particularly concerned with identifying and discussing those kinds of relationship dynamics
that might allow for the “diplomatic resilience” necessary for a long-term, meaningful
India-Bangladesh relationship.
Keywords: India-Bangladesh Relations, Political Scenario, Regional Diplomacy, Border
Security, Trade Agreements, Bilateral Cooperation, South Asia
1.2 Introduction
India and Bangladesh share deeply interwoven historical, cultural, and geopolitical ties
arising from their shared colonial past and the legacy of the 1971 Bangladesh Liberation
War, which, with significant support from India, led to the creation of Bangladesh (Bose,
2011). Since then, the relationship has undergone several phases, characterised by varying
degrees of cooperation, trust deficits, and cautious diplomacy. The domestic political
scenario has often influenced the trajectory of India-Bangladesh relations, particularly
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changes in leadership and policy orientation. .‘iignii'lcu.nt rulings by_ the ruling‘ political party

i Bangladesh have historically shaped its foreign policy stance. The Awami League (AL),

which has historically been aligned with India’s strategic interests, has promoted regional

connectivity. economic collaboration, and security cooperation. During the AL's current
tenure. landmark agreements such as the 2015 Land Boundary Agreement have been

concluded. and interstate insurgency cooperation along the northeastern border has been
remarkably strengthened (Pattanaik, 2016). On the other hand, the Bang]adcs.h Nallinnulisl
Party (BNP). which has at times adopted a more nationalistic and Islamic orientation, has
been perceived as less favourable to India, resulting in diplomatic slowdowns and
contentious rhetoric during the BNP's time in power. When the BNP has been in control,
interstate dialogues on several issues have progressed at a snail's pace, including river water
sharing, border management, and trade balancing. Meanwhile, the cooperation between the
Border Security Force (BSF) and the Bangladesh Rifles (BDR) has sometimes been
contentious enough to suggest that it ought to be in a courtroom (Riaz, 2013). The political
landscape in Dhaka has also affected the (non) fulfilment of a somewhat tantalising set of
promises related to river water sharing, border management, and trade balancing (Riaz,
2013). Badminton matches and hockey matches (of the fielding variety) do not make for a
good relationship talk and diplomacy do.

1.3 Objectives: b

1. To study the changes in the politics of Bangladesh since 2000 and how these changes have
impacted the making of its foreign policy.

2. To analyze how shifts in Bangladesh’'s politics affect India-Bangladesh trade, security,

and border relations.

3. To analyze India's diplomatic and strategic responses to these political developments.

4. To present proposals for improving mutually beneficial relations between the two

countries in the light of recent changes in the political situation.

1.4 Literature Review:

Rahman, M. (2013). In his study, Rahman investigates the Awami League’s (AL) role in

enhancing Indo-Bangladesh ties. He underscores. first and foremost, that the Awami League

is a party known for its pro-India foreign policy. Second, Rahman elucidates that the AL is

a party with a pro-India foreign policy and a clear vision for the sort of dealings it wishes to

have with India. Third, he notes that it is a party with a broad agenda, ranging from regional

connectivity to cross-border cooperation.

Chakrabarti, S. (2015). Chakrabarti examines India’s foreign policy towards South Asia,

with a particular emphasis on the strategic geographic location of Bangladesh. He highlights

how Bangladesh serves as a crucial transit hub for the northeastern states of India, as well as

for regional trade. security, and connectivity projects. He maintains that the stability and

political orientation of Bangladesh are crucial to India’s engagement strategy in South Asia

and makes the case that developments in Dhaka are central to India’s neighbourhood

diplomacy.

Ahmed, L. (2017). Ongoing concerns in India-Bangladesh relations, such as border security,

impact the lives of poor people on both sides of the border. How leadership in either country

handles such persistent issues has consequences that directly impact it. In his study, B. A.

Ahmed makes a compelling case for examining bilateral relations over time, recognising

trends that provide insight into why cooperation occurs or why it does not. He introduces the
concept of “bilateral maturity,” which describes a relationship where both countries address

persistent problems expertly. leading to regional peace and prosperity.

Mitra, S. (2018). Mitra studies the BNP-run governments in Bangladesh and their effect on

relations with India. His work links anti-India talk from the BNP with a lack of trust between

the two countries. Too much talk from the BNP makes India nervous, and not enough talk

67 International Journal of Research in Social Sciences
B ijmeius, Email editorijmie@gmail.com




ISSN: 2249-2496 K Impact Factor: 7.081

about what India dislikes makes India even more nervous, Mitra’s work suggests that the
BNP is using nationalism and political rivalry with l.I}c Awami I..tl:ugu'c 10 dllslmc! everyone
in Bangladesh from real problems and to keep itsell” in power. Mltr::l 15 not mpgma!. He is
very much in favour of India. However, as | suggested in my previous post, his work can
serve as a counterpoint to the idea that everything is fine between India and Bangladesh. .

Baruah, A. (2020). Baruah assesses the growing tendrils of Chinese influence in
Bangladesh’s economic and strategic affairs, especially in politically unsettled times. He
helieves China is investing heavily in Bangladesh and may, in time, gain un;?re.:ccdenEcd
diplomatic and military leverage there. This could remake the neighbourhood, giving Chlr_m
access 1o the eastern flank of India. It might also compel India to accelerate its strategic
investments along its castern rim—in Bangladesh, Myanmar, and the Andaman Sea—further
intensifying the competition between China and India for influence in South Asia.

Hossain, R. (2022). Hossain highlights the growing influence of youth and civil society
movements in shaping Bangladesh's foreign policy. His research shows that the narrative
public, which now has more avenues to express itself, thanks to social media, can and does
affect the decisions of the country’s political leaders. Even as those leaders may try to reset
the agenda. the youth and civil socicty can raise new issues as part of the ongoing public
conversation. Furthermore, in Hossain's telling, it is the Bangladeshi narrative public that is
now very much in the game of foreign policy formation.

1.5 Political Changes in Bangladesh

Since 2000, Bangladesh’s political landscape has undergone frequent changes, marked by
the rise and fall of power and intense rivalry between the two dominant parties: the Awami
League (AL) and the Bangladesh Nationalist Party (BNP). These transitions—and the
ideological polarisation that lies at their root—have profoundly influenced both the domestic
policies and the foreign policy orientation of the Bangladesh government, especially its
relations with India.

The Awami League. renowned for its secular stance and historical association with India

dating back to the 1971 Liberation War, has consistently adopted a collaborative approach

to dealing with New Delhi. Under the leadership of Sheikh Hasina, the AL has put its

signature on a range of bilateral pacts with India, addressing issues such as border

demarcation. water-sharing arrangements, power trading, and counter-terrorism (Yasmin,

2020). The political stability that the AL provides has also enabled several large-scale

infrastructure projects to transition from the drawing board to the real world, as well as

facilitated regional connectivity initiatives, such as the BBIN Motor Vehicle Agreement

(Ghosh, 2018).

Conversely, the BNP, which sees itself as a nationalist alternative, has frequently adopted

an anti-India stance, especially during election campaigns. When in power, BNP-led

administrations have not been particularly keen on bilateral collaboration, especially on

sensitive matters such as the Teesta River water-sharing agreement and illegal immigration

(Dey, 2017). Alliances with Islamist groups have further complicated and strained Indo-

Bangladesh relations, leading to stalled negotiations and border security problems (Sikder,

2015).

American Institute for Bangladesh Affairs. 2019. Democratic Backsliding in Bangladesh.

Washington, DC: American Institute for Bangladesh Affairs, Furthermore. the expanding

impact of non-governmental actors—chiefly China—has added more layers to an already

complex strategic scenario. Both major parties have, in recent years, increasingly turned 10

Beijing as a source of funding for infrastructure projects and military assistance, in part to

counterbalance India’s growing influence in the region. This foreign policy. in both its

directional and undirected aspects, primarily emerges from the domestic political ideologies
of the two parties.
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Mass mobilisations and a party-centred governance style mould the political cultu:l'e of
Bangladesh. The recurrence of political violence, frequent l}arlals. and f:onfruntalmnal
legislative behaviour amounts to a form of institutionalised political dysfunction that rr:ndcr's
the direction of foreign policy anything but consistent (Begum, 2016). Morcoycr. whcn it
comes to India, the long-term planning required to make a two-way relationship pay
dividends is disrupted by short-term political changes. National elections Fn B.angladr;sh
frequently serve as an inflexion point in the country’s foreign rc?allons. Election
campaigning tends to portray India in either a favourable light, calling it a de\fclopmcnl
partner, or a less favourable one, depicting it as a hegemonic neighbmfr_, depcndtqg on tl.u:
framing party’s position and electoral strategy. In this way, polluca! lrénsmo.ns in
Bangladesh signal events in the country's bilateral engagement with India. l:,sscpuai !‘or
India is to comprehend these shifts so that it can adopt a calibrated approach in dealing w_llh
the several successive governments in Dhaka. [t is crucial for stable and constructive
relations that India aligns its diplomatic strategies with the prevailing political realities on
the ground in Bangladesh.

1.6 Impact on Trade and Security

Over the last two decades, trade and security cooperation between India and Bangladesh
have evolved in a continuous and largely positive direction. Political stability in Dhaka,
especially under regimes friendly to India, like that of the Awami League (AL), has meant
that significant advances can be made—covering everything from security collaboration
(cooperation o stop terrorism in the border areas) to trade (improve infrastructure and
connectivity across the border, which has too often meant border firing, bad for trade and
bad for human rights. as well as the economic integration of the two countries).

One of the most noticeable results of political goodwill is the construction of infrastructure
that crosses national borders. An example of such an undertaking is the Akhaura-Agartala
rail link project. Launched to enhance the efficiency of people-to-people contact and the
movement of goods, this relatively modest rail connection reflects a mutual interest in
regional connectivity. Such projects are often negotiated and laid down during
“honeymoons™ in the diplomatic relationship between the two governments concerned.
Invariably, they are presented to the public as evidence of the fruitful outcome of the
employment of two key nuts in the foreign policy gadget: soft power and political goodwill.
The trade relationship has grown much closer, but there is a nagging feeling within the
Bangladeshi government that the terms of trade are unfair. Das (2016) reports that the
Bangladeshi government frequently raises this issue in discussions with India, At a recent
event (20 September 2017) hosted by the Institute for Defence Studies and Analyses. a senior
official from the Ministry of Commerce and Industry in Bangladesh took the opportunity to
complain about the terms of trade. Until Bangladesh's complaint can be handled to its
satisfaction, the trade relationship may be viewed in some quarters as being somewhat
unstable.

Regional peace and partnership have led to iﬁaproved security cooperation under governance
in Bangladesh, which prioritises friendship with India, Under the leadership of the Awami
League. Bangladesh and India have worked together, much more than ever before, to put a
lid on insurgency (and the resultant cross-border violence) associated with northeastern
India. The insurgents, of course, tend to find safe havens in places like Bangladesh. So, in
the past year (2016)—and with the Awami League now firmly in control of the political
space in Bangladesh—we have seen, first, some enhanced security cooperation in
northeastern India and then. second. some talks associated with that cooperation at the
diplomatic level (for the sake of operational convenience and efficacy). The operational
efficiency aspect is important because it means that our operational partners—Bangladesh
and India—trust one another. (Trust is in short supply these days.) These meetings between
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security and intelligence services associated with Bangladesh and India might, at best, be
characterised as something akin to a new kind of partnership—a partner in the region that is
friendly. Conversely, illegal migration, smuggling, and insurgent activity tend to rise in
hostile political climates, especially when a BNP-led government is in place (Ahmed, 2015).
When the Bangladeshi government is non-cooperative or too ideologically divergent from
us to be effective, intelligence sharing suffers, and this is directly reflected in compromised
border security. |

A significant recent success in diplomacy is the Land Boundary Agreement (20‘15). It was
accomplished during a politically cooperative era and resolved a long-standing dispute over
enclaves. Better vet. it was a big Step in facilitating better border management. Who would
have thought, after all, that landmark agreements are difficult to negotiate in politicall'y
fragile times when nationalists are venting much hot air? With Indian invcslm‘cnl, cconomic
corridors and special economic zones established in Bangladesh have created jobs, led to the
construction of factories. and stimulated growth. However, such growth cannot be taken for
granted. It requires something more: the political will, on both sides, to ensure progress. Th{is
point is made in a recent essay by Dr. Ehsan. Moreover, he has a good reason for making it.
Security issues that straddle national borders significantly impact media representations and
public sentiment. which are primarily shaped by the type of political discourse that occurs
on both sides of the border. Political cooperation fosters an environment in which diplomatic
channels can better serve the public by mitigating unhelpful reporting and facilitating better
understanding between the two publics. The two in public can achieve this better if they are
well-informed and, betier yet, if they agree to keep things under control.Finally, as external
powers such as China extend their reach into Bangladesh’s infrastructure and defence
sectors, India’s strategic calculus hinges on how politically amenable Dhaka is to trilateral
or multilateral cooperation. A stable government in Bangladesh that is aligned with India is
less likely to tolerate excessive Chinese influence, thereby preserving the traditional Indo-
Bangladeshi security architecture.

1.7 India’s Diplomatic Responses:

A policy of “Neighbourhood First™ has always been a mainstay for India, just as it is under
Prime Minister Narendra Modi today. Maintaining stable and strong relations with its
immediate neighbours is a top priority for India, and that includes Bangladesh. Under this
policy, India has prioritised diplomatic outreach to these countries, and in the case of
Bangladesh, has worked diligently to engage its government diplomatically. That is the first
point. The second point is that India, regardless of which party has been in power, has
engaged diplomatically with Bangladesh and sought to promote regional stability, which is
rooted in democratic institutions in both countries.

New Delhi’s diplomatic strategy has generally taken a course of pragmatic follow-up. It has
demonstrated a readiness not only to engage with the deeply polarised protagonists of
Bangladesh's domestic politics—the Awami League (AL) and the Bangladesh Nationalist
Party (BNP)—but also to work with them ira Bangladesh with improved bilateral relations
with India. Prashant Kumar Singh is right to call India’s act of courting both parties and
working with them in a three-way political alliance a difficult sell, Singh also highlights how
Bangladesh's domestic politics often influence India's engagement with Bangladesh (Singh,
2021).

India’s restraint in the face of Bangladesh’s domestic political crises including
controversial elections and human rights concerns—forms part of a larger strategy to avoid
appearing interventionist. This cautious approach helps India maintain long-term influence
without direct interference in Bangladesh's sovereignty. High-level visits often signal
vibrant diplomatic relations, but joint statements, where regional dynamics allow, also
showease the vibrancy of such relations. Security collaboration. particularly in the context
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of counter-insurgency operations and intelligence sharing, is another key aspect of India's
stellar performance in Bangladesh.

India has successiully navigated its relations with Dhaka through the recent political turmoil
that has affected its neighbour. This has been partly because the ruling coalition in
Bangladesh is not entirely averse for India, partly because our neighbor tends to lurch from
a period of friendlier political winds to a period of not-so-friendly political winds, and p_au:lly
because India’s delayed-action diplomacy in dealing with the non-state actors, opposition
parties, and civil society organisations in Bangladesh has been somewhat effective. It has
also been helped along by the fact that India has employed this layered-diplomacy model
not just as a means of better understanding the political dynamics in Bangladesh, but also as
a way of ensuring political and social resilience in bolstering the bilateral relations between
Dhaka and New Delhi, come what political winds may.

1.8 Policy Recommendations

To ensure future-proof and resilient relations between India and Bangladesh, particularly in
light of Bangladesh’s evolving political landscape, a nuanced, multi-pronged strategy must
be adopted. This will require India to move beyond the not-so-different diplomatic style of
the previous regime, beyond relying on the style of party-to-party diplomacy, and beyond
connecting with Bangladeshi friends who are not just in power now but also with those who
will be in power later. Moreover, beyond all the aforementioned methods, there needs to be
a move towards building more substantial and genuinely ‘people-based’ connections.

First, cross-border infrastructure development must remain a priority. Projects such as the
Akhaura-Agartala rail link, inland waterway projects, and trans-border electricity trade have
already shown positive impacts. India should collaborate with Bangladesh on more such
initiatives, for instance. the India-Bangladesh Friendship Pipeline, a natural gas conduit that
would run from West Bengal to Dhaka, and the regional road corridors under the BBIN
(Bangladesh-Bhutan-India-Nepal) initiative.

Second, cultural diplomacy should be used strategically to reinforce shared heritage and
mutual respect. Celebrating Rabindranath Tagore, the 1971 Liberation War, and the Bengali
language and literature can create deep emotional and intellectual bonds with Bangladesh.
Cultural and intellectual exchanges can elevate that relationship to a higher level. India can
do all this by supporting its next-door neighbour in diverse ways.

Third. India must broaden its engagement beyond the ruling party in Dhaka.

Although the Awami League remains a trusted ally, India must also cultivate relations with
the other side of the political spectrum in Bangladesh, particularly the BNP. Nonpublic
engagement with them could take several forms, including these:

I. Quiet diplomatic outreach to help establish trust and understanding.

2. Academic interactions to deepen knowledge and enrich conversations,

3. Think tank collaborations to broaden the spectrum of palicy discussions.

These bridge-building activities could help mitigate the domestic political changes that seem
inevitable in Bangladesh, making them less dramatic in terms of their impact on India.
Fourth, people-to-people connections must be strengthened. India should facilitate the visa
process for students, medical patients, and skilled professionals from Bangladesh, preferably
offering long-term visas. We need to find more ways to make scholarships accessible to
deserving young Bangladeshis. Moreover, we should be increasing the production of student
exchange programs significantly. Come to think of it, why not also allow our educational
institutions to help in the medical sector? That would be a win-win.

Fifth, _inim envi.ronment'al and climate projects offer a non-political platform for bilateral
cooperation. India and Ba.m‘glud‘esh face similar challenges, including cyclones, that threaten
the millions of people living in coastal and riverine arcas throughout the two countries.
However, where these two neighbours need to work together is in the river basins they
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share—especially the Ganges, Brahmaputra, and Meghna River systems, which are among

the most densely populated in the world.

Sixth, digital diplomacy and counter-disinformation mechanisms should be established.

Social media is increasingly becoming a space where sentiment, both pro and anti, is

expressed. During elections or moments of political contention, this is even more true. For a

neighbouring country like Bangladesh, this aspect of the expression can directly destabilise

the bilateral relationship if falsehoods or half-truths fuel the anti-India sentiment expressed

durine these moments. So, what to do about it? One viable option is for the Indian side 10

pwpt;sc a suite of digital literacy programs to be held in Bangladesh. Why? Because if you

are poing to tackle a problem ina specific area of human expression, a good place to start is

with the human beings who are expressing themselves in that area.

1.9 Conclusion

India must institutionalise bilateral cooperation through robust frameworks such as annual

strategic dialogues. trade facilitation councils, and border coordination mechanisms. The

bodies should not just comprise government functionaries. They should also mclu‘de

representatives from the private sector and civil society, This would ensure that the India-

Bangladesh relationship is not just a function of top-level political dynamics, but one that

has. as its foundation, a meaningful set of shared interests that spans all kinds of sectors and

communities. In conclusion, India’s engagement with Bangladesh needs to be layered and

inclusive. The underlying policy must be anchored in mutual growth and interdependence,

and in what might be called multi-stakeholder diplomacy. Bangladesh has a domestic politics

that can be unstable, and this instability can arise for various reasons, including inter-party

squabbles and the always volatile equation between the ruling party and the opposition.

However, too much or too little can cause the engagement with Bangladesh to fall off either

end of a seesaw.
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ABSTRACT A series of 3-(4-((chlorobenzyloxyphenyl)aminomethyl)quinazolin-4(3/)-ones 2(a-j) was synthesized by
aminomethylation of quinazolin-4(3H)-one (1) and 2-phenylquinazolin-4(3H)-one (1a) with 4-(chlorobenzyloxy)anilines
in the presence of formaldehyde. All the synthesized compounds were screened for their in vitro antifungal activity against

human pathogenic fungi and for in vitro antileishmanial activity against Leishmania donovani promastigotes. In addition,

molecular docking was performed for compounds such as 2a, 2d, 2i, and 2j.
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INTRODUCTION

In the past few decades, the fungal infectious diseases
have developed increased resistance to the most popular
antifungal drugs belonging to many chemical entities for the
treatment of patients. Fungal infections are very harmful for
human beings, with a weakened immune system destroyed
by cancer, human immunodeficiency virus or other diseases.
Hence, the discovery and development of new antifungal
agents are required, which explore novel mechanism of
action and efficient bioactive frameworks.

Further, Leishmaniasis is one of the most neglected
tropical diseases worldwide. It is the second biggest
parasitic killer in the world, after malaria, and caused by
an intracellular protozoan of the genus Leishmania with a
huge impact on human health. Its global impact and severity
of the infection are mainly found in Asia, the Middle East,
North Africa, East Africa, the Mediterranean, and South
and Central America. Leishmaniasis has affected over

12 million people in worldwide. In addition, 350 million are
at risk of infection. The treatments of Leishmaniasis have
been challenging and many people depend upon compounds
with toxic side effects. Leishmaniasis is caused by over 20
species of parasites; hence use of the same cure regimens in
multiple regions is difficult.!'-*!

The huge amount of available data on the chemical
characteristics and biological activity of quinazolin-4-(3H)-
ones proved that it has a significant position in medicinal
chemistry. Quinazolin-4-(3H)-one derivatives have attracted
lots of attention because of their versatile biological properties
such as antibacterial,”! antifungal,>'% anticancer,!!!?)
insecticidal,™¥ anti-inflammatory,'¥ antimalarial,l'®! and
antileishmanial activities.['61%]

According to this standpoint, we have designed and
synthesized a series of 3-(4-((chlorobenzyloxyphenyl)
aminomethyl)quinazolin-4(3H)-ones 2(a-j). The synthesized
compounds were screened for their in vitro antifungal activity
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against human pathogenic fungi and in vitro antileishmanial
activity against Leishmania donovani by using standard
drugs fluconazole and  pentamidine, respectively.
A molecular docking study was also undertaken to identify
the behavior of molecules and binding sites of the target
protein and compared to the standard drug fluconazole.

RESULTS AND DISCUSSION

Chemistry

The synthesis of targeted quinazoline derivatives 2a-j was
achieved through a linear synthetic route using a suitably
modified reported method." Each step was carefully
optimized to ensure efficiency and reproducibility. Initially,
the 2-aminobenzoic acid on reaction with formamide
under reflux conditions afforded quinazolin-4(3H)-one (1).
2-Phenylquinazolin-4(3H)-one (1a) was also prepared by
the reaction of 2-aminobenzoic acid with benzoyl chloride in
pyridine, followed by the fusion with ammonium acetate.*”
Quinazolin-4(3H)-one (1) and 2-phenylquinazolin-4(3H)-
one (1a) on aminomethylation with 4-(chlorobenzyloxy)
anilines in the presence of formaldehyde gave
3-[{4-(benzyloxy)phenyl}aminomethyl|quinazolin-4(3 H)-
ones 2(a-e) and 3-[{4-(benzyloxy) phenyl}aminomethyl]-
2-phenylquinazolin-4(3H)-ones 2(f-j), respectively, in good
yields. Physical data of the compounds 2(a-¢) and 2(f-j) have
been summarized in the Table 3.

Hon[ X
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4-(Chlorobenzyloxy)anilines, R

CH,0, EtOH

R' R? R®
2f HHH
29 CI H H
2h H CI H
2i HHCI
2j CI H CI
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Antifungal activity

Compounds 2(a-j) were screened for their in vitro
antifungal potential against human pathogenic yeast, namely,
Candida albicans, Cryptococcus neoformans, Candida
parapsilosis, and mycelial fungi, namely, Trichophyton
mentagrophytes and Aspergillus fumigatus. They were tested
at 100 ug/mL concentration in DMSO by Macrobroth two-
fold serial dilution techniques in Sabouraud’s Dextrose Broth.
The spore suspension of 10° spores/mL was used for this
purpose. The drug dilutions were made serially. The test was
performed at 29°C, and minimum inhibitory concentration
(MIC) in ug/mL was recorded by visual observation after
24-72 h. The details of the in vitro antifungal activity profile
of the compounds are summarized in Table 1. Among the
aminomethylated quinazolin-4-(3 H)-ones 2(a-e), compound
2a with 4-(benzyloxy)-anilinomethyl group showed MIC
6.25 ng/mL against TM and AF while compounds 2d and
2e having 4-(4-chlorobenzyloxy)-anilinomethyl and 4-(2,
4-dichlorobenzyloxy)-anilinomethyl group, respectively,
showed MIC 3.12 ug/mL against TM and AF. Compound
2d also showed MIC 6.25 pug/mL against CA. Out of five
aminomethylated 2-phenyl quinazolin-4-(3H)-ones 2(f-j),
compounds 2i and 2j both having 4(4-chlorobenzyloxy)-
anilinomethyl and 4-(2,4-dichlorobenzyloxy)anilinomethyl
groups, respectively, showed MIC 6.25 pg/mL against
CA, and MIC 3.12 pug/mL against TM and AF. From the
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Scheme: 3-(4-((chlorobenzyloxyphenyl)aminomethyl)quinazolin-4(3H)-ones (2a-j)
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Table 1: Minimum inhibitory concentration (ng/mL) of compounds against Pathogenic fungi by the Macrobroth
Two-Fold Serial Dilution Technique

Compd. Candida Cryptococcus Candida Trichophyton Aspergillus

No. albicans (CA) neoformans (CN) parapsilosis (CP) mentagrophytes (TM) fumigatus (AF)

2a >100 >100 >100 6.25 6.25

2b 50 >100 >100 50 50

2¢ 50 >100 >100 50 50

2d 6.25 >100 >100 3.12 3.12

2e 50 >100 >100 3.12 3.12

2f 25 >100 >100 3.12 3.12

2g 25 >100 >100 50 50

2h 25 >100 >100 50 50

2i 6.25 >100 >100 3.12 3.12

2j 6.25 >100 >100 3.12 3.12

Fluconazole 0.50 1.0 2.0 1.0 2.0
antifungal activity data, it is clear that the introduction of Table 2: Antileishmanial activity of synthesized
phenyl substitution at the 2™ position in quinazolin-4-(3H)- compounds 2(a-j) against Leishmania donovani
one does not play any major effect on the biological potential Compound % Inhibition ~ Compound % Inhibition
of aminomethylated quinazolin-4-(3H)-ones. No. of Leishmania No. of Leishmania

donovani donovani
Antileishmanial activity 2a 45 2f 40
Compounds 2(a-j) were also tested for their in vitro 2b 33 28 30

Antileishmanial activity against L. donovani promastigotes 2c 56 2h 55
and antileishmanial activity data are summarised in Table 2. 2d 56 2i 55
Compounds showed 40-56% inhibition of L. donovani. 2e 40 2 40
There was no specificity regarding substitution at the Pentamidine 100

2m position in quinazolinone. Both quinazolinones having
a hydrogen at the 2™ position and phenyl substitution
at the 2" position, showed the same trend in terms of
Antileishmanial activity. None of the compounds was found
to be comparable to the standard drug Pentamidine, which
showed 100% inhibition of L. donovani. No SAR could be
established. In both cases, benzyloxyphenylaminomethyl
and 2,4-dichlorobenzyloxyphenylanilinomethyl  groups
showed a decrease in biological potential.

Molecular docking analysis for antifungal activity

To find out the orientation, mode of binding between
the target protein and 3-(4-((chlorobenzyloxyphenyl)
aminomethyl)quinazolin-4(3H)-one derivatives for
antifungal activity, we have performed molecular docking
by using the MGL tool. The 3D structure of the protein
(PDB: 6AKZ) was retrieved from the protein data bank and
the ligand structure was optimized by using Gaussian 9.0
software. Out of ten synthesized compounds (2a-2j), the
docking simulation was carried out for 2a, 2d, 2i, and 2j. The
3D and 2D molecular docking interactions of compounds
2a, 2d, 2i, 2j, and fluconazole were displayed in Figures 1-5,
respectively.

The lowest docking score of 2a was found to
be -8.1 kcal/mole. It shows conventional hydrogen bond
interaction with PHE156, LYS154, aromatic interaction with
TYRI157, hydrophobic interaction with GLN447, LYS161,
and Vander waal’s interaction with VALI158, ILE166,
GLY446, and LYS83. The best docking score of 2d was

obtained at —7.9 kcal/mole. It interacted through H-bond
with ARG177, TYR401, aromatic interaction with TRP127,
HIS192, TYR371 and Vander waal’s interaction with CYS250,
GLN321,ASP194, ARG254, GLN248, and GLU356. The best
docking score of 2i and 2j were obtained at —8.7 and 8.8 kcal/
mole, respectively. Both compounds interacted via. H-bond
with HIS113, ASN123 and Vander waal’s interaction with
PHE414, PROI114, PHE109, TYRI28, TRP127, THR125,
PRO124, ARG177, and GLU409. The lowest docking score
of standard drug fluconazole was found to be —7.2 kcal/mole.
It exhibited H-bonding interaction with ASP194, ARG254 and
Vander waal’s interaction with TRP349, HIS355, LEU272,
GLN257, ARG177, and TYR301.

Docking results revealed that as like to the standard
drug, the ligands 2a, 2d, 2i, and 2j exhibit an equal number
of hydrogen bonds to the target protein. On the basis of
binding energy and interaction, it can be say that the ligands
have a good binding effect to the target as compared to the
fluconazole.

EXPERIMENTAL SECTION

Materials and methods

All chemicals and reagents were procured from Sigma
Aldrich and Loba Chemie. Melting points of the products
were determined on a Labcare LB-977 Digital Melting
Point Apparatus and are not corrected. The IR spectra
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were recorded on a Bruker VECTOR 22 spectrometer
using KBr disks. 'H and *C NMR (solvent CDCIl,) spectra
were determined on a JEOL-ECX 300 NMR spectrometer
operating at 300 and 75 MHz at room temperature using

@) *

tetramethylsilane as the internal standard. Mass spectral
data were recorded on an Agilent 5973 organic mass
spectrometer (Agilent, Santa Clara, CA). Thin-layer
chromatography was performed on silica gel GF254 to
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Table 3: Physical data of 3-(4-((chlorobenzyloxyphenyl) aminomethyl) quinazolin-4 (3H)-ones

S.No. R!' R? R®* M.P.(°C) Yield% C% Found (Calc.)

H % Found (Calc.) N% Found (Calc.) Molecular formula

2a H H H 186 67 73.87 (73.93)
2b cl H H 179 78 67.35 (67.43)
2 H C H 180 68 67.35 (67.43)
2d H H 165 77 67.40 (67.46)
2e c H 150 66 61.90 (61.98)
2f H H H 186 50 77.53 (77.58)
2g cl H H 150 69 71.73 (71.87)
2h H C H 150 78 71.80 (71.87)
2 H H 168 78 71.78 (71.97)
2 c H 170 56 66.89 (66.94)

5.30(5.36) 11.70 (11.76) C,H N.O

227719 372
457 (4.63) 10.67 (10.72) C,H,CIN,O,
4.56 (4.63) 10.68 (10.72) C,H,CIN,0,
4.50 (4.63) 10.67 (10.72) C,H,CIN,O,
3.89 (4.02) 9.82 (9.86) C,H,CLN,0,
5.32(5.35) 9.60 (9.69) C,H, N0,
478 (4.74) 8.79 (8.90) C,H,,CIN,0,
4.68 (4.74) 8.85 (8.90) C,H,,CIN,0,
4.67 (4.74) 8.79 (8.90) C,H,,CIN,0,
418 (4.21) 8.31 (8.36) C,H, CLN,0,

monitor the reaction progress. Chemical shifts are given
in only one ppm, and the signals were designated as
follows: s, singlet; d, doublet; m, multiplet. All reagents
were of analytical reagent grade or chemically pure. All
solvents were dried, deoxygenated, and redistilled before
use.

General procedure for the synthesis of
3-[{4-(substitutedbenzyloxy)phenyl}aminomethyl]
quinazolin-4(3H)-ones 2(a-e)

Quinazolin-4(3H)-one (1) (0.005 mol) was dissolved

in a minimum quantity of ethanol. Formaldehyde (37%,
0.5 mL) and 4-(chlorobenzyloxy)anilines (0.005 mol) were

5
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added with stirring vigorously. The whole contents were
heated on a water bath for 2 min and left overnight at room
temperature. The solid so obtained was filtered, washed with
methanol, and recrystallized from chloroform, petroleum
ether (60-80°C) (1:1).

3-(((4-(benzyloxy)phenylDamino)methyl) quinazolin-
4(3H)-one (2a)

FT-IR (KBr) cm™ 1692 (C=0), 1256 (-OCH,-), 2923
(>NCH,N<), 3345 (NH), 'H NMR (300MHz, CDCI,)3:
4.23 (s,NH), 4.42 (s, 2H, >NCH,N<), 5.15 (s, 2H, -OCH.-),
7.12-8.19 (m, aromatic protons), 8.34 (s, >N=CHN<), '*C
NMR (75MHz, CDCL)d: 65.23, 70.42, 115.24, 120.54,
126.32, 126.76, 127.17, 127.46, 127.85, 128.61, 133.49,
139.66, 147.57, 147.59, 128.48, 161.77, ES-MS 358.7
[M+1]" calculated 357.

3-(((4-((2-Chlorobenzyl) oxy)phenyl)amino)methyl)
quinazolin-4(3H)-one (2b)

FT-IR (KBr) cm™ 1689 (C=0), 1309 (-OCH,-), 2896
(>NCH,N<), 3365 (NH), 'H NMR (300MHz, CDCI,)3:
4.31 (s,NH), 4.67 (s, 2H, >NCH,N<), 5.74 (s, 2H, -OCH.-),
6.58-8.34 (m, aromatic protons), 8.67 (s, >N=CHN<), '*C
NMR (75MHz, CDCL)d: 59.14, 68.47, 116.21, 119.26,
124.32, 125.71, 126.11, 127.46, 127.46, 128.12, 128.46,
133.45, 136.63, 145.11, 147.82, 165.73, ES-MS 393.1
[M+2]", 395.1 [M+4]* calculated 391.

3-(((4-((3-Chlorobenzyl) oxy)phenyl)amino)methyl)
quinazolin-4(3H)-one (2c)

FT-IR (KBr) cm™ 1681 (C=0), 1236 (-OCH,-), 2845
(>NCH,N<), 3431 (NH), 'H NMR (300MHz, CDCI,)3:
4.54 (s,NH), 4.93 (s, 2H, >NCH,N<), 5.96 (s, 2H, -OCH.-),
6.53-8.67 (m, aromatic protons), 9.01 (s, >N=CHN<), '*C
NMR (75MHz, CDCL,)d: 55.28, 71.22, 116.22, 118.24,
121.31, 126.76, 127.13, 127.13, 127.68, 128.96, 129.24,
135.14, 141.23, 148.56, 149.47, 159.74, ES-MS, 393.1
[M+2]", 395.1 [M+4]" calculated 391.

3-(((4-((4-chlorobenzyl) oxy)phenyl)amino)methyl)
quinazolin-4(3H)-one (2d)

FT-IR (KBr) cm™ 1698 (C=0), 1223 (-OCH,-), 2987
(>NCH,N<), 3291 (NH), 'H NMR (300MHz, CDCI,)3:
4.01 (s, NH), 4.59 (s, 2H, >NCH,N<), 5.26 (s, 2H, -OCH.-),
6.25-6.27 (d, 2H, J = 8.0 Hz), 6.86-6.88 (d, 2H, J= 8.0 Hz),
7.15-8.14 (m, aromatic protons), 8.27 (s, >N=CHN<), 13C
NMR (75MHz, CDCL)3: 60.02, 71.43, 112.22, 116.10,
120.44, 126.33, 126.75, 127.92, 127.92, 128.05, 128.63,
129.44, 134.11, 139.63, 147.53, 147.53, 163.71, ES-MS
393.1 [M+2]%, 395.1 [M+4]" calculated 391.

3-(((4-((2,4-dichlorobenzyl) oxy)phenyl)amino)methyl)
quinazolin-4(3H)-one (2e)

FT-IR (KBr) cm™ 1676 (C=0), 1206 (-OCH,-), 2909
(>NCH,N<), 3359 (NH), 'H NMR (300MHz, CDCI,)s:
4.06 (s, NH), 4.73 (s, 2H, >NCH,N<), 5.42 (s, 2H, -OCH,-),
6.64-8.09 (m, aromatic protons), 8.84 (s, >N=CHN<), 13C
NMR (75MHz, CDCL)3: 63.22, 69.44, 111.21, 114.08,
119.11 120.44, 126.33, 126.33, 127.01, 127.40, 127.45,
128.60, 129.46, 133.44, 138.66, 147.54, 147.54, 166.75,
ES-MS (m/z): 427.8 [M+2]*, 429.06 [M+4]" calculated 426.

General procedure for the synthesis of
3-((4-(substitutedbenzyloxy)phenyl)amino)methyl)-2-
phenylquinazolin-4(3H)-ones 2(f-j)

2-Phenylquinazolin-4(3H)-one (1a) (0.005 mol) was
dissolved in a minimum quantity of ethanol. Formaldehyde
(37%, 0.5 mL) and 4-(chlorobenzyloxy)anilines (0.005 mol)
were added with stirring vigorously. The whole contents
were heated on a water bath for 2 min and left overnight
at room temperature. The solid so obtained was filtered,
washed with methanol, and recrystallized from chloroform,
petroleum ether (60-80°C) (1:1).

3-(((4-(benzyloxy)phenyl)amino)methyl)-2-
phenylquinazolin-4(3H)-one (2f)

FT-IR (KBr) cm™ 1656 (C=0), 1260 (-OCH,-), 2956
(>NCH,N<), 3376 (NH), 'H NMR (300MHz, CDCI,)s:
4.31 (s,NH), 4.48 (s, 2H, >NCH,N<), 5.41 (s, 2H, -OCH,-),
7.02-8.28 (m, aromatic protons), *C NMR (75MHz, CDCL,)
d: 62.11, 70.73, 115.45, 120.07, 126.54, 126.91, 127.22,
127.74, 122.88, 128.82, 130.11, 133.22, 136.06, 146.23,
156.18, 162.76, ES-MS (m/z): 435.4 [M+1]" calculated 433.

3-(((4-((2-chlorobengyl) oxy)phenyl)amino)methyl)-2-
phenylquinazolin-4(3H)-one (2g)

FT-IR (KBr) cm™ 1665 (C=0), 1226 (-OCH,-), 2908
(>NCH,N<), 3386 (NH), 'H NMR (300MHz, CDCI,)s:
3.99 (s, NH), 4.21 (s, 2H, >NCH,N<), 5.01 (s, 2H, -OCH,-),
6.84-8.36 (m, aromatic protons), *C NMR (75MHz, CDCl,)
d: 58.01, 66.57, 113.46, 114.04, 118.55, 120.43, 126.51,
126.90, 127.28, 127.28, 128.64, 128.89, 130.19, 133.21,
136.66, 146.03, 156.01, 159.07, ES-MS (m/z): 469.14
[M+2]", 471.14 [M+4]" calculated 467.

3-(((4-((3-chlorobenzyl) oxy)phenyl)amino)methyl)-2-
phenylquinazolin-4(3H)-one (2h)

FT-IR (KBr) cm™ 1683 (C=0), 1270 (-OCH,-), 2960
(>NCH,N<), 3397 (NH), 'H NMR (300MHz, CDCI,)s:
4.03 (s, NH), 4.56 (s, 2H, >NCH,N<), 5.73 (s, 2H, -OCH.-),
7.02-8.83 (m, aromatic protons), "C NMR (75MHz, CDCL,)
d: 62.17, 71.07, 115.04, 120.06, 126.55, 126.94, 127.26,
127.78, 128.62, 128.89, 130.16, 133.22, 136.63, 146.73,
156.01, 166.27, ES-MS (m/z): 469.14 [M+2]", 471.14
[M+4]" calculated 467.

3-(((4-((4-chlorobenzyl) oxy)phenyl)amino)methyl)-2-
phenylquinazolin-4(3H)-one (21)

FT-IR (KBr) cm™ 1673 (C=0), 1265 (-OCH,-), 2973
(>NCH,N<), 3398 (NH), 'H NMR (300MHz, CDCL,)3:
4.06 (s, NH), 4.58 (s, 2H, >NCH,N<), 5.08 (s, 2H, -OCH.-),
6.63-8.08 (m, aromatic protons), *C NMR (75MHz, CDCL,)
8: 62.34, 70.21, 111.36, 115.71, 120.53, 126.44, 126.44,
127.11, 127.11, 128.01, 128.88, 131.37, 133.02, 135.06,
136.63, 145.98, 156.33, 162.69, ES-MS (m/z): 469.14
[M+2]%, 471.14 [M+4]" calculated 467.

3-(4-((2,4-dichlorobenzyl) oxy)phenyl)amino) methyl)-2-
phenylquinazolin-4(3H)-one (2j)

FT-IR (KBr) cm™ 1658 (C=0), 1258 (-OCH,-), 2940
(>NCH,N<), 3401 (NH), 'H NMR (300MHz, CDCL)3:
4.08 (s, NH), 4.74 (s, 2H, >NCH,N<), 5.68 (s, 2H, -OCH-),
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7.02-8.86 (m, aromatic protons), *C NMR (75MHz, CDCl,)
5: 58.01, 69.17, 115.64, 120.17, 126.15, 126.91, 127.12,
127.12, 122.86, 128.86, 130.01, 133.62, 136.26, 146.53,
156.81, 164.46, ES-MS (m/z): 503.1 [M+2]*, 505.1 [M+4]"
calculated 502.

CONCLUSION

In summary, a series of 3-(4-((chlorobenzyloxyphenyl)
aminomethyl)quinazolin-4(3H)-ones 2(a-j) was
synthesized using common scaffold in this study. In vitro
antifungal activity data revealed that the compounds 2d,
2i, and 2j exhibited potent antifungal activity against
T. mentagrophytes, A. fumigatus, and C. albicans with
MIC values 3.12, 3.12, and 6.25 nug/mL, respectively. All
synthesized compounds 2(a-j) showed 40-56% inhibition of
L. donovani in comparison to the standard drug pentamidine.
Docking analysis revealed that the ligands 2a, 2d, 2i, and 2j
displayed a good binding effect to the target as compared
to the fluconazole. This is because of it exhibit the same
number of H-bonds as like to standard drug. The derivatives
2a, 2d, 2i, and 2j would significantly accelerate the drug
development process by reducing the risk of harmful effects
on healthy tissues and organs.
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AT = FHIOIT il TAATT FATH0T & ATATL, FTIMHT AL T TAT] e SAreorwiead i (Humid Subtropical) 2l
T U (39T 78 g 3 T8l a9 U ITs STdT a—@T 3T 521 Aiaal g9 & AT, FUT g orH Jul A2
BT g (FT gd FF a1 FHT AcAferF), e Faw =7 7 T 17 FHq) Fo01T T@T 31T qTE 700 Uh J+7 [=F9war 2|
TET T ATTHT 5° F 46°C F &= Tgar g, orad 79 3f¥ 531 gL Arav 2

qATieraRT-1 TXOTET TE it T4y (2011-2021)

Month Max .Temp | Min. Temp Av.Temp |Av.rainfall (mm)| Humidity (%)
January 22.83 9.1 15.97 17.71 73.63
February 26.35 11.48 19.10 23.28 58.44
March 314 16.11 23.76 17.7 43.36
April 36.95 21.77 29.36 10.35 33.32
May 39.89 254 32.65 15.13 37.2
June 38.34 26.21 32.28 112.92 57.25
July 32.54 25.31 28.93 285.2 1515
August 32.86 24.72 28.79 289.6 82.18
September 32.75 24.53 28.64 250.2 82.56
October 31.44 20.6 26.02 34.81 76.63
November 29.43 14.98 22:21 7.29 73.44
December 2474 9.94 17.34 15.38 75.68
Average 31.63 19.21 25.42 89.96 64.29

Source :Department of Geophysics, BHU,& IMD<Varanasi (2021).
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HEAAA" & Tqr=o | AT A9t 7 o0 T0 A= U9 27 T F AT qTeq i 7 § TaHT [ TT Jq911
T FEra=e T 3T 21 over 97 & o0 smaeas a9y 7 AiWehrg AT SAAT0ET 19T e Ais 18 gl 39 avad §
AT i aTH W ey g Far T 2 -

E)arAT B - =4 At & sttwst F1 dFa" T, ATHT ATTH1G UF Ta9 ATwAT G147 (647 47 2|

@) fefias & - =@ &ty & siwst =it [l g v {7 gt afveat, SaoET gftae, e e e
T, TEA=h1 GUBTAIT ATrs T 9TH =647 747 2

FIIET AW § TAHEAT gl — AT TZEE T II8EaT Jhg 37 17.32% (2001-2011) ff, =i 2025 &
FAATHAT SHHEEAT 20.8 AT 21 2011 FT FTAMUET H ATOHT MFT 6l SHAEAT 1,198,491 3T U/HEHIT
9T 1,423,711 411

o 2025 FT ATHTHT FTE=AT: 2,080,000 (HBTHIT)

e 2011 =T FAIIHET (T27): 1,198,491

e 2011 =T STAIUMET (AE/FEEITLT): 1,423,711

e 2001-2011 S=HEAT g 37 (ForeT): 17.32%

o 2011 ¥ 9TET SIHHEAT: 43.44% (FTTOTHT o7t =)

SEEAT g & BT

THIOT SIS FT TGO — Tga< (e, e FATsl, TSHT Y Taed S| AaT) i aorer § ATH &7 &

JTETT =l 3T ST T TATIA 3l L& 2

ATTATAT - AT TTAT T AT FHT AT

qTIE AT — 0T 397 747 F B o v ofay w7 2 3w 39 %71 2= o & agcaqot 9rer ST 21 98T F
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ATIRIT — 2 IO g At bl SweeaT 9fg vaf

Census Year Population Decadal increase | Growth Rate (%)
1971 6,71,934 1,82,070 37%
1981 1,73,865 1,01,931 15%
1991 9,29,270 1,55,405 20%
2001 10,91,918 1,62,648 18%
2011 11,98,492 1,06,574 10%
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AHAIET TEdT STTHEAT ATATHT HSFIAL F ATHIST, ATTF AT TE00T FHEEIT H SWH 5 Tl 2
FTRTTHT § TEAT TAHEAT AT A TGO FT T A 8, Tl ATAEAT Fhog A HTaT AT FAL FHT AT G797 F2aT 2,
S| =TT 3T IR JaT TN d grdl gl T8 J&dt ATdTar & o =g ST & FHT, TAasd SETAar T @ 4
AT Feeq 97 AeAfash Fa7a SHT T T3 Fi7dl 2, ™F [ FST 97 JATAHA 3T STA-STHTE [ FHET0 37
FETar gl

AT ST gl T T T4 I TAGCONT THIT —
FTLTOTHT F IRIT 74T T TEA FT T TATT SR AT T FA9T, 1o 3T aTH Gharsi J 27 W@l 2,
ST 7= T 0T " B Tal gl THHE TAL0 il Fs aig F THA 3l W21 8, I (% STasiad iq1eal, Hgierdi
T G=AT H FHT 3T TAT T RATART T3 T THTETHT ATL| THE AT 14h, AT TEF T AT ATE = FHILOT Fal 0
STACAYL qE THAT 2, [SHH TTE T FAT T=T AT 2 30 RSt AT § I 5[ SA7aT 2|
qTiereRT — 3 FTIMOTEHT |/ IT AT 31 ST I[OTA<T -

CL e fiow dreST e/
gAaH | AfAwaH TAqH CICERLE]
EEEIVERIEIEES 6.5-8.5 <3 MWmeTH/ATeT
2010 AT IS 7.3 7.7 3.4 4.2
2010 IECIDRE R 7.8 8.8 4.2 10.8
%ol 15.1 16.5 7.6 15.0
2011 FET =HTE 7.5 7.8 3.7 4.2
2011 AT 3T 7.9 8.1 5.2 0.6
FT 15.4 15.9 8.9 13.8
2012 JET =TS 7.7 8.5 2.8 3.5
2012 AT 39 7.5 8.5 5.1 8.5
T 19.2 17.0 7.9 12.0
2013 TeT =TS 7.6 8.4 2.9 3.2
2013 IECIDREE 7.7 8.4 3.3 5.1
T 15.3 16.8 6.2 8.3
2014 FeAT =T 7.2 8.0 2.3 3.8
2014 AT &3S 8.0 8.4 2.4 3.3
el 15.2 16.4 4.7 7.1
2015 JeT =TS 7.3 8.3 2.8 3.5
2015 IECIDREE 7.9 8.5 3.1 4.3
%ol 15.2 16.8 5.9 7.8
2016 T °TE 7.4 8.5 2.8 35
2016 IECIDREE 7.3 8.6 4.2 6.8
el 14.7 17.1 7.0 10.3

- HaeT 7112018 (A& ZIT d4717)
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ABSTRACT

Paneer, an indigenous acid-heat coagulated fresh cheese, holds significant importance in Indian
cuisine and the dairy industry as a primary protein source for vegetarian populations. This
comprehensive study evaluated the technological parameters and quality characteristics of paneer
prepared from four different types of milk: cow milk, buffalo milk, mixed milk (equal proportions of
cow and buffalo), and standardized milk. The research aimed to determine the optimal milk source
for paneer production by analyzing physicochemical properties, sensory attributes, yield efficiency,
and nutritional composition. Fresh milk samples were subjected to detailed physical and chemical
analyses. The results revealed distinct variations in milk composition that significantly influenced
paneer characteristics. Buffalo milk showed the highest fat content, averaging 6.92%, compared to
cow milk (3.41%), mixed milk (5.14%), and standardized milk (3.32%). Protein content ranged from
2.56% in mixed milk to 3.03% in standardized milk. These compositional differences led to notable
variations in paneer quality and yield.Paneer made from buffalo milk exhibited the highest yield
(17.56%) along with superior sensory properties, including a white appearance, smooth texture, and
nutty-sweet flavor profile. Mixed milk paneer achieved a comparable yield (17.04%) with balanced
sensory characteristics. Cow milk paneer yielded 16.21% and had a light-yellow color with a
pleasant acidic taste. Standardized milk paneer, though lower in yield (14.14%), exhibited the
highest total solids content (51.55%).Moisture content analysis showed significant differences across
samples: cow milk paneer (59.23%), buffalo milk paneer (56.11%), mixed milk paneer (52.05%),
and standardized milk paneer (48.16%). Fat content also varied, with standardized milk paneer
containing the highest fat (24.09%), followed by mixed milk (24.04%), buffalo milk (23.05%), and
cow milk (19.89%). Protein content remained relatively consistent across all variants, ranging from
18.33% to 20.03%. Statistical analysis confirmed significant differences (p<0.05) among all milk
types for most quality parameters, validating the influence of milk composition on paneer
characteristics. The findings indicate that milk type selection should depend on the intended
applicationbuffalo milk for premium culinary use requiring superior taste and texture, standardized
milk for commercial production demanding higher solids, mixed milk for balanced quality attributes,
and cow milk for consumers preferring a lighter flavor profile.

KEYWORDS
Milk sample, Manufacture, Paneer, Yield
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Paneer, a non-fermented fresh cheese, holds a
prominent place in Indian cuisine and dairy
processing, and its global acceptance continues to
grow due to its high nutritional value and versatile
culinary applications. Its ability to retain structural
integrity during deep frying has made it a favored
choice for preparing appetizers such as pakoras and
fried paneer cubes (Aneja, 2007). For vegetarians,
paneer serves as an affordable and rich source of high-
quality animal protein, offering excellent digestibility
and a biological value ranging from 80 to 86

(Shrivastava and Goyal, 2007). Moreover, paneer
provides significant amounts of fat, vitamins, and
essential minerals like calcium and phosphorus, while
maintaining a reasonable shelf life under refrigeration
(Khan and Pal, 2011). Beyond its nutritional role,
paneer has a strong socio-economic significance in the
Indian dairy sector. It is widely produced by small-
scale vendors, cooperative dairies, and organized
private plants, contributing to employment generation
and value addition to surplus milk (Singh et al., 2018).
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In urban centres, paneer-based products
such as paneer tikka, paneer bhurji, and ready-to-
cook paneer cubes have become integral to the fast
food and hospitality industries. In rural areas, paneer
manufacture offers an avenue for farmers to
stabilize income during flush seasons when liquid
milk prices fall (Parmesan and Cattaneo, 2010). The
sensory and compositional attributes of paneer
depend greatly on the type of milk used. Buffalo
milk, with its higher fat, casein and total solids
content, generally produces paneer with a firmer
body, higher yield and richer flavour compared to
cow milk (De et al., 2014). Cow milk, having lower
fat and different casein micelle characteristics, tends
to yield softer and more open-textured paneer with a
light yellow colour. Mixed milk and standardized
milk are increasingly used by industry to achieve
consistent quality and to optimize cost of production
(Patel et al., 2019). The level of fat, casein, lactose
and minerals in milk not only affects the rate and
extent of coagulation but also governs moisture
retention, texture, and cutting properties of the
coagulum (Guinee, 2016).

From a technological standpoint, paneer
manufacture involves careful control of heating
temperature, acidity, coagulant concentration and
pressing conditions. Small deviations in these
parameters can lead to defects such as hard and
rubbery body, weak and crumbly texture, excessive
syneresis, or poor sliceability (Mistry et al., 2012).
In commercial plants, additional challenges include
standardization of milk from different sources,
automation of coagulation and pressing, hygienic
handling, and extension of shelf life through
appropriate packaging and cold storage (Khedkar et
al., 2016). Therefore, a systematic study on the
influence of different milk types on paneer yield and
quality has direct implications for both small-scale
processors and organized dairies. In this context, the
present investigation was carried out to evaluate the
effect of using cow, buffalo, mixed and standardized
milk on the composition of milk, yield of paneer and
its physical, chemical and sensory attributes. The
outcomes are expected to help processors select the
most suitable milk type for specific product
requirements such as high-yield industrial paneer,
premium-quality culinary paneer, or balanced
paneer for general household use.

International Journal of Agricultural Invention 10(2): 2025

Materials and Methods
Experimental Site and Milk Sourcing

The study was carried out in the Dairy
Technology Laboratory of Udai Pratap Autonomous
College, Varanasi. Pure samples of cow, buffalo,
and mixed milk were collected from the college
dairy farm under hygienic conditions during the
morning milking. Standardized milk was procured
from the local organized dairy market, representing
commercial milk commonly used by consumers. All
samples were transported and handled under chilled
conditions to minimize microbial growth and
compositional changes before analysis and
processing.

Experimental Design

Four milk treatments were evaluated:
T1: Cow milk
T,: Buffalo milk
T3: Mixed milk (1:1 cow and buffalo)
T4 Standardized milk

Each treatment was replicated thrice on
different days using milk collected from routine
farm production in order to account for day-to-day
variation. The data generated on various qualities
attributes of milk and paneer were statistically
analyzed using Analysis of Variance (ANOVA)
under a Completely Randomized Design (CRD) as
described by (Snedecor and Cochran, 1994).
Treatment means were compared at 5% level of
significance (p < 0.05).

Milk Quality Analysis

The initial quality of all milk samples was
assessed using a Milk Analyzer available in the
laboratory to determine fat, solids-not-fat (SNF),
lactose, total solids and protein content. Titratable
acidity was measured by standard titration method
using N/10 NaOH and phenolphthalein indicator
and expressed as percentage lactic acid. The colour,
flavour and taste of milk were evaluated
organoleptically by a small trained panel, with
emphasis on detecting any off-flavours or abnormal
odour. These baseline measurements helped in
understanding how milk composition varied among
treatments and how such variation influenced the
final paneer.
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Preparation of Paneer

Fresh milk (cow, buffalo, standardized, and
mixed), standardized to 6% fat wherever necessary,
was pasteurized by heating to 78°C for 20 seconds
and promptly cooling to about 35°C. The milk was
then heated in a stainless -steel vessel to the boiling
point on a gas burner with continuous and gentle
stirring using a stainless steel ladle to avoid
scorching and to prevent the formation of cream on
the surface during heating. After boiling, the vessel
was removed from the fire and the milk was cooled
to approximately 70°C. A 1% solution of food grade
citric acid was added slowly to the milk with
constant stirring until complete coagulation occurred
and the whey turned light yellowish-green in colour.

Care was taken to maintain the temperature
of the whey above 63°C during coagulation in order
to obtain a firm and uniform coagulum. The
coagulated mass was then collected in a clean
muslin cloth and allowed to drain. The cloth-
encased coagulum was tied and pressed for about 2-
3 hours by applying suitable pressure using stainless
steel weights to expel whey and to obtain a
compactblock of paneer. After pressing, the paneer
blocks were immediately immersed in chilled
potable water for about one hour to improve body
and texture, reduce surface temperature and remove
excess acidity. The blocks were then removed,
surface water was allowed to drain off and the
paneer was cut into cubes for further evaluation.
Paneer samples prepared from the four types of milk
(cow, buffalo, mixed and standardized) were
analyzed for physical and chemical qualities on the
same day.

Sensory Evaluation

Sensory evaluation of paneer was carried out
by a semi-trained panel comprising staff and
postgraduate students of the Dairy Technology
discipline. Paneer cubes were tempered to room
temperature and presented to panellists in coded
plates under uniform lighting conditions. A nine-
point hedonic scale was used to score colour and
appearance, body and texture, and flavour, where, 9
indicated “likes extremely™ and 1 indicated "dislike
extremely”. Panellists rinsed their mouths with
potable water between samples.

The mean sensory scores were used to
compare the overall acceptability of paneer prepared
from different milk types.

Yield Determination

Paneer yield was calculated as the weight of
paneer obtained per 100 g of milk processed. For
each treatment, the quantity of milk taken for
coagulation and the corresponding weight of drained
and pressed paneer were recorded accurately using
an electronic balance. The mean yield and range for
each treatment were computed from replicated trials
and are presented in table 4. These yield values were
interpreted in relation to the original milk
composition and final paneer composition.

Results and Discussion
Composition and Quality of Milk

The composition and sensory quality of the
different types of milk used for paneer manufacture
are summarized in table 1. Buffalo milk contained
the highest levels of fat and SNF, followed by
mixed milk, while cow milk and standardized milk
had comparatively lower fat content. Protein content
showed smaller variation but tended to be higher in
standardized milk due to adjustment of fat level
while retaining casein and serum proteins. The
lactose content was highest in standardized and
mixed milk, which is desirable for development of
mild sweetness and browning reactions in cooked
products. The higher fat and SNF content of buffalo
milk is in agreement with the typical composition of
Indian buffalo milk reported in literature (De et al.,
2014; Singh et al., 2018).

Such a composition favours higher paneer
yield and a firmer body because more casein and fat
globules are available to form the coagulum
network. Similar observations were made by (Patel
et al.,, 2019) who reported buffalo milk yielding
18.2% paneer compared to cow milk at 15.8%. On
the other hand, cow milk, with lower fat and slightly
lower SNF, is expected to give lower yield and a
softer body. Mixed milk, prepared by blending cow
and buffalo milk, showed intermediate values for
most constituents, suggesting that it can be used to
obtain balanced paneer with moderate yield and
acceptable texture, consistent with findings of
(Guinee, 2016).
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1. FRESH MILK STANDIZARZED
TO 6% FAT.

4. ADD 1% CITRIC ACID AT 707C.
WHEY TURNS YELLOW-GREEN.

5. COAGULATED MASS
COLLECTED IN MUSLIN.

5. PRESS!
WITH WEIGHTS. FOR 1

ED FOR 2-3 HOURS

7. IMMERSED IN CHILLED WATER
HOUR.

8. CUT INTO CUBES. READY
FOR EVALUATION!

Fig 1. Paneer samples prepared from the four types of milk (cow, buffalo, mixed and standardized)

were analyzed for physical and chemical qualities

Table 1. Composition and quality of different types of milk used for the manufacture of paneer

Type Colour Flavour Taste Acidity Fat (%) Protein (%) Lactose (%)
Cow Light yellow Pleasant Light sweetish 0.155 3.41 2.611 3.91
Buffalo White Pleasant Sweetish 0.161 6.92 2.74 4.09
Mixed Yellowish white Pleasant Light sweetish 0.148 5.14 2.56 4.45
Standardized White Pleasant Light sweetish 0.143  3.32 3.03 4.65

Note: Buffalo milk showed the highest fat content (6.92%), which contributes to higher paneer yield and firmer body texture

Physical Quality of Paneer

The physical quality of paneer prepared
using different milk types is presented in table 2.
Paneer from cow milk had a light yellow colour and
spongy compact body with pleasant sour flavour.
Buffalo milk paneer was white, smooth and soft
with characteristic nutty sweetish flavour. Mixed
milk paneer showed a yellowish white colour with
spongy, smooth body and nutty sweetish flavour,
while paneer from standardized milk was white but
somewhat hard and waxy with pleasant sour taste.
The firm yet smooth body of buffalo milk paneer
can be attributed to the higher casein content and
better fat entrapment in the protein network (De et
al., 2014). The sponginess observed in cow and
mixed milk paneer is likely due to higher moisture
retention and more open structure of the coagulum.
Standardized milk paneer, though white and visually
appealing, became relatively hard and waxy,
probably because of its high total solids and lower
moisture level, which can reduce juiciness and
chewability.
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Similar findings were reported by (Singh et
al., 2018) who observed that paneer made from
standardized milk had harder texture with 48.5%
moisture compared to cow milk paneer with 59.8%
moisture.

Table 2. Physical quality of paneer

Milk Type Colour  Body/ Texture Flavour/ Taste

Cow Light Spongy Pleasant sour
yellow compact

Buffalo White Smooth, soft  Nutty sweetish

Mixed Yellowish Spongy, smoothNutty sweetish
white

Standardized White Hard, waxy Pleasant sour

Chemical Quality of Paneer

The average chemical composition of paneer
prepared from different milk types is given in table
3. Cow milk paneer had the highest moisture content
(59.23%), followed by buffalo (56.11%), mixed
(52.05%) and standardized milk paneer (48.16%). In
contrast, total solids were highest in standardized
milk paneer (51.55%) and lowest in cow milk
paneer (43.77%).
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Fat content was highest in paneer prepared
from mixed and standardized milk, while protein
content ranged between about 18 and 20% across all
treatments. The high moisture content of cow milk
paneer explains its softer and spongier body. Higher
moisture generally improves juiciness but reduces
shelf life and may predispose the product to
microbial spoilage if not properly refrigerated.
Standardized milk paneer, with the lowest moisture
and highest total solids, would be expected to have
better keeping quality and suitability for cutting,
grating and  incorporation into  industrial
formulations. These results align with earlier studies
by (Patel et al., 2019) that reported cow milk paneer
with 58.9% moisture and standardized milk paneer
with 49.2% moisture content. The relatively similar
protein content in all treatments indicates that milk
standardization primarily altered the fat and
moisture balance rather than protein level.

Table 3. Average chemical quality of paneer (%0)

Type Moisture Protein Fat Total
(%) (%) (%) Solids (%)
Cow 59.23 18.71 19.89  43.77
Buffalo 56.11 19.07 23.05 44.95
Mixed 52.05 20.03 24.04 45.98
Standardized 48.16 18.33 24.09 5155

Note: Standardized milk paneer showed the highest total solids
content (51.55%), while cow paneer had the highest moisture
(59.23%), reflecting differences in milk composition and
coagulation properties.

Yield of Paneer

The vyield performance of paneer from
different milk types is shown in table 4. Buffalo
milk recorded the highest mean yield (17.56%),
followed closely by mixed milk (17.04%) and cow
milk (16.21%). Standardized milk gave the lowest
mean Yield of 14.14% despite its high total solids
content. Higher yield from buffalo milk is expected
because of its higher fat and casein concentrations,
which contribute directly to the dry matter of
paneer. Mixed milk also performed well due to the
contribution of buffalo milk solids. The relatively
lower yield from standardized milk, in spite of its
higher total solids in the final paneer, may be related
to processing conditions and the way in which fat
and protein are distributed in the standardized
product.

It is possible that adjustment of fat level
altered the firmness of coagulum and the extent of
whey retention. These findings are comparable to
the study by (De et al., 2014) that reported buffalo
milk yield of 18.1%, cow milk yield of 15.9%, and
mixed milk yield of 17.3%. Mistry et al. (2012) also
documented that variations in milk composition,
particularly fat and casein, are the primary drivers of
paneer yield differences among milk types. Overall,
the results clearly demonstrate that milk type
significantly affects paneer yield, chemical
composition and texture. These findings are in line
with previous reports that buffalo milk is more
suitable for high-yield paneer with rich sensory
attributes, while cow milk yields a softer and lighter
product preferred in certain culinary preparations.

Table 4. Yield percentage of paneer

Milk Type Yield Range (%) Mean Yield (%0)
Cow 13.01-19.00 16.21
Buffalo 14.07-21.05 17.56
Mixed 13.05-20.00 17.04
Standardized  10.01-19.06 14.14

Note: Buffalo milk produced the highest mean yield (17.56%),
followed by mixed milk (17.04%), while standardized milk
showed the lowest yield (14.14%), reflecting differences in
milk composition and coagulation properties.

Practical Implications

For small-scale farmers and household
processors, selecting buffalo or mixed milk can be
advantageous when the objective is to maximize
paneer yield and obtain rich, flavourful paneer for
direct consumption. For organized dairies targeting
the manufacture of paneer for cutting, grating or
incorporation into ready-to-eat dishes, standardized
milk offers the advantage of higher total solids and a
more compact structure, although yield per unit milk
may be lower. Cow milk can be preferred where a
softer, spongier paneer with mild acidic flavour is
desirable, for example in certain North Indian
curries and snacks. Khedkar et al. (2016) similarly
concluded that milk standardization provides
consistency for large-scale operations, whereas
buffalo milk is preferred for premium paneer
products in traditional establishments.

Limitations and Future Scope

The present study was conducted under
controlled laboratory conditions using milk obtained
from a single institutional farm and one source of
standardized market milk.
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Variations due to season, breed differences,
feeding regimen and geographical area were not
captured in this work. The study also focused
mainly on physicochemical and sensory attributes of
fresh paneer and did not include microbiological
assessment or shelf-life evaluation under different
storage conditions. Future research could explore
the influence of different coagulants (citric acid,
lactic acid, vinegar, and microbial coagulants),
levels of milk standardization, and fortification with
functional ingredients such as whey proteins, dietary
fibre or herbs on the quality and yield of paneer.
Studies on packaging materials, modified-
atmosphere storage and cold chain management
would also be useful to extend the shelf life of
paneer and to support its distribution to distant
markets. In addition, economic analysis comparing
the cost-benefit of using different milk types for
paneer manufacture under farm and industrial
conditions would provide valuable guidance to
stakeholders, as suggested by (Parmesan and
Cattaneo, 2010).

Conclusion

Paneer quality and quantity are influenced
significantly by the type of milk used. Buffalo milk
delivers superior sensory and physical attributes,
desirable for gastronomic  purposes, while
standardized milk yields higher total solids suited
for industrial-scale production. Mixed milk
optimizes both sensory and chemical characteristics,
while cow milk, though yielding slightly less, offers
a distinct, light, spongy paneer for specific culinary
niches. The results of this study suggest that no
single milk type is ideal for all situations; rather, the
choice should be guided by the intended end use,
desired  textural  properties and  economic
considerations. This study encourages informed
selection of milk sources and processing parameters
in paneer production for targeted consumer and
industrial needs in the evolving Indian dairy sector.
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Abstract

Portable technologies especially smart phones have emerged as an advantage for providing a galaxy of opportunity and
has steered the society for accessing network, communicating in social circles and gaining knowledge. It has intensified
the amount of work and opportunities but excessive use and long-time exposure also brings serious problems. Recently
one of the major problems is the excessive usage of mobile or smartphone by the huge population without any specific
reason leading to addiction of smart phones from child of early age to adult ones. This is slowly penetrating in human
habits and behaviour causing behavioural dependency on electronic gadgets especially smartphones. One of major factor
for causing this problematic condition is connection of mobile phone to the internet. Several research reports from
different parts of world are indicating the causes, phases of onset of smartphone addiction, consequences and health issues
due to the emerging threat of ‘no mobile phone phobia’ (nomophobia). Therefore, present review is intended to address
the current problems associated with nomophobia and the future strategies to overcome its negative impact on society.

Keywords: Nomophobia, Smartphone addiction, psychological variables, Anxiety, CBT
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1. Introduction Undefined and excessive usage of mobile phones is

i associated with increased screen time which is badly
Mobile phones or smartphones have become the integral part of )
impacting the physical as well as psychological health of
our life and we are getting dependent on it for almost everything ]
) ] ] children, teenagers and adults too!. One of the badly
starting from online e-learning, e-commerce, e-governance, - ) ) ) ) ]
emerging psychological dysfunctions associated with
banking to gaming and entertainment. ) o
smartphones in general public is Nomophobia.

Nomophobia is an abnormal psychological condition
*Corresponding authors

Full Address: characterised by the fear of not having a mobile phone or
2*]331111’5‘11“1‘3“t of 1 *Department of Zoology, for some reason being unable to access it?. In general terms,
Biochemistry :

: Udai Pratap (Autonomous) it stands for “No Mobile phone Phobia (NoMoPhobia)”, a
Fac.ulty .Of Science, College, Varanasi — 221002, P ( )y
University of Allahabad, Uttar Pradesh. India. modern pathological condition which may have negative
Prayagraj —211002, Email: tumulta’ ; . . .
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Uttar Pradesh, India consequences on the physical, physiological,
E-mail: jalaj19biochem@gmail.com psychological and social well-being. Although the research

is in an incipient stage, the problem has impacted various
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groups of population and has negative consequences on personal
and professional development. Well established causes and
phases of onset of mobile phone addiction leading to

nomophobia and its symptoms have been presented in Figure 1.

Mobile Gaming Excessive Use of Social Entertainment by
and Online Internet Media YouTube or OTT
Shopping Surfing platforms licati
Initial
I l l l Addiction
Phase

Onset of Smartphone/Mobile Phone Addiction

Dependency on Low Self
Technology Confidence Fuelling Phase
—l— —l— by Impelling
Low Sluggish factors
Self Esteem Life-style

Development of irrational
fear of

I S

Loss/Absence of Maobile phone far ~ Low/No Battery  Unavailability of Final
Mobile phone  away of eye sight percentage Charging ey
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Figure 1. Causes, phases of the development and symptoms of

“No Mobile Phone Phobia” (NoMoPhobia).

Nomophobia is a sort of anxiety of being without mobile phone
or being unable to use it due to either loss of network signal or
low battery. A person with nomophobia invariably feels anxious,
insecure, or panicked in the absence of their phone’. In this
regard, the term “phobia” seems inappropriate here as this
psychological condition is much associated with anxiety, fear or
panic of being without electronic gadgets. In 2008, an
international research and analytics group organisation,
“YouGov’ coined this term ‘Nomophobia’ while studying the
impacts of excessive usage of mobile phones and electronic
devices on physical, mental and psychological health. Outcome
of that survey was alarming as more than 50% of participants
realised and confessed nomophobic symptoms like worry of

phone loss, no contacts with their loved ones and low battery*.
2. Conceptualization of Nomophobia

Nomophobia is a term derived from "NO MObile phone
PHOBIA," referring to the fear or anxiety experienced when
individuals are without their mobile phones or unable to use
them®.This condition has become increasingly prevalent in the
digital age, as smartphones have become integral to daily life.

This occurrence is expected to rise, emerging as a significant
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concern, due to the widespread use of smartphones;
similarly, the worldwide COVID-19 pandemic has led to

increased screen time on these devices®.
2.1. Causes and Phases of Onset of Nomophobia

Nomophobia has been associated with four key fears: (1)
not being able to talk to others, (2) losing internet or signal
connection, (3) not being able to find information online,
and (4) missing out on the ease that smart phones provide.
Mobile addiction through its excessive usage is aggravated
by different factors including increased technological
dependency, low self-esteem, loneliness, low self-
confidence and sluggish lifestyle” 8. Such week emotional
and psychological variables act as fuel and impelling
factors which culminate mobile addiction into nomophobia
(Fig 1).

2.2. Sign and Symptoms of Nomophobia

Nomophobia is the collection of signs and symptoms of
abnormal psychological and mental status. It has negative
impact on several aspects of person’s life including family
and social relationships, performance on workplace,

9

health, and general well-being>*°. Nomophobia may

manifest as the following symptoms:

e Frequently checking mobile phone for
notifications, messages, or calls

e Restlessness or nervousness when the phone is
not within visual reach

e Anxiety or stress when the phone battery is low or
the signal is poor or absent

e Physical discomfort including palpitation,
headaches, eye strain, or neck pain from excessive
phone use

e A strong urge to have the phone in hand
constantly

e Difficulty in concentration on general tasks or
activities in the absence of phone

e Trouble in sleeping or relaxing without the phone

e Negligence in other responsibilities or interests in
general talks while using phones

e Impaired social interactions or interpersonal

relationships due to phone dependence

After the worsening of condition, nomophobic person may

suffer from severe side effects on physical as well as
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mental health that includes perspiration, reduced cognition,
mental confusion, agitation, loss of patience, disorientation,

respiratory dysfunctions, trembling and loss of creativity'®
3. Global distribution

A scientific investigation across several countries observed
prevalence rates of nomophobia ranging from 77% to 99 %, with
young ones being the most affected6. In Indian context, a study
reported a significantly high proportion of college students
experiencing some level of nomophobia, with 32.7% suffering
from severe symptoms'l. In Bahrain, approximately 93% of
students experienced moderate to severe symptoms of
nomophobia'?. In an investigation carried out by SecurEnvoy
(UK) including 1,000 employees, the percentage of individuals
experiencing symptoms of nomophobia were ranging from 53%
to 66%'> . In addition, they also reported that women were

more vulnerable to nomophobia, affecting about70% of female

participants compared to 61% of their male counterparts.
4. TFactors Associated with Nomophobia

There are several reports in which demographic factors were
found to influence the frequency and severity of nomophobia in
given population. Some of the factors have been discussed in

subsequent sections.

e Age: Younger population, particularly college and

university  students, are more susceptible to

nomophobia and they are also exhibiting severe
nomophobic symptoms compared to adult ones'.

e Gender: According to some studies, females
experience higher levels of nomophobia, although
findings are mixed and need further investigations on
large population covering household as well as
working individuals'®.

e Smartphone Usage Patterns: Increased levels of
nomophobia have been found to be associated with
higher daily usage hours and irrational frequent phone
checks for massages, time, battery levels and network
signal'’.

e Parental Education and Income: Severity of

nomophobia has not been associated with parental

education levels and place of residence's. In some
countries including India, nomophobia is found
prevalent among high income families'® while in other
developed countries, no significant correlation was

observed with the income of parents'.
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5. Psychological Correlates and prevailing factors

The impact of nomophobia also can be correlated to
psychological status of affected person in terms of different
conditions such as depression, stress, insomnia, loss of
self-confidence etc. The problem of nomophobia is not
limited to this extent but it may also coexist with addictions

{21619, The

in the peoples for social media and interne
regular addiction of internet badly affects the human health
in terms of cognitive overload. The compulsive need to
check notifications or remain constantly online contributes
to mental and emotional tiredness. Some important aspects
of nomophobia on psychological behaviour are being

discussed in following subsections.

Stress: A person having nomophobia frequently
experience high levels of stress when due to some reasons
they are not able to use their mobile phone and it may be
expressed as high levels of anxiety and impatience. This
anxiety can be reflected as nervousness, or fright in

situations where the use of mobile phones is restricted or

limited®.

Depression: Researches have demonstrated the strong
correlation between nomophobia and depression in the
form of conditions such as sadness, grief, loss of interest in

routine work, exhaustion'®.

Loneliness: It has been observed that people addicted with
mobile phones and suffering from nomophobia also

experience loneliness and become isolated from society®”

Loss of confidence and poor management approaches:
Excessive use of mobile phones on daily basis causes the
negative impact on human psychology and related with
loss of self-confidence and limited participation in family
or societal activities. Stress induced poor and inefficient
management skill has also been observed in nomophobic

persons?!"
6. TImpact of nomophobia on daily activities

Nomophobia has prominent and significant impact on
psychological, behavioural as well as social aspects of
affected person. Nomophobic individual has been found to
be engaged in risky behaviour such as texting while
driving, walking, and often using mobile phones in social
gathering®. Mobile addiction is also linked to reduced

academic or work-place performance®. It also hinders
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face-to-face communication promoting isolation and withdrawal
from family and society. Person involved in any profession are
suffering from nomophobia issues and they face several
problems such as restriction from social environment, limited
direct interaction with peoples, having high levels of stress, low

levels of concentration, loss of sleep etc>?!.

7. Treatment and Intervention Strategies

Effective interventions strategies for managing nomophobia
include cognitive-behavioural therapy (CBT), digital detox
programs, and mindfulness-based practices’>?3. In CBT,
nomophobic person is able to identify and change negative
thought patterns associated with mobile phone usage.
Mindfulness techniques involving the meditation and deep
breathing practices are found effective to calm the mind while
reducing stress and anxiety. Promoting digital literacy, healthy
habits and self-discipline may also serve as preventive measures.
Mobile applications that track screen time or restrict usage are
increasingly used in minimizing the impact of nomophobia?*.
Psychiatric counsellors may assist the affected person also for
the treatment of sign and symptoms like anxiety, eye irritation,
sleeplessness etc>®.  However, pharmacological treatments

under severe conditions which may include use of psychotropic

drugs are also recommended.
8. Conclusion

NOMOPHOBIA, being a form of behavioural addiction is
putting our "social, mental as well as physical well-being" at
higher risk. Compared to the virtual world, there is need to spend
more time in the real one. Face-to-face communication and in-
person relationships must be restored to avoid the development
of nomophobia or any other psychological disorder associated
with electronic gadgets. One should limit rather than completely
prohibit mobile phone use because we cannot undervalue the

power of technological advancement.
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Abstract

Annona muricata (A. muricata Linn.) is an evergreen tree that grows luxuriantly in tropical and sub-tropical regions of
the world, the plant also known as guanabana, soursop, or graviola is from the Annonaceae family, valued for both its
edible fruit and traditional medicinal uses across Africa and South America. Each portion of this tree from roots to
leaveshas been used in folk remedies to cure health related issues such as cancer, ulcers, diabetes, infections,
inflammation, and hypertension. Traditional use of this plant has motivated researchers to evaluate its pharmacological
efficiency which lead to the validation of its potential. Extensive research has revealed that A. muricata have wide range
of pharmacological activities and can be used against inflammation, microbial infection, oxidative stress, cancer and
diabetes. Apart from this it can be also used in skin related issues, gastrointestinal complication, hepatic complication,
hepatic-protection, wound healing, as analgesic and antipyretic agent.

The credit for the medicinal effects of A. muricata goes to its rich phytochemical profile, especially acetogenins,
alkaloids, phenols, and flavonoids, with over 200 compounds identified. A. muricata shows particular promise in cancer
and diabetes treatment, with mechanisms such as enzyme inhibition (a-glucosidase, a-amylase), insulin stimulation, and
glucose uptake enhancement contributing to its hypoglycemic effects. The leaves of the plant is of particular interest
and have been analyzed extensively, it has anti-inflammatory potential and can be a good source for developing an
anticancer agent due to presence of wide range of bioactive compounds. However, despite these benefits, some
compounds mainly acetogenins and certain alkaloids have shown neurotoxic effects in laboratory models, underscoring
the need for careful dosage evaluation and safety assessment. This article elaborates the ethnobotanical and
pharmacological importance of the plant.

Keywords:Annona muricata, Ethnobotanical, Pharmacology, Plant extracts.
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Introduction BearingAnnonaceae family tree commonly found

. D throughout Southeast Asia, South America, and
A.muricata L., also referred to as soursop or graviola in some

parts of the world, is a tropical, evergreen, fruit- rainforests in Africa. Preferring temperature and humid

conditions, the plant grows well below 1200 meters above

s : sea level under the best conditions of 25-28°C
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diabetes, hypertension and cancer’. Various studies have
confirmed utilization of soursop in different conditions such as
antidiabetic, anti-inflammatory, antiulcer, antiprotozoal, and
antimicrobial action. These pharmacological characteristics of
plant are directly attributable to bioactive compounds such as
acetogenins, flavonoids, alkaloids, and phenolic compounds
contained within it. In addition, contemporary researchers have
well documented the pharmacological potential by strict
experimentation®. During the past several decades, several
studies (in vivo and in vitro) have widely documented the
pharmacological potential of the plant.

It shows high

antioxidant activity in tackling oxidative stress and
strengthening the body's endogenous antioxidant defense
systems. Its

antidiabetic activity is witnessed through

modulation of carbohydrate-metabolizing enzymes and

oxidative stress mechanisms. Scientific evidence and
traditional knowledge also attest to its antidiarrheal and
antiulcer uses, presumably because of its gastroprotective and

motility-controlling constituents' 2.

The antimicrobial activity of 4. muricata covers bacteria,
fungi, protozoa, and viruses, thus being a powerful resource for
alternative therapeutic agents, particularly in the event of
increased antimicrobial resistance **. Its anticancer activity is
another extensively researched field, and investigations have
indicated selective cytotoxicity against different cancer cell
lines through apoptosis induction, mitochondrial dysfunction,
and inhibition of metastasis and proliferation. In addition, the
plant has anti-inflammatory, antihypertensive, and healing
properties, all of which are in consensus with its traditional
uses in pain management, hypertension, and skin wounds'>¢7,
Considering the range of pharmacological activities seen in
various studies, 4. muricata possesses potential opportunities
for the creation of multi-targeted natural drugs. This section
investigates and discusses the pharmacological features of 4.
muricata focusing on recent scientific achievements that justify
its traditional uses and provide the gateway towards future drug

development.

1. Botanical distribution and Phytochemistry

A. muricata is member of annonaceae family, the genus
Annona which have around species itself is a very frequently

used in traditional medicine all around the world. 4. muricata
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is member of annonanceae family, it is a tropical,
evergreen fruit-bearing tree native to Southeast Asia,
South America, and African rainforests. It thrives in
warm, humid climates below 1200 meters altitude, with
60-80% relative humidity, 25-28°C temperature, and over
1500 mm annual rainfall. The tree flowers and fruits
almost year-round. With obovate shape, leaves of A.
muricata are glossy, thick and dark green in colour.
Flowers are thick and yellow in color with outer petals
meeting the edge-to-edge and heart shaped bases; inner
petals overlap and are oval-shaped. Fruit is heart-shaped,
green, with soft prickles and have acidic pulp with

specific aroma'?2.

Plant contains range of phytochemical and bioactive
compounds, and around 212 phytochemicals have been
reported, Leaves being the most studied part of plant
(Table 1). Acetogenins are the dominant bioactive
compound, apart from these different alkaloids and

phenolics are also reported in different part of plants.

Annomuricin A, B, CA E, Cis-annomuricin-D-one,
Trans-annomuricin-D-one, Annomutacin, Annchexocin, A in, Cis i
Annoniacin-10-one, Ci 10-0ne, (2,4-Cis)-10R A-one, (24-trans)-10R-

~ annonacin-A-one, Annonacin A, Annopentocin A, Annopentocin B, Annopentocin €, |
lin, Ann AA in B, Arianacin, Cis-annomontacin, Annonacinone,
Annoreticuin-9-ong, Asimicin, Bullatacin, Bullatalicin, Cis-annoreticuin, Chatenaytrienin 1

Apigenin-6-C-
glucoside,
Argentinine,
Caffeoylquinic acid,
Catechin, Coumaric
acid, Daidzein,
Emodin, Epicatechin,
Gallic acid,
Gallocatechin,
Homoorienii
Kaempferol,
Kaempferol 3-0-
rutinoside, Robinetin,
Quercetin, Quercetin
3-0-glucoside,
Quercetin 30~

Acetogenins

Anonaine,
Annonaine, |
Annonamine,
Asimilobine,
Coreximine,
Isoboldine,
Isolaurefine,
Nornucifering,

Alkaloids |

- Phenolics

neohesperidosil
Quercetin 3-0-
robinoside,
Quercetin 3-0-
rutinoside (Rutin)

Figure 1: Dominant Bioactive compounds present in
A. muricata.

Leaves of the plant contains compounds like Annonacin,
annonamine, Quercetin, kaemferol, rutin and gallic acid,
gallocatechin, while compounds in fruit and pulp are
Muricatocin, Coumaric acid, Asimilobine, Caffeoylquinic
acid. Pericarp of A. muricata fruit is rich in Annomuricin
A—C, Annonacin, seeds have compounds like Annonacin-
10-one, Annonacin, Bullatacin, Annocatacin A Arianacin,
contain swainsonine and

Cis-annomontacin; stems

coreximine and roots of the plant are rich in

solaminmuricadienin and reticuline 3%°.



UFLC-QTOF-MS of ethanolic extract of leaves revealed
presence of phytochemicals like Rutin, loliolide, annopentocin,
annomuricin, caffeic acid, asimilobine, kaempferol-30-
rutinoside, xylopine, annohexocinand xi-anomuricine!®, 17
phytochemicals in leaves of methanolic extract of the plant
were identified by Mishra et al (2025) including flavonoids like

kaemferol-3-o-rutinoside, quercetin-3-O-D-glucuronide , rutin,

apigenin  6,8-di-C-glucoside, eriocitrin, alkaloids like
swainsonine,  (+)-4’-O-methylcoclaurine, xylopine, and
asimilobine along with acetogeninslikemontanacin B/C

,Annomuricin A and annonisin!'.

2. Traditional uses

Ethnobotanical research highlights the wide-ranging use of
Annona muricata in traditional medicine across tropical
regions. The plant of soursop is known for its antibacterial,
antifungal, anthelmintic, antihypertensive, anti-inflammatory,
and anticancer properties. Traditionally, soursop is also used as
an analgesic, antipyretic, and to manage respiratory infections,

skin disorders, diabetes, and parasitic diseases”.

Parts of plant are used in preparing decoction, juice or can be
applied topically or can be taken orally. People from countries
of south pacific and Indonesia uses leaves of the plant are used
in skin ailments while in Mexico, Martinique, Nicaragua and
Brazil, it is used for flu, asthma, cold (Figure 2, Table 1).
Topical application of the leaves is used for relieving pain in
Malaysia, it is also used in treating insomnia, diabetes,
headaches, and cystitis, diabetes, while decoctions are used as

anti-rheumatic neuralgic 2.

It is reported that patients also
combine the decoction can be taken directly or with warm
water, tea, cereals. Fruit juice of the plant is known to be
galactagogue and utilized in treating diarrhoea, liver disease,
heart related complications and intestinal parasites. Seeds of
the plant are reported as effective treatment against parasitic
skin disorder and as laxative. Bark of the A. muricata is used
inflammation, infection, anti-

for diabetes, parasite

hypertensive, muscle relaxant’.

People from different region of Africa use parts of A. muricata
for treating parasite infections, cancer, malaria, stomach related
complication and diabetes. People from sub-Saharan Africa
utilize the plant in treatment of stomach disorders, diabetes,

malaria, cancer and parasitic infection!?. Seeds are used as
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anthelmintic and antiparasitic agents while leaves, bark

and roots are used for anti-inflammatory,

antihypertensive, sedative, antidiabetic, and
antispasmodic effects. Leaves are used in conditions such
as cystitis, hypertension, headaches, insomnia, liver
ailments, and are also used topically for abscesses and
skin conditions!. In South America, people use soursop
fruit juice to manage cardiac and hepatic related
problems, and also used as an effective remedy for
diarrthea and parasites. The fruit pulp is traditionally
consumed to promote lactation, Treat rheumatism,
arthritis, fever, neuralgia, dysentery, skin rashes, Serve as

an antimalarial, antiparasitic, and anthelmintic agent?.

Leaves
. Malaria, Analgesic, eczema, antidiabetic, Antipyretic,
2 liver complication, gastritis, urinary tract infections,
inflammation, sedative, Antihypertension, cystitis,
abscesses

Seeds

External parasites, Intestinal worms, Scalp
infection and Lice,

Antihelmenthic, Febrifuge, Antispasmodic,
Sedative & Relaxant, Emmenagogue, Anti-

Figure 2: Traditional use of leaves, fruits, pulp,

pericarp, seeds, Bark and roots of A. muricata.



Table 1. Major compounds present in different parts of A. muricata and use of these parts in traditional medicine.
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S.No. Part of Reported phytochemicals Traditional uses References
plant
1. Leaves Annomuricin (annomuricin A, B, C) Fever, sedative, anti- | >>!L,
Annomuricin E, Cis-annomuricin-D-one, anxiety,
Trans-annomuricin-D-one, Anonainesolamin, | antihypertensive,
Solamin,  Muricapentocin  ,Annomutacin, | antispasmodic,
Annonacin(2,4-cis)-10R-annonacin-A-one, wound healing,
(2,4-trans)-10R-annonacin-A-one, parasitic  infections,
Annopentocin A, B, C, Annocatalin, | liver related
Annocatacin B, Annonacinone, Asimicin, | complications,
Annohexocin, Muricatocin A, B, C | gastrointestinal
,Muricoreacin, Murihexocin B, C, | complication, ulcer.
Annonamine, Asimilobine, Coreximine,
Isoboldine, Isolaureline, Nornuciferine,
Reticuline, Apigenin-6-C-glucoside,
Argentinine, Caffeoylquinic acid
Catechin, Annomutacin, Annohexocin,
Annonacin, (2,4-cis)-10R-annonacin-A-one,
(2,4-trans)-10R-annonacin-A-one,  Daidzein,
Emodin, Epicatechin, Gallic acid,
Gallocatechin, Homoorientin, Kaempferol,
Kaempferol 3-O-rutinoside, Robinetin,
Quercetin  3-O-glucoside, Quercetin  3-O-
neohesperidoside, Quercetin 3-O-robinoside,
Quercetin 3-O-rutinoside (Rutin)
2. Fruits and | Cis-annoreticuin, Muricin J, K, LAnonaine, | Constipation, 3,13,14
pulp Annonaine,  Nornuciferine,  tocotrienols, | dysentery, helminthic
tocopherol, Coumaric acid Asimilobine, | infections, ntipyretic,
Caffeoylquinic acid, Murihexocin, | nutritional tonic, skin
murihexocin B, C Kaempferol, Kaempferol 3- | issues, Digestive
O-rutinoside disorders
antinflammatory,
anticancer,
antidiabetic,
antioxidant.
3. Pericarp Annomuricin (annomuricin A, B, C) Antimicrobial, 23
Annonacin antiparasitic,  insect
Annonacin A repellent, dysentery,
diarrhea, skin

ailments
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4. Seeds Annonacin, Annocatacin A Arianacin, Cis- | Fumigation, 15,16
annomontacin, Annonacinone insecticide,
Annoreticuin-9-one, AnnomuricatinA,B,C, Abortifacient,

Bullatacin, Bullatalicin, Cis-annonacin, antihelmenthic

Annonacin-10-one, Cis-annonacin-10-one,

Cohibin A, B, Cohibin C, D, Corossolone,

Muricatacin, Muricatetrocin A, B, Muricenin,

Murihexol, MurisolinRolliniastatin 1, Solamin,

Squamocin, Cis-squamostatin A, squamostatin

D, Xylomaticin

5. Bark , Coreximine, Coreximine, reticuline, Antidiabetic, pain | 27
Stem Swainsonine, Atherosperminine, Anomuricine, | releiver,antiparasitic,

Anomurine antihelmenthic,
anticancer,
antimalarial,
arthritis,
inflammation,

6. Root Reticuline,  Coreximine, Solamin, Cis- | Antidiabetic, 1,23
reticulatacin, Muridienin 3, 4, Muricadienin, | febrifuge,
Cohibin A, B, (Sabadelin) chatenaytrienin 1, 2, | abortefacient,
3 uterotonic,

antihelmenthic,
antispasmodic.

3. Pharmacological properties

Antioxidant activity

Leaves, fruits and bark of A. muricata is used to boost general
health, aging and against inflammation and fatigue®. Richness
of plant in bioactive compounds like kaempferol, Quercetin,
annonacin, gallic acid, contributes to its antioxidant potential
%.). Methanolic leaf extract of the plant had IC50 of 34.8
pug/mL against 2,2-Diphenyl-1-picrylhydrazyl®. Aqueous and
80% methanolic extract of leaves, roots and twigs of the plant
had significant antioxidant activity, with leaves having highest
against 2,2-Diphenyl-1-picrylhydrazyl'®. According to some

reports methanol and aqueous extracts of root, twigs, fruit pulp

and leaf extract of A. muricata had reported to have
significant antioxidant potential in ABTS and FRAP
assays'®!?. Leaf extract of the plant was able to reduce
lipid peroxidation via MDA, while increasing SPD,
catalase, GSH and improving pancreatic antioxidant
defense?®. Ethyl acetate extract of the leaves were
showing increased levels of antioxidant enzyme in in vivo

model?!.

Antidiarrheal Activity

Traditional medicine in countries of West Africa, tropical
Asia, Latin American region have utilized fruit pulp and
juice of A. muricata for gastrointestinal complication

including diarrhea. Intestinal complication is treated bark



and fruit> 22. Castor oil induced diarrhea in mice was treated

using fruit extract of the plant at 400mg/kg, and it

has been reported to reduce diarrheal frequency and delayed
onset of diarrhea®. Castor oil induced diarrhea mice when
treated with hydroalcoholic extract of 4. muricata was reported

to show good results as standard drug??.

Antidiabetic Activity

Soursop fruits and all other parts of 4. muricata have been used
for medicinal purpose across the world and reported to possess
significant antidiabetic potential. Leaves bark, and roots of the
plant is used to prepare decoction and tea. People from Nigeria
and Ghana use infusion of leaves to treat diabetes; while in
Cameroon and Uganda use various plant parts to manage
diabetes and its other symptoms®. Several study both invitro
and in vivo have been performed to evaluate its antidiabetic
potential. Extracts of leaf, pericarp, pulp of the plant was tested
against major enzymes in carbohydrate metabolism (alpha
amylase and alpha glucosidase); inhibition of both enzyme was
observed with IC50 value of 22.3 £1.8 pg/mL against alpha
glucosidase in case of leaf extract and 35.5 + 2.4 pg/mL against
alpha amylase in case of fruit pericarp extract . Artificially
diabetes induced rats with streptozotocin when treated A.
muricata leaf extract at 100mg/kg dose was able to reduce
blood glucose levels, while lowering oxidative stress and
increasing body weight 2°. Ethanolic extract of the plant was

able to delay glucose peak and enhance glucose clearance®.

Antimicrobial Activity

Bacteria

A. muricata is reported to be effective against different
bacterial strains (Gram positive and Gram negative).. The
alkaloids present in the plant can disrupt bacterial membranes.
It is reported to have enhanced efficacy against Multidrug
resistant strains of Staphylococcus aureus,and Escherichia coli
when combined with antibiotics. The in vitro analysis of leaves
has shown significant activity against Pseudomonas
aeruginosa, Staphylococcus aureus, E. coli, Helicobacter
pylori®*. While methanolic fruit extract of the plant has been
reported to reduce effects of diarrhoea in mice (E. coli

induced)?.
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Fungi

Although there are not many reports on antifungal
properties of A. muricata, Candida albicans is known to
inhibit by its extract. In a study ethanolic extract of leaves
of the plant were able to reduce fungal growth by 58%
and cell density by 65% of MDR C. albicans'..
Methanolic extract of leaves were also found effective
against C. albicans '!. Acetogenins isolated from seeds of
the plant were able to inhibit growth Candida spp like C.
tropicalis, C. albicans, C.glabrata and C. krusei®*. Apart
from this soursop is also tested against Colletotrichum

gloeosporioides, Rhizopus stolonifer, Alternaria and

Cercospora malayensis®*?%%.

Protozoa

Traditionally all over the world people have used A.
muricata for treating protozoal infection, including as an
antimalarial medicine. The plant shows broad
antiprotozoal efficacy, including against toxoplasmosis,
leishmaniasis, malaria, and trypanosomiasis Reports have
shown that A. muricata indeed have antiprotozoal
activity- according to one study the ethanol extract of
plant had shown IC50 at concentration of 46.1 pg/ml
pug/ml against Plasmodium falciparum?®. Silver nano
particle of A. muricata was able to counter Dengue,
vector”?. While in case of

Malaria, and filarial

toxoplasmosis rat model ethanolic leaf extract has
reduced parasite load and improved survival ¥,

Viruses

Apart from this A. muricata also have antiviral properties
and the extracts have been reported to be effective against
viruses like Herpes simplex virus, SARS-CoV-2, and HIV
in different In-vitro, In-vivo and In-silico studies’!.
Acetogenins from the plant like cisannonacin, and
muricatocin have been reported to be interacting strongly
with corona virus (SARS-CoV-2) protein present in its
spike*?, while acidified ethanolic extract of A. muricata
can decrease viral replication of HSV in a hour?. In an In
vivo analysis topical application of stem bark extract in
HSV infected mice had reduced lesion size and viral

titre”.



Antihypertensive Activity

Different reports have suggested that A. muricata contributes to
reduce the blood pressure by hindering angiotensin-converting
enzyme (ACE)and blocking calcium ion channels, leading to
decreased vascular resistance®. 4. muricata with Persea
Americana was able to reduce blood pressure synergistically 3.
The anti-hypertensive property of the plant is attributed to

alkaloids like reticulin and anomurine present in it* 33,

Wound Healing

Ethyl acetate extract of the leaf of the plant in 5% and 10%
ointment formulations when given to excision wounds in rats
was able to increase the wound contraction rate, and was able
to reduce levels of malondialdehyde (MDA), which is a
indicator of oxidative damage. Apart from this it was able to
enhance re-epithelialization and elevate antioxidant enzymes
like catalase, SOD and GSH 4. According to another study

methanolic extracts of bark and leaves can

Anticancer Activity
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enhance epithelial regeneration, shorten epithelialization

period, and increase tensile strength of wound tissue®.

Antiulcer Activity

The bioactive compound present in A. muricata like
phenolics, alkaloids, tannins have potent gastroprotective
activity’. Traditionally medicinal system of Africa,
Caribbean and South American region utilize decoction
and tea made with leaves and bark is used for treating
ulcers, gastritis, and indigestion®. Hydroalcoholic leaf
extract of A. muricata was able to reduce ethanol,
methanol, or indomethacin induced gastric ulcers at dose
of 100-400mg/kg body weight*. Ethyl extract of the
plant was able to reduce lesion index, MDA, Bax while
increasing catalase, SOD, GSH and Hsp 70 expression *’.
Helicobacter pylori is a ulcer causing bacteria, methanolic
and ethyl acetate leaf extract of the plant has shown
strong antibacterial activity against this bacteria with MIC

value of 20mg/mI*.

Table 2: Anticancer activity of extracts/compounds isolated from A. muricata

S.no. Cancer type Extract/isolated In vitro /In vivo Mechanism Refere
compound cell line /Model I1C50 nce
(ng/ml)/Dosage
(mg/kg)
L Breast cancer | ¢  Ethanolic leaf | «  MCF-7 e 147 ug/mL Mitochondrial 3.6,7.41
extract e MDA-MB- e 12.1 pg/mL apoptosis, ~ ROS,
*  Aqueous leaf 231 o 100 mg/kg caspase activation
extract e Ehrlich e 200 mg/kg
e Ethanolic leaf ascites
extract carcinoma Apoptosis via
e  Fruit pulp extract (EAC) mice Baxupregulation
e DMBA- and Bcl-2
induced downregulation.
breast cancer | Tumor size, 1 life
(rats) span, 1 caspase-3
activity 1
antioxidant
enzymes, | lipid
peroxidation
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5 | Prostate e Aqueous leaf | PC-3 e 6.6 pg/mL | Inhibits 339
cancer extract o 1.14, EGFR/ERK
e AnnopentocinA,B 0.21,0.0.2 | signaling;
,CD 2,1.32. induces
apoptosis
. Pancreatic Annomuricin E CD18/HPAF 1.8 pg/mL Mitochondrial | 3434445
cancer complex I
inhibition
4 Colon cancer e  Methanolic fruit | «  HT-29 e 20.6 ug/Ml DNA 4w
extract e Colon e 50 mgkg fragmentation, | *¥
e FEthyl acetate seed cancer caspase-3
extract xenograft activation
(mice)
5. Lung cancer Ethanolic leaf extract A549 18.6 ng/mL ROS induction, | 3434448
apoptosis
6. Liver cancer Methanol bark extract HepG2 27.1 pg/mL Antiproliferativ | 343444
e, DNA
fragmentation
. Lymphoma Methanolic leaf extract Dalton's 250 mg/kg ! Tumor | 34546
lymphoma weight, 1
(mice) survival rate

As elaborated in (Table 2), several studies (/n vitro and In
vivo) on A. muricata has shown its potential as an excellent
anticancer agent. Ethanolic and ethyl acetate extract of the leaf
of the plant can control cell proliferation and was able to
induce apoptosis in cell lines (MCF-7 and MDA-MB-231) with
ICso value of leaf extract of the plant were able to inhibit
proliferation and metastasis in PC-3 and LNCaP cell line of
prostate cancer. In HT-29 cell lines methanolic extract of the
plant was able to induce apoptosis and cell cycle arrest by
activating caspase 3 and DNA fragmentation. Acetogenins are
dominant bioactive compounds of A. muricata, acetogenins
isolated from the plant were able induce cell death while
suppressing metastasis by disrupting mitochondrial disruption
and affecting cellular ATP production in FG/COLO357 and
CD18/HPAF cell lines of pancreatic cancer.

Anti-inflammatory

Potential of soursop as an anti-inflammatory agent have been
validated both by its usage in traditional medicine in addition
to via different experiments performed in vitro and in vivo

which is directly linked to presence of alkaloids, flavonoids,

phenolics and acetogenins present in it. Roots, Leaves and
the bark of the plant have been used traditionally for
treating fever, swelling, rashes and other skin
inflammation along with this it is also used to relieve pain
associated with arthritis, muscle inflammation and joints
3, Nitric oxide (NO) is one of the source of oxidative
stress, methanolic extract of leaves were reported to
inhibit NO and PGE2 production significantly in LPS-
induced RAW 264.7 macrophages having IC50 value of
26.1 ng/mL3. According to Gavamukulya et al the plant is
able to downregulate pro-inflammatory cytokines (e.g.
TNF-alpha, IL6, IL-1Beta) °. According to another study
aqueous and ethanolic extract of leaves of 4. muricata at
dose of 100-400 mg/kg was able to reduce carrageenan-
induced paw edema in dose dependent manner in rats 2.
The plant is also reported to reduce granuloma tissue
formation, suppress fibroblast proliferation and exudate

its formation®?.
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Toxicology

A. muricata have been used in curing various diseases
traditionally for centuries and its toxicological profile is still
needed to be critically investigated. Although it has been
scientifically proven that phyto-constituent of the plant and
plant extracts do have significant pharmacological potential,
still there safety issues using plant as such®. The root extracts
of the A. muricata contain cytotoxins and have neurotoxic
effects’. The aquous extract of A. muricata at high doses can
cause hypoglycemia, hyperlipidemia and kidney damage* 47,
Thus, use of the extract is recommended in controlled manner
and with proper guidance only. The toxic effects of the plant
come from the phytochemical compounds present in it, like
acetogenins specifically annonacin is a neurotoxin. High
consumption of soursop can cause atypical Parkinsons, causing
degeneration of dopaminergic neurons 8. Seeds of the plant
have been reported to have high levels of acetogenins, causing
hepatotoxic and neurotoxic effects in rats *°. Although
cytotoxicity of compounds or extracts are important for their
anticancerous effect higher doses of A. muricata can lead to
non-specific cell killing 2. Long-term use of seeds, fruit pulp,

and root extracts have been recommended to be avoided due to

its adverse effects .
Conclusion

A. muricata is a valuable and renowned medicinal plant and
used widely in traditional medicines around the world for
centuries. Tropical and subtropical regions of Africa and
Southern America use different parts of plant including leaves,
bark, seed, fruits and roots for treating ailments ranging from
skin infection, joint pain, rheumatism, and rashes to diabetes,
arthritic pain and so on. The pharmacological effects of the
plant are dependent on range of bioactive compounds present
in it such as acetogenins, flavonoids, Phenolics, alkaloids. The
plant of A. muricata tackles wide range of diseases, that
includes inflammation, cancer, diabetes, rheumatism, joint
pain, gastrointestinal issues, skin problems. Anti-cancerous
property of A. muricata is particularly noteworthy, the isolated
compounds of the plant have displayed low IC50 values
against cancer cells both in in vivo and in vitro circumstances,
supporting their apoptotic and cytotoxic mechanisms. Apart
from this the antidiabetic, antiulcer and antimicrobial activities
of the plant have also been validated by various studies.
effects somehow

Probably these pharmacological were

involved inflammatory cytokines, molecular signaling

Int. J. Fund. Appl. Sci. Vol. 14, No. 2(2025) 4-15

pathways, oxidative stress markers. Although, beyond
these therapeutic benefits there are also have negative
impacts of extract that is related to presence of some
acetogenins (Annonacin). Annonacin is reported to be a
neurotoxin that can cause atypical parkinsonism when

consumed for prolonged duration.

If we somehow lower the toxicological concern of the
plant, while enhancing the potency of the formulation
(either extract or isolated compound), it can help in
developing a safe and effective therapy against several
disease. To do so there is still need of rigorous
experimentation and research on the medicinal value,
toxicological assessment and standardization around this

plant.
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ST AT HR ST o @TeT ol i o1 e &, et 3o o 78 et veet St Sfte -t et
TN | 38 STaS(E, TR SN forfveT wrferufter €raHt T et o S0 o [eTT shad 331¢ MY &, St foh
TR T THT 3T T et SEToT ST, ST GoT 3l o i ST et o uTifearfaehl o shi gt
T o IeI W AT ST T8 & (YR THW, 2015)| BTeATToh, 39 TATHI o STEISTE, ST o6 Sgd THTe
T SHEEAT fg % T FaT o & & AT ST 85 & ST 37 AHEATSA] T FHTH T g
SOehIoT & €1 69T § | 9 I 3BT Sexd TRV TaT U ITELRT0T oh TTa 3hT frsSour ShiaT ST S6eh THTe
o fore @t fif fmfor i feem d gmar e 2

I T TRIUTHET:

T, fory shreft off e ST 2, ST TSN ST T U Ufdetia o7 e gfe & srefi
ROl IR R, T et o foRe o feera 21 aroreft b forem 25°11°N & 25°23'N 78T (Latitude)
o off<r 3T 82°47'E & 83°03'E <RTIR (Longitude) (. 1)e i< 2; ST 30 9RA o Hed-ofl el H T
ST e g ST @ | T T o6 TR s g g w1et 31 SAfged i sitmiforer v o forg s 2
SARTOTT H 7T T 31T ST Tt o SATA, F&T hl Toh ST A@eaqul 7T, JE0M 7t & , il 707 A&l o ¢
U e fohetHiet gL IT-Yel H oIl €, 36 & o TIcTeh HTeT oh 37eH fedlT 21 39 7t 1 19 T 2ret
o 19§ S[ST g1 & ST 38 GTfHep g1 © i HIT STl & | ST ST T o6 6T e o fehe R
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T % HROT I8 LA ST g8 & ATk Heed T@dT 2 | %N =T, T % STt | Afis afersrar st
TR At & 3T ITe o 39 fe b1 Ush Ty enfies ey Jem st 2 |

FHUTT 4T

STRUTT &1 T 6T o T HETe Ha1 & S AIRI0TE JTeX i qia! €in & et & | a1 &1 iiiiersh
37 qarferufier fersdwor amRToElt SUHRTET i Serary ST st i THeH & foTe Aecaul 8 | o T
25°27" I & (Latitude) 3 82°18° T T2 (Longitude) § I BielT & 3R 25°45° Iwdt 7™
3T 82°3” Yeff aeTier ok foreaTiia Bt 81 78 7 qaff 7R Sfeqor-velt famm & st & i 3emeree & Ham
e teT & FrreheTerRt ATTOTeT o oTe 71T 7t 3 fire STTeft @ (SIfee e 37, 2013)1 ST 7 1 |1 Sge
I ARET et (F1.2), STy, arerat i Ri= et o e sere 9 S §377 81 I8 a1 T
70 ferciTHiex ek sraet & 31 foRt wira it st et & firerdt 81 38e a1g 78 7 ST wet 8 g
T 7 | et St 7, fowiy ®9 @ 90 Hig o O (TR0 TR ) | T R A8 /6 T e
WNTITeTeR 38 & Heea Ul &, Sfce 98 &1 STetany, TTRerrehl TR ATe |2t o foTg ot U STawash
HIT T&T & | T 4T o STerrevT & # fafi= Sterara i §, S 31, Afeat 3T arems, S 56eh S
TS ST TTerd hEd § | 38 T ot uriiefaeh o Sta fafererdr @ ugg & o = anffr witfeufaeht
HITd St T Teh HEcaqUl Y{HART F-TT & (8 T 3., 2016)| BT R, ITEaR0T 3T ST o ieer
FE1 T ST ST 91 TR & ST geH At oh urifkerfershl o 0 FehIIcHen TTE Ugl € (SRR UE I,
2013)| TE0T o FHL0T et shi STt Turardt § e 317 €, A gHeh STet o1 ST Y I wFsie o forg
HeheTU B T 2 (7T TE HA.,2016) |
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HId: = T2 3. (2019)

e ATEEAT & T | T T T Wimiferes uaiaRuiiT wEed:

T, ST IR SUHRTET o TTeaw TR Hikah{ieh €9 8 99 e § § Tsh §, FE0M IR T Ffe
& T v feord 21 Fet St fimifores feurfa ot aaferfia durem, foiy ®9 & s 76, 39 et & Sfew
I FEap(d o foTu sTcfares wecaul € | I8 T1aX o STR-Ud § a5l 8, T8t geeh! Sufef 7 shae Tt &
AT § eI Bt 8, Ffcsh 98 Tataweiia §9 & of eyl 81 TR (2005) F FTER, TE0T F6
STV oh STt STl 1 31 Teh AT foedlT & 3T et o aniefeerfarehl = ol TQ T & wacaut fret
freft 21 e 7t vkt & o forw et STrafed o & o &9 8 e Rt 2, |er e g6 St § farfie s
Sfet 3 aEafat s S8 8, St €T ST faforedr sl s91T e | geeh 8] Swur A s Wi
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WECH AL o T STASTY shl THTIord e H T waearqut fireh fwrelt 21 3T (2016 ) 56 Hawl # et
for, arum 7t ot S ¥ SITE % ety i SHTC TEH H HeE o €, 3TN 36 ot YaTE o STE-0T
o &A1 H STEAT S AT T ST (AT 81 T8 et T o HIaH § 3T o &1 H 58 o1 W
o drer-|ry Nt o Hew 9o gfg oft T et 7, S i R o St swnT o fo weceut @ |
T Juffa = FToTE o qricRerfaeh! T i AT TGS €, FTTh I8 Sia ffrear sl sHTg W@ § 7eg
F! &, Forie &9 & S-St 3R areaf o g W SATEmE Y ! 81 TE 1 qaiervt Heed
36k 519 fafagar 7 off aRafara giar 21 ] (2009) 5 ST, J€0M e ol o & Sia-stal 31
TTEIT =T ¥R &, ST 58 UTREATehl o o ToEY Bl ol Hehd ad & I8 et ASTeTdl, St Iieqdn 31T
H Al 6 fIg weeayul 2, ST et o Fieuiid €qer i SHTE W@ H #ag Hid 8| 36eh AT,
T o TorR I ATt aeataaT T arftfeafeht o forg strearweren €, i A g S rea ml U §
e AT & SR SIAaTg § IR Al 8

ITENHIOT SR AT afeg:

RO 3 STELeRI0T ST SIEET dfg o Hiths Teh foe=red 37 Heeaqul Yaf shi a¥id €, Sl A shad
e hl UfereTiéeh SN iapceh HecaquidT | S[S &, sifceh 6o STTeieh ST HTHTISEh forshrel o Heohd Wl
3 &1 1901 H STroTelt i et S 12,88,891 off, foed & vt e 2,55,086 oft, 31 38 e
ITEHTOT T T 0% (qTfetert :1)eftl 1911 & I8 SHEEAT | 3.6% it fiRTae <@t T8, St Ueh STt
TS 9T, TR 1921 H RTe{t SHE@AT # 3.2% 31 14 T3, S 39 &1 H IR o ¢ T Hohd Tl
1931 H 31&t e 1 g 3 10.8% off, ST 36 @97 % S0 it 3 el § i o %
forenTer AT Wk It B1 369k TG 1941 3T 1951 o ¥19h H IR SIHE®AT § HUST: 19.8% 3T 39.8% i
gfg T2, ST 30 T T ATOTE 3 WTRdehtoT ST st X i SRIAT 8, STel ST S TIR o A6 a9 3K
STEX A ST ATHIOT ST T SATHN [Tl 1961 & 1971 3 S ITedt ST hl Jfeg 3T H F FHHT
TG, TR 1981 H ITLT SHHEAT § 38.8% 1 (g qS1 ohl 75, ST ITET ok dIST & IRV T Hohd oIl
1991 H LT SHEEAT Jhg, 3T BT 18.9% B T8, 3T 2001 | I8 18.2% Tk FH &I T3, ST T &
TeteRter § feort 3R enifefer dtemT § g i qwitar 2|
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2011 ¥ STedy ST 7 6T & 27.8% 31 i 85, ST XIeetr o % fouT § Se 1 Hohd ol ol FA
fHQITeRt, 1901 & 2011 T ATUTE shl et SIEEAT H 185% SR L SHEEAT H 523% i Ifg g8, ST
TTEROT SR forerrd sl HEcaqUl =T Rl T9F AT 81 I8 qfg 7 hael IET % WHTISR ST AT
el o1 Hehd &, Sifeeh I8 36 o1 sht i qfP el & fob amoredt # s, e, wameey el 3
SIETR [ATET BTl o ST TSRO T T AT 85 ¢ |

Arferent 1: ARToTET et § gorehiar wradt steean i (1901-2011)

AT TR ATE, (%)

ELl FA el T el
1901 1288891 255086 0 0
1911 1296567 218012 0.6 -3.6
1921 1316977 224913 1.6 32
1931 1408845 248043 7.1 10.8
1941 1671388 297237 18.6 19.8
1951 1980090 415547 18.5 39.8
1961 2364874 553146 19.4 33.1
1971 2852459 716774 20.6 29.6
1981 3701006 994823 29.7 38.8
1991 2508110 1057972 2.2 18.9
2001 3138671 1250039 25.1 18.2
2011 3676841 1597051 17.1 27.8

Hid: forem wiflerehl Seseh S W SFRTOMT (1901-11)
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FHUTT Tl I ITETRI0T BT THT:

TRRTUT o HIUT SRUTT &t H 3 HHEATU 3cU~ §3 o, ad] SIHEEAT ST ST Teerd ITeliehtor & o
7dt % for s1dyr fmfor, stafite ware, o Sot freprelt & T2 TR @ U E, SE-SE sl i
SRR o €, 39 T4 % e T TRRIHS TWTE ISl 7| J80 74 & FFR sigdt e,
eI TEYd TTELshLoT, SATEiTeh ST HTY SIS oh 0T TGuoT sh Hoea Tt &9 of bt 21 7t (2016)
4 et T 8 foh | STOTeT # sige! SIEEAT S Sfedaiterd Iedieho o Il Seu T H Jgor Al
T H AR I B Tt 21 6o 0T FaT T STt SUATAT 51 Tt ¥ 7R I8 qatewvfis Tehe Ter o T 2
TR &5 T e o SR Wi HT H STenfien stafite 7dt # firet wr 2, forer w3 qorerr o e
BT 2, T TRUTHEEY el 3T STet 7 shaet N 31 7 @7 2, aifcsk a8 e urfifkufaeh da & foro
ol T T HROT S TAT & | ST T H T Skl qurert § e qed: dios, ftefien SR, S
1Y THRHT o ROT €8 @, fSad 7t o Siet Jgor o1 & STcfereh g T @ (SRR T2 3eT.,2013)|
YIELl SHETAT % WY S AR A, HielsT AR STh JGH0T h7 T Tl shi Sied orerdl T
THRTCHe: 9 § T8 1T 2,5 aftormesey 7dt i arfcfufasd & it srqem A Rufr s @ g
ST IE YT o SHtalt Sl ST sl T8 S ohT ST SIFaT & | $8oh SATieh, TaT o R 31arer fmfort st
SIGHT 7 shele Tl oh WTehfcioh JeITE =hl ST LT €, 1Y STUTRTE! 2T el H TelTe Wi FG0T o Teh a1g 0T
& B9 T G 7T 8 | ST T ST SEQHTST fohT 1T T e Saieh, ShieTeTeh, 31T 31 T Nt
o T a1 ¥ o ST 8, AT 7T H FerRiter TIRHT ol 71T H 1 BIT & T Y STARTS] oh HL0T 741 o
ST 3 TR ST STefereh o ST 2, Forerdt Stet ot orert # firare st 2 o e mieferfaeht
T I Wt ST TSl ©; §7 STARIST o 0T 981 o STt H Saelier i FHt a1 St 8, few sa-
Sfrat & gy Bt & 3t S fafererar o off Teprrensh STeR TedT & 6eR A &, A o 5t § ool g%
HTdeh THeh dedi oh R0 AT EErEey W Hf Tohiedeh T8 USdT &, W 37 AN 9T ST Al
T ST SR 370 5] T o [T hAd & (TS UL A, 2005)| SR SR SR o H0T
ST A o ST H g B T TG T I A T Herelt gwemd ot et § | TaT o R e At A
A STt ShT ST T oh T SISl UM & S Te €, i, S, Hed T SIS S8 U o Jar o
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3fg &1 T 21 Aot e forir S 3 STTE , et o e H s N 3 ST A 3 TR
HUERIT ¥ SIS ST 37T 81 T8 ©; 36 ShiX0T ST T anst! ot ot i qome 7eT @ 31K
farfercan gferenatt it st wewgw 21 & 7 | 7% Retfa 1 et wareed Hehe i 71 < T 2, afesh a8 e
I TTHITT &1 o S STEHT TaTeed Gl o 0T AR ST i T i o T 2

THUTT T o TIGIUT 3R TT6GR o 77 I8TT 710 S <t wsftet:

JTELHLOT, SN, T Seafberd Stet fHehrelt oh o Ig et Tt qarierofiar Hene sht ATHHT T T ¢
T It ST, e ot o sftenfie Stafirst 3 ware e o witfefiedt 7 B T g,
36 Rl oht o o foTe farfret et ASHTAT 3 ST Serll ht wiiier o AT § &3 S|
ferg e |

TR FATSATY 3R it

SRUTT T oh HIEIUT SR YHEER o A farfort eeprll A1l 1 STriisi foram T 2, st SR e
RT3 el o STt 6T UMl H GUR A 6 fAIT 5 e 331 8| T IHEER AISHT 3 JHaid awor
Tl o SGNUT Rl A HT o (oTT g ST Fohe 7T &, TS et o6 FohTe 3ferer Fmiort sht 2T 3t STet
TTeRTelT ohT S2rereerT sh GETTT WTHeT 81 $Heh 3Tl Siel G0 SR 2l TATIT, TEu0T 07 AR STt
EIRUT o ST o T B ek |er &, et o STE-UTE o &l H gid ugt (i dee) S R T %
TR T®Tg TN Tt & TR oft fore T 2 gwek stfafies, wRa TR SRy TsdiT €t TEeT AT
(NRCP) o & a1 Tel o e ferai FISmd a1 715 &, forers et oAl Sfet T0reri § G o forw wie

G 2T TATOHT HIT FEOT FoRIT0T SUHLOTH 26T Terehrel AT &, $8eh Ak, Teres T o2 (Namami

Gange Mission) o d&d a0l T&T T i €T shisa T T €, aTfep 7o et & St g8 et o wgwor
! T fopam ST ek | 5 AR o SAavia et o FoRT s &l | STt ST €, Hiest U, 3R
B el oh TRETT shl ATSTHTST 3T SHrA 1o ToRaT TRIT & | STl &l oh &0 & fohe T S| Sierd Ty
e o ST shl ST H T T ST STohet AISHT AR hl 118 &, qTfeh a1 o STct JalTe H STEde
EARERIECRERIIS ICED

Indian Journal of Social Sciences Research and Analytics, 01(1), 24-36 32


http://www.thearyapublication.com/

Indian Journal of IJSSRA | ISSN (Online): 3107-6238

Social Sciences Research and Analytics April-June 2025 | Vol. 01 | Issue 1
Website: www.thearyapublication.com

I T A (ST o ST &1 5 JE0T SR i 3% foRaT &, A1fh SIeT 9ToT & S1eTs S 6k
3T 7t o TGO =Rl KA TohaT ST |k (THT U2 A, 2016)| 580 W1 €, TRIOTe TR o0 grar v o
ST I=ISRUT TRETSTE ¥t ST o1 T8 3, SiT et o STct @l ohi TSI i oh1 SATH Tl © | ol et
T G JTEHIHTT o THTE b o Shil o ToT STedt FRitsT o o ot fowTr o shaw 331 1 &, foret et
o TepTC AT fwfor ricfererit ot sigpar & o for ferer R few mu & | el et o s
o ToTe, STer Hemer Haerr o oY &9 & qarierot givenior & wed fifaat s &, Sit 7at €@eeor & fog
eienTicTeh ASHTSTT i fawm & whr et 2

T THETET hl Wi

SROTT Y o EEIT SR TTEE § T THETa oh! MAfeR! Ageayul T 8, 4 o foh T oot T
AT AR farfir= wriores €a et ot |oTg 37T EReur 7 |isha w9 | e g 8l T et A
wisra Arfiert & oS wwrg SR ST 1T &, ok ATeaw & 7 ¥ e AR TR 8¢ Y §| §6h
AT, ETHTISIR ST 4 THTSRUT STRsehd] STTYRHT o STNY et & Hecd o S H T S i
ST TIT & ST g0 {12107 o ST ohT ST o Toa STt o &1 ety @ = 7o T o’ oAt b
AT H GUR A o FoTe SR forg 21 3aTeter o foTe, Torreier eari «f STet Y-eishuT deheiTohi ohi STOTaT
&, Tores et 5 Tt aret Sgfvra STet <61 |1 i S T SIT 78T ) 380eh ded, s B0 | STl T ST 3h
bt Toh T8 T STl Her ST STet I o STV kT ST foharm i1 T 2, forerdr e & = Wi st
ST & ST STt <Y TUrerT § FR S € | 36 AT, ST 3 @ 37 Te o Tr-are 31y
o REqTs AT IaTd & I T AR & 36 GHET o GHTE 6l 7T HLd &) T Fert
T Afsh AR 39 &5 § YT o Wi SIEehaT 96T H e T8 2| Faiih, Sratte ariiert &
et oft €, S fop g ot et ST o T T YT 6 AT o o H STt I | T
HHETIT o ST qateRot fRTef S iRTeqor st 7 1T 2, S 9gyor R o 3T b Hel ik
H ST H ST I & |
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Y o TRTUT o ToTu wicrssr <6t fa:

SRUTT T o TG SR YAEER o (oA 33T T Hghi hl HAAT H 3 HIeh STeH 8| el T8et, TR
ol =ITIEU foh o8 Tl oh TGuoT T f=2i107 o6 ToTq 31 1T dielenticreh it dam = 37T 37eh S1et § it
AT | 36k AT &, STNeh ST HY STARIET o Fearor e e e Ay forg s =nfey | 76t
&7 o ToTU STt Y[ ahtoT EH1 oh ST, et o o gt ufga forshférd s TR STerer el gsfifar
T 2T ST O ShTH AT ST 8 TR ST ST, 7€ T 2hefet el shl Sfed TUrelelT shl G § Heg
Sifeeh STt wrfRerfereht o sht oft O: TATIUQ M| ST Terali <ht it Srgor FRisror S STet eror
o JUTAT o ST 3T STTeh SRt o foTq SITRTeAoT ST et shrishu shl STTaeaiehal & | 39k foTq S
LT T HTHTISToh TITST o 91 THAHT ShTH ST ITRT a7 T o TX&TUT o foTq Tiehil ISt &

-G TATRT T 9L Acel i TcaTied i o (o Teh HSTed |THTRIe: Heereh €U fopa ST =feg
| FRTOTE & TR T S GRETSHTSAT o qad, T ST SEsh! HeTaeh A1Qal hl €T i o JTH fRT ST
R B, Al 37 IRiSH1eT it Therar a9 & §9d 8 STe T RT ST IITE fHere 1 &, 39 a8
o <ok o HTEAW | T THETAT hl 1T o Eeqor o6t fosm # |k wrfter st o forg i fopam s

ghare |
s

FEOT At o TEOT 3R TSN 6 Y SR 3T T wert ST g1 forg g SRt &
ST ANTE SET TRAT &, ChRT ATSHIHT ST 7T HEGR TNATSIST, STt Jfgehtor SRzl hl ST,
3 GO {2107 ST o6 STTefS{E, 3 SRATHT shl Hebetdl o fofU 3TTersh qHwarer ST Teiehiiceteh WHT{E sht
HTERAFAT & | T GHETAT T AlHT ATTEH | 74t o &0 H§ Hecdqul @, AT 36 TwTe s &
T 3feren fRTeT SR STHTERAT o6 SATSRIshl & STel TXhR I TS FHER fHeTsht T T, dl Seur
TET o TG S HTET0T o6 ST 3Tk TTel |Tferd &1 e 8
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Mahakumbh 2025: Bridging Ancient Spirituality and
Modern Economic Vitality
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The Mahakumbh Mela, the world's largest
spiritual congregation, is set to transform

Prayagraj into a global epicenter of devotion and
cultural magnificence from January 13 to February 26, 2025.
This 45-day celestial gathering at the sacred confluence of the
Ganga, Yamuna, and Saraswati is a timeless celebration of
India's spiritual heritage. With an expected 40 crore visitors,
Mahakumbh 2025 is not just a religious event but a powerful
driver of tourism, economic growth, and cultural diplomacy.

During the Maha Kumbh, demand for Kumbh Mela
accommodation surges as millions visit these pilgrimage sites.
This increase benefits hotels, restaurants, transport services,
and tour providers. Services such as Kumbh Mela tent booking
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also see high demand, The tourism industry experiences a
significant rise in air travel, rail, and road transport bookings,
creating a windfall in revenue across these sectors.
Additionally, the Maha Kumbh creates numerous temporary
and permanent jobs, including roles in security, construction,
health services, and event management.

In a significant administrative development, the Uttar
Pradesh government has declared the Mahakumbh Mela area
as a temporary district, known as the 'Mahakumbh Mela
District,’ for the duration of the event—from December 1,
2024, to March 31, 2025. This move aims to streamline
management and ensure the smooth conduct of the Mela.
Prime Minister Narendra Modi has aptly highlighted the
significance of this occasion, stating:

“The Maha Kumbh is going to be held in Prayagraj for
45 days from 13th January to 26th February. There are so many
reasons to come to India together, asking the Indian diaspora to
come to India during this time. First the NRI Day, then the
Maha Kumbh, and after that the Republic Day, this is a kind of
Triveni, a great opportunity to connect with the development
and heritage of India.”

This alignment of events—NRI Day, Mahakumbh, and
Republic Day—symbolizes a Triveni Sangam of spirituality,
nationalism, and cultural pride, fostering a stronger connection
between India and its global diaspora.

Under the visionary leadership of Chief Minister Yogi
Adityanath, Uttar Pradesh has made unprecedented strides in
infrastructure and safety preparations for this grand event. The
construction of new roads, bridges, and modern amenities has
transformed Prayagraj into a world-class pilgrimage hub,
ensuring comfort and accessibility for millions of visitors.
Important Bathing Dates:

January 13, 2025: Paush Purnima

January 14, 2025: Makar Sankranti (First Shahi Snan)

January 29, 2025: Mauni Amavasya (Second Shahi Snan)
February 3, 2025: Basant Panchami (Third Shahi Snan)
February 12, 2025: Maghi Purnima
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February 26, 2025: Mahashivratri (Final Snan)
Historical Background and Significance of Maha Kumbh:

The Maha Kumbh Mela, often referred to as the largest
spiritual gathering on Earth, finds its roots in ancient Indian
mythology and scriptures. The origins of this grand event are
traced to the ‘Samudra Manthan’ (churning of the cosmic
ocean), a celestial event described in Hindu texts. During this
divine churning, a pot (Kumbh) containing the nectar of
immortality (Amrit) emerged, sparking a fierce battle between
gods and demons for its possession. Legends state that a few
drops of this nectar fell at four locations on Earth—Prayagraj,
Haridwar, Ujjain, and Nashik—which became the sacred sites
for the Kumbh Mela.

The Maha Kumbh Mela in Prayagraj, held once every
12 years, is celebrated at the confluence of the Ganga,
Yamuna, and the mythical Saraswati rivers. It symbolizes
spiritual cleansing, with devotees believing that a holy dip at
the Triveni Sangam purifies the soul, absolves sins, and brings
them closer to liberation (Moksha).

Over centuries, this mythological event has evolved
into a grand socio-cultural phenomenon, drawing not only
saints and pilgrims but also kings, scholars, and commoners
alike. Historical accounts, such as those of the 7th-century
Chinese traveler Huan Tsang, highlight the Mela’s significance
even in ancient times.

Today, the Maha Kumbh Mela is a living legacy of
India’s spiritual ethos, where celestial alignments dictate the
festival's dates, reflecting the intrinsic connection between
cosmic movements and human life. It is a confluence of
India’s spiritual, cultural, and social diversity, making it much
more than a religious event—it is a celebration of collective
faith and heritage.

Key Infrastructure Developments for Mahakumbh 2025

As Mahakumbh 2025 approaches, the transformation of
Prayagraj into a vibrant global event hub has begun, marked by
an extensive upgrade in infrastructure. The highlight of the
preparation is the development of Mahakumbh Nagar 76th
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district, a temporary city designed to accommodate millions of
pilgrims and visitors.

Catrmory. DetubySiatiticy
Dhuratien 45 days (Jammary 13 - Febraary 26, 2025)
Expected Visitors Oves 40 crore (400 millioa)
Road Infrastructurs Renovation of 92 roads; besutification of 17 reads
Pantoss Aridges Comstruction uf 30 bradges useg 3 W08 ponoons. 26 are ready
Signage lnstallation 1508 pmalssdimguial siznages planoed, over 400 already wmzalied
Checkarwid Plates Laid 2,69 000 glanes Land un the Meln aren

Temporary City Setup: The creation of Mahakumbh
Nagar includes thousands of shelters, from basic tents to
luxury accommodations. The IRCTC's “Mahakumbh
Gram,” a luxury tent city, offers high-end facilities to
visitors, setting the stage for a comfortable spiritual
experience.

Transportation and Connectivity: Over 92 roads have
been renovated, and 30 pontoon bridges are being
constructed, ensuring seamless mobility. The inclusion of
800 multilingual signages will further assist the smooth
navigation of visitors.

Security Measures: State-of-the-art security systems,
including Al-powered crowd density monitoring,
thousands of CCTV cameras, facial recognition
technology, and drones for aerial surveillance, ensure both
the safety and efficiency of the event. Additionally, fire
safety measures, including advanced Articulating Water
Towers (AWTs) and underwater drones, are being
deployed.

Securify Measure DetailyStatisticy
CCTV Cameras 2700 comeras with Al capabilities deploved for real-ime monstoning
Facial Recognition Tech Used ot entry pownts for enbhmnced safery
Underwater Drones Capable of drvng ap to 100 meters for round -the-clock survesllance
Fire Safety Budget #131.48 cyore allocated for fire safety measures

Police Deployment Over 50,000 personne], mcluding paramilitary forces
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e Public Utilities and Hygiene: More than 2.69 lakh
checkered plates are being laid to ensure safe
walkways, and robust waste management systems,
including mobile toilets, are in place to maintain
cleanliness. A strong focus is being placed on the
health and safety of the attendees, as well as
environmental sustainability.

e Healthcare Initiatives: The “Bhishma Cube”
temporary hospital, capable of treating up to 200
people, along with specialized camps for eye care and
vulnerable groups, will ensure medical facilities are
readily available. The “Netra Kumbh” initiative aims to
provide eye care to over 5 lakh pilgrims.

® River Protection: In a bid to preserve the sanctity of
the Ganga and Yamuna, three sewage treatment plants
are being set up, ensuring clean water during the event.
Additionally, the use of solar power, eco-friendly
materials, and a ban on single-use plastics are helping
make the event sustainable.
Economic Impact of Mahakumbh 2025
The Mahakumbh is not just a spiritual gathering, but a
significant economic driver for Uttar Pradesh, attracting
millions of pilgrims and tourists from around the world. The
Maha Kumbh Impact on Economy is undeniable, as each
Kumbh Mela festival boosts both the national and state
economies significantly. In 2025, Prayagraj is expected to
welcome between 40 to 45 crore visitors, generating
substantial economic activity. Events like the Maha Kumbh
not only hold religious significance but also spur economic
development, job creation, and tourism, benefiting local
businesses and promoting overall economic growth in India.
Mahakumbh 2025 is expected to create a
transformative impact on Uttar Pradesh’s economy, emerging
as a powerful engine for growth. Historically, the Kumbh Mela
has been a lucrative event, with the 1882 Kumbh generating
substantial profits, and the upcoming Mahakumbh is projected
to continue this legacy with an estimated revenue of Rs 25,000
crore for the state. The sheer scale of the event, with 40-45
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crore pilgrims expected to gather over a span of weeks, sets it
apart as the world’s largest religious gathering. This year’s
Mahakumbh will cover 4,000 hectares and is expected to
generate significant economic benefits across various sectors.

The UP government has already allocated Rs 5,600
crore for event management and infrastructure development,
with a total budget of Rs 6,382 crore. Additionally, the event’s
broader economic impact is expected to reach Rs 3.2 lakh
crore, according to economic advisor KV Raju. Former IAS
officer Awanish Awasthi highlights that even a modest Rs
8,000 spend per pilgrim could push the figure into the multi-
lakh crore range, underlining the immense financial activity at
play. While much of this will be in the form of unorganised
transactions—such as payments for food, transport, and local
services—the economic gains for small vendors and local
businesses are undeniable.

Local businesses, such as street vendors, boat
operators, and hotel owners, are already reporting a surge in
income. Rajesh Tiwari, a street food vendor, notes that
earnings during the event will surpass six months of regular
business. Furthermore, the Uttar Pradesh government has
already trained 45,000 families in hospitality and tourism
services, creating a workforce that will cater to the millions of
visitors. Temporary infrastructure projects like a Rs 275-crore
railway overbridge and the six-lane Ganga bridge will not only
ease pilgrim movement during Mahakumbh but also leave
behind long-term enhancements that will continue benefiting
the region's connectivity and tourism well after the event
concludes.

The event's success will also be bolstered by private
sector involvement. Corporations are investing significantly in
branding and sponsorship, which further strengthens the
economic ecosystem around Mahakumbh. The contribution of
these investments will help elevate Uttar Pradesh's profile on
the global tourism map, ensuring the region continues to attract
international visitors long after the Mahakumbh is over,
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With an expected rise in international tourism,
infrastructure improvements, and job creation, the Mahakumbh
2025 promises to significantly contribute to the long-term
economic vitality of Uttar Pradesh, transforming the region
into a global spiritual and economic hub.

e Tourism and Cultural Promotion: The Uttar Pradesh
Pavilion showcases key tourism circuits like the Ramayana
and Krishna-Braj Circuits, alongside cultural programs.
The state’s rich cultural heritage is reflected through
performances, exhibitions, and temple renovations like the
Nagvasuki and Hanuman Temple corridors.

e Economic Growth: The Mahakumbh generates substantial
revenue, with projections estimating Rs 25,000 crore in
revenue for the state. The event also drives local trade,
with increased sales of Mahakumbh-themed products,
boosting small businesses and local industries. Over 50,000
people, including workers in hospitality and tourism, have
found employment opportunities linked to the event.

e Job Creation and Local Empowerment: The Uttar
Pradesh government has trained 45,000 families in
hospitality and service sectors, promoting skill
development and enhancing selfemployment opportunities.
Local products from various districts, such as Banaras
sarees and Moradabad brassware, are expected to gain
international recognition, in line with Prime Minister
Modi’s “Vocal for Local” initiative.

Global Impact and Special Projects for Mahakumbh 2025

The scale of Mahakumbh 2025 extends far beyond India’s

borders, with millions of international visitors and a significant

global economic impact.

International Visitor Arrivals: With pilgrims expected from

over 75 countries, the Mahakumbh is poised to enhance India’s

profile as a global spiritual and cultural destination. Special
arrangements are in place for foreign tourists, including
multilingual signages and cultural programs.

Transport and Connectivity: Special trains connecting

Prayagraj to key religious sites like Varanasi, Ayodhya, and

Mathura will facilitate pilgrimages, creating a seamless travel
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experience for the visitors.

Private Sector Involvement: Corporations are investing

heavily in branding and marketing opportunities during

Mahakumbh. With an estimated Rs 3,000 crore expected from

India Inc., the event also draws significant corporate

sponsorships and investments.

Conclusion

Mahakumbh 2025 is poised to be a historic confluence
of spirituality and modernity, attracting millions while driving
significant economic growth. The multifaceted infrastructure
improvements, health and security provisions, cultural
promotions, and sustainable initiatives reflect Uttar Pradesh’s
commitment to enhancing both the visitor experience and long-
term development. Beyond the religious significance,

Mahakumbh 2025 stands as a testament to the power of

cultural events in driving economic prosperity, reinforcing the

"Vocal for Local" ethos, and boosting India’s position on the

global stage.
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Abstract

Declining soil health and nutrient imbalance in continuous rice-wheat systems threaten wheat productivity and profit-
ability. A two-year (2021-22 and 2022-23) field experiment was conducted in a split-plot design to evaluate the com-
bined effects of wheat genotypes and plant growth promoters (PGPs) on growth, physiology, and yield under semi-arid
conditions. Treatments comprised three wheat genotypes (DBW-187, K-1006, and K-607) and five plant growth pro-
moter (PGP) options: control (no PGP), chelated micronutrients (0.5%), seaweed extract applied as granules (25 kg
ha ') and liquid (3000 ppm), gibberellic acid (2000 ppm), and nitrobenzene (3000 ppm). DBW-187 exhibited superior
growth and yield attributes, with higher tiller number (~20%), dry matter accumulation (~18%), chlorophyll content, and
grain yield (~13%) over other genotypes. Chelated micronutrients enhanced growth parameters and yield (grain+20.2%,
straw +9.4%) compared with the control. Seaweed extract and gibberellic acid produced comparable improvements. The
combination of DBW-187 with chelated micronutrients achieved the highest production and economic efficiency. Integrat-
ing high-yielding genotypes with suitable PGPs and balanced fertilization offers a promising strategy for improving wheat
productivity and sustainability in agri-food systems.

Keywords Gibberellin - Growth; micronutrients - Nitrobenzene - Seaweed extract - Yield

Introduction health and agri-food and nutritional security (Kulkarni et al.
2012; Ulukan 2024). It accounts for ~30% of cereal pro-
As a global staple crop, wheat (7riticum aestivum L.)  duction, yielding 791.21 million tons (Mt) from 222.93 mil-
feeds billions of people, contributing~20% of human  lion hectares (Mha) globally (USDA 2024). By 2050, wheat
caloric intake and delivering a rich supply of carbohydrates ~ demand is expected to rise by ~60% to feed an estimated

(74.88%), protein (10.55%), and vital nutrients critical for 9.7 billion people (Lal 2016; Erenstein et al. 2022). In India,
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wheat is the second most important cereal crop after rice,
primarily grown in the northern and central regions, con-
tributing to agri-food security and the agricultural economy
(Prasad 2005; Singh and Sidhu 2014). Despite being one
of the largest wheat producers, India’s average wheat yield
(3.5 t ha ') lags behind that of countries like China and
Mexico, where yields approach~5 t ha .

The current productivity of wheat is insufficient to meet
the future global demand. Wheat production is constrained
by several biotic stresses such as insect pests and diseases
including termites and blast (Asseng et al. 2013; Akbar et al.
2023; Bakala et al. 2021) and by numerous abiotic stresses,
including rising global temperatures, erratic rainfall, hail-
storms, drought, and salinity, which alone can reduce yields
by 20-30% (Liu et al. 2016; Zhang et al. 2022). In addi-
tion, shrinking cultivable land, increasing pressure on water
resources, and imbalanced plant nutrition further limit pro-
ductivity. To address these challenges, integrated nutrient
management approaches using organic manures (FYM, ver-
micompost), green manuring (legumes), biofertilizers (Rhi-
zobium), essential nutrients (N, P, K, S, and micronutrients
such as Fe, Zn, Mn, and Cu), and plant growth promoters
(e.g., seaweed extract, gibberellic acid, nitrobenzene) have
been recommended to sustain and enhance wheat productiv-
ity (Jat et al. 2014; Udgata et al. 2020; Sande et al. 2024;
Meena et al. 2017).

To achieve the maximum level of productivity, maintain-
ing soil health is essential through the optimal management
of plant growth factors such as soil, water, and nutrients
(Das et al. 2015). Among the key factors distinguishing
crop productivity, PGPs such as seaweed extract (liquid and
granules), gibberellin (GA;), nitrobenzene (NB) and mix-
ture of micronutrients (Fe, Zn, Cu and Mn) significantly
impact the growth and yield potential of wheat genotypes
(Benitez Garcia et al. 2020; Nagar et al. 2022; Ali et al.
2021). PGPs play an essential role in plant metabolism such
as photosynthesis, respiration, carbohydrate and nitrogen
metabolism, protein synthesis, lipid metabolism, hormone
biosynthesis, water and ion transport and, uptake and stress
metabolism (Muhammad et al. 2021; Chauhan et al. 2023).
It also enhances plant biomass, root development, nutri-
ent uptake, stress tolerance, increases chlorophyll content,
improves flowering and enhances grain yield and productiv-
ity of wheat (Nadeem and Farooq 2019).

Seaweeds are renewable marine macro-algae that serve
as rich sources of both major (P, K, and Ca) and minor nutri-
ents (Fe, Zn, Cu, Mn, B, Mo, and Co). They also contain
amino acids, vitamins, and PGP substances such as auxins,
gibberellins, cytokinins, abscisic acid, betaines, and sterols
(Rathore et al. 2009). Seaweed extract enhance crop growth
and yield (Yao et al. 2020), improve plant resilience to
environmental and biotic stresses (Paradikovi¢ et al. 2019),

@ Springer

increase nutrient and water uptake from the soil (Yao et al.
2020), and boost antioxidant activity and metabolic effi-
ciency in plants (Rathore et al. 2009), they also improves
soil health (Khan et al. 2009; Kumar and Sahoo 2011;
Choudhary et al. 2019).

Gibberellic acid (GA or GAs) is a naturally occurring plant
hormone that promotes growth and development in plants
(Lamlom et al. 2025). Gibberellic acids are involved in vari-
ous hormonal and metabolic activities in plants, including
breaking seed dormancy, enhancing germination, promot-
ing hypocotyl elongation, and increasing leaf size (Hussien
Ibrahim et al. 2019). They also contribute to floral initia-
tion, synchronized flowering, development of floral organs,
reduced time to flowering, and an increase in the number of
flowers (Bahrani and Pourreza 2012) and influence the size
and trigger the production of certain hydrolytic enzymes in
the aleurone layer of cereal grains (Swain and Singh 2005).
GA, is applied exogenously to crops to improve growth,
morphological, physiological, biochemical processes, yield
components and yield (Chauhan et al. 2018; Prajapati et al.
2023) and help wheat genotypes cope with biotic and abi-
otic stressors like drought and salinity (Bahrani and Pour-
reza 2012). The increasing antioxidant enzyme activity, in
the removal of excess reactive oxygen species (ROS), is
protects the plant (Lamlom et al. 2025). Nitrobenzene is an
aromatic organic compound mixture of growth regulators
and nitrogen that acts as a growth enhancer, stimulates flow-
ering, prevents shading is a yield booster (Kohombange et
al. 2018). When used in small amounts, nitrobenzene can
act as a growth promoter that improves plant biomass, pho-
tosynthesis, flower initiation, marketable yield, and wheat
grain quality (Deb et al. 2012).

Micronutrients like Fe, Zn, Cu, and Mn are crucial for
wheat crop growth and development, playing a vital role
in physiological and biochemical processes (Nadeem and
Farooq 2019). Micronutrients (Fe, Zn, Cu, Mn) enhance
crop growth, photosynthesis, chlorophyll content, leaf area,
dry matter accumulation, yield attributes, and overall health
and increased yield (Dhaliwal et al. 2022). Micro- and
macro-nutrients are equally crucial in plant metabolic pro-
cesses (Nadeem and Farooq 2019). They have diverse roles
of oxygen carriers in nitrogen fixation, metabolism, nutri-
ent uptake, protein synthesis, carbonic anhydrase activity,
enzyme activation, electron transport, and disease resistance
(Zeidan et al. 2010). Plant growth and crop productivity is
hampered by a lack of micronutrients, especially when soil
health declines (Sharma et al. 2023).

Amidst global efforts toward sustainable agri-food pro-
duction, integrating nutrient management (INM) with
improved wheat genotypes in the Indo-Gangetic Plains
(IGPs) is vital to enhance yield and grain quality, advanc-
ing agri-food security and sustainability goals. This study
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explored the impact of INM on wheat genotypes in the
IGPs, emphasizing its sustained effects on grain yield and
quality. The research aimed to offer targeted recommenda-
tions for wheat cultivation in this region, considering exist-
ing research gaps and regional specificities.

To address these gaps, the impact of organic and inor-
ganic PGPs (plant growth promoters) on the growth and
yield potential of wheat genotypes in the IGPs was investi-
gated. The following research objectives were established:
(i) to evaluate the performance of wheat genotypes; (ii) to
assess the effect of PGPs on growth, yield attributes, and
productivity of wheat genotypes; and (iii) to examine the
impact of PGPs on the physiological, morphological, and
biochemical traits of wheat genotypes.

Materials and Methods
Experimental Site and Climatic Conditions

The field experiments were conducted over two consecutive
cropping seasons (2021-22 and 2022-23) at C.S. Azad Uni-
versity of Agriculture and Technology (26.49°N; 80.29°E;
125.9 m aMSL), Kanpur, India (Fig. 1). Located in the IGPs,
the experimental site experiences a humid sub-tropical cli-
mate with cold winters and hot summers, with mean mini-
mum and maximum temperatures of 4.9 °C and 41.8 °C,
respectively. The mean annual rainfall was 898 mm, with
the majority (~89%) of the precipitation occurring during
the monsoon season (July to September). The peak rainfall
typically occurred in the second week of September in both
years (Fig. 2a-b). The experimental site had a five-year his-
tory of rice-wheat rotation with varied tillage and nutrient
practices. The sandy clay loam soil was classified as typical
alluvial Inceptisol. The surface layer (0—0.15 m) of the soil
has a pH of 7.7 (measured using a 1:2.5 soil-to-water ratio,
Piper 1950), organic carbon content of 0.49% (Walkley and
Black 1934), KMnOas-oxidizable nitrogen of 149.87 kg ha™
(Subbiah and Asija 1956), NaHCOs-extractable phosphorus
0f 20.60 kg ha™' (Olsen et al. 1954), NH+«OAc-exchangeable
potassium of 310.45 kg ha™ (Hanway and Heidel 1952),
available sulfur of 12.56 kg ha™ (Williams and Steinbergs
1959), 2.78 ppm iron (Fe), and 2.38 ppm zinc (Zn), as per
the methods outlined by Lindsay and Norvell (1978).

Experimental Design and Genotypes Details

The experimental trials were conducted using a split-split
plot design (SPD) with three main plot treatments and six
subplot treatments, replicated three times. The study was
carried out over both years in the same plots, with gross plot
dimensions of 5.0 m x 4.0 m and a net plot size of 4.0 m x

3.4 m. The treatments included three wheat genotypes in the
main plots and six plant growth promoters in the subplot
treatments (Fig. 3). Three high-performing wheat genotypes
were selected for the study: (i) DBW-187 (Karan Vandana),
recommended for irrigated, timely-sown conditions with
high disease resistance; (ii) K-1006 (Shekhar), popular for
timely sowing, and (iii) K-607 (Azad), also, best sown mid-
November and recommended for IGPs.

Field Preparation and Sowing Protocols

The field was well prepared with adequate soil moisture fol-
lowing pre-sowing irrigation (Paleo) about 10 days before
sowing. Initial tillage included disc ploughing, two cross
ploughings with a cultivator, and rotavator. Certified seeds
of DBW-187, K-1006, and K-607 were manually sown on
29 November 2021 and 8 November 2022 under optimal
moisture to ensure good germination. A uniform seed rate
of 100 kg ha™! was maintained with spacing of 22.2 x 10 cm.
After sowing, adequate planking was done to cover the
seeds in the furrows adequately.

Fertilizer Management

Fertilizers were applied using neem-coated urea (NCU) for
nitrogen (N), single superphosphate (SSP) for phosphorus
(P), and muriate of potash (MOP) for potassium (K). Each
plot received a uniform fertilizer application of 120 kg N,
60 kg P»0s, and 40 kg K2O per hectare in both years. The full
doses of phosphorus and potassium, along with half of the N
dose, were applied as a basal dose and incorporated into the
soil during the final land preparation just before sowing. The
used seaweed extract was a commercially available 4sco-
phyllum nodosum based formulation (e.g., Seaweed Gel/
Liquid or equivalent product), derived from brown marine
algae known for its natural plant growth promoting com-
pounds such as cytokinins, auxins, betaines, and micronu-
trients. The remaining N dose was applied in two split doses
as top dressing: (i) at the crown root initiation (CRI) stage
and (ii) at the flowering stage. Plant growth promoters were
applied at specific crop growth stages: (i) Nitrobenzene at
3000 ppm during the tillering (30-35 DAS) and flowering
stages (65-70 DAS), (ii) Gibberellic acid at 2000 ppm dur-
ing the tillering (30-35 DAS) and flowering stages (65-70
DAS), (iii) seaweed extract was applied in two forms: [(a)
granular form at a rate of 25.0 kg ha™!, incorporated into
the soil as a basal application at sowing, and (b) liquid form
at a concentration of 3000 ppm, applied as a foliar spray
at the tillering (30-35 DAS) and flowering stages (65-70
DAS)], with three replications. For each experimental plot
(measuring 5.0 m x 4.0 m; 20 m?), the corresponding quan-
tity of seaweed granules was 50 g plot !, while the foliar
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application volume of liquid extract was 500 mL plot !, pre-
pared and applied uniformly using a hand-operated knap-
sack sprayer, and (v) micronutrients (Zn, Fe, Cu, B) at 0.5%
concentration during the same stages.

Weed and Water Management

Pendimethalin (Stamp) was applied as a pre-emergence
herbicide at 1 kg a.i. ha™'. Post-emergence herbicides Clo-
dinafop-propargyl (Topik) at 80 g a.i. ha™' and Metsulfuron-
methyl at 6 g a.i. ha™' were uniformly applied at 30-35
days after sowing in all plots. The experiment was carried
out under irrigated conditions with a total of five irriga-
tions, including pre-sowing irrigation. The first irrigation
was applied at the crown root initiation (CRI) stage, which
occurred between 21 and 25 days after sowing (DAS). The
remaining three irrigations were provided at approximately
20-day intervals to meet the crop’s water requirements.

Harvesting Protocols

Harvesting was performed when the ear heads turned golden
yellow and the leaves and stems were fully dried. Plants

@ Springer

Control (No PGPs)

Gibberellic acid (GAs) at 2000 ppm, foliar spray at
tillering and flowering stage

Sub-plot: Plant Growth Promoters

Seaweed extract (Liquid) at 3000 ppm, foliar
spray at tillering and flowering stage

Chelated micronutrient (Fe, Zn, Cu, Mn) at 0.5%,
follar spray at tillering and flowering stage

were cut close to the ground and allowed to dry further in
the field. Harvesting was done on the net plot area (4.0 m x
3.4 m) for each treatment. Threshing was conducted using a
mechanical thresher on a net plot basis, and grain and straw
yields were recorded, grain yields were reported at 13%
moisture content.

Plant Growth and Biochemical Analysis

Measurements were taken at 30, 60, 90, and 120 days after
sowing (DAS), as well as at harvest, during both years of
the experimentation. Plant height and yield attributes were
recorded from five randomly selected, tagged plants per plot.
Tiller density was assessed by counting the number of tillers
at three randomly selected spots within a one-meter row,
averaging the values, and converting them to a per square
meter basis. Dry matter accumulation (DMA) was estimated
by harvesting a 50 cm row (four randomly selected spots)
segment from the sampling rows in both years. The same
sample was used to measure leaf area. The samples were
sun-dried for 2-3 days, followed by oven-drying at 60+2 °C
for 24 h (Zhiipao et al. 2023). Tillers production rate (TPR)
was a measure of how quickly new tillers emerge over a
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given period in a given area, it was estimated by counting
the number of tillers m~2 at periodical intervals.

Tiller production rate (Tillers m 2 day_l)
o THQ - Tn1 (1)
(T2 —T1)

[Whereas, Tn, and Tn, represent the number of tillers m ™2 at
time T, and T,, respectively]

Plant growth was evaluated at various stages using DMA
and LAI to determine the following growth parameters: (i)
Crop Growth Rate (CGR): Represents the increase in dry
weight per unit area over time (g m 2 day!), reflecting over-
all crop productivity (Watson 1958), (ii) Relative Growth
Rate (RGR): Indicates the efficiency of plant growth per
unit of existing biomass over time (g g’ day') (Redford
1967), (iii)) Net Assimilation Rate (NAR): Measures dry
matter production per unit leaf area, serving as an indica-
tor of photosynthetic efficiency (mg m™2 day') (Vernon and
Allison 1963).

Crop Growth Rate (g mfzdayfl)
Wy — Wy )
(Te—T1)S

Relative Growth Rate (g g_lday_l)
_ Log, W — Log, Wy 3)
(Tz = Ty)

Net Assimilation Rate (mg m ™ ?leaf area dayfl)
~ (Wy—=W1) x (log LAIy —log LAIL) 4)
(T2 — Tl) X (LAIQ — LAIl)

[Whereas, W, and W, are plant dry weight (g) at time T,
and T,, respectively and, S is land area (m?) over which dry
matter accumulation was recorded, LAI, and LAI, are leaf
area index at time T, and T,, respectively].

The area of fresh green leaves under each treatment was
measured using a leaf-area meter (Model LICOR 3000,
USA).

Leaf Area Index (LAI)
_ Total leaf area (cm_2) 5)
~ Ground area (cm—2)

Physiological Indicators

Chlorophyll content in wheat leaves was measured using
a SPAD-502 Plus chlorophyll analyzer (Konica Minolta
Camera Co., Japan). Measurements were taken from the

fully expanded middle portion of the leaf while avoiding
the midrib region. Observations were recorded on five ran-
domly selected plants per plot at 30 and 60 DAS from the
uppermost fully expanded leaf, and at flowering from the
flag leaf, between 10:00 AM and 4:00 PM under clear sky
conditions to minimize diurnal variation. The Normalized
Difference Vegetation Index (NDVI) was recorded using a
handheld GreenSeeker® active optical sensor (Trimble Nav-
igation Ltd., USA). Readings were taken at 30, 60 DAS,
and flowering, between 10:00 AM and 2:00 PM, when solar
radiation was stable and leaf turgidity was optimal. The
sensor was held~60 cm above the crop canopy, and values
were averaged from five random points per plot along the
central rows to avoid border effects (Yengoh et al. 2015;
Chowdhury et al. 2018). Stomatal conductance (gs) was
measured using an SC-1 Leaf Porometer (Decagon Devices,
USA) on the adaxial surface of the flag leaf at 60 DAS and
flowering stages. Measurements were taken between 10:00
AM and 12:00 PM under uniform light intensity and tem-
perature conditions to ensure consistency. Four representa-
tive leaves per plot were measured, and the mean value was
used for analysis.

Quantification of Leaf Chlorophyll and Carotenoids

Fresh leaf material was processed immediately after collec-
tion or samples were stored (—20 °C) using the non-macer-
ation method of estimation. After finely chopping, 100 mg
portions were weighed and placed into test tubes containing
10 ml DMSO. The test tubes were left overnight to allow
extraction. The resulting extract was then analyzed by mea-
suring absorbance at 480, 510, 645, and 663 nm using a UV-
visible spectrophotometer (Analytik Jena AG Specordplus
210, Germany), with DMSO (99.95%) used as the blank.
Chlorophyll a, b (calculated using the Arnon equation), total
chlorophyll, the chlorophyll a: b ratio, and carotenoids were
determined using the appropriate formulas (Egs. 6-10).

Chlorophyll a =(12.7 x OD at 663) — (2.69 x OD at 645)
Y (6)
1000 x W

Chlorophyll b = (22.9 x OD at 645) — (4.68 x OD at 663)
x—Y (7
1000 x W

Total Chlorophyll = (8.02 x OD at 663) — (20.2 x OD at 645)

x— (®)
1000 x W
Chlorophyll a
Chl hylla:b= ——"———
orophiyita Chlorophyll b ©)
14

rotenoids = at — (1.4 at 5 —_—
Carotenoids = (7.6 x OD at 480) — (1.49 x OD at 510) x 100 <7 (10)
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K-607 has the shortest plants. Amongst various plant
growth promoters (Table 2), PGP (chelated micronutrient:
Zn, Fe, Cu, Mn) treated plants were the tallest and PGP, and
PGP, treated plants had similar growth was in PGP, (con-
trol) treated plants were the shortest. The maximum tillers
and TPR occurred in DBW-187 followed by K-1006 and
the minimum in K-607. Among plant growth promoters,
plants treated with chelated micronutrient (PGPs) exhibited
maximum tiller and TPR, PGP, and PGP, treated plants had
significantly similar tillers and TPR and minimum in PGP,
The tillers increment was recorded in PGP5, PGP, and PGP,
treated plants over PGP, (Table 2, and 3).

Effect on Crop Growth Indices

Among the wheat genotypes, DBW-187 demonstrated the
highest DMA and LAI and K-107 recorded the lowest.
Among the PGPs, chelated micronutrient (PGPs) treated
plants exhibited the greatest DMA and LAI, PGP, and PGP,
treated plants showed comparable results, and PGP, treated
plants had the lowest values (Table 4, and 5). DMA was
increase significant increased at harvest in PGP5, PGP,, and
PGP, treated plants, compared to PGP, (Table 2). The LAI
at flowering increased in PGPs, PGP,, and PGP, treated
plants, compared to PGP, (Table 5).

Genotypes and PGPs significantly affected growth indi-
ces, including (i) crop growth rate (CGR), (ii) relative growth
rate (RGR), and (iii) net assimilation rate (NAR) across all
wheat growth stages (Table 4, and 5). DBW-187, and PGPs,
particularly PGPy (chelated micronutrients) treated plants
had, the highest CGR, RGR, and NAR during all growth
phases of wheat (Table 4, and 5). During the initial growth
phase (0 to 30 DAS), the genotype DBW-187 exhibited
greater CGR, RGR, and NAR, compared to K-607. During
the 30—60 DAS and 60-90 DAS phases, DBW-187 showed
significantly higher CGR, RGR, and NAR, compared to
K-607 (Table 4, and 5). However, among the PGPs options,
the application of PGP (chelated micronutrients) resulted in
the highest CGR, RGR, and NAR across all growth phases
of wheat. During the initial growth phase (0 to 30 DAS),
PGP, (seaweed extract granules) exhibited significantly
higher CGR, RGR, and NAR, compared to K-607 (Table 4,
and 5). In the 30-60 DAS and 60-90 DAS phases, PGP5
treatment (chelated micronutrients) significantly increased
CGR, RGR, and NAR, compared to PGP, (control).

Effect on Physiological Indicators

Wheat genotypes and PGPs treatment on chlorophyll con-
tent (SPAD) and canopy vigor (NDVI), revealing signifi-
cant genotype x PGPs interactions at all stages (Table 6;
Figs. 4a-b and S5a-b). DBW-187 consistently outperformed

K-1006 and K-607 in both SPAD and NDVI measurements
throughout the growth period. DBW-187 exhibited the
highest values at each stage, reflecting greater chlorophyll
retention and canopy vigor, while K-607 recorded the low-
est, indicating reduced photosynthetic capacity and vegeta-
tive health (Figs. 4a-b and 5a-b). The application of PGPs
revealed distinct trends in enhancing SPAD and NDVI
values compared to the control (PGP,), which consistently
exhibited the lowest measurements across all stages, indica-
tive of limited chlorophyll synthesis and canopy develop-
ment without PGPs intervention.

PGP; (chelated micronutrients) and PGP, (gibberellic
acid) treatments had the most pronounced effects, achieving
the highest SPAD and NDVI values, particularly from 60
DAS through flowering (Figs. 6a-b). Results suggested their
superior efficacy in sustaining photosynthetic efficiency and
canopy vigor during critical reproductive phases. PGP; (sea-
weed extract granules) treatment showed an early advan-
tage, peaking at 30 DAS for both parameters, while PGP,
(seaweed extract liquid) and PGP, (nitrobenzene) yielded
intermediate improvements, compared to PGP, but less than
PGP, and PGP, treatments in later stages (Table 6). Across
all treatments, both SPAD and NDVI values followed an
upward trend from 30 DAS to flowering, with the steep-
est increases occurring between 30 and 60 DAS, reflect-
ing rapid vegetative growth and chlorophyll accumulation
(Figs. 5a-b). Genotype G,, when combined with PGPy or
PGP,, exhibited the most consistent and robust enhance-
ment, underscoring the synergistic potential of high-yield-
ing genotypes and targeted PGP applications (Table 6).

Interaction effects of wheat genotypes and PGPs on
stomatal conductance were significant across all stages
(Table 4). DBW-187 (G,) consistently exhibited the high-
est stomatal conductance throughout the growth period
(Table 6). This trend reflected G, superior capacity for gas
exchange, likely contributing to enhanced photosynthetic
rates and water use efficiency (WUE). G, displayed inter-
mediate values, while G5 had the lowest conductance, sug-
gesting a gradient in physiological performance among the
genotypes. The application of PGPs significantly influenced
stomatal conductance, with the control (PGP,,) consistently
yielding the lowest values across all stages, indicative of
limited stomatal regulation without growth promoter sup-
port. Among the PGPs treatments, PGP, (gibberellic acid)
and PGP; (chelated micronutrients) demonstrated the most
pronounced effects, particularly at 60 DAS, 90 DAS, and
flowering, where they elicited the highest conductance lev-
els (Table 6). This suggests their efficacy in sustaining sto-
matal opening and facilitating CO,-uptake during critical
growth phases.
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Dry matter accumulation (g m 2)

C

Tiller Production rate (tillers m ™2 day ')

0 to CRI

Table 2 TEffect of wheat genotypes and plant growth promoters on tiller production rate and dry matter accumulation of spring wheat (mean of two years). Mean values (+SE) within a column

followed by different letter(s) indicate significant differences at the 5% level according to the LSD test. Treatment details are provided in Fig. 3.

Treatments
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Ripening Harvest

Tillering Flowering

Flowering to  Ripening to RI
Harvest

ripening

Tillering to
flowering

CRI to

Tillering

Genotypes

Gl

1365.56+45.8a

1319.16+42.2a
1220.16+38.9b
1079.93+32.6¢

1.178
4.626

304.57+£8.52a  1052.02+32.7a

43.19+0.44a
41.87+0.52b
39.78+0.45¢

0.68+0.05a  0.96+£0.03a 1.63%0.11a
0.057

3.85+0.23a

10.65+0.10a

1261.82+42.10b
1115.54+34.80c

2.828
11.105

963.10+£30.94b
842.75+26.6¢
1.208

4.743

289.11+7.93b
262.42+6.39¢

0.217

1.77£0.11b

0.99+0.04b
1.02+0.05¢
0.001

0.59+0.05b
0.53+£0.05¢
0.002
0.006

3.62+0.22b
3.09+0.17¢
0.005

10.04+0.11b
9.35+£0.12¢
0.016

G2

1.90£0.12¢

0.002
0.008

G3

SEm+

0.853

0.005 0.223

0.020

0.062

Plant growth promoters (PGPs)

LSD (<0.05)
PGPO

981.24+£25.7f

955.84+£24.5f

751.67+22.4f
832.08+24.1e

234.72+4.74¢

38.65+0.43d
41.18+0.38¢

2.66+0.05f

1.22£0.02f
1.16£0.01e

0.23£0.01f
0.85+0.01b

2.40+0.08f

9.37+£0.21c

1084.71+27.3¢

1054.49+27.1¢

254.85+4.30d
309.84+7.39b

1.95+£0.05¢
1.44+0.03b
1.77+0.04d

1.64+0.03c

2.73£0.11e ~ 0.47+0.03¢

10.02+0.22b

PGP1

1334.35+36.4b 1387.51+40.1b

1053.25+31.8b
954.29+32.1d

41.55+0.60bc
43.92+0.52a

4.34+0.08b  0.73£0.01b

3.27+0.11d

10.14+0.24b
9.99+0.20b

PGP2

1240.27+38.7d

1204.21+£36.7d

287.20+6.94¢

1.04+0.01d

0.60+0.03d
0.65+0.03¢c

PGP3

1276.95+41.2¢c 1317.57+42.1c

1010.90+35.3¢

301.29+7.40b
324.31+7.53a

1.196
3.492

41.91+0.82bc
42.46+0.84b

0.141

0.92+0.01c

3.54+0.06¢

10.52+0.21a

PGP4

1474.54+42.3a

5.020
14.654

1412.66+39.20a

4.654

1113.55+31.2a

3.344
9.760

1.15+0.04a

0.007

0.74+0.01a
0.003

0.90+0.03a
0.002

4.85+0.26a
0.014

10.04+0.16b

0.036

PGP5

SEm+

13.585

0.105 0.041 0.005 0.009 0.019 0.411

LSD (<0.05)

Effect on Chlorophyll and Carotenoid

Pooled data over two years showed that wheat genotypes
and PGPs significantly affected chlorophyll and carotenoid
contents (Table 7). At 30 DAS, genotype DBW-187 (G1)
exhibited the highest levels of chlorophyll a, b, a: b ratio,
total chlorophyll, and carotenoids compared to K-1006
and K-607. PGP3 (seaweed extract granules) applica-
tion resulted in higher chlorophyll a, b, the a: b ratio, total
chlorophyll, and carotenoid content in fresh wheat leaves
compared to PGP, (control) (Table 7). At 60 DAS and the
flowering stage, the wheat genotype DBW-187 exhibited
higher levels of chlorophyll a, b, the a: b ratio, total chlo-
rophyll, and carotenoids compared to K-1006 and K-607
(Table 7). PGPs (chelated micronutrients) treated plants
had the highest chlorophyll a, b, the a: b ratio, total chloro-
phyll, and carotenoid content in fresh wheat leaves, PGP,
and PGP, treatments being statistically similar, while PGP
showed the lowest values (Table 7).

Effect on Yield and Yield Components

Two-year pooled data (Table 7) showed that genotypes and
PGPs significantly influenced yield and its components in
spring wheat. The genotype DBW-187 (G,) demonstrated
significantly higher spikes m™, spike length, grains per
spike, grain weight per spike, test weight, and fertility
index, compared to K-607. PGP (chelated micronutrient)
treatment elicited the highest increases in these parameters,
compared to PGP, (control). Similarly, PGP, and PGP,
treatments had similar results (Table 7). DBW-187 recorded
the highest grain, straw, biological yield, and harvest index,
compared to K-607 (Table 7). PGP (chelated micronutri-
ent) treatment resulted in the highest grain, straw, biological
yield, and harvest index, compared to PGP, (control), PGP,
and PGP, treatments showed similar performance (Table 7).

Effect on Production and Economic Efficiency

The production and economic efficiency of wheat were
significantly affected by genotype and PGPs options. The
highest production efficiency (PE) and economic efficiency
(EE) was in G,, followed by G, and lowest in G5 (Figs. 6a
and 7a). PE and EE of wheat were significantly affected by
PGPs treatments (Figs. 6b and 7b). PGP treatment had the
highest PE value, equal to that of G,. PGP, treated plants
had a high PE and the lowest PE was recorded in PGPy,
followed by PGP,. Similarly, the highest EE among PGPs
treated plants was with PGP5 followed by PGP,, PGP; and
the lowest EE was in PGP, treated plants (Fig. 7b).
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Table 3 Effect of wheat genotypes and plant growth promoters on crop growth (CGR) and relative growth rate (RGR) of spring wheat (mean of two years). Mean values (= SE) within a column

followed by different letter(s) indicate significant differences at the 5% level according to the LSD test. Treatment details are provided in Fig. 3.

RGR (mg g ! day™!)
0to CRI

CGR (gm % day )
0to CRI

Treatments

Ripening to
Harvest

Flowering to
ripening

Tillering to
flowering

CRI to Tillering

Ripening to
Harvest

Flowering to

ripening

Tillering to
flowering

CRI to

Tillering

Genotypes

Gl

0.81+0.04a
0.79+0.03a

17.91+0.12a 3.60+0.02a

28.18+0.35a
27.89+0.32a
27.24+0.39b

0.023

54.50+0.36a
54.04+0.34a
53.31+0.31a

0.088

8.90+0.33a  2.57+0.19a

24.91+0.80a
22.46+0.78b
19.34+0.67¢

0.053

8.71+0.27a
8.24+0.25b
7.42+0.21c
0.009
0.034

1.43+0.02a
1.39+0.02b
1.324£0.02¢

0.001

3.42+0.03b
3.26+0.03¢c
0.004
0.015

17.37+0.12ab
16.83+0.13b

0.041

2.31+0.17b
1.97+0.14¢
0.005

8.56+0.26b
7.90+0.20c
0.015

G2

0.76+£0.03b
0.002
0.006

G3

SEm+

0.162

0.060 0.018 0.344 0.090

0.207

0.005

Plant growth promoters (PGPs)

LSD (<0.05)
PGP0

3.49+0.08a 0.63+0.01f

26.09+0.34d 16.8+0.25d

1.41+0.05f 52.90+0.47b

1.67+£0.06e

6.80+0.07f
7.41+0.08e

6.53+0.13f 17.23+0.61f
9.36+£0.21b

1.28+0.02d
1.37+0.01c

0.68+0.01e

3.44+0.07ab
3.43+0.04ab
3.38+0.06b
3.39+0.05b
3.44+0.03ab

0.012

17.09+0.23 cd
17.68+0.12ab

17.34+0.18bc

26.37+0.16 cd

53.82+0.34ab

53.94+0.41ab
54.75+0.53a

19.24+0.68¢
24.78+0.82b
22.23+0.85d
23.65+0.91c
26.30+0.82a

0.076

7.12+£0.13e

PGP1

0.94+0.02b
0.71+£0.01d

0.75+0.02¢

29.06+0.28ab
27.15+£0.35¢
28.53+0.26b
29.42+0.28a
0.110

0.321

2.95+0.10b

8.94+0.22b
8.10+0.22d
8.64+0.21c
9.39+0.21a

0.026

1.38+0.02bc
1.46+£0.01a

PGP2

2.00+0.07d
2.25+0.09¢c

8.33+0.15d

PGP3

17.48+0.21abc
17.83+0.17a

54.05+0.53ab
0.051

8.86+0.19¢

1.39+0.03bc
1.41+0.03b

0.005

PGP4

1.03£0.01a
0.002

54.24+0.54ab

0.200
0.584

3.43+0.13a
0.010

9.97+0.26a
0.030

PGPS

SEm+

0.036 0.007

0.149

0.015 0.076 0.221 0.089 0.030

LSD (<0.05)

Correlation Coefficients Matrix

The correlation coefficient matrix (Figs. 8a-b) showed
significant positive correlations (***p<0.001, **p<0.01,
*p<0.05) among all wheat traits across genotypes and plant
growth promoters over both years. Overall results indicated
that plant height at harvest (PPH), tillers at harvest (TH), dry
matter accumulation at harvest (DMAH), crop growth rate
(CGREF), relative growth rate (RGRF), net assimilation rate
(NARF), leaf area index at flowering (LAIF), SPAD at flow-
ering, NDVI at flowering, stomatal conductance at flowering
(SCF), chlorophyll a+b at flowering (Ch1 +bF), spikes m
(SM), spike length (LOS), grains spike™ (GPS), test weight
(TW), fertility index (FI), grain yield (GY), straw yield
(SY), biological yield (BY), and harvest index (HI) were
all significantly and positively correlated with TH, DMAH,
CGRF, RGRF, NARF, LAIF, SPAD, NDVI, SCF, Ch1l+bF,
SM, LOS, GPS, FI, GY, SY, BY, and HI. DMAH showed
a highly significant positive correlation (*** = p<0.001)
with stomatal conductance at flowering (r=0.90*** and
r=0.90*%**), chlorophyll a+b at flowering (»=0.90***
and 7=0.90*%**), grain yield (r=0.94*** and r=0.93%**),
and biological yield (r=0.90*** and »=0.85***) across
both years, respectively (Figs. 8a-b). LAIF also exhibited a
highly significant positive correlation with stomatal conduc-
tance (r=0.81*%** and r=0.80***), spikes m 2 (»r=0.80***
and r=0.82***), grain yield (r=0.79*** and r=0.82%**),
and biological yield (r=0.82*** and r=0.86***) during
both years, respectively. A significant positive correlation
was found between yield attributes, such as spikes m, and
both grain yield (»=0.83*** and »=0.85***) and biologi-
cal yield (r=0.86*** and r=0.86***) across both years,
respectively (Figs. 8a-b).

Discussion
Growth Parameters

The genotypes of wheat and PGPs (plant growth promoters)
play a crucial role in enhancing growth, resistance to biotic
and abiotic stresses, and the productivity of spring wheat
(Layek et al. 2018; Benitez Garcia et al. 2020; Dhaliwal et
al. 2022; Meena et al. 2026a, b). The wheat genotype DBW-
187 exhibited significantly higher growth parameters such as
plant height, tillers, dry matter accumulation, and leaf area
index, compared to the other wheat genotypes (Tables 2,
3, 4 and 5). The variation between wheat genotypes yields
potential and responses to inputs (plant nutrients) offers an
agronomist the opportunity to select wheat genotypes. The
use of PGPs further enhances N absorption and yield poten-
tial, supporting breeding progress and yield improvements

@ Springer
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Table 4 Effect of wheat genotypes and plant growth promoters on net assimilation rate (NAR) and leaf area index (LAI) of spring wheat (mean
of two years). Mean values (+SE) within a column followed by different letter(s) indicate significant differences at the 5% level according to the

LSD test. Treatment details are provided in Fig. 3.

Leaf area index

Treatments NAR (mg m™ 2 leaf area day ')

0 to CRI CRIto Tillering to Flowering to CRI Tillering Pre-flowering  Post-flow-
Tillering flowering ripening ering

Genotypes
Gl 58.02+4.58b 1988.80+55.5a 2747.62+69.2a 1469.78+41.6a 1.11+0.01b 2.99+0.03a  5.06+0.05a 5.50+0.06a
G2 65.80+3.21a 1857.89+£53.0b 2459.00+73.3b 1430.36+32.5b 1.13+£0.0la 3.02+0.02a  5.02+0.02a 5.45+0.05a
G3 58.29+4.36b 1748.40+41.2c¢ 2305.06+59.6c 1405.60+19.2b 1.12+0.0lab 2.81+0.02b  4.59+0.07b 4.99+0.08b
SEm=+ 0.166 1.105 4.627 1.686 0.001 0.004 0.006 0.005
LSD 0.653 4.340 18.168 6.619 0.005 0.016 0.022 0.020
(£0.05)
Plant growth promoters (PGPs)
PGPO 42.94+0.84e 1550.14+28.7e 2049.61+49.5¢ 1244.02+16.3e 1.08+0.0lc 2.85+0.02d 4.56+0.09d 4.96+0.11d
PGP1 60.58+5.19¢ 1653.67+£26.9d 2226.61+68.0d 1300.93+18.6d 1.12+£0.0lab 2.89+0.05 cd 4.75+0.08c 5.16+0.09¢
PGP2 65.95+6.04b 2024.56+£50.3b 2709.40+67.3b 1522.71+21.5b 1.13£0.02a 2.99+0.04ab 5.12+0.05a 5.56+0.06a
PGP3 76.36+£6.46a 1861.59+35.2c 2561.89+72.6c 1451.16+19.8c 1.14+0.02a 2.89+0.06 cd 4.79+0.10c 5.20+0.11c
PGP4 65.07+4.73b 1973.20£45.9b 2641.27+72.4bc 1487.18+13.1bc 1.13£0.01a 2.96+0.05bc 4.96+0.09b 5.39+0.10b
PGPS 53.33+2.88d 2127.02+40.8a 2834.60+66.4a 1605.50+32.0a 1.10£0.01bc 3.06+0.03a  5.16+0.06a 5.61+0.08a
SEm+ 0.264 7.271 10.586 5.371 0.004 0.010 0.016 0.021
LSD 0.769 21.223 30.898 15.678 0.011 0.029 0.046 0.062
(<0.05)

Table 5 Effect of genotypes and plant growth promoters on Stomatal conductance, Chlorophyll and Carotenoids of spring wheat (Mean of two
years). Mean values (= SE) within a column followed by different letter(s) indicate significant differences at the 5% level according to the LSD
test. Treatment details are provided in Fig. 3.

Treat-  Stomatal conductance (mmol m™ 2 sec” ') Chlorophyll and Carotenoids (mg g~ ') at CRI

ments  CRI Tillering Pre-flowering Post-flowering Chl. a Chl. b Chl. a: b Chl. ab Carotenoids
Genotypes

Gl 134.11+2.41a 184.16+2.69a 168.04+2.44a 157.47+2.244a 2.29+0.05a 1.17+0.02a 1.99+0.02a 3.47+0.07a 0.67+0.03a
G2 129.93+2.88b 176.66+3.06b 161.35+2.84b 151.18+2.60b 2.18+0.06b 1.08+£0.02b 1.94+0.02a 3.26+0.08b 0.64+0.03b
G3 122.63+£2.70c  166.66+3.64c 152.42+3.27c 142.78+3.08c 1.98+0.08c 1.06+0.02c 1.84+0.03b 3.04+0.10c 0.62+0.03b
SEm+  0.221 0.200 0.210 0.137 0.002 0.001 0.005 0.005 0.001

LSD 0.869 0.784 0.825 0.537 0.007 0.005 0.020 0.021 0.005
(<0.05)

Plant growth promoters (PGPs)

PGP, 109.70+£2.34e  151.16+3.79¢ 138.58+3.36d 129.77+3.06e 1.72+0.06f 0.95+0.02f 1.80+0.04e 2.68+0.08f 0.49+0.02¢
PGP, 122.46+1.86d 170.16£2.74d 155.54+2.88c 145.72+2.24d 1.95+0.06e 1.05+£0.02¢ 1.85+0.04d 3.00+0.08¢ 0.56+0.01d
PGP, 135.54+2.12b 186.16+£2.12b 169.83+1.96a 159.15+£1.95b 2.36+0.04b 1.18+0.02b 2.00+0.04b 3.54+0.05b 0.69+0.01b
PGP, 143.25+2.28a 176.50+2.42¢ 161.20+2.25b 151.04+2.35¢c 2.50+0.03a 1.21+0.02a 2.15+0.05a 3.72+0.04a 0.85+0.0la
PGP, 132.36+2.03bc 180.16+2.62c 164.47+2.42b 154.11+2.20c 2.22+0.05¢ 1.14+0.02c 1.94+0.02¢ 3.37+0.07¢c 0.67+0.01b
PGP 130.00+£1.80c  190.83+2.08a 174.00+2.06a 163.07+1.78a 2.13+£0.05d 1.11£0.02d 1.91+£0.03¢ 3.24+0.07d 0.60+0.01c
SEm+  0.559 0.513 0.609 0.464 0.009 0.004 0.006 0.011 0.003

LSD 1.633 1.497 1.776 1.355 0.027 0.012 0.018 0.033 0.008
(<0.05)

(Gawdiya et al. 2023a). Genotype specific N application
combined with plant growth promoters, increased yield, and
harvest index (HI), N uptake, and partial N balance. DMA,
plant height, spike size, tillering capacity in wheat cultivars
varies due to genotypic diversity affecting photo-assimilate
distribution to reproductive organs (Gawdiya et al. 2023b).
Proper scheduling of irrigation and nitrogen application,
along with the adoption of genotypes suited to specific
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environments, significantly enhances growth, grain yield,
NUE and WUE (Zhiipao et al. 2023; Meena et al. 2026a, b).

Bio-fortification is a key agricultural strategy to enhance
micronutrient concentrations in grains and reduce mal-
nutrition. Foliar application of Zn (0.5% ZnSOs4) and Fe
(1% FeSO4) improved wheat yield traits and grain quality
(Nayak et al. 2023). Intensive cropping and fertilizer use
are increasing micronutrient-deficient soils (Dhaliwal et
al. 2022). Fe supports chlorophyll synthesis and electron
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Table 6 Effect of genotypes and plant growth promoters on chlorophyll and carotenoids of spring wheat (Mean of two years). Mean values (+ SE) within a column followed by different letter(s)

indicate significant differences at the 5% level according to the LSD test. Treatment details are provided in Fig. 3.

Chlorophyll and Carotenoids (mg g ;) at Flowering

Chl. a

Chlorophyll and Carotenoids (mg g_,) at Tillering

Chl. a

Treatments

Chl. ab Carotenoids

Chl. a: b

Chl. b

Carotenoids

Chl. a: b Chl. ab

Chl. b

Genotypes

Gl

1.44£0.09a

4.95+0.08a

2.00+0.05a

1.94+0.04a
1.86+0.04b
1.84+0.04b

0.004
0.015

3.30+0.07a

1.16+£0.04a
1.09+0.04b
1.04+0.04c

1.84+0.02a 5.89+0.05a
0.002

1.84+0.02a
1.80+0.02a

0.004
0.014

2.07+0.04a

3.82+0.11a

1.35+£0.08b
1.31+0.08¢c

0.002
0.006

4.81+0.08b
4.76+0.08b

0.007

1.92+0.05b
1.88+0.05b

0.002
0.010

3.16£0.08b
3.10+£0.07b

0.005

5.41+0.05b
5.21+0.05¢

0.010

1.90+0.04b
1.85+0.04¢c

0.001

3.51+0.11b

G2

3.36+0.11c
0.005

G3

SEm+

0.029

0.007 0.019

0.040

0.004

0.022

Plant growth promoters (PGPs)

LSD (<0.05)
PGP0

0.84+0.02f

4.27+0.04¢

1.59£0.02¢
1.81+0.02d
2.09+£0.02b
1.95+0.02¢
2.01+0.02bc
2.16+£0.03a
0.002

0.010

1.59£0.02¢
1.77+£0.02d
2.00+£0.02b
1.89+0.02¢
1.95+0.02bc
2.07+0.02a
0.004

0.015

2.62+£0.04f

2.98+0.03e

0.83+£0.02f
0.92+0.02¢

4.45+0.10f

1.71£0.01b
1.75+0.01b

1.64+0.03e

2.81+£0.06e
3.09+0.06d

3.98+0.08a

1.05+0.02¢

4.63+0.05d
5.09+0.05ab

4.86+0.06¢

4.86+0.09¢

1.76+0.03d
2.10+£0.04a
1.95+0.04c
2.02+0.03b
2.15+0.03a

0.007

PGP1

1.65+0.04b
1.32+0.02d
1.52+0.02¢
1.83+0.04a

0.002
0.006

3.44+0.05b

1.24+0.02b
1.12+0.01d
1.18+£0.01¢c

6.08+0.10b

1.88+0.02a
1.86+0.02a

1.87+0.01a

PGP2

3.21+0.04d
3.32+0.03¢c

5.59+0.10d

3.64+0.08¢

PGP3

4.97+0.06bc
5.22+0.05a
0.007

5.81+0.11¢

3.79+0.07b
4.09+0.07a
0.016

PGP4

3.57+£0.04a

0.005

1.31£0.02a

0.004
0.013

6.24+0.10a
0.018

1.90+0.01a
0.007

PGP5

SEm+

0.029

0.019

0.020 0.020 0.051

0.047

LSD (<0.05)

transport, with deficiency impairing enzyme activity and
Fe uptake. Plants mitigate nutrient imbalances by reducing
leaf area and adjusting osmotically through seaweed extract,
organic compounds, and minerals (Nadeem and Farooq
2019).

Physiological Traits

Physiological traits play a crucial role in determining wheat
yield and its components (Figs. 4a-b and 5a-b). Higher
NDVI and SPAD values reflect better photosynthetic effi-
ciency and biomass accumulation. Stomatal conductance
influences WUE and gas exchange, affecting grain filling.
Chlorophyll content is directly linked to photosynthetic
activity, while carotenoids protect against oxidative stress.
Together, these traits contribute to improved grain number,
size, and overall wheat productivity (Yengoh et al. 2015).
The observed trends in SPAD and NDVI values across wheat
genotypes and PGPs treatments used in the present study
underscore the significant influence of genetic variation and
exogenous PGPs on chlorophyll content and canopy vigor,
key indicators of photosynthetic capacity and plant health
(Figs. 5a-b). Among the genotypes, DBW-187 consistently
exhibited superior performance compared to K-1006 and
K-607 confirming that is a high-yielding cultivar adapted to
irrigated environments (Table 7). This genotypic advantage
likely stems from enhanced chlorophyll synthesis and can-
opy development, which are critical for maximizing light
interception and assimilating production during grain fill-
ing. Recent studies corroborate this, where wheat genotypes
with higher chlorophyll retention under stress conditions
exhibit greater yield stability, attributed to improved photo-
synthetic efficiency (Cao et al. 2024).

The application of PGPs, further amplified these geno-
typic differences, with chelated micronutrients (PGPs)
and gibberellic acid (PGP,) eliciting the most substantial
increases in SPAD and NDVI, particularly from tillering
to post flowering (Figs. 5a-b). This enhancement reflects
the role of micronutrients (Fe, Zn, Cu, Mn) in chlorophyll
biosynthesis and enzyme activation, as well as gibberel-
lic acid’s promotion of cell elongation and leaf expansion,
which collectively boost photosynthetic capacity (Wang et
al. 2024; Lamlom et al. 2025; Amin et al. 2024; Azameti
et al. 2024). This aligns with its known high-yielding traits
under irrigated conditions, where optimized stomatal func-
tion supports greater assimilate production during grain
filling (Zhang et al. 2025). The application of PGPs sig-
nificantly modulated stomatal conductance, with the control
(PGP, showing the lowest values across all stages, under-
scoring the baseline limitation of stomatal activity without
supplemental inputs (Lamlom et al. 2025; Wang et al. 2024;
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Fig. 4 (a) Effect of wheat genotypes on SPAD values across differ-
ent growth stages (CRI, tillering, pre-flowering, and post-flowering).
Mean values (£SE) on the bars followed by different letter(s) indi-
cate significant differences at the 5% level according to the LSD test.
Treatment details are provided in Fig. 3. (b) Effect of plant growth

Amin et al. 2024; Shaddad et al. 2013; Chauhan et al. 2018;
Meena and Meena 2017; Panday et al. 2018).

Yield Components and Yield

Genotypes and plant growth promoters play a significant
role in determining wheat grain yield. Different genotypes
respond differently to environmental conditions and input
efficiency, which in turn influences their yield potential

@ Springer

promoters (PGP) on SPAD value across different growth stages (CRI,
tillering, pre-flowering, and post-flowering). Mean values (+SE) on
the bars followed by different letter(s) indicate significant differences
at the 5% level according to the LSD test. Treatment details are pro-
vided in Fig. 3

(Kasim etal. 2015; Meena et al. 2016a, b; Pazhanisamy et al.
2026). Among the genotypes, DBW-187 consistently dem-
onstrated superior yield performance, compared to K-1006
and K-607 (Table 7). This superior performance reflects its
increased capacity for COz-uptake and transpiration regula-
tion, driven by higher DMA, LAI, chlorophyll, and carot-
enoid content, ultimately highlighting the genetic potential
of the genotype and its response to inputs (Khan et al. 2009;
Sobolewska et al. 2020; Panday et al., 2024). Chelated
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Fig. 5 (a) Effect of wheat genotypes on NDVI values across differ-
ent growth stages (CRI, tillering, pre-flowering, and post-flowering).
Mean values (+SE) on the bars followed by different letter(s) indi-
cate significant differences at the 5% level according to the LSD test.
Treatment details are provided in Fig. 3. (b) Effect of plant growth

micronutrients application elicited the highest increases in
grain, straw, biological yield, and harvest index, compared
to PGP, (Table 7). Gibberellic acid (GA;) stimulates cell
elongation and division, leading to increased plant height
and spikelet number. Seaweed extract improves nutrient
uptake, stress tolerance, and hormonal balance, collectively
boosting grain yield and quality (Khan et al. 2009; Sobo-
lewska et al. 2020; Singh and Sidhu 2014). Understanding
the dynamics of micronutrients (Zn, Fe, Cu, Mn) in rela-
tion to yield-trait relationships in crops offers an effective
way to synchronize micronutrient demand and supply. This
strategy improves nutrient management efficiency (fertilizer
use), promotes sustainable production, and helps minimize
environmental impact (Xue et al. 2014; Nadeem and Farooq
2019; Meena et al. 2016a, b). Imbalanced fertilizer use and

@ Tillering

O Pre-flowering B Post-flowering

a a b

b

G2
Genotypes
mPGP3 B PGP4
a c
d
Pre-flowering Post-flowering
Growth stages

promoters (PGP) on NDVI value across different growth stages (CRI,
tillering, pre-flowering, and post-flowering). Mean values (+SE) on
the bars followed by different letter(s) indicate significant differences
at the 5% level according to the LSD test. Treatment details are pro-
vided in Fig. 3

the depletion of organic matter degrade soil structure, lead-
ing to reduced WUE and NUE (Meena et al. 2016a, b).
Zinc (Zn), boron (B), and manganese (Mn) are crucial for
metabolism, chlorophyll synthesis, and enzyme activation
(Meena et al. 2015b). Their availability depends on soil
properties, pH, moisture, and nutrient interactions under
varying conditions. The application of micronutrients (Fe,
Mn and Zn) significantly increases the plant growth, DMA,
yield and yield components of wheat plants (Kumar et al.
2009), foliar fertilization of micronutrients (Zn Mn) has a
significant impact on yield, yield components such as grain
size, test weight, grains spike™ !, and spike length and over-
all yield of winter wheat (Sobolewska et al. 2020; Meena et
al. 2015a, 2016a, b; Hafeez et al. 2021).
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Seaweed extract boosts wheat growth, yield, and min-
eral content by improving resource use efficiency, soil
water retention, and nutrient exchange, reducing chemical
fertilizer reliance (Salim and Abdel-Rassoul 2016). Bio-
stimulants support metabolism, photosynthesis, hormone
production, chlorophyll and carotenoids content and nutri-
ent absorption, promoting plant growth (Szczepanak et
al. 2018); Singh et al. 2018; Bahrani and Pourreza 2012;
Chowdhury et al. 2018; Wankhade et al. 2020; Cao et al.
2024). These pigments protect chlorophyll from oxidative
stress, maintaining photosynthetic efficiency under abiotic
stresses, thereby stabilizing wheat yield components like
grain size and number (Chauhan et al. 2018).

Production and Economic Efficiency
The findings from the present study clearly demonstrate that

both genotype and PGPs treatments significantly influence
the PE and EE of wheat (Figs. 6a-b and 7a-b). Among the
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genotypes evaluated, G2 exhibited the highest production
efficiency (PE), followed by G1, while G3 showed the low-
est PE (Fig. 6a). In contrast, economic efficiency (EE) was
highest in G1, followed by G2 and lowest in G3 (Fig. 7a).
These findings suggest that genotype selection plays a criti-
cal role in optimizing both yield and profitability (Sarwar et
al. 2024). Several studies highlight the significant benefits
of adopting climate-smart and resource-conserving agricul-
tural practices in the IGPs (Rashid et al. 2025). Improved
crop establishment methods such as precision land leveling,
raised bed planting, and conservation tillage have enhanced
wheat productivity, profitability, and energy use efficiency
(Jat et al. 2011; Kakraliya et al. 2018). The integration of
optimal fertilizer management and sustainable intensifi-
cation strategies reduces environmental footprints while
maintaining high yields (Sapkota et al. 2020; Kumar et al.
2018). Additionally, combining plant growth promoters
and improved genotypes with efficient crop management
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Table 7 Effect of genotypes and plant growth promoters on yield attributes and yield of spring wheat (Mean of two years). Mean values (+SE) within a column followed by different letter(s)

indicate significant differences at the 5% level according to the LSD test. Treatment details are provided in Fig. 3.

Harvest

Biological Yield index (%)

Yield (t ha™!)

Grain

Yield attributes

Spikes m 2

Treatments

Fertility index Straw
(7o)

TW (2)

Weight of

Grains spike ™!

Length of

Yield

Yield

grain spike™!

spike (cm)

Genotypes

Gl

42.43+0.39a
42.07+£0.37a
42.05+£0.28a

60.96+1.55a  2.69+0.06a  44.42+0.39a 92.79+1.42a 547+0.11a  7.40+0.08a 12.87+0.18a
0.051

16.85+0.30a
16.11+0.27b

448.60+4.49a

12.53+0.17b
11.29+0.11¢

7.25+£0.07a
0.019

5.28+0.10b

88.17+1.55ab
86.54+1.81b

0.075

43.18+0.36b
41.95+£0.37¢

0.042

2.56+0.05b
2.51+0.06¢

0.003

55.51+1.30b
53.15+£1.72¢

0.048
0.187

439.03+5.14a

G2

6.54+0.05b

0.014

4.75+0.06¢c
0.005

15.80+£0.34b

0.024
0.094

411.82+5.23b

0.661

G3

SEm+

0.199

0.164 0.293 0.019 0.055 0.076

0.011

2.596

Plant growth promoters (PGPs)

LSD (<0.05)
PGP0

40.25+0.34b
41.14£0.50b
43.02+£0.37a
42.49£0.19a

11.18+0.16¢e

76.75+0.64d 4.50+0.05f  6.68+0.11d

82.47+0.94¢
92.86+£0.91a

41.38+0.47b

2.194£0.03e
2.37+0.03d
2.78+0.04b

2.60+0.03c

46.16+1.24f
52.06+1.44¢
62.02+1.08b

14.04+0.26e

408.35+6.16d

11.67+0.18d

6.87£0.11 cd

4.80+0.05¢

42.93+0.55ab
43.77+0.58a
43.65+0.66a
43.49+0.47a
43.87+0.59a

0.205

15.45+0.24d

416.79+5.59 c¢d
449.92+6.28a

PGP1

12.72+0.29b
12.28+0.25¢

7.24+0.15ab
7.05+0.14bc
7.15+0.14b
7.37+0.16a

0.025

5.47+0.12b

17.13+£0.20b
16.48+0.10c

PGP2

5.22+0.12d

86.71+1.04b
88.93+0.90b
95.27+1.07a

0.388

55.67+1.01d
57.98+1.12¢
65.34+1.35a
0.184
0.536

428.76+6.52bc
434.20+6.29b
460.89+7.06a
1.639

4.783

PGP3

42.82+0.19a
43.35+0.35a

0.158
0.462

12.52+0.26bc
13.02+0.29a

0.036

5.36+0.13¢

2.70+0.04b
2.88+0.04a

0.010

16.76+0.18b

PGP4

5.64+0.13a
0.014

17.65+0.27a

0.060

PGP5

SEm+

0.041 0.074 0.106

1.131

0.598

0.030

0.174

LSD (<0.05)

increases economic returns and resource use efficiency
(Singh et al. 2020; Jat et al. 2020).

The correlation analysis revealed strong positive asso-
ciations among key growth, physiological, and yield attri-
butes, indicating their collective contribution to enhanced
wheat performance under different genotypes and PGPs
treatments (Sarwar et al. 2024; Sapkota et al. 2020). These
relationships suggest that improvements in photosynthetic
efficiency and biomass accumulation are closely linked to
higher yield potential and overall productivity (Jat et al.
2011; Kakraliya et al. 2022).

Conclusion

This study establishes an integrated framework combining
genotype selection with plant growth promoters (PGPs) to
enhance wheat productivity, resource use efficiency, and
sustainability in the central plain zone of India (Fig. 9). The
integration of the high-yielding genotype DBW-187 with
chelated micronutrient foliar spray (0.5%) consistently out-
performed other treatment combinations, improving grain
yield by 13-20%, straw yield by 9—12%, and production
efficiency by ~15%. The combination also increased physi-
ological efficiency, reflected in higher chlorophyll and carot-
enoid contents (up to 18%), stomatal conductance (~21%),
and dry matter accumulation (~33%) compared with the
control. Enhanced photosynthetic performance and nutri-
ent utilization efficiency under this treatment contributed
to a significant improvement in economic returns (~12%),
confirming its agronomic and economic advantage. Over-
all, the synergistic interaction between genotype and PGPs,
particularly DBW-187 with chelated micronutrients, dem-
onstrates a viable and scalable strategy to rejuvenate pro-
ductivity in the agr-food systems of the Indo-Gangetic
Plains. This integrated approach strengthens crop resilience,
improves soil-plant physiological functioning, and offers a
sustainable pathway for increasing profitability under semi-
arid and nutrient-stressed environments.
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Fig. 8 (a) Pearson’s correlation among crop physiological traits, yield and yield components of genotypes under plant growth promoters at 2021-
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Abstract This paper examines the deep and multifaceted relationship between the Indian Knowledge
Tradition (IKT) a broad, pluralistic intellectual and ethical heritage encompassing the Vedic
corpus, Upanishadic metaphysics, the epics (Mahabharata and Ramayana), classical
darsanas (philosophical systems), and diverse folk and devotional strands — and the life,
thought, and practice of Mohandas Karamchand Gandhi (1869-1948). It argues that
Gandhi’'s political praxis and moral pedagogy cannot be fully understood apart from his
rootedness in a variety of Indian intellectual resources, reinterpreted in light of modern
exigencies and global ethical concerns. After delineating the principal features of IKT
relevant to social and political life (notions of dharma, ahimsa, satya, loka-samgraha,
tapas, and seva), the paper traces how Gandhi drew upon, reworked, and at times
innovated within those resources to formulate Satyagraha, constructive programs, and an
ethic of trusteeship. Attention is given to Gandhi's selective appropriation of epic
narratives (especially the Bhagavad Gita and episodes from the Ramayana and
Mahabharata), his use of indigenous institutions and crafts (khadi and village panchayats)
as carriers of knowledge and moral formation, and his dialogic engagement with bhakti
and jnana traditions. The study locates Gandhi’'s epistemic stance — his insistence on lived
verification (experiential knowledge), the unity of knowledge and action, and the moral
primacy of the self-transformation of the actor — within broader strands of Indian
epistemology while noting tensions with classical scholasticism and Western liberalism.
Finally, the paper assesses Gandhi's legacy for contemporary debates on decolonizing
knowledge, sustainable living, and nonviolent politics. The analysis concludes that Gandhi
stands as a living synthesis: neither uncritical traditionalist nor wholesale modernizer, but
a thinker who sought to translate the core insights of IKT into an ethical politics capable of
addressing the moral crises of his time and ours.

Keywords Indian Knowledge Tradition; Mahatma Gandhi; Satyagraha; Ahimsa; Dharma; Bhagavad Gita;
Ramayana, Mahabharata, Decolonization of Knowledge; Constructive Program.

Introduction The Indian Knowledge Tradition (IKT) is not a monolithic school but a tapestry of
discourses — philosophical, religious, ethical, juridical, aesthetic, and technical — that

developed over millennia across South Asia. It encompasses ways of knowing (pramanas
and sastric reasoning), pedagogies of character (sadhana and tapas), narrative reservoirs
(epics and puranas), and institutional forms (gurukula, matha, village assemblies).
Mahatma Gandhi emerged from this milieu and became one of the twentieth century’s most
widely read interpreters of Indian moral resources. Yet his use of IKT was selective,
creative, and adapted to the political task of national liberation and social renewal.
Understanding Gandhi’'s work thus requires a careful reading of how he drew on and
transformed IKT concepts — not merely as cultural stock but as living tools for moral and
political action.

This paper proceeds in four parts. The first outlines the salient elements of IKT relevant to
social ethics and political practice. The second traces Gandhi's engagement with those
elements in the formulation of his ideas and methods. The third examines case studies
where IKT-inflected practice shaped politics (for example, nonviolent resistance, khadi,
constructive program). The fourth assesses the broader implications of Gandhi’'s IKT-
rooted approach for contemporary intellectual and political challenges, including the
decolonization of knowledge, ecological sustainability, and nonviolent politics.

Objective of 1. To examine the foundational principles of the Indian Knowledge Tradition (IKT),
study including its philosophical, ethical, and spiritual components.
2. To explore the ways in which Mahatma Gandhi’s life, thought, and work were shaped
by the Indian Knowledge Tradition.
3. To analyze Gandhi’s reinterpretation of classical Indian texts such as the Bhagavad
Gita, Upanishads, and Jain/Buddhist teachings.
4. To investigate Gandhi's application of Indian philosophical values—such as satya,
ahimsa, brahmacharya, and aparigraha—in socio-political movements.
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5. To study how Gandhi transformed traditional concepts into practical programmes
like Satyagraha, Sarvodaya, and constructive work.
6. To assess the relevance of Gandhian thought in contemporary issues like
environmental ethics, sustainability, peace studies, and global justice.
7. To understand Gandhi's critique of Western modernity and his emphasis on
indigenous ways of knowing and living.
8. To evaluate Gandhi’'s contribution to preserving, revitalizing, and internationalizing
Indian Knowledge Tradition.
9. To explore the interconnection of ethics, spirituality, and political activism within
Gandhi’s framework.
10. To discuss the relevance of Indian Knowledge Tradition in shaping alternative
models of education, economy, and social development.
11. To examine how Gandhi's ideas influenced later thinkers, activists, and global
movements for peace and civil rights.
Review of Indian Knowledge Tradition and Mahatma Gandhi’'s Work. Indian Knowledge Tradition
Literature (IKT) signifies a civilizational continuum of philosophical inquiry, ethical living, socio-
spiritual practices, and indigenous epistemologies cultivated over millennia. Rooted in
the Vedas, Upanishads, classical philosophies, oral traditions, and community knowledge
systems, IKT emphasizes harmony with nature, holistic well-being, discipline, and moral
responsibility. Mahatma Gandhi's work intersects deeply with these traditions, as
scholars note his philosophy of ahimsa, swaraj, and sarvodaya reflects ancient Indian
ethical thought.

Indian philosophical foundations originate in texts such as the Upanishads and Bhagavad
Gita. Radhakrishnan argues that Indian tradition centers on truth and moral order.
Vatsyayan emphasizes the interdisciplinary nature of Indian knowledge, integrating
spiritual and practical wisdom. Chattopadhyaya stresses the balance of jnana, karma, and
dharma. Scholars note Gandhi’s interpretation of ahimsa and satyagraha draws heavily on
classical ethics. Parekh states that Gandhi transformed ancient values into
socio-political instruments. Parel explains that Gandhi's reading of the Gita reimagined
nishkama karma as selfless action. Gandhi's exposure to Jainism shaped his
non-violence and pluralism, as Jordens notes. His Nai Talim educational philosophy
aligns with ancient holistic learning models.

Gandhi’'s swaraj and swadeshi, scholars argue, reflect traditional ideas of autonomy and
dharma. The concept of sarvodaya echoes classical notions of loka-sangraha. His
ecological critiques reflect Indian traditions of restrained living, as Guha observes.
Gandhi's social reform agenda resonates with Bhakti and Buddhist egalitarian
traditions.Contemporary debates explore Gandhi's reinterpretation of tradition. Some
view it as creative adaptation; others critique selective appropriation. Environmental
scholars see Gandhi as a precursor to sustainability rooted in traditional ecological
ethics.

Understanding Gandhi, the literature suggests, requires engaging with India's vast

knowledge traditions, whose ethical, spiritual, and social philosophies shaped his

thought and activism.

Main Text Deeper Dimensions of the Indian Knowledge Tradition

The Indian Knowledge Tradition is not only a reservoir of ideas but also a dynamic
interplay of competing and complementary schools of thought. Gandhi's intellectual
appropriation can be better understood when we look more closely at the six classical
darsanas.
Nyaya and Vaisesika: Nyaya emphasizes logic, reasoning, and epistemology, while
Vaisesika develops a naturalistic metaphysics of categories (padarthas). Gandhi may not
have directly cited these schools, yet his insistence on rational dialogue, debate with
critics, and evidence-based moral reasoning echoes Nyaya's spirit. His ecological
awareness and sensitivity to the interconnectedness of matter, beings, and spirit reflects
a Vaisesika-like worldview.
Samkhya and Yoga: Samkhya provides a dualistic framework of purusa (consciousness)
and prakrti (matter), while Yoga, systematized by Patanjali, emphasizes discipline,
restraint, meditation, and ethical precepts (yamas and niyamas). Gandhi’s daily regimen
of prayer, dietary restraint, fasting, and meditation drew from yogic traditions, not as
esotericism but as moral preparation for political struggle. His life demonstrates the
practical use of yoga for cultivating inner strength essential for nonviolent activism.
Mimamsa and Vedanta: Mimamsa stresses ritual performance and dharma as duty,
whereas Vedanta emphasizes non-duality and the realization of Brahman as ultimate
truth. Gandhi fused aspects of both: the Mimamsa-like stress on moral obligation (to act,
to resist injustice, to serve) and Vedanta’'s emphasis on unity of life. Gandhi repeatedly
affirmed that “Truth is God” — an inversion of Vedantic formulations that still retained
the core metaphysical insight.
By drawing from these diverse schools, Gandhi exemplifies how IKT provided a multi-
layered framework adaptable to new contexts. His genius lay in refusing to be bound by
any single darsana, instead using them as flexible instruments to construct a holistic
ethic of action.
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The Ramayana and Mahabharata in Gandhian Moral Vision
The epics played an important role in Gandhi’s ethical imagination. The Ramayana’s
central theme of dharma resonated with him deeply. Gandhi often cited Rama asan
embodiment of truth, not merely as a divine king but as an exemplar of moral
steadfastness in adversity. Sita, too, was highlighted as a figure of strength, sacrifice,
and purity of intention. Gandhi interpreted their lives allegorically: dharma was not ritual
or power but the courage to uphold truth and righteousness despite suffering.
The Mahabharata, especially the Bhagavad Gita, was Gandhi’'s “spiritual dictionary.” He
treated the Kuruksetra war not as literal encouragement to violence but as a metaphor for
the inner battle between good and evil within the human heart. Arjuna’s paralysis
mirrored Gandhi’'s own dilemmas in confronting colonial power. Krishna’'s teaching of
detached action became Gandhi’s cornerstone: act without attachment to success or
failure, but guided by truth and ahimsa.
Interestingly, Gandhi also invoked Ahimsa from the Mahabharata, despite its martial
setting. He reminded his followers that even the epic, filled with bloodshed, contains
passages condemning violence and celebrating compassion. Thus, Gandhi used the epics
not as texts frozen in antiquity but as living sources for moral reinterpretation.
Gandhi’s Constructive Program in Greater Depth
While Satyagraha is often highlighted as Gandhi’s main contribution, his Constructive
Program reveals his deeper connection to IKT. Gandhi believed true swaraj (self-rule) was
not merely political independence but moral and social regeneration. The constructive
program included:
Khadi and Village Industries: Gandhi made spinning a moral duty, not only for economic
self-reliance but also for cultivating dignity of labor. In IKT terms, work (karma) is both
duty and discipline; the spinning wheel thus became a locus of spiritual practice.
Sanitation and Hygiene: Drawing on IKT’s emphasis on purity (sauca), Gandhi made
cleanliness a moral obligation. He himself cleaned toilets in ashrams, breaking caste
taboos and demonstrating that no task is impure if done with humility and service.
Education (Nai Talim): Gandhi’'s model of basic education embodied IKT pedagogy —
learning through practice, integration of craft, literacy, and moral training. Unlike colonial
education, which alienated students from their communities, Nai Talim sought to root
knowledge in lived experience.
Communal Harmony: Gandhi saw inter-religious unity as essential to swaraj. Drawing on
IKT’s pluralism, he emphasized that all religions are paths to the same truth. His
recitation of verses from the Qur’an, Gita, and Bible in prayer meetings symbolized this
inclusivity.
The constructive program reflects Gandhi’s belief that liberation is incomplete without a
transformation of daily life. It demonstrates how IKT was woven into social structures,
crafts, and moral disciplines.
Gandhi, IKT, and Global Impact
Gandhi’s synthesis of IKT principles did not remain confined to India. His method inspired
global leaders and movements.
Martin Luther King Jr. explicitly acknowledged Gandhi's influence on the American Civil
Rights Movement. King saw in Gandhi’'s Satyagraha an application of Christian love in
social struggle, yet the roots of nonviolent resistance lay in Gandhi’s reworking of ahimsa
and satya.
Nelson Mandela and the South African anti-apartheid movement drew on Gandhian
tactics as well. Gandhi’'s early experiments in South Africa had already demonstrated the
effectiveness of nonviolent resistance against racial injustice. Mandela later reflected
that while armed struggle eventually became part of their movement, Gandhi’'s
nonviolence remained a moral touchstone.
Decolonial Thought: In contemporary postcolonial studies, Gandhi is recognized as a
thinker who challenged the epistemic dominance of Western categories. His retrieval of
IKT demonstrated that indigenous knowledge systems could inform modern politics,
economics, and ethics without mimicking the West. This has become crucial in present
debates about the decolonization of curricula and sustainable development
Core Features of the Indian Knowledge Tradition Relevant to Gandhi
1. Dharma and Moral Order
Dharma in the Indian tradition is a complex category: normative duty, moral order,
appropriate conduct, and the sustaining principle of social and cosmic order. Unlike a
fixed legal code, dharma operates contextually — it is rooted in position, circumstance,
and the larger telos of one’s life. This fluidity allowed Gandhi to emphasize moral
responsibility that adapts to context rather than rigidly invoking customary law. For
Gandhi, dharma became the moral grammar of action: a principle that obliges the actor
toward truth, non-harm, and service.
2. Ahimsa (Nonviolence)
Ahimsa is more than the abstention from physical violence; it denotes an active ethic of
non-harming that encompasses thought, word, and deed. Ahimsa has roots in Jain,
Buddhist, and certain Hindu strands, but across traditions it is linked with compassion
and the recognition of intrinsic worth in all beings. Importantly, traditional formulations
of ahimsa are embedded in disciplining practices and communal norms — not merely
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abstract doctrines — which made the concept available for Gandhi as a practical stance
guiding political struggle.
3. Satya (Truth) and Sadhana (Spiritual Discipline)
Satya in classical Indian contexts refers to truth as ontological and ethical — the
correspondence between reality and knowledge and the moral commitment to veracity.
Coupled with sadhana (disciplined practice), satya requires an ongoing verification
through the life of the knower. Gandhi emphasized truth as experiential: the truth one
discovers by living and testing one’s convictions in the world.
4. Epics and Moral Exemplars
The epics — the Ramayana and Mahabharata (including the Bhagavad Gita) — function as
vast reservoirs of ethical dilemmas, models of action, and narrative instruction. Rather
than read as literal history, these texts offer paradigms for moral choice. The Gita's
discourse on duty, detachment, and right action provided Gandhi with a language to
reconcile moral commitment with active engagement.
5. Knowledge as Practice: Jnana, Karma, and Bhakti
Classical Indian thought identifies multiple paths to realization: jnana
(knowledge/wisdom), karma (action), and bhakti (devotion). IKT emphasizes that ultimate
understanding is not merely speculative but emerges in the lived unity of action,
devotion, and insight. This integration resonates with Gandhi’s insistence that theory
without practice is hollow and that inner transformation is necessary for genuine social
reform.
6. Communities of Learning and Local Knowledge
Traditional forms of pedagogy — the gurukula, village assemblies, craft guilds — embed
learning within social life. Knowledge is transmitted through apprenticeship, ritual, and
shared labor. This communal aspect of knowledge underpinned Gandhi's esteem for
village institutions, crafts, and forms of indigenous education.
Gandhi’s Intellectual Reception and Reworking of IKT
1. Early Formation and Intellectual Milieu
Gandhi’'s formation was eclectic: rooted in Gujarati bhakti culture, shaped by English
education, and deepened through encounters with Bible teachings, Tolstoy, Ruskin, and
experiences in South Africa. Crucially, he never abandoned Indian moral vocabularies.
Instead, he reinterpreted them through a moral-practical hermeneutic: what do the
ancient categories mean when the moral agent confronts colonial injustice, modern
machinery, and mass politics?
2. Satyagraha as IKT-Inspired Practice
Satyagraha a central innovation of Gandhi is commonly translated as “truth-force” or
“soul-force.” It synthesizes satya and agraha (firmness), yet it is far more than a
rhetorical synthesis: it is a method of nonviolent resistance based on moral persuasion,
self-suffering, and the expectation of the opponent’s conscience being touched. The
elements of ahimsa and satya are explicit; so too is the emphasis on inner discipline
(tapas) that renders the satyagrahi credible. The Indian lineage is evident in the stress on
moral exemplarity and the sacrificial dynamics of tapas.
3. Reinterpretation of the Bhagavad Gita
Gandhi's appropriation of the Gita is marked by a moral reading rather than a
metaphysical one. He rejected deterministic readings that might justify violence as duty.
Instead, Gandhi stressed the Gita's message of disinterested action (nishkama karma)
and insisted that action must be guided by ahimsa and satya. The battlefield image
becomes an ethical arena where inner conquest matters as much as outer victory.
4. Bhakti, Humility, and the Moral Imagination
Gandhi’'s practice included devotional elements: fasting, singing bhajans, and ritual
practices refashioned into moral exercises. Bhakti traditions’ emphasis on surrender and
love became a resource for cultivating humility and openness- psychological conditions
essential for nonviolent persuasion.
5. Constructive Program and Village Swaraj
Gandhi’s constructive program-village self-sufficiency, khadi, sanitation, basic education,
and communal harmony-reflects the IKT insistence on situated knowledge and embodied
practices. Knowledge is carried by craft, ritual, and local institutions; thus, social change
requires rebuilding centers of life and learning rather than merely seizing state power.
Case Studies: IKT in Gandhi’s Political Practice
1. Nonviolent Resistance in South Africa and India
Gandhi’'s campaigns — passive resistance in South Africa and mass civil disobedience in
India -illustrate his method of turning moral conviction into political leverage. The
satyagrahi’s willingness to accept suffering aimed to reveal the moral injury of
oppressive policies. The strategy presumes a shared moral grammar (conscience, fair
play) and appeals to the opponent’s humanity- an appeal rooted in IKT's universalist
ethical claims about the unity of life and the sacredness of the person.
2. Khadi and Economic Ethics
The khadi movement sought to reorient economic life from commodity-driven
industrialism to village-based production. This program drew on IKT’s valuation of local
crafts as repositories of knowledge and as means of moral formation-work as sadhana.
Khadi also represented an ethical critique of industrial modernity: a preference for
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human-scale production, ecological prudence, and dignity of labor.
3. Education: Nai Talim (Basic Education)
Gandhi proposed Nai Talim, an education integrating handicraft and literacy, to form self-
reliant persons. The approach echoes IKT pedagogies that value embodied skill, oral
transmission, and moral formation through daily tasks. Education was not primarily
vocational but aimed at shaping character, inculcating communal responsibility, and
fostering critical self-reliance.
4. Fasting and Moral Persuasion
Gandhi’'s strategic fasting demonstrates an IKT-inflected method: ascetic practices as
forms of ethical witness. In many Indian traditions, fasting is a disciplining technique to
purify will and to invoke communal reflection. Gandhi deployed it as moral pedagogy-to
dramatize injustice, to humble the oppressor, and to awaken consciences.
5. Interreligious Dialogue and Pluralism
IKT’s pluralistic character multiple paths to truth recognized across schools fostered
Gandhi's approach to religious pluralism. He treated religions as distinct yet
complementary search-lights toward truth, a stance that enabled him to craft inclusive
campaigns and to seek Hindu-Muslim unity despite communal tensions.
Philosophical and Methodological Stakes
1. Epistemology: Experiential Verification and Moral Knowledge
Gandhi insisted that intellectual assent is insufficient: truth must be tested in
experience. This echoes Indian epistemic emphases on pratyaksa (perception) and
anubhava (experience) as sources of knowledge. Gandhi’s methodology valued reflective
praxis actors learn through doing, through the moral consequences their acts produce,
and through disciplined self-observation.
2. Ethics: Agency, Responsibility, and Non-Hierarchical Leadership
Gandhi’s ethics decentralizes authority: moral agency resides in the individual's capacity
for self-transformation and service. The leader’'s legitimacy derives from ascetic
discipline and moral integrity rather than bureaucratic power. This aligns with IKT's
valorization of the teacher’s character and of exemplarity as pedagogical force.
3. Politics: Means and Ends
A distinctive Gandhi contribution is the inseparability of means and ends. Drawing from
IKT's moral holism, Gandhi argued that unjust means cannot produce just ends; therefore
political action must itself be a moral instrument. This critique stands in tension with
certain modern realpolitik tendencies and challenges utilitarian justifications for
violence.
4. Tensions and Critiques
Gandhi’'s use of IKT was not without tension. Critics argue he romanticized village life,
undervalued industrial modernization’s potential benefits, or was ambiguous on caste
issues earlier in his career. Moreover, some classical IKT strands (e.g., caste ritualism)
conflicted with Gandhi’s egalitarian impulses; he selectively criticized and sought reform
within tradition. The dialectic between preservation and critique lies at the heart of
Gandhi’s project.
Legacy: Gandhi, IKT, and Contemporary Debates
1. Decolonizing Knowledge
In contemporary debates about decolonizing knowledge, Gandhi’'s method offers a
template: recover indigenous epistemic resources, but subject them to moral-critical
reworking. IKT, in Gandhi’s hands, becomes not a nostalgic repository but a dynamic
toolkit for addressing modernity’s ethical deficits.
2. Sustainable Living and Ecological Ethics
Gandhi’'s preference for small-scale production and moderation resonates with current
sustainability movements. IKT's emphasis on harmony with nature and limits provides
philosophical underpinnings for ecological ethics that prioritize sufficiency over limitless
growth.
3. Nonviolent Resistance in Global Contexts
Gandhi’s synthesis of spiritual discipline and political strategy has inspired movements
worldwide. The |IKT-rooted logic that transforming the self is prerequisite for
transforming structures challenges activists to pair external change with internal
formation.
4. Education for Character and Skill
The Nai Talim model reappears in contemporary proposals for craft-centered, community-
oriented education that fosters employability, civic responsibility, and ethical sensibility.
IKT's pedagogical forms emphasize mentoring, contextual learning, and integration of
work and values.

Conclusion Mahatma Gandhi’s intellectual and political career cannot be disentangled from the
Indian Knowledge Tradition. He was both an inheritor and a creator: drawing on dharma,
ahimsa, satya, and the epics while transforming these sources into practical strategies
for nonviolent struggle, social reconstruction, and moral formation. Gandhi’s originality
lay in insisting upon the unity of knowledge and action and in treating moral self-
transformation as a political instrument. The IKT provided him with vocabularies,
symbols, institutions, and practices that he retooled to face the modern world’s exig
Mahatma Gandhi's engagement with the Indian Knowledge Tradition was not a simple
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return to the past, but a profound act of translation. By reinterpreting dharma, ahimsa,
satya, and the epic traditions, he forged an ethic that spoke both to villagers spinning
khadi and to global leaders confronting racism and imperialism. Gandhi transformed IKT
from a cultural inheritance into a living praxis of politics and spirituality.

In our time of ecological crisis, violent conflicts, and epistemic domination by Western
models, Gandhi’'s method remains relevant. His call for simplicity resonates with
sustainability movements; his emphasis on nonviolence addresses the escalating cycles
of global conflict; and his insistence that knowledge must be embodied in action
challenges academic and political institutions alike. Thus, Gandhi is neither an
antiquarian traditionalist nor a utopian dreamer. He is, instead, a thinker who
demonstrates how rooted traditions can be critically reimagined for contemporary
liberation. His life shows that the Indian Knowledge Tradition is not merely a museum of
the past but a living reservoir of wisdom for global futures.Gandhi’'s legacy suggests a
constructive path for contemporary societies: engage indigenous knowledge critically,
retrieve ethical resources suited to present challenges, and design political means that
reflect the ends desired. Whether one accepts all of Gandhi's prescriptions, his method a
dialogic, experiential, ethically rigorous engagement between tradition and modernity
remains instructive. It invites scholars and practitioners to consider knowledge not
simply as information but as embodied practice that shapes persons, communities, and
the common good.
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Abstract

This essay examines how precision farming techniques reshape agricultural decision-making to improve resource use
efficiency and crop performance. It synthesizes evidence on site-specific management tools—such as variable-rate application,
remote sensing, and GPS-guided operations—that match inputs to spatial and temporal crop needs, thereby lowering input
waste and stabilizing yields. The discussion evaluates water, nutrient, and energy use outcomes, highlighting reductions in
application rates per unit output, alongside improvements in yield stability and quality traits linked to timely interventions. It
further assesses agronomic mechanisms, including feedback-driven adjustments and within-field heterogeneity management,
that translate measurement into actionable control, while noting operational constraints related to data quality and system
integration. Finally, the essay reviews economic and environmental consequences of these practices and outlines emerging
innovations, setting a research agenda that connects technical performance with adoption contexts, risk management, and

scalable decision support for diverse production systems.

Keywords: Precision farming, resource use efficiency, crop performance, site-specific management and smart agriculture

Introduction

Against the backdrop of rising input costs and variable
climate conditions, precision farming refers to a
management approach that tailors agronomic decisions to
spatial and temporal variability within fields. Using sensing,
geolocation, and data-driven control, producers align water,
nutrients, and crop protection with measured crop demand,
thereby reducing unnecessary applications while stabilizing
physiological development. This approach has gained
momentum as digital tools have matured and as production
systems face tightening environmental regulations and
heightened market pressures for consistent quality. In this
essay, the analysis concentrates on how site-specific
interventions alter resource use efficiency, measured as
output per unit of water, nutrient, and energy applied, and
how these interventions affect yield levels, uniformity, and
quality attributes. The discussion follows a mechanistic
thread from measurement to decision to actuation, then

evaluates agronomic outcomes alongside operational
constraints, before turning to economic trade-offs,
environmental outcomes, and emergent technological

directions relevant to broader adoption.

Overview of Precision Farming Techniques

Meanwhile, precision farming integrates three interlocking
components: geolocation, sensing, and analytics-driven
control. GPS and GNSS guidance support auto-steering,
section control, and variable-rate capabilities that align
machinery paths and input placement with mapped field
variability, while RTK corrections enable centimeter-level
repeatability for controlled traffic and site-specific trials. On
the sensing side, proximal soil probes, canopy reflectance
sensors, machine-mounted yield monitors, and UAV or
satellite imagery provide continuous measurements of
moisture, nutrient status, and biomass, which are
synchronized with spatial coordinates to build temporally
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resolved management zones. Data analytics then convert
these measurements into prescriptions through models and
decision rules that run on farm management platforms, with
Al methods increasingly applied to classify stress, predict
growth stages, and optimize input timing from IoT data
streams (Raj et al., 2021) 19 Finally, actuation occurs
through variable-rate seeders, fertilizer applicators, and
irrigation systems, translating prescriptions into precisely
metered field operations linked to feedback loops (Raj et al.,
2021) 101,

Additionally, the historical trajectory of precision
agriculture traces a shift from early yield monitors and
differential GPS in the 1990s to integrated sensing—
analytics—actuation systems that now operate across
seasons. Initial adoption centered on mapping spatial
variability to guide fertilizer placement, but subsequent
advances in GNSS accuracy and section control reduced
overlap, improved pass-to-pass repeatability, and enabled
on-farm experimentation that refined prescriptions. The
2010s introduced widespread remote sensing and connected
machinery, while recent developments in machine vision,
Al-driven classification, and IoT networks moved decision-
making from periodic mapping toward continual, in-season
adjustment (Zaman, 2023) 5. Motivations for adoption
have mirrored these phases: producers sought input savings
and labor efficiency first, then pursued yield stability,
quality consistency, and risk reduction under price volatility
and climate variability, with regulatory pressure on nutrient
losses reinforcing these incentives. Policy interest and
maturing service ecosystems further lowered entry barriers
by aligning profitability aims with conservation goals and
by standardizing data handling and support pathways
(Zaman, 2023) 3,

Furthermore, the central goals of precision farming coalesce
around aligning input application with measured crop
demand to optimize use, reduce waste, and advance
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sustainability across production systems. By calibrating
water, nutrients, and crop protection to spatial and temporal
variability, managers seek higher output per unit of input
while constraining off-target losses that raise costs and
degrade surrounding ecosystems (Finger et al., 2019) [,
These goals extend beyond single-season margins: site-
specific control aims to stabilize yield formation under
variable weather, limit soil and water contamination from
residual agrichemicals, and document stewardship outcomes
that are increasingly relevant to market and regulatory
requirements (Finger et al., 2019) Bl In operational terms,
prescriptions target the minimum effective dose and timing
that maintain crop physiological thresholds, thus shrinking
variability ~ within fields and enabling repeatable
performance across years. As the previous section’s toolset
indicates, these objectives depend on data quality and
feedback-driven  actuation, which together convert
monitoring into corrective actions that support both
profitability and environmental compliance.

Resource Use Efficiency in Agriculture

Consequently, resource use efficiency in agriculture can be
defined as the ratio of useful agronomic output—such as
marketable yield or quality attributes—to the quantity of a
specific input consumed, typically measured for water,
nutrients, energy, and land over a given period. This
framing links productivity with stewardship because higher
output per unit input reduces costs and lowers off-site
losses, thereby aligning farm management with regulatory
and market pressures described earlier. In practice,
efficiency hinges on matching application dose and timing
to crop demand so that physiological thresholds are met
without surplus, a control problem that precision farming
addresses through geolocation, sensing, and variable-rate
actuation (Ahmad & Dar, 2020) . The same framework
applies to fertilizers, where spatially targeted and temporally
tuned applications curtail residual nitrogen while lifting
nitrogen-use efficiency at field scale, with documented
reductions in residues and marked gains in conversion
efficiency supporting the economic and environmental case
(Ahmad & Dar, 2020) M. Thus, efficiency metrics provide
actionable performance indicators that connect data-driven
decisions to sustainable food production targets.

However, conventional uniform-rate practices often
misalign input supply with within-field variability, causing
frequent over-application of water and fertilizers that
depresses marginal returns and elevates off-site losses.
Fixed irrigation schedules ignore spatial differences in soil
texture and water-holding capacity, so some zones receive
excess water that leaches nutrients while others remain
under-supplied, reducing water-use efficiency and
destabilizing canopy function across growth stages.
Similarly, blanket fertilizer programs apply doses to the
average condition rather than to measured need, creating
high-residual areas where nitrate leaching and nitrous oxide
emissions rise, alongside low-fertility patches that constrain
root uptake and limit yield potential. These inefficiencies
persist because traditional scouting and manual record-
keeping provide coarse feedback, delaying corrective
actions and reinforcing routines that favor operational
simplicity over data-informed adjustment, in contrast to
sensing and variable-rate methods that target dose and
timing to site conditions (Sharma, 2023) %, As a result,
baseline efficiency metrics under legacy methods frequently
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lag behind benchmarks achievable with
management (Sharma, 2023) [12],

In contrast, precision farming corrects the misallocation
inherent in uniform-rate methods by pairing targeted
application with continuous, spatially explicit monitoring.
GPS-guided machinery and section control limit overlap
while variable-rate applicators meter seed, fertilizer, and
irrigation to prescription maps that reflect measured
heterogeneity, thereby aligning dose with localized crop
demand and preventing surplus in high-residue zones
(Vellingiri et al., 2024) U4, Concurrently, proximal sensors
and drone imagery provide near-real-time signals on soil
moisture, canopy vigor, and microclimate, enabling
managers to adjust timing and quantity during critical
growth windows rather than after losses occur (Vellingiri et
al., 2024) U4, These feedback loops convert detection into
immediate control actions—for example, pausing irrigation
where soil water is adequate, advancing nitrogen in
emerging deficits, or targeting crop protection only to
detected hotspots—thus raising output per unit input while
curbing leaching and runoff. By integrating guidance,
sensing, and actuation, the system reduces operational lag,
supports within-season corrections, and establishes traceable
efficiency gains at field scale.

For instance, capacitance and tensiometric soil moisture
sensors placed at multiple depths feed continuous readings
into irrigation controllers, allowing thresholds for refill to be
set by crop stage and soil texture so that water is applied
only where root zones approach deficit (Mohammed Aarif
K. O. et al., 2025) P). Variable rate irrigation (VRI) systems
then translate zone-specific prescriptions into independently
actuated sprinkler banks or drip valves, matching
application depth and pulse frequency to mapped variability
and thereby reducing percolation in coarse-textured areas
while preventing stress on heavier soils. Complementing in-
ground measurements, UAV-mounted multispectral cameras
estimate canopy water status through indices linked to
stomatal conductance, which trigger spatial adjustments to
irrigation when thermal signatures indicate emerging stress
before visible wilting (Mohammed Aarif K. O. ef al., 2025)
©l. Edge-computing gateways aggregate sensor and weather
data, run evapotranspiration models, and update setpoints in
near real time, narrowing the gap between detection and
actuation during heat events. Additionally, Al-based fusion
of soil probes, environmental sensors, and hyperspectral
inputs filters noise and refines zone boundaries for
subsequent VRI passes (Mohammed Aarif K. O. et al.,
2025) 1,

Similarly, precision nutrient management systems align
fertilizer dose, placement, and timing with mapped soil
variability to raise nutrient-use efficiency while curbing
residual losses and costs. GIS layers from soil sampling,
yield maps, and terrain attributes are combined to delineate
management zones, and GPS-guided applicators execute
variable-rate prescriptions that match nitrogen, phosphorus,
and potassium supply to site-specific demand, limiting
hotspots of surplus that drive nitrate leaching and nitrous
oxide formation (Bhamini et al., 2025) Bl. Decision rules
incorporate crop stage, weather forecasts, and sensor-
derived canopy status to shift portions of total nitrogen into
in-season applications, thereby improving synchronization
with uptake and reducing immobilization or volatilization
after rainfall events. By cutting excess application in high-
supply zones and reallocating to deficit areas, these systems

site-specific
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trim fertilizer purchases while preserving yield potential and
quality, producing measurable savings per hectare alongside
reduced off-field nutrient loading (Bhamini et al., 2025) B,
Integration with remote sensing and IoT platforms further
refines prescriptions through iterative updates as conditions
evolve.

Additionally, unmanned aerial vehicles and satellite imagery
supply rapid, scalable observations that sharpen allocation
of water, nutrients, and crop protection across management
zones. High-frequency drone flights capture subfield
variability at centimeter to decimeter resolution, detecting
canopy stress, emergence gaps, and disease foci before yield
is compromised, while satellites contribute broad coverage
and temporal continuity that anchor season-long adjustment
of prescriptions. These image streams, when georeferenced
to GNSS and ingested into analytics platforms, produce
zone updates that shift irrigation setpoints, reallocate in-
season nitrogen, and confine pesticide applications to
detected hotspots, thereby reducing overlap and off-target
inputs. Importantly, the maturation of imaging sensors and
ICT architectures documented in the precision agriculture
literature mirrors growing adoption of imagery-driven
decision loops that connect sensing to variable-rate
actuation (Avola et al., 2024) . In fertilization, where
patenting activity has concentrated, image-derived vigor and
nutrient status maps increasingly inform split-application
timing and rate capping in high-supply areas to curtail
residuals without constraining attainable yield (Avola et al.,
2024) @1,

Crop Performance Outcomes

Accordingly, crop performance denotes the combined
outcomes of yield quantity, quality attributes that determine
marketability, and resilience to biotic and abiotic stressors
across variable seasons. Yield remains a central indicator,
evaluated as harvested mass per area and often
disaggregated by stability measures that track variance
across years or management zones to reflect consistent
physiological development. Quality is assessed through
metrics such as protein, oil content, test weight, size
uniformity, and defect rates, which together influence price
realization and postharvest efficiency; these attributes
respond to timely input synchronization and canopy health
maintenance. Resilience, in turn, captures the crop’s
capacity to maintain function under heat, drought, disease
pressure, or nutrient shortfall, with attention to recovery
trajectories and the maintenance of critical thresholds for
photosynthesis and reproductive  success. Producer
assessments of precision technologies frequently reference
these dimensions—particularly yield gains and cost
control—as salient benefits, linking performance indicators
to adoption choices (Thompson et al., 2018) 131,

In fact, evidence for yield increases under precision farming
is strongest where data-driven prescriptions correct spatial
misallocation and tighten input timing around sensitive
growth stages. Meta-analyses and multi-year farm trials
report modest average yield gains—often in the low single
digits—when variable-rate seeding and nitrogen are
coordinated with canopy and soil diagnostics, with larger
responses in fields exhibiting pronounced heterogeneity.
Studies linking IoT sensor networks and machine-vision
analytics to in-season adjustments show that earlier
detection of water or nutrient stress can prevent irreversible
losses at flowering or grain fill, translating detection into
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measurable harvest improvements (Karunathilake et al.,
2023) 1. Furthermore, GPS-guided section control reduces
overlap that otherwise suppresses stand uniformity, while
robotics-enabled precision placement supports consistent
emergence and tiller development across management zones
(Karunathilake et al., 2023) . Although yield responses
vary with baseline management, soil texture, and weather,
the pattern across trials indicates that precision practices
stabilize canopy function and convert avoided stress
episodes into incremental, economically meaningful yield
gains.

Moreover, precise input management has improved crop
quality by tightening spatial uniformity in plant stand,
canopy development, and harvest attributes that drive
grading outcomes. Variable-rate seeding, irrigation, and
nitrogen timing reduce within-field variance in plant size
and maturity, which lowers defect rates and improves traits
such as test weight, kernel size consistency, and color
uniformity that determine market premiums. ICT-integrated
control systems coordinate sensors and machinery so that
dose, placement, and timing converge on crop physiological
thresholds, thereby supporting protein formation in cereals
and oil profile targets in oilseeds through stable availability
of water and assimilable nitrogen during critical windows
(D Andujar, 2023) ™. In horticultural systems, targeted
fertigation and zone-specific canopy management limit
overgrowth and nutrient dilution, improving soluble solids
and firmness while reducing postharvest shrink, outcomes
traceable to synchronized water status and nutrient supply at
fruit set. These quality gains complement yield stabilization
by shrinking spatial heterogeneity, which simplifies
downstream sorting, reduces rejections, and improves
contract compliance (D Andujar, 2023) ™,

Furthermore, precision farming enhances crop resilience by
enabling early detection of stressors and timely, localized
interventions that prevent cascading physiological damage
during critical growth stages. Sensor networks and imagery
identify pest ingress, disease onset, and water or heat stress
at subfield scales, allowing variable-rate irrigation, targeted
pesticide deployment, and canopy microclimate adjustments
that maintain photosynthetic capacity and reproductive
success under volatile weather. Prescription updates
informed by short-term forecasts and in-season diagnostics
also support staged nutrient supply that sustains root
function and tissue integrity, reducing susceptibility
windows that pests and pathogens exploit. Although these
capabilities depend on data quality, operator skill, and
interoperable equipment, the trajectory of lower machinery
costs and rising digital proficiency indicates broader
feasibility, which is essential for resilience gains to reach
small and medium-sized farms (KLEPACKI, 2020) 7l In
contexts where farm structures consolidate and service
ecosystems mature, integration of sensing with actuation
can stabilize performance against heat spikes, irregular
rainfall, and disease pressure (KLEPACKI, 2020) [,

For example, multi-year trials in variable-rate nitrogen
management for winter wheat reported 3—5% yield increases
with concurrent improvements in protein uniformity when
in-season prescriptions were guided by canopy sensing and
GNSS-referenced maps (S et al., 2024). A drip-fertigated
tomato study using IoT-enabled soil moisture and electrical
conductivity sensors documented a 20% reduction in
applied water and a 12% rise in marketable yield,
attributable to setpoint-based irrigation that maintained
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consistent fruit size and firmness during heat events (S et
al., 2024). In maize, on-farm experiments that paired section
control with variable-rate seeding reduced stand overlap by
double digits and improved harvestable ears per square
meter, translating into stable yields across contrasting soil
textures despite irregular rainfall. Similarly, vineyard blocks
using remote sensing to target zone-specific irrigation and
nitrogen applications achieved narrower distributions of
Brix and acidity at harvest, improving contract compliance
and reducing sorting losses. Across these cases, measurable
gains reflect tighter synchronization of dose, timing, and
placement with spatially resolved crop demand (S et al.,
2024).

Economic and Environmental Impacts

Nevertheless, the economic case for precision farming rests
on measurable cost savings from reduced input use, labor
efficiency, and improved pass-to-pass accuracy that together
raise margin per hectare. Farmers report lower variable costs
when section control eliminates overlap, variable-rate
prescriptions trim fertilizer and water purchases, and guided
traffic reduces fuel and wear, while stabilized yield and
quality support higher revenue reliability across seasons.
Return on investment emerges from these combined effects
and from the option value of better information, which
reduces decision error and supports within-season
corrections that protect high-value growth stages from
irreversible loss. Consistent with economic studies that treat
observed adoption as revealed profitability, diffusion
patterns across regions and technologies signal that many
systems deliver positive net returns under commercial
conditions, even as performance varies with heterogeneity,
commodity prices, and service costs (Lowenberg-DeBoer,
2019) 8. Furthermore, projections of continued uptake
imply that learning-by-using and competitive service
markets will lower per-hectare costs and shorten payback
periods as toolchains mature (Lowenberg-DeBoer, 2019) 18,
Additionally, environmental advantages arise when
precision systems align input placement with measured field
conditions, thereby shrinking the volume of water and
agrichemicals transported off-site during storm events. GPS-
guided section control and variable-rate irrigation reduce
overlap and percolation, while drone-informed hotspot
targeting confines pesticide and fertilizer applications to
areas of need, which lowers concentrations in surface runoff
and tile effluent (Vellingiri et al., 2024) U4, These same
adjustments diminish greenhouse gas formation by curbing
surplus nitrogen that drives nitrification—denitrification
pathways and by reducing fuel use through optimized routes
and fewer passes, with sensor feedback preventing
unnecessary operations during low-response periods
(Vellingiri et al., 2024) 41, Over successive seasons, lower
chemical loading and improved moisture regulation support
soil microbial activity, aggregate stability, and residue
retention, strengthening nutrient cycling and infiltration that
buffer fields against erosion. Together, these outcomes link
operational precision to broader ecological performance by
translating real-time monitoring into site-specific control
that reduces losses at the source while maintaining
agronomic function.

However, translating technical potential into widespread
adoption faces several obstacles that temper the economic
and environmental gains outlined above. Upfront investment
in GNSS guidance, sensors, variable-rate hardware, and data
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platforms can strain working capital, with uncertain payback
when field heterogeneity is modest or service markets are
thin, thereby raising hesitation among producers who weigh
costs against perceived benefits (Thompson et al., 2018) 31,
Beyond  hardware, technological complexity—data
calibration, interoperability, prescription generation, and
maintenance—demands time and specialized skills that
compete with seasonal labor constraints, and errors in
configuration can erode expected efficiency improvements.
These challenges are compounded by uneven digital
infrastructure and fragmented support services, which
increase switching costs and limit confidence in multi-
vendor toolchains; in turn, producers’ heterogeneous
perceptions of yield gains, cost savings, and convenience
shape willingness to experiment and sustain use over
multiple seasons (Thompson et al., 2018) [13]. Consequently,
targeted training, decision support, and service models that
reduce learning burdens become central to lowering
adoption thresholds while preserving operational reliability.

Future Prospects and Innovations in Precision Farming
Looking ahead, innovations will concentrate on Al- and
machine learning—enabled decision systems that fuse
heterogeneous data streams from loT-connected sensors,
imaging platforms, and weather services to generate
adaptive, zone-specific prescriptions. Next-generation
sensor networks combining hyperspectral, thermal, and soil
probes will expand continuous monitoring of water status,
nutrient availability, and disease risk, while onboard
analytics filter noise, quantify uncertainty, and trigger
irrigation, fertigation, or protection only when thresholds are
crossed (Mohammed Aarif K. O. et al, 2025) Dl
Concurrently, robotics will extend precision beyond
mapping and rate control toward autonomous actuation—
swarm sprayers, robotic weeders, and harvest assistants—
that execute micro-dosed, spatially selective operations
synchronized with real-time diagnostics. Edge—cloud
architectures will distribute computation so that time-critical
control runs locally, whereas model training and cross-
season learning proceed centrally, supporting transferable
prescriptions across fields and years (Mohammed Aarif K.
O. et al, 2025) Pl. As these components integrate,
interoperability standards, self-calibration routines, and
explainable models will be essential to maintain reliability,
reduce operator burden, and scale benefits to diverse farm
sizes.

Consequently, the convergence of sensing, geolocation, and
variable-rate actuation positions precision farming to
contribute meaningfully to global food security while
aligning production with sustainability targets. By raising
output per unit of water, nutrients, and energy, site-specific
management can expand effective supply without
proportional increases in input demand or land conversion,
buffering food systems against climate volatility and
resource constraints. Scalable toolchains—remote sensing,
ground sensors, and GPS/GIS—translate  spatial
heterogeneity into actionable prescriptions that curb losses,
reduce leaching and emissions, and support consistent yields
and quality, which stabilizes supply chains and market
availability (Sharma, 2023) ['2l. Moreover, precision crop
management platforms integrate diverse datasets to
coordinate in-season adjustments at field scale, improving
reliability of harvest outcomes in smallholder and
commercial contexts while reducing off-site impacts that
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degrade soils and waterways (Sharma, 2023) [121. As
robotics and automation lower labor bottlenecks and enable
micro-dosed, targeted operations, the combined effect is a
production system that meets rising demand with tighter
resource  stewardship and verifiable environmental
performance.

Finally, ongoing research and policy initiatives converge on
lowering adoption barriers through interoperable platforms,
standardized data governance, and targeted support for
training and service provision. Public—private programs
fund testbeds that integrate IoT sensors, machine vision, and
robotics with decision support, enabling demonstration of
adaptive prescriptions under commercial conditions while
generating open datasets for benchmarking and extension
curricula (Karunathilake et al., 2023) [© Regulatory
pathways increasingly reference data standards and audit-
ready records, linking conservation payments and tax
incentives to verifiable reductions in water use, nutrient
residues, and emissions documented by connected
equipment. Parallel research agendas emphasize edge—cloud
architectures, cybersecurity, and explainable Al to improve
reliability and operator trust, with grant schemes prioritizing
smallholder-appropriate hardware, connectivity solutions,
and modular service bundles that reduce fixed costs
(Karunathilake et al., 2023) !, In combination, procurement

guidelines, performance-based subsidies, and
interoperability standards create scale economies for
vendors and clearer return profiles for producers,

accelerating diffusion across heterogeneous farm sizes and
cropping systems.

Conclusion

Collectively, the analysis shows that precision farming
improves resource use efficiency by aligning water, nutrient,
and energy applications with measured crop demand,
thereby reducing waste while maintaining agronomic
function. These same mechanisms strengthen crop
performance through modest but durable yield gains, tighter
quality distributions, and greater resilience to episodic
stress, outcomes linked to feedback-driven, site-specific
decisions across the season. The integration of sensing,
geolocation, analytics, and variable-rate actuation translates
heterogeneity into timely control, shrinking operational lag
and converting avoided stress into marketable output with
lower off-site losses. Moreover, emerging Al, robotics, and
edge—cloud architectures indicate that these benefits can
scale as systems become more interoperable, self-
calibrating, and labor-efficient, making reliable performance
accessible across farm sizes. Taken together, the evidence
suggests a production model that raises output per unit input
while curbing environmental burdens, positioning
agriculture to meet rising demand under climate and
resource constraints with verifiable stewardship outcomes.
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Abstract

Consequently, this essay examines Integrated Nutrient Management (INM) as a coordinated approach that combines organic
amendments, mineral fertilizers, biofertilizers, and site-specific diagnostics to meet crop nutrient demands while maintaining
ecological balance. INM is defined here as the planned integration of diverse nutrient sources and decision tools to optimize
timing, placement, and quantity, thereby aligning productivity goals with resource stewardship. The analysis considers how
INM improves crop yield through balanced nutrient supply, improved nutrient-use efficiency, and greater resilience to climatic
and edaphic variability. It also evaluates effects on soil health, including organic matter dynamics, biological activity,
aggregation, and nutrient cycling, which underpin sustained fertility across seasons. Beyond field performance, the discussion
addresses environmental and economic sustainability by assessing reductions in nutrient losses, mitigation of greenhouse gas
emissions, input-use efficiency, and cost stability for farmers, setting the stage for evidence-based evaluation across yield, soil,

and sustainability outcomes.
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Introduction

Moreover, Integrated Nutrient Management (INM) refers to
the coordinated use of organic inputs, mineral fertilizers,
biological inoculants, and diagnostic tools to supply
nutrients in synchrony with crop demand. It has gained
relevance in modern agriculture as production systems
contend with finite fertilizer resources, climate variability,
and the need to curtail nutrient losses that degrade water
quality and air. By aligning timing, placement, and nutrient
forms, INM aims to sustain yields while maintaining soil
processes that support long-term productivity and buffering
capacity. The approach is operationally flexible, allowing
site-specific combinations that respond to soil constraints,
cropping sequences, and local resource availability without
sacrificing agronomic rigor. This essay examines three
connected domains: first, the effects of INM on crop yield
through balanced supply and improved nutrient-use
efficiency; second, the influence on soil health via organic
matter turnover, aggregation, and biotic activity; and third,
environmental and economic sustainability outcomes
associated with reduced losses and steadier input costs.

Understanding Integrated Nutrient Management

Furthermore, Integrated Nutrient Management (INM) is the
deliberate coordination of organic materials, mineral
fertilizers, and biological agents to match crop demand
across time and space while maintaining soil functions. Its
principles include balancing nutrient budgets, synchronizing
release with phenological stages, and using diagnostics to
guide rate, source, timing, and placement, thereby aligning
agronomic goals with environmental safeguards (Selim,
2020) [15 161 Core components span composts, manures,
crop residues, green manures, and cover crops that build
organic carbon, alongside mineral inputs targeted to specific
deficiencies identified through soil testing, and microbial
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inoculants such as mycorrhizae and nitrogen-fixing bacteria
that improve acquisition and cycling (Kushwah et al., 2024)
19, The rationale for integration rests on complementarity:
organic inputs improve structure, water retention, and
microbial activity, while mineral sources provide
immediately available nutrients that prevent shortfalls
during peak demand, and inoculants strengthen rhizosphere
interactions. In practice, crop rotation and diversification
extend these gains by distributing nutrient extraction,
disrupting pest cycles, and stabilizing soil fertility across
seasons (Kushwah et al., 2024) [19],

Furthermore, nutrient management practices trace a
trajectory from nutrient recycling in traditional mixed
farming to the standardized use of synthetic fertilizers
during the Green Revolution, and finally toward integration
as limitations of single-source approaches became apparent.
Early systems relied on manures, composts, and legume
rotations that sustained soil organic matter but could not
always meet rapidly increasing nutrient demand under
intensified cropping. The widespread adoption of mineral
fertilizers delivered immediate yield gains, yet imbalances
in nutrient ratios, declining soil biological activity, and
externalities such as runoff prompted recalibration of
practice and policy. In response, INM emerged by
recombining organic amendments, targeted chemical inputs,
and biofertilizers with diagnostic tools, thereby linking
short-term nutrient availability to long-term soil function
and system resilience (Panta & Parajulee, 2021) ['!l. This
historical shift reflects a pragmatic synthesis: integration
reduces exclusive dependence on chemical inputs while
improving microbial activity and soil properties that support
stable productivity across seasons (Panta & Parajulee, 2021)
[11]

Additionally, common strategies within Integrated Nutrient
Management include crop rotation, which distributes
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nutrient extraction across species and phases, and green
manuring, where leguminous cover crops fix nitrogen and
supply labile carbon that supports microbial turnover.
Composting stabilizes organic residues into humified
fractions that release nutrients gradually while improving
aggregation and water retention, thereby moderating
seasonal variability in nutrient supply. The use of
biofertilizers—such as rhizobia, Azotobacter, phosphate-
solubilizing bacteria, and arbuscular mycorrhizae—
enhances nutrient acquisition pathways and can reduce
dependence on mineral inputs during critical growth stages.
Operationally, these techniques are linked through
diagnostics that align nutrient release with phenology and
through decision support that coordinates application
timing, residue management, and inoculant viability,
mirroring integrated decision cycles adopted in adjacent
agricultural management frameworks (Dara, 2019) [l
Moreover, farmer training and information-sharing
networks sustain the continuity of these practices by
standardizing protocols for compost maturity, inoculant
quality control, and rotation planning, thereby improving
field-level consistency and scaling across production
systems (Dara, 2019) 41,

Impact of INM on Crop Yield

Consequently, empirical comparisons across crops indicate
that Integrated Nutrient Management consistently raises
yields relative to mineral-only fertilization through
complementary supply and synchronized release. A meta-
level review reports yield gains from 1.3% to 66.5% in rice,
wheat, and soybean under INM, attributed to improved
nutrient availability and better soil physical conditions that
support root growth and water capture (Paramesh ef al.,
2023) U2, Field-level evidence in maize grown on acid
Inceptisols shows that combining NPK with farmyard
manure or vermicompost, biofertilizers, and liming
improves root density and nutrient uptake, with lime serving
as an essential amendment to correct acidity constraints
(Ghosh et al., 2019) [ 71, Notably, plots receiving chemical
fertilizer without an organic component suffered a 53%
yield reduction, highlighting the risk of nutrient imbalances
and poor rhizosphere function when rapid-release sources
are used alone (Ghosh et al., 2019) [ 71, Together, these
findings show that integrated packages outperform
conventional programs by aligning immediate nutrient
supply with sustained soil-mediated support for growth
(Paramesh et al., 2023) [,

Moreover, the productivity gains observed under Integrated
Nutrient ~ Management  arise  from  process-level
improvements in nutrient solubility, rhizosphere transport,
and root acquisition efficiency. Organic amendments supply
labile carbon and functional groups that chelate cations and
buffer pH, increasing the availability of phosphorus,
micronutrients, and ammonium while improving water
retention that supports mass flow to roots (Kushwah et al.,
2024) 19 Concurrently, mineral fertilizers targeted by soil
testing prevent transient deficits during peak demand,
ensuring adequate ionic gradients for uptake and reducing
antagonisms that occur when single nutrients are applied
without balance (Kushwah et al., 2024) 19, Biofertilizers
strengthen these effects: mycorrhizal hyphae extend the
depletion zone and accelerate phosphorus and zinc uptake,
whereas nitrogen-fixing and phosphate-solubilizing bacteria
contribute ammonium and mobilized orthophosphate,
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thereby lowering the energetic cost of acquisition. Finally,
crop rotation and cover crops maintain continuous nutrient
cycling and root exudation, preserving microbial biomass
and enzyme activity that sustain mineralization across
seasons and stabilize supply during critical phenological
stages (Kushwah et al., 2024) 1191,

In addition, optimal yield responses under Integrated
Nutrient Management arise when nutrient supply is
balanced across macronutrients and micronutrients while
simultaneously curbing pathways of loss such as leaching,
volatilization, and runoff. Balancing sources through
calibrated combinations of organic and mineral inputs aligns
supply with crop demand, preventing antagonisms and
hidden hunger that depress photosynthate allocation to
grain; concurrently, organic amendments increase cation
exchange capacity and moisture retention, moderating
concentration peaks that otherwise drive nitrate movement
beyond the root zone (Chejara et al., 2021) ™ 31, Reduced
losses maintain a steadier root-zone concentration,
sustaining uptake kinetics during critical phenophases and
preserving energy for growth rather than stress responses
associated with deficiency—surplus cycles. Moreover,
recycling on-farm residues and manures supplies slowly
mineralizing pools that dampen temporal variability and
decrease reliance on high single-dose applications, which
are more prone to gaseous and hydraulic export from fields
(Chejara et al., 2021) > 31, These dynamics translate into
higher agronomic efficiency, allowing lower applied doses
to deliver comparable or greater yield through improved
recovery and conversion.

For example, multi-season field trials in acidic Inceptisols
showed that maize receiving a coordinated package of NPK,
farmyard manure or vermicompost, biofertilizers, and lime
produced higher ear length, kernels per row, and grain yield
than mineral-only controls, indicating that integration
corrected both nutrient supply and edaphic constraints
(Ghosh et al., 2019) &7, The inclusion of lime was decisive
because it improved rhizosphere pH and exchange sites,
which, together with organic inputs, raised root density and
sustained uptake during peak demand phases (Ghosh ef al.,
2019) [% 71, Notably, the same experiments reported a 53%
yield reduction where chemical fertilizers were applied
without any organic amendment, demonstrating that
unbuffered soluble inputs can depress performance in low-
buffer soils even when nominal nutrient rates are adequate
(Ghosh et al., 2019) [ 7. These outcomes align with the
preceding process analysis by linking yield gains to
synchronized availability, moderated loss pathways, and
improved root—soil contact. They also provide a template for
rice-wheat systems on marginal soils, where calibrated
liming and organic additions can stabilize returns while
maintaining fertilizer response.

However, consistent yield gains under Integrated Nutrient
Management are not guaranteed because variability in the
quality and decomposition rate of organic materials can
desynchronize nutrient release from crop demand, especially
under fluctuating moisture and temperature. Heterogeneous
carbon-to-nitrogen ratios, variable lignin content, and
uncertain microbial activity alter mineralization trajectories,
requiring frequent calibration of mineral supplements to
avoid temporary deficits or surpluses during peak uptake.
Labor and management demands also constrain outcomes:
composting, residue handling, and properly timed
applications add seasonal workload that smallholders may
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not meet during critical windows, thereby reducing the
effectiveness of synchronized supply. Moreover, limited
extension support, uncertain access to reliable inoculants,
and fragmented markets for quality organic inputs create
input inconsistency and risk that discourage sustained
adoption and learning-by-doing needed to refine site-
specific protocols (Tiemann & Douxchamps, 2023) [7,
These technical and institutional constraints interact with
cost structures and price signals, so that even agronomically
sound packages may not be implemented at scale without
supportive research, financing, and market arrangements
(Tiemann & Douxchamps, 2023) [17],

Influence of INM on Soil Health

Meanwhile, Integrated Nutrient Management (INM)
improves soil fertility by building organic matter pools that
support aggregate stability, pore continuity, and water
retention, thereby creating conditions that sustain nutrient
availability across seasons (Selim, 2020) [5 16 The
combined application of organics with calibrated mineral
fertilizers and biofertilizers increases soil organic carbon
and cation exchange capacity, moderates acidity through
liming, and raises base saturation, which together strengthen
nutrient buffering and reduce transient deficits (Ghosh et al.,
2019) & 7. Enhanced structure and higher water-holding
capacity lower bulk density and improve aeration,
facilitating microbial turnover that drives mineralization of
nitrogen and mobilization of phosphorus and micronutrients
into plant-available forms (Ghosh et al., 2019) [» 71, These
biological feedbacks are reinforced as organic inputs supply
energy substrates for microbes, allowing steady enzyme
activity and rhizosphere interactions that maintain cycling
even under variable moisture and temperature (Selim, 2020)
(15 161 Consequently, INM creates a self-reinforcing soil
system in which physical quality, microbial processes, and
chemical reserves jointly sustain fertility and stabilize crop
response.

Furthermore, Integrated Nutrient Management stimulates
soil microbial activity and biodiversity by supplying diverse
carbon substrates and habitat structure through organic
amendments while providing targeted mineral nutrients that
prevent metabolic bottlenecks. Manures, composts, and
residue incorporation increase particulate and dissolved
organic matter, fueling heterotrophic growth and enzyme
production, whereas improved aggregation and porosity
protect microbial microhabitats from desiccation and
predation, supporting a richer assemblage of decomposers,
mutualists, and nitrifiers (Paramesh et al., 2023) [2]
Biofertilizers add functional groups such as rhizobia,
Azotobacter, phosphate-solubilizing bacteria, and arbuscular
mycorrhizae, which expand nutrient acquisition pathways,
intensify rhizosphere signaling, and create complementary
niches that stabilize community structure during seasonal
fluctuations. These interactions reduce the amplitude of
nutrient oscillations by coupling mineralization to crop
phenology, thereby maintaining steady root-zone
availability while lowering the risk of opportunistic blooms
associated with unbalanced inputs (Paramesh et al., 2023)
(121 As a result, microbial biomass, diversity, and activity
co-vary with improved physical conditions and carbon
supply, strengthening nutrient cycling, resilience to stress,
and long-term soil function.

As a result, the integrated use of organic amendments,
biofertilizers, and calibrated mineral inputs reduces soil
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degradation by improving aggregation and cation exchange
capacity, which curtails crusting, compaction, and surface
sealing that precede ecrosive losses (Panta & Parajulee,
2021) M. Compared to exclusive chemical fertilization,
INM builds soil organic carbon and microbial biomass that
strengthen aggregate stability and pore continuity, thereby
lowering runoff velocity and sediment detachment on
sloping and intensively tilled fields (Panta & Parajulee,
2021) M1, Increased biological activity also accelerates
residue decomposition into stable fractions, raising water
infiltration and moisture retention, which in turn dampens
erosive  episodes  during  high-intensity  rainfall.
Concurrently, balanced nutrient supply and improved
buffering reduce nutrient depletion by maintaining root-
zone availability and moderating leaching and volatilization
that occur under high, unbalanced soluble applications.
Evidence from synthesis work indicates that these physical
and biological gains coincide with improved chemical
status, producing fields that retain nutrients longer and lose
less soil mass than systems reliant on mineral fertilizers
alone (Panta & Parajulee, 2021) 11,

Additionally, Integrated Nutrient Management stabilizes
soil pH and mitigates salinity and toxicity by coordinating
organic inputs, targeted mineral amendments, and microbial
inoculants to regulate ionic balances and buffering capacity.
Organic materials contribute functional groups and
carbonate equivalents that neutralize acidity, increase cation
exchange capacity, and complex aluminum and manganese,
thereby reducing root toxicity while moderating rapid shifts
that follow heavy soluble fertilizer use (Kushwah et al.,
2024) 1191, Where sodicity or salinity pressures exist, gradual
nutrient release from composts and manures lowers osmotic
stress, while balanced mineral additions avoid sodium
accumulation by maintaining adequate calcium, magnesium,
and potassium on exchange sites to sustain flocculation and
infiltration. Biofertilizers, including mycorrhizae and
nitrogen-fixing bacteria, improve nutrient uptake efficiency
at moderate concentrations, allowing lower salt loads per
unit yield and reducing the frequency of high-conductivity
applications that destabilize pH and induce ion antagonisms
(Kushwah et al., 2024) "9 In turn, crop rotation and
diversification distribute extraction patterns, limit chloride
and sodium carryover, and permit periodic corrective liming
or gypsum scheduling to maintain favorable reaction
conditions across seasons.

Environmental and Economic Sustainability of INM

Consequently, Integrated Nutrient Management (INM)
delivers environmental gains by aligning nutrient inputs
with crop demand, which curtails surplus nitrogen and
phosphorus prone to leaching and runoff into waterways. By
substituting portions of synthetic fertilizers with organic
sources and calibrating mineral applications, INM decreases
reactive nitrogen accumulation, a change linked to lower
nitrous oxide and nitric oxide emissions and improved
yield-scaled emission intensity in rice systems managed
with ground cover and water-saving practices (Yao et al.,
2018) M8 Reduced emission factors in these systems
indicate that synchrony and source blending diminish
gaseous losses while sustaining grain output, thereby
limiting atmospheric pollution without compromising
production (Yao et al., 2018) 131, Parallel gains arise from
recycling agricultural wastes into composts and manures,
which replaces external inputs, stabilizes soil structure that
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retains nutrients, and lowers pollution risk, while also
reducing total nutrient costs for farmers through on-farm
resource use (Chejara et al., 2021) > 31, These adjustments
support ecosystem services by improving soil carbon stocks,
water infiltration, and microbial functioning that regulate
nutrient cycling (Chejara ef al., 2021) 23],

Moreover, the economic case for Integrated Nutrient
Management (INM) rests on reduced expenditure for
mineral fertilizers through partial substitution with on-farm
organics and improved nutrient-use efficiency that lowers
application rates without depressing output. Input cost
savings are reinforced when calibrated blends avert quality
penalties—especially in fruit systems where excess
inorganic fertilization reduces marketable grade and price—
thereby protecting revenue streams while maintaining
agronomic performance (Kumari, 2025) ©1. Yield stability
adds further value by smoothing interseasonal variability,
since gradual nutrient release from composts and manures
sustains uptake during weather fluctuations, reducing the
risk of shortfalls that trigger emergency purchases or lost
sales. These effects compound over time as soil carbon,
cation exchange capacity, and microbial activity strengthen
recovery efficiency, enabling smaller incremental doses to
achieve target yields and lowering the cost per unit of
production. Consequently, multi-year profitability improves
through a combination of lower variable costs, steadier
yields, and reduced postharvest losses linked to more
consistent product quality and size distributions (Kumari,
2025) 1,

Furthermore, the scalability and adaptability of Integrated
Nutrient Management (INM) arise from its modular design,
which allows tailored blends of organic materials, mineral
fertilizers, and biofertilizers to match resource endowments
and climatic constraints across agro-ecological zones. In
rainfed semi-arid systems, priority can be given to composts
and residue mulches that improve water retention and buffer
nutrient release, while targeted mineral supplements address
episodic deficits during short, intense growing periods
(Selim, 2020) [ 16 In irrigated rice—-wheat belts,
synchronized dosing guided by diagnostics can integrate
manures and green manures to stabilize soil structure, with
calibrated mineral inputs maintaining yield targets under
high-cropping intensity (Selim, 2020) ['> 161, Smallholders
can rely on on-farm residues and seasonal legume covers to
reduce cash expenditures, whereas commercial farms can
deploy precision placement and quality-controlled
inoculants to improve recovery efficiency within
mechanized schedules. Policy and extension frameworks
further support scaling by standardizing testing services,
compost quality benchmarks, and training that translate
INM principles into locally actionable protocols for diverse
farming systems.

In addition, Integrated Nutrient Management (INM)
contributes to climate change mitigation by increasing soil
organic matter and microbial activity that support carbon
stabilization while lowering emission intensity through
improved nutrient-use efficiency. Long-term INM in acidic
Inceptisols raised dehydrogenase and phosphomonoesterase
activities and increased soil organic matter, conditions that
favor carbon accrual in aggregates and reduce the need for
high mineral fertilizer doses associated with nitrous oxide
release (Patra et al., 2020) 31, These biophysical changes
complement adaptation by improving water-holding
capacity, aggregation, and root-zone nutrient buffering,
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which sustain crop performance during drought and high-
rainfall variability common under shifting climates.
Moreover, diversified nutrient sources and biofertilizers
expand acquisition pathways, allowing crops to maintain
uptake at moderate concentrations, thereby reducing
osmotic stress and the probability of loss spikes during
extreme events while preserving yield stability. By
strengthening microbial-mediated cycling and maintaining a
steadier nutrient supply, INM builds soil functions that both
sequester carbon and buffer production risks under climate
uncertainty (Patra et al., 2020) 1131,

Barriers and Challenges to INM Adoption

Nevertheless, widespread adoption of Integrated Nutrient
Management (INM) is constrained by intertwined
knowledge, resource, and policy obstacles that vary across
farm types and infrastructure contexts. Surveys indicate that
both adopters and nonadopters experience barriers,
including uncertainty about performance, limited time for
learning, and administrative burdens linked to compliance
or documentation, suggesting that motivation alone does not
remove adoption frictions (Rudnick et al, 2023) U4,
Resource constraints remain pronounced: smaller farms face
cash-flow limits for composting equipment, testing services,
and quality inoculants, whereas larger parcels with
microirrigation and advisory networks are more likely to
implement practices such as split applications and ET-based
scheduling that support INM’s synchrony objectives
(Khalsa et al., 2022) 1. Information bottlenecks further
impede progress when field-relevant guidance is not
delivered through trusted local channels, making extension
and pest control advisors crucial conduits for context-
specific diagnostics and scheduling. Finally, policy
frameworks that reward yield but not nutrient-use
efficiency, and fragmented quality standards for organics,
weaken incentives to coordinate sources and timing at scale
(Rudnick et al., 2023) 141,

To address these challenges, a coordinated policy package
should combine strengthened extension services, targeted
subsidies, and iterative farmer training that builds decision
capacity and confidence. Extension programs need to
deliver site-specific diagnostics, split-application
scheduling, and quality standards for composts and
inoculants while engaging trusted advisors, since adoption is
shaped by perceived efficacy and social learning processes
central to behavior change (Gao & Arbuckle, 2021) DI,
Subsidies should reduce upfront costs for soil testing,
composting infrastructure, lime, and biofertilizers, and be
structured as performance-based incentives that reward
nutrient-use efficiency and verified reductions in loss
pathways rather than volume of inputs applied. Training
curricula ought to develop self-efficacy through hands-on
trials, peer mentoring, and decision tools that reflect local
rotations and risk profiles, with modules attuned to age,
acreage, insurance participation, and economic pressure that
predict adoption heterogeneity (Gao & Arbuckle, 2021) B,
Finally, policy alignment across crop insurance,
procurement, and environmental compliance can link
premium discounts and market access to documented INM
plans and monitoring, reinforcing durable practice change.

Future Prospects and Innovations in INM
Subsequently, future Integrated Nutrient Management will
be shaped by precision tools that align nutrient release with
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rapidly shifting field conditions, reducing exposure to
weather-driven yield volatility. Variable-rate application
guided by proximal sensors and satellite imagery can tailor
nitrogen and phosphorus to canopy status and soil
heterogeneity, while closed-loop controllers coordinate split
doses with evapotranspiration and soil moisture dynamics.
Digital monitoring systems that combine in situ ion-
selective probes, low-cost spectrometry, and machine
learning can forecast short-term nutrient deficits and
recommend adjustments prior to stress, a capability that is
especially relevant as temperature and precipitation
extremes depress yields in many regions (Beillouin et al.,
2020) ™. Novel biofertilizers—engineered consortia of
mycorrhizae, diazotrophs, and phosphate-mobilizers—
paired with carriers that protect viability during storage and
field fluctuations could maintain acquisition pathways when
heat or drought constrains mineralization (Beillouin et al.,
2020) ™. Finally, decision platforms integrating weather
nowcasts, seasonal outlooks, and crop models would
schedule amendments to avoid loss-prone windows,
improving nutrient-use efficiency and resilience.

Finally, advancing Integrated Nutrient Management (INM)
requires sustained research programs that co-develop site-
specific  protocols with farmers while generating
comparative evidence on yield stability, nutrient-use
efficiency, and soil recovery under diverse constraints.
Public research should prioritize long-term trials that
quantify decomposition dynamics of local organics,
performance of biofertilizers in variable climates, and cost—
benefit profiles that reflect labor peaks and market volatility,
thereby reducing uncertainty that currently dampens
adoption (Tiemann & Douxchamps, 2023) '], Education
and extension must translate these findings into modular
training on diagnostics, split applications, compost quality
control, and inoculant handling, delivered through trusted
local advisors and peer networks that support iterative
learning and adaptive management. International
cooperation can align funding with problem-driven research,
harmonize compost and inoculant standards, and revise
trade rules to recognize the additional costs of
sustainability-focused management, fostering cross-border
diffusion of wvalidated INM packages (Tiemann &
Douxchamps, 2023) [71. Together, these actions build
credible evidence, stable incentives, and institutional
capacity needed for durable, large-scale uptake.

Conclusion

Altogether, the evidence presented shows that Integrated
Nutrient Management (INM) raises crop yield by
synchronizing nutrient supply with phenology, aligning
immediate mineral availability with the structural and
biological support derived from organics and biofertilizers.
This coordinated strategy stabilizes soil health through
increases in organic carbon, improved aggregation, higher
cation exchange capacity, and resilient microbial
communities that maintain mineralization and nutrient
buffering across seasons. Environmental outcomes follow
from reduced leaching, volatilization, and runoff, alongside
lower emission intensity and greater carbon retention, while
economic performance improves through reduced input
requirements, steadier yields, and protection of product
quality. Although adoption faces knowledge, infrastructure,
and policy barriers, modular design and precision tools
demonstrate a feasible path for scaling across farm sizes and
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agro-ecologies. Therefore, INM stands as a practical
foundation for future agriculture by coupling productivity
with resource stewardship, offering a durable route to
maintain food supply while safeguarding soils and
minimizing externalities.
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Abstract

This study was conducted with the objective to determine the effect of micronutrients and GA3 on
growth and yield of Tomato (Zycopersicon esculentum Mill.) cv. Kashi Chayan and an experiment was
conducted at the horticultural farm, Udai Pratap (Autonomous) College, Varanasi (U.P.) during Rabi
season of 2023-2024. Experiment was laid out in a randomized block design (RBD) with seven
treatments replicated three times comprising GA3 and micronutrients with control i.e. T1: GA; (50ppm),
T2 GAs (100ppm), Ts: ZnSO4 (0.5%), T4: ZnSO4 (1%), Ts: Boric acid (50ppm), Te: Boric acid
(100ppm) and T7: Control. Significantly, differences were found for plant growth parameters viz. plant
height (cm), oumber of branches plant!, number of flower cluster, mumber of cluster plant!, was
recorded highest in T2: GAs (100ppm). The treatment Tz2: GAs (100ppm) was also found best in early
days to 50% flowering, days to first fruit set and yield attributes viz., no. of fruit per cluster, no. of fruit

plant!, average fruit weight (g), fruit length (cm), fruit width (cm), fruit yield per plant (kg) and fruit

yield (¢/ha) in tomato cv. Kashi Chayan. It is revealed that the use of GA3 at the concentration of
100ppm, considerably increased the vegetative growth parameters and significantly increased growth

and yield of tomato.

Keywords: Micronutrients, GAs, Growth and Yield

Introduction .

Tomato (Lycopersicon esculentum Mill.) is a member of the Solanaceae family and is a
diploid species with a chromosome number of 2n=24. Originally native to Peru and Mexico,
it is now widely cultivated across the globe due to its ability to thrive in a variety of soil
types and climates (Gerszberg et al., 2015) Y], The top tomato-producing countries include
China, the United States, India, Egypt, Turkey, Iran, Mexico, Brazil, and Indonesia [FAO,
2022]. Tomato is a warm-season crop that is sensitive to cold temperatures (Afshari et al.,
2014) [, It can be cultivated in both the wet and dry seasons, provided the annual rainfall
ranges from 60 to 150 cm. However, excessive rainfall during its growth period can be
detrimental to the plant. Micronutrients play a crucial role in plant processes, and foliar
application of these nutrients can enhance both the quality and yield of tomatoes (Ali ef al.,
2012) ) by boosting the photosynthetic activity in green plants (Singh and Tiwari, 2013) (3],
Micronutrients management is essential to boost the crop production and also increased the
fruits quality. Boron and zinc important micronutrient for quality tomato fruit production.
Zinc regulates growth and also promotes balanced sugar consumption and Boron helps to
providing some nutrients and essential for proper development of their fruits and seeds.
Gibberellic acid is a key growth regulator with various potential applications for altering
plant growth, yield, and yield-related traits (Rafeekher). Considering the facts, the current
study aims to examine the effects of Micronutrients and GA; on the growth and yield of
tomato.

Materials and Methods

A field experiment entitled " The effect of micronutrients and GA; on growth and yield of
Tomato (Lycopersicon esculentum Mill) cv. Kashi Chayan" was conducted at the
experimental field of Department of Horticulture, Udai Pratap (Autonomous) College,
Varanasi (U.P.) during Rabi season of 2023-2024. Experiment was laid out in a randomized

~ 102 ~
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ABSTRACT

An efficient procedure has been developed for the oxidative deprotection of tetrahy-
dropyranyl ethers to the corresponding carbonyl compounds under the mild reaction
conditions of in situ generated tetraecthylammonium superoxide.

Keywords: tetrahydropyranyl ethers, deprotection, tetraethylammonium superoxide.

AIMS AND BACKGROUND

Tetrahydropyranyl (THP) ethers are widely used as protecting groups for alcohols
in synthetic chemistry'~ THP ether can be easily synthesised from a variety of hy-
droxyl- compounds by acid catalysed reaction with 3,4-dihydro-2H-pyran*. Moreover,
THP ethers are insensitive to various reagents and conditions such as base, oxidative
agents, Grignard reagent, alkylating agents and many more®. A variety of methods for
the selective removal of THP ethers have been developed, but the direct synthesis of
carbonyl compounds from tetrahydropyranyl ethers is a useful practical achievement
and only few reports are available>1°.

In light of the above and as a part of the ongoing research on superoxide
chemistry!', we describe herein our result on the reactivity of in sifu generated tetra-
ethylammonium superoxide (Et,NO,) with different tetrahydropyranyl ethers under
nonaqueous conditions at room temperature, affording the corresponding carbonyl
compounds (Scheme 1).

" For correspondence.
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EXPERIMENTAL

Potassium superoxide and tetracthylammonium bromide were procured from E. Merck
and were used as received. Dry DMF of Aldrich, was stored over molecular sieves (4
A) prior to use. The other reagents and solvents were of A.R. grade. Tetrahydropyranyl
ethers were prepared according to a literature procedure!?. IR spectra were recorded
on a Perkin Elmer FT-IR spectrometer. 'H NMR spectra were recorded on a JEOL
ECZ 500R FT-NMR spectrometer and the chemical shifts are expressed as o (ppm),
using TMS as an internal reference.

General procedure. A mixture of potassium superoxide (1.13 g, 0.016 mol) and tetra-
ethylammonium bromide (1.68 g, 0.008 mol) (weighted under nitrogen atmosphere
using an atmosbag) in dry dimethylformamide (25 ml) was stirred for 15 min, and
then tetrahydropyranyl ether 1a—1i (0.008 mol) was added. After the reaction was
completed (2.0-5.0 h) as indicated by TLC, brine solution (20 ml) was introduced
followed by saturated sodium hydrogen carbonate solution (20 ml). The reaction
mixture was extracted with diethyl ether (3 x 20 ml). The combined organic extract
was washed with water, dried over anhydrous Na,SO,, filtered, and evaporated to
give the product (2a-2i).

RESULTS AND DISCUSSION

In the present study, Et,NO, has been generated in situ by the phase transfer reaction of
KO, and Et,NBr in DMF at room temperature and subsequently allowed to react with
anumber of tetrahydropyranyl ethers (1a—1i). As an outcome, tetrahydropyranyl ethers
(1a—1i) were readily deprotected to their corresponding carbonyl compounds (2a—2i).

The reactions were accomplished by using 2.0-fold molar excess of KO, with
respect to substrate (1) in anhydrous DMF. Generally, the substrate tetrahydropyranyl
ether was allowed to react with in situ generated superoxide ion for 2.0-5.0 h at room
temperature. The reaction was then quenched with cold brine solution and work up to
afford the product in excellent yield (Table 1). The total disappearance of the starting
material was checked by thin-layer chromatography (TLC). All the oxidation products
are known compounds and are identified by the comparison of their physical data and
IR and NMR spectra with those of the authentic samples.
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Table 1. Oxidative deprotection of tetrahydropyranyl (THP) ethers with in sifu generated tetraethylam-
monium superoxide

Substrate 1 Product 2 Yield (%)
Ph,CHOTHP (1a) Benzophenone (2a) 82
PhCH(Me)OTHP (1b) Acetophenone (2b) 87
c-C,H, OTHP (1¢) Cyclohexanone (2¢) 85
PhCH,OTHP (1d) PhCHO (2d) 82
2-MeOC H,CH,OTHP (1e) 2-MeOC H,CHO (2e) 80
3-MeOCH,CH,OTHP (1f) 3-MeOC H,CHO (2f) 78
4-MeOC H,CH,OTHP (1g) 4-MeOC H,CHO (2g) 78
2-NO,C H,CH,OTHP (1h) 2-NO,C H,CHO (2h) 70
3-NO,C H,CH,OTHP (1i) 3-NO,C_H,CHO (2i) 75
CONCLUSIONS

In conclusion, tetracthylammonium superoxide represents a convenient reagent for
one-pot oxidative deprotection of tetrahydropyranyl ethers to their corresponding
carbonyl compounds.
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Abstract

The environmental friendliness of plants and their extracts makes them essential for the green manufacturing of
nanoparticles. Plant extracts have been used to create a variety of metal nanoparticles. In this work, we Teport on an
environmentally friendly approach of producing gold nanoparticles by utilizing aqueous extracts of Zingiber nigrum (ginger)
leaves and assess their photocatalytic properties. The produced nanoparticles' capacity for photocatalysis and antioxidants
was also evaluated. Xoay diffraction (XRD), Fourier transform infrared (FT. IR) spectroscopy, and UV-Vis
spectrophotometry were used to analyze the gold nanoparticles (Zn-AuNPs) that were synthesised by Zingiber nigrum.
Powder XRD measurements verified the Zn-AuNPs’ cnystalline form. The Zn-AuNPs had an average particle size of 21.52
nm and were primarily spherical, according to micrographs obtained using high-resolution transmission electron microscopy
(HRTEM). Polyphenolics and other functional groups that served as reducing and capping agents during the AuNP
synthesis were discovered in the aqueous extract by FTIR spectral analysis. Significant antioxidant activity was
demonstrated by these green-produced nanoparticles. The anthropogenic pollutant dyes methylene blye (MB) and
rhodamine B (RhB) were catalyzed by Zn-AuNPs under UV radiation, with percent degradations of 93.25% and 97.64%,
respectively. The photodegradation procedure adhered to a pseudo-firstorder kinetic model, [t has been suggested that the
Zn on the Au nanoparticles effectively suppresses electron-hole recombination, which accounts for the observed
photocatalytic activity of Zn-AuNPs. These findings support the notion that Zingiber nigrum is a viable bioresource for the
production of gold nanoparticles with a wide range of environmental uses and is one of the novel features of this study.
Keywords: Zingiber nigrum (ginger), Gold nanoparticles, Antioxidant, Photocatalysis,

1. INTRODUCTION

Water is unquestionably a necessary resource for all facets of life, yet freshwater resources are currently scarce
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ABSTRACT

Five species of Phlaeothripidae (Thysanoptera: Tubulifera) have been recently recorded from Uttarakhand,
India. These include Androthrips ramachandrai Karny, 1926; Gynaikothrips uzeli Zimmerman, 1900;
Haplothrips (Haplothrips) andresi Priesner, 1931; Haplothrips (Haplothrips) ganglbaueri Schmutz, 1913;
and Haplothrips (Haplothrips) gowdeyi (Franklin, 1908). An updated checklist of Tubuliferan thrips species
recorded from Uttarakhand, including five new regional records is provided.

Key words: Tubulifera, Phlaeothripidae, Thysanoptera, thrips diversity, new records, Uttarakhand, Androthrips,

Gynaikothrips, Haplothrips, insect taxonomy

Thrips, belonging to the order Thysanoptera, are
economically significant insect pests. Globally, this
order comprises 6,414 species in 787 genera, classified
into two suborders: Terebrantia and Tubulifera (Tyagi
et al., 2024). Of these, Tubulifera includes the largest
and diverse family Phlaeothripidae, which contains
approximately 3,809 extant species, divided into
two subfamilies: Idolothripinae and Phlaeothripinae
(ThripsWiki, accessed 20 June 2023). India is home
to 816 thrips species across 265 genera, including
448 Tubulifera species under 143 genera, all within
the family Phlaeothripidae (Tyagi and Kumar, 2016;
Tyagi et al., 2024). The primary distinction between
the two suborders is the morphology of the last
abdominal segment and the presence or absence of a true
ovipositor in females. In terebrantia, the last abdominal
segment is typically conical or spherical, and female
possess a well-developed, saw-like ovipositor. On the
contrary, members of Tubulifera will have a tubular last
abdominal segment, and females lack a true ovipositor.

Idolothripinae can be recognized from its sister
group Phlaeothripinae by broad or sub-parallel
maxillary stylets, the lack of maxillary guides, and long
S2 setae on tergite IX, mainly feeding on fungal spores
(Mound and Palmer, 1983). They feed on fungus and
fungal hyphae (Mound and Tree, 2018). Uttarakhand,
known for its abundant biodiversity and different
agroclimatic zones, has so far reported 27 Tubuliferan
species only (Ananthkrishnan and Sen, 1980; Tyagi and

Kumar, 2016; Patidar et al. 2022; Tyagi et al. 2024). The
recent study revealed the presence of five new species
to the regional fauna. The new record of these species
along with an updated checklist are provided.

MATERIALS AND METHODS

Thrips specimens from randomly selected host
plants (5-10/ site) were collected by beating leaves
and flowers onto an A4 size white paper or white tray
by hand or with a stick (Bradley and Mayer, 1994). A
comprehensive survey was conducted in 22 locations
in the U.S. Nagar and Nainital districts of Uttarakhand.
Thrips were collected in 1.5 ml Eppendorf tubes
containing AGA solution (a mixture of 10 parts sixty
per cent ethyl alcohol, 1-part glycerin, and 1-part acetic
acid), using a fine wet camel hair brush. Vials were
labelled with the date, host plant name, and location and
kept at 4°C at the Molecular Entomology Laboratory,
Department of Entomology, GBPUA&T, Pantnagar. The
collected specimens were slide mounted and identified
with the help available standard morphological keys
(Mound, 1974; Ananthkrishnan and Sen, 1980; Eow et
al.,2014). All the voucher specimens were deposited in
the National Zoological Collection, Zoological Survey
of India, Kolkata.

RESULTS AND DISCUSSION

Approximately 500 thrips specimens were collected,
with five tubuliferan species representing three
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genera viz: Androthrips Karny, 1911, Gynaikothrips
Zimmermann, 1900 and Haplothrips Amyot and
Serville, 1843 belonging to family Phlaeothripidae
were identified as new distribution records for
Uttarakhand. The detailed descriptions pertaining to
them are presented in the full text, along with a systemic
checklist of previously and newly recorded species. A
comprehensive checklist of Tubuliferan thrips species
recorded from the state of Uttarakhand is presented in
Table 1. This list compiles data from previous faunistic
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surveys and recent field collections conducted during
the present study. A total of 32 species belonging to
multiple genera under the family Phlacothripidae
are documented, including five species newly
reported from the region (Androthrips ramachandrai,
Gynaikothrips uzeli, Haplothrips (Haplothrips)
andresi, H. ganglbaueri, and H. gowdeyi). The
checklist provides species-level information on their
known distribution within Uttarakhand, associated
host plants, and relevant literature sources. This

Table 1. Updated Checklist of Tubuliferan thrips of Uttarakhand

SI.  Name of Species Distribution Host (s) References

No.

1. Aesthesiothrips jatrophae Dehradun Jatropha curcus Ananthkrishnan and Sen,
Ananthakrishnan, 1961 (Uttarakhand) flowers 1980; Tyagi et al., 2024

2. Androthrips ramachandrai Pantnagar, U.S. Flowers of Present report*
Karny, 1926 Nagar (Uttarakhand)  Cascabela thevetia

3. Androthrips flavitibia Moulton,  Dehradun Galls of Mallotus ~ Ananthkrishnan and Sen,
1933 (Uttarakhand) philippinensis 1980; Tyagi et al., 2024

4. Apelaunothrips bhowalii Bhowali Dry sal leaves Ananthkrishnan and Sen,
(Ananthakrishnan, 1971) (Uttarakhand) 1980

5. Apterygothrips hispanicus Kulhara, Garhwal Rhododendron Ananthkrishnan and Sen,
(Bagnall, 1916) (Uttarakhand) flower 1980; Tyagi et al., 2024

6. Azaleothrips bhattii Vijay Veer  (Uttarakhand) - Tyagi et al., 2024
& Chauhan, 1990

7. Bactrothrips idolomorphus Bhowali Dry & decaying Ananthkrishnan and Sen,
(Kamy, 1919) (Uttarakhand) leaves of wild tree 1980

& sal

8. Bactrothrips luteus Bhowali Dry Sal leaves Ananthkrishnan and Sen,
Ananthakrishnan, 1973 (Uttarakhand) 1980

9. Bamboosiella varia Dehradun Palm sheaths; dry ~ Ananthkrishnan and Sen,
(Ananthakrishnan and Jagadish, (Uttarakhand) twigs 1980; Tyagi et al., 2024
1969)

10.  Dinothrips spinosus (Schmutz, = Kumaon, Dehradun =~ Log of M. Ananthkrishnan and Sen,
1913) (Uttarakhand) philippinensis 1980; Tyagi et al., 2024

11.  Elaphrothrips insiginis Almora Dry twigs Ananthkrishnan and Sen,
Ananthakrishnan, 1973 (Uttarakhand) 1980

12.  Elaphrothrips spiniceps Bagnall, Kathgodam Dry twigs Ananthkrishnan and Sen,
1932 (Uttarakhand) 1980; Tyagi et al., 2024

13.  Ethirothrips beesoni (Moulton, = Dehradun Twigs of Ananthkrishnan and Sen,
1928) (Uttarakhand) Ficus religiosa 1980; Tyagi et al., 2024

14.  Ethirothrips indicus (Bagnall, Dehradun Bark of half dead Ananthkrishnan and Sen,
1921) (Uttarakhand) sal tree 1980; Tyagi et al. 2024

15.  Ethirothrips obscurus (Schmutz  (Uttarakhand) - Tyagi et al., 2024
1913)

16.  Gigantothrips Mussoorie Leaves of an Ananthkrishnan and Sen,
gardneri Ananthakrishnan, 1960 (Uttarakhand) unidentified plant 1980; Tyagi et al., 2024

17.  Gigantothrips tibialis (Bagnall ~ (Uttarakhand) - Tyagi et al., 2024

1921)

(contd.)
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Ficus benjamina

Dry Pine twigs

Decaying wood and

Present report™

Ananthkrishnan and Sen,
1980

Ananthkrishnan and Sen,

twigs 1980

- Tyagi et al., 2024
Momordica Present report*
charatia

Sorghum bicolor

Present report*

Citrus sp. Present report*

Dry twigs Ananthkrishnan and Sen,
1980

Galls of M. Ananthkrishnan and Sen,

philippinensis 1980; Tyagi et al., 2024

- Tyagi et al., 2024

Galls of M. Tyagi et al., 2024

philippinensis

- Tyagi et al., 2024

- Patidar et al., 2022; Tyagi
et al. 2024

Dry twigs Ananthkrishnan and Sen,

1980

18.  Gynaikothrips uzeli Pantnagar
Zimmerman, 1900 (Uttarakhand)

19.  Hoplandrothrips corticis Bhowali
Ananthakrishnan, 1972 (Uttarakhand)

20.  Haplothrips (Haplothrips) Bhowali
fungulus Ananthakrishnan, 1973 (Uttarakhand)

21.  Haplothrips (Haplothrips) (Uttarakhand)
reuteri (Karny, 1907

22.  Haplothrips (Haplothrips) Pantnagar, U.S.
andresi Priesner, 1931 Nagar

(Uttarakhand)

23.  Haplothrips (Haplothrips) Haldwani
ganglbaueri Schmutz, 1913 (Uttarakhand)

24.  Haplothrips (Haplothrips) Pantnagar, U.S.
gowdeyi (Franklin, 1908) Nagar

(Uttarakhand)

25.  Holothrips fumidus Mukteswar
(Ananthakrishnan, 1972) (Uttarakhand)

26.  Liothrips (Liothrips) bosei Dehradun
Moulton, 1928 (Uttarakhand)

27.  Liothrips (Liothrips) sangali (Uttarakhand)
Kulshrestha & Vijay Veer 1990

28.  Mesothrips malloti Moulton, Dehradun
1929 (Uttarakhand)

29.  Malacothrips natalensis (Uttarakhand)
(Trybom, 1912)

30.  Psephenothrips Nainital
uttarakhandensis Patidar, (Uttarakhand)
Singha, Kumar & Tyagi, 2022

31.  Stephanothrips adnatus Mukteswar
Ananthakrishnan, 1972 (Uttarakhand)

32.  Urothrips tarai (Stannard, 1970) Nainital

(Uttarakhand)

- Ananthkrishnan and Sen,
1980

*New Record for Uttarakhand

updated inventory underscores the growing diversity
of Tubuliferan thrips in the region and highlights the
importance of continued faunistic exploration in under-
sampled Himalayan ecosystems.

Systematic account - Order: Thysanoptera
Haliday,1836; Suborder: Tubulifera Haliday, 1836;
Family: Phlaeothripidae Uzel, 1895; Subfamily:
Phlaeothripinae (Uzel) Priesner, 1928.

A. Androthrips Karny, 1911

The genus Androthrips includes 12 species of which
11 are from the tropics of Asia. So far, 5 species of this
genus have been documented from India (Tyagi et al.
2024).

1. Androthrips ramachandrai Karny, 1926 (as shown
in Fig. 1A)

Description: Both sexes with well-developed
wings. Body and legs brown, but tarsi, as well as fore
tibiae and apices of the mid and hind tibiae yellow.
Antennal segment III yellow; IV-VI also yellow but
with the apex variably brown. The forewings pale.
Head longer than wide. Postocular setae long with a
weakly capitate apex. Maxillary stylets retracted to the
postocular setae and about one-third of the width of the
head. Antennae 8-segmented, with segment I1I with 3
sensoria and segment IV bearing four. No sculpture in
the pronotum, but bears four pairs of major setae; minute
anteromarginal setae. Paired prosternal basantra, along
with a distinct transverse mesopresternum. Fore femur
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frequently larger and with a rounded tubercle on the
inner margin near the base. The foretarsal tooth notably
enormous. Metanotum with weak linear reticulation.
Forewing weakly constricted medially and with around
12 duplicate cilia. Pelta elongate triangular. Abdominal
tergites II-VII each include two pairs of sigmoid wing-
retaining setae. On tergite I1X, setae S1 nearly as long
as the tube. Males smaller than females and possess
short and thick S2 setae on tergite IX (Ananthakrishnan,
1971; Mound & Ng, 2009; Mound and Kibby, 1998).

Material examined: 29: India, Uttarakhand,
Pantnagar, G.B. Pant University of Agriculture and
Technology, Pantnagar, 243.84 MSL, 07.xii.2021,
Cascabela thevetia, collected by S. Saran.

Distribution: India: Assam, Arunachal Pradesh,
Tamil Nadu, Kerala and Uttarakhand (Present record);
World: Japan, Southern USA, Mexico, Puerto Rico,
Costa Rica, Colombia, Argentina, Brazil, Syria and
western Asia (Ananthkrishnan and Sen, 1980; Ali, 2015;
Tyagi and Kumar, 2016; Tyagi et al. 2024).

B. Gynaikothrips Zimmermann, 1900

This genus comprises 40 species and all of them
are gall inducers and produce leaf-galls or leaf-rolls.
The majority of these species occur in the Oriental
region especially on the tropical or subtropical plants,
although two related pest species, Gynaikothrips
ficorum and G. uzeli, are extensively distributed due
to horticultural trade with ornamental plant Ficus spp.
(Fig. 2) (Mound and Kibby, 1998). This genus includes
11 species recovered from various states of India (Tyagi
etal., 2024).

1. Gynaikothrips uzeli Zimmerman, 1900 (Fig. 1B)
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Description: Both sexes possess wings. Body dark
brown, with yellow tarsi and tibial apices. Antennal
segments II-V yellow; segment VI shaded at the apex,
VII shaded in the distal half, and VIII uniformly light
brown. Forewings pale with shaded margins on the
distal half. Antennae 8-segmented, with segment III
with a single sense cone and segment IV with three
sense cones. Head longer than wide and slightly
constricted behind the compound eyes. First ocellus
raised on a small prominence over the antennal
bases. Postocular setaec with bluntly pointed, arising
well behind compound eyes, but barely reaching to
the posterior margin of the eyes. Maxillary stylets
retracted almost to the level of postocular setaec and
about one-third of the width of the head. Pronotum
with conspicuous transverse lines of sculpturing, often
forming swirling patterns. Major setae variable in size;
anteromarginals minute; anteroangulars usually well
developed; posteroangulars at least 0.7 times as long
as the epimeral setae and consistently longer than the
discal setae. Epimeral sutures vary in completeness.
Prosternal basantra absent, and mesopraesternum
boat-shaped. Metathoracic sternopleural sutures
absent. The metanotum highly sculptured with
longitudinal reticulations. Fore tarsus with a small or
poorly developed tooth. Forewing parallel-sided and
with approximately 15 duplicated cilia. Pelta broadly
triangular with distinct median reticulations and internal
markings. Abdominal tergites II-VII each with two
pairs of sigmoid wing-retaining setae. On tergite [X,
setae S1 sharply pointed and about 0.8 times the length
of the tube. Tube longer than head. Males smaller
than females. They lack the fore tarsal teeth, and S2
setae on tergite X, short and stout. Sternite VIII lacks
glandular areas (Mound and Tree, 2016; Mound and Ng,
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Fig. 1. Morphological features of three tubuliferan thrips species recorded from Uttarakhand: (A) Androthrips
ramachandrai (female, dorsal view), (B) Gynaikothrips uzeli (female, dorsal view), (C) Haplothrips (Haplothrips)

gowdeyi (female, dorsal view).
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Fig. 2. Leaf galls caused by Gynaikothrips uzeli on Ficus spp. in Uttarakhand: (A) Infested Ficus plant showing

multiple leaf galls, (B) Leaf manually opened to reveal numerous thrips inside the gall chamber, (C) Single leaf gall
showing characteristic curling and thickening of the lamina

2009; Ananthakrishnan, 1971). Leaf galls induced by
Gynaikothrips uzeli on Ficus spp. (Fig. 2A-C).

Material examined: 49: India, Uttarakhand,
Pantnagar, G.B. Pant University of Agriculture and
Technology, Pantnagar, 243.84 MSL, 13.xi1.2021, Ficus
benjamina, collected by S. Saran.

Distribution: India: Assam, Karnataka, Odisha,
Tamil Nadu, West Bengal and Uttarakhand (Present
record); World: Java, Indonesia/ Malaysia, Australia,
New Caledonia, Timor Leste, Philippines, Singapore,
Taiwan, Vietnam, Laos, Cambodia, Thailand, Malaysia,
Indonesia, Maldives Islands, Spain, Syria, Israel, Costa
Rica, Columbia, Peru, Brazil, Galapagos Islands, USA
(Florida, South Carolina) (Tyagi and Kumar, 2016;
Johnson and Varatharajan, 2018; Mound and Tree, 2021;
Tyagi et al. 2024).

2. Gynaikothrips sp. (Fig. 2)

This unidentified species was also collected from
Ficus benjamina. However, identification proved
challenging; based on diagnostic features, it may
represent G. ficorum (Marchal), but confirmation
requires further analysis.

C. Haplothrips Amyot and Serville, 1843

It is the largest genus in this group, with 240
species divided into two subgenera: Haplothrips and
Trybomiella, which are listed internationally (Mound
and Hastenpflug-Vesmanis, 2021). Haplothrips has
duplicate cilia on its forewings, whereas Trybomiella
does not. In India, however, only 25 Haplothrips species
have been described, 16 of which belong to the subgenus
Haplothrips and 9 to Trybomiella (Tyagi and Kumar,

2016; Tyagi et al. 2024) Haplothrips species breed in
flowers and can be found in several plant genera of
Asteraceae and Poaceae. Some Haplothripini species
are predators, whereas a few may be mycophagous
(Mound and Matsunaga, 2017).

1. Haplothrips (Haplothrips) andresi Priesner, 1931

Description: Body and legs uniformly dark brown
to black. Fore tibiae yellow toward the apex with outer
margins dark; mid and hind tibiae also dark with distal
apices pale yellow. All tarsi pale yellow. Antennal
segment II slightly paler at the apex, 111 entirely yellow,
and segments IV-VI yellow in the basal two-thirds.
Major setae on the head, thorax, and base of forewings,
dark. Head somewhat longer than broad, with well-
developed postocular setae that slightly shorter than
the compound eyes and blunt or capitate. Maxillary
stylets 0.26-0.31 times the width of head width apart and
retracted to the postocular setae. Antennae 8-segmented,
with segment III with a single sensorium. Pronotum
with five pairs of major setae, and antero-marginals
well developed. Mesopresternum boat-shaped. Fore
tarsus lacks teeth in females, while in males it bears
a tiny tooth. Forewing with 10-12 duplicated cilia.
Subbasal setae S1 and S2 capitate, while S3 pointed.
Pelta triangular. Abdominal tergite IX indicates setae
S1, S2, and S3; tube short. In general morphology
males similar to females but smaller in size and possess
smaller fore tarsi with a tiny tooth.

Material examined: 29: India, Uttarakhand,
Pantnagar, Vegetable Research Centre, Pantnagar,
243.84 MSL, 02.x.2022, Momordica charantia,
collection by S. Saran.
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Distribution: India: Tamil Nadu, Arunachal
Pradesh, Manipur and Uttarakhand (Present record);
World: Egypt, N. Africa, Sinai, Palestine, Iran (Minaei
and Mound, 2008; Tyagi and Kumar, 2016; Tyagi et
al., 2024).

2. Haplothrips (Haplothrips) ganglbaueri Schmutz,
1913

Description: Antennae 8-segmented, with segment
III characteristically asymmetrical with a single sense
cone, and segment IV with four well-defined sense
cones. Notopleural sutures complete, a common
feature of many Haplothrips spp. Prothorax possess
well developed dorsal setae, all of which expanded
apically, contributing to its distinct chaetotaxy.
Forewings slender with 4-7 duplicated cilia, critical
for identification. Abdominal tergites [II-VII each with
two pairs of sigmoid wing retaining setae, a typical
feature of Haplothrips species with a flower-associated
existence (Bhatti, 1990; Mound and Minaei, 2007,
Ananthakrishnan, 1971).

Material examined: 39: India, Uttarakhand,
Nainital, Kunwarpur, Haldwani, 443 MSL, 15.ix.2021,
Sorghum bicolor, collected by S. Saran.

Distribution: India: Andaman Island, Andhra
Pradesh, Arunachal Pradesh, Assam, Delhi, Haryana,
Karnataka, Madhya Pradesh, Manipur, Meghalaya,
Punjab, Rajasthan, Sikkim, Tamil Nadu, Tripura, Uttar
Pradesh, West Bengal and Uttarakhand (Present record);
World: Widespread across the Oriental region, from
Iran to Japan. (Ananthkrishnan and Sen, 1980k; Minaei
and Mound, 2008; Singh and Rachana, 2020; Tyagi et
al., 2024).

3. Haplothrips (Haplothrips) gowdeyi (Franklin,
1908) (Fig. 1C)

Description: This species is commonly referred
to as the gold-tipped tubular thrips. Body dark brown;
Antennal segments III-VI pale yellow. Antennal
segment III with two sense cones, while IV with four
that contrasts with the dark brown body. Forewing
pale with base shaded, and major setae throughout
the body dark brown, with the exception of tergite IX.
Head slightly longer than wide, and postocular setae
weakly capitate and about as long as the width of the
compound eyes, emerging near to the posterior margin
of the eye. Maxillary stylets retracted to the postocular
setae, approximately half the head width apart, with
a noticeable maxillary bridge present. Pronotum with
five pairs of slender, capitate major setae. Basantra well
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developed; mesopresternum complete and boat-shaped,
but narrow medially. Metathoracic sternopleural sutures
absent. Fore tarsus bears a tiny tooth near the apex.
Forewings constricted medially, with approximately
8 duplicated cilia. All three sub-basal setae capitate.
Pelta triangular in shape. Abdominal tergites 1I-VII
each carry two pairs of sigmoid wing-retaining setae.
Tergite IX with sharp, slender S1 setae nearly as long as
the tube. Tube shorter than the head width. This species
has been frequently recorded to breed in inflorescences
of grass and other flowers, including Asteraceae
(Ananthakrishnan, 1971; Bhatti, 1990; Mound and
Wells, 2015).

Material examined: 59: India, Uttarakhand,
Pantnagar, Horticulture Research Centre, Pantnagar,
244 MSL, 12.11.2021, Citrus sp., collected by S. Saran.

Distribution: India: Andaman Island, Arunachal
Pradesh, Assam, Meghalaya, Punjab, Rajasthan,
Tamil Nadu, Tripura, Uttar Pradesh, West Bengal and
Uttarakhand (Present record); World: It is extensively
distributed around the world in tropical and subtropical
countries. (Tyagi and Kumar, 2016; Tyagi et al. 2024).

The present study increases the known Tubuliferan
fauna in Uttarakhand, increasing the known species
count from 27 to 32. These new records include 4.
ramachandrai, G. uzeli, H. (H.) andresi, H. (H.)
ganglbaueri, and H (H.) gowdeyi. Notably, two
genera viz., Androthrips and Gynaikothrips are newly
recorded from the region for the first time, indicating
the underexplored diversity of Phlaeothripidae in
Uttarakhand. These findings emphasize the potential
influence of host plant diversity, habitat heterogeneity,
and agroecological dissimilarity in shaping the local
thrips assemblages. For example, G. uzeli and A.
ramachandrai, known to be widely distributed in
tropical and subtropical areas, were recovered from
ornamental and flowering hosts such as Ficus benjamina
and Cascabela thevetia, correspondingly- plants that
are increasingly common in urban and peri-urban
environments. The finding of Haplothrips species on
both field (e.g., Sorghum bicolor, Momordica charantia)
and horticultural crops (Citrus sp.) also specifies their
ecological plasticity and impending roles as both
florivores and facultative predators.

Previous works (Ananthakrishnan and Sen, 1980;
Tyagi and Kumar, 2016; Tyagi et al. 2024) have
emphasized the limited faunistic studies of thrips from
Uttarakhand. The present records provide empirical
support to the idea that the Tubuliferan thrips of this
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region are still poorly known and may harbour further
undescribed or unrecorded taxa. This is particularly
relevant considering the state’s unique geographical
location at the interface of the Himalayan and Indo-
Gangetic plains, which bring up ecological transitions
and species turnover. Likewise, the unearthing of a
potentially unidentified Gynaikothrips species points
to the necessity for further integrative systemic studies
employing molecular and morphometric analyses. Such
approaches would be critical in resolving cryptic species
complexes, chiefly within genera such as Gynaikothrips,
known for their close morphological affinities and broad
intraspecific inconsistency.

The updated checklist presented here provides
a foundation for forthcoming ecological and
biogeographical studies of thrips in the region. Regular
surveys across diverse seasons, altitudes, and cropping
systems are recommended to monitor population
dynamics, track invasive species, and assess role of
thrips in phytophagy, pollination, or fungivory. The
documentation of these taxa also grasps importance
for insect pest management strategies, mostly in the
context of climate-induced shifts in insect distribution.
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ABSTRACT

Background: Today, India is the world’s largest and fastest growing market for milk and milk products. Yoghurt (also spelled
“yogurt” or “yoghourt”) has been a part of the human diet for several millennia and goes by many names throughout the world.
Yoghurt is a coagulated milk product obtained by specific lactic acid fermentation, through the action of L. bulgaricus and S.
thermophilus. In recent years, yoghurt has become a popular carrier for incorporating the probiotic species, L. acidophilus and B.
bifidium. The carbohydrate content of yoghurt is easily absorbed by even lactose maldigestors which makes it a valuable adjunct
to any healthy diet. Presence of a-D-galactosidase activity in pro-biotic yoghurt indicates its suitability for lactose-intolerant
infants. Yoghurt is considered by most regulatory agencies worldwide to be a fermented milk product that provides digested
lactose and specifically defined, viable bacterial strains, typically Streptococcus thermophilus and Lactobacillus bulgaricus.
Methods: The experiment was conducted in the laboratory of the Department of Animal Husbandry and Dairying, at Udai Pratap
(Autonomous) College, in Varanasi. The Plain and Strawberry flavoured Yoghurt samples were tested and statistically analyzed.
The experimental techniques employed during the course of present investigation were done under various stages.

Result: Physical properties of yoghurt are mainly influenced by milk composition and the manufacturing conditions under which it
is prepared. Further, variables affecting the physical properties are the heat treatment applied to milk, the protein content, acidity,
culture, additives, homogenization, mechanical handling of coagulum and presence of the stabilizers.

Key words: Fermentation, Milk, Probiotics, Strawberry, Yoghurt.

INTRODUCTION

Dairy is the largest agriculture commodity in India,
contributing 5% to the national economy and employing
over 8 crore farmers directly. According to Food and
Agriculture Organization Corporate Statistical Database’s
(FAOSTAT) production data, India ranks first in milk
production, accounting 24% of global milk production in
the year 2021-22. Milk production has increased by 51.05%
in the past eight years reaching 221.06 milion tons in 2021-22
(FAO, 2023). Milk production is growing at the annual growth
rate of 6.1% over the past 8 years whereas world milk
production is growing at 1.2% per annum. Per capita milk
availability in India is 444 grams per day, surpassing the
world average of 394 grams per day.

Yoghurt (also “yogurt” or “yoghourt”) is an ancient food
that has known by many names over the millennia: katyk
(Armenia), dahi (India), zabadi (Egypt), mast (Iran), leben
raib (SaudiArabia), laban (Iraq and Lebanon), roba (Sudan),
iogurte (Brazil), cuajada (Spain), coalhada (Portugal), dovga
(Azerbaijan) and matsoni (Georgia, Russia and Japan)
(Fisberg and Machado, 2015). The word “yoghurt” is
believed to have come from the Turkish word “yogurmak”
which means to thicken. It is believed that milk products
were incorporated into the human diet around 10000-5000
BC, with the domestication of milk producing animals
(Shree et al., 2017). However, milk spoiled easily, making
it difficult to use. At that time, herdsmen in the Middle East
carried milk in bags made of intestinal gut. It was discovered
that contact with intestinal juices caused the milk to curdle
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and sour, preserving it and allowing for conservation of a
dairy product for extended periods of time (Shree et al.,
2017). Indian Ayurvedic scripts, dating from about 6000
BC, refer to the health benefits of consuming fermented
milk products (Fisberg and Machado, 2015). Today, there
are more than 700 yogurt and cheese products found in
Indian cuisine (Kaur et al. 2017). For millennia, making
yogurt was the only known safe method for preserving milk,
other than drying it. Yogurt was well known in the Greek
and Roman empires and the Greeks were the first to
mention it in written references in 100 BC, noting the use
of yogurt by barbarous nations. In the Bible (Book of Job),
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Abraham owed his longevity and fecundity to yogurt
consumption and there is reference to the “Land of Milk
and Honey,” which many historians have interpreted to be
a reference to yogurt (Fisberg and Machado, 2015). Yoghurt
is more nutritious than milk (Banerjee et al., 2017;
Govindammal et al., 2017). Even lactose-intolerant individuals
can also consume yoghurt because lactose is converted
to glucose and galactose before being fermented to produce
lactic acid (Felix et al., 2022).

Strawberry, Fragaria ananassa Duch., a member of
family Rosaceae (Dwivedi et al., 2024), is a well-known
non-climacteric fruit that has lot of nutritional and
organoleptic characteristics that are commercially
acceptable, therefore it grown to eat as fresh, processed,
preserved (Muttulani and Turnos, 2025). Strawberry fruit
contains high content of flavonoids, epicatechin, catechin,
proanthocyanidin B1 and flavonols (Dwivedi et al., 2024;
Muttulani and Turnos, 2025).

From the ancient time, fermented milk products were
considered as health benefiting food (Shiby and Mishra,
2013; Govindammal et al., 2017). It was used for treating
diarrhea and intestinal disorders. Yoghurt consumption
leads to decrease in pH of stomach, which can result in
reduction of pathogen transit and also it improves the gut
microflora and metabolic activity. Yoghurt can also be used
to supplement the diet with heart-healthy nutrients. The
microbial balance in the gut is critical to prevent
gastrointestinal disorders. It also aids in the control of
diabetes by increasing insulin sensitivity. Novel flavonol in
the strawberry fruit plays an important role in anticancer
and antioxidant activity (Muttulani and Turnos, 2025).

Physical properties of yoghurt are mainly influenced
by milk composition and the manufacturing conditions
under which it is prepared. Further, variables affecting the
physical properties are the heat treatment applied to milk,
the protein content, acidity, culture, additives, homogenization,
mechanical handling of coagulum and presence of the
stabilizers (Rasic and Kurman, 1978; Parnell et al., 1986).

The objectives of the present study are, 1. To assess
the physical qualities of milk samples. 2. To study the
chemical qualities of milk samples. 3. To analyze the
physicochemical quality of strawberry yoghurt prepared
from addition of different concentration levels of strawberry
juice.

MATERIALS AND METHODS

The experiment was conducted during January, 2023 to
December, 2024, in the departmental laboratory of the
Department of Animal Husbandry and Dairying, at Udai
Pratap (Autonomous) College, Varanasi, Uttar Pradesh,
India. The Plain and Strawberry flavoured Yoghurt samples
were tested and statistically analyzed. The experimental
techniques employed during the course of present
investigation were done under various stages such as,
Material required for preparation of plain and strawberry
flavoured yoghurt, procurement of ingredients, Procedure

adopted for preparation of Plain and Strawberry flavoured
Yoghurt, Testing of experimental product, Chemical analysis
of Plain and Strawberry flavoured yoghurt, Organoleptic
quality of Plain and Strawberry flavoured yoghurt, Statistical
analysis of Plain and strawberry flavoured yoghurt.

Preparation of fruit juice

Fruits were washed with clean water and chopping
strawberry with the help of a knife aseptically. The seeds
were removed from the strawberry and also the black spots
were removed. Strawberries were blended and the juice
was filtered with a clean cloth/sieve. Fruits juice was
obtained from the crushed fruit and addition of desirable
sugar concentration according to experimental design.
Then boiling the mixture for 2 min at 90°C and filled into
sterile glass jars.

Treatment combinations

The different treatment combinations used in experiment

are as follows:

T,- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. It is Control setup, i.e. without addition
of strawberry juice.

T,- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 5 per cent.

T,- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 10 per cent.

T,- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 15 per cent.

T,- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 20 per cent.

The mix was then sent for incubation at 42°C until the
complete curd formation/coagulation of yoghurt (8-10hrs).
After that yoghurt was filled in the cups and sent for storage
at about 4°C under refrigeration. Thus, the yoghurt was
ready (Fig 1 and Fig 2).

A group of trained tasters (the panel) evaluates samples
for organoleptic properties-like visual colour, texture, flavour
and tastes for collected milk samples and strawberry
yoghurt samples through nine point’'s hedonic rating scale
(Table 1 and Table 4).

Statistical analysis

All the data obtained were statistically analyzed for its validity
by using Completely randomized design and critical
difference (C.D) technique. The statistical analysis plan
includes total number of treatments 05, total number of
errors 25 and total number of trails 30.

RESULTS AND DISCUSSION

The quality of yoghurt is greatly dependent on the type and
quality of raw material used for its manufacturing. The
compositional parameters, like fat content mainly control
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the body and texture characteristics and flavour of the
product. The research investigation is described separately
in physical and chemical parameters. Results obtained
during the course of this study have been summarized in
the following tables after subjecting to statistical analysis
wherever necessary. The findings have been also illustrated
diagrammatically. A brief description of finding is also
discussed with each table.

Physical qualities of milk

The five cow milk samples (S,, S,, S,, S, and S,) were
taken and the observations were taken just after the
collection of the samples with regard to physical properties
of milk on the basis of colour, flavour and taste by panel of
testers using nine point’'s hedonic rating scale (Table 1).

Colour: The cow milk samples showed light yellowish
colour which was same for remaining all samples of milk.

Flavour: It indicates that all milk samples were obtained
from dairy farm and local market were normal flavour and
they were free from any off flavour.

Taste: The cow milk taste was to be found slightly sweet.
Chemical qualities of milk

In Table 2, some important nutritional constituents were
analyzed separately for five different milk samples (S, S,,
S, S, and S,) of cow to identify their chemical qualities,
acidity, fat, protein and lactose. The data indicate that the
acidity percentage of cow milk samples varied between
0.15 to 0.17 with an average of 0.158. The fat and protein

Addition of cane sugar(@12%

(2.0%S. thermophilus & L.delbrukii subsp. bulgaricus)

Addition of strawberry fruit juice in various proportions (0%, 5%, 10%, 15% &20%)

Incubation (42°C), 8 to 10 hrs

| Filling into cups |

* Storage under reffigeraton (4) |

Fig 1: Flow diagram for making experimental strawberry flavoured yoghurt.

Fig 2: Strawberry flavoured yoghurt.



Physico-chemical Quality Comparison of Fortified Yoghurt with Strawberry Fruit Juice

content of milk samples lies between 3.91 to 4.54 and
3.33 to 4.93 with an average of 4.306 and 3.866 whereas
the lactose content of milk samples lies between 3.23 to
5.05 with an average of 4.302.

The null hypothesis (H,) is rejected and the alternative
hypothesis is taken because 78.881>3.239, (FC>FT).This
means that the statistically analysis (Table 3) shows that
there is a significant difference between the acidity, fat,
protein and lactose content in milk samples.

Physical quality of yoghurt

The physical qualities, viz., colour, flavour, body and texture
of yoghurt samples were studied and the relevant data are
presented in Table 4, the yoghurt obtained from the five
different samples of cow milk with treatments (T, T,, T,, T,
and T,) they were different colours, flavour, body and texture
due to addition of strawberry juice/pulp at different (0%,
5%, 10%, 15% and 20%) levels.

i) Colour

Colour is an important sensory parameter besides taste,
aroma and texture. Colour is one of the factors that influence
consumer acceptance of food products. Control yoghurt
(T,) is yoghurt without addition of any ingredients including
sweeteners or other flavours. In this study, the control
yoghurt produced was white whereas the yoghurt with
addition of strawberry juice/pulp has a light pink colour that
comes from the anthocyanin content in strawberries. The
higher the concentration of strawberry juice/pulp added
resulted in the lighter colour of the yoghurt (Jaster et al.,
2018).

ii) Body and texture

Yoghurt texture determines the quality of the resulting
yoghurt. Generally, good yoghurt has a soft texture like
porridge, not too runny and not too thick (Faisal et al., 2019).

Table 1: Physical qualities of milk samples.

The texture of the yoghurt produced in this study was soft
and smooth at various levels. The addition of strawberry
juice/pulp causes yoghurt texture becomes thicker.

iii) Flavour and taste

The taste of the strawberry yoghurt and the control yoghurt
were sour in taste due to the fermentation takes place, by
lactic acid bacteria that converts fructose, sucrose and
galactose into lactic acid.

Chemical quality of yoghurt

The yoghurt samples were analyse on the basis of
organoleptic and chemical tests. The physical qualities,
viz., colour, flavour, body and texture of yoghurt samples
were studied. The result found that the yoghurt obtained
from the five different samples of cow milk with treatments
(T, T,y T,, T, and T,) they were different colours, flavour,
body and texture due to addition of strawberry juice/pulp at
different (0%, 5%, 10%,15% and 20%) levels .In this study,
the control yoghurt produced was white whereas the yoghurt
with addition of strawberry juice /pulp has a light pink colour
that comes from the anthocyanin content in strawberries.
The higher the concentration of strawberry juice/pulp added
resulted in the lighter colour of the yoghurt. The texture of
the yoghurt produced was soft and smooth at various levels
and the addition of strawberry juice/pulp causes yoghurt
texture becomes thicker. The taste of the strawberry yoghurt
and the control yoghurt were sour in taste.

In comparing chemical analysis, it was observed that
moisture content and acidity were increased in prepared
yoghurt with strawberry juice incorporation because
strawberry juice contains higher moisture content
(71.96%) and acidity (1.02) which decreases the shelf life
of the yoghurt. It was observed that P(0% or plain yoghurt)
contains lower moisture content (71.80%) and other
samples of 5%, 10%, 15% and 20% contains 71.84%,

Type of milk Colour

Flavour Taste

Cow milk Light yellowish

Pleasant Slightly sweet

Table 2: Average mean values of chemical properties of five different milk samples of cow.

Samples* Type of milk Constituents Mean (%) Range (%)
05 Acidity 0.158 0.15 - 0.17
(S,, S, S, S,and S,) Cow milk Fat 4.306 3.91 - 454
Protein 3.866 3.33-4.93
Lactose 4.302 3.23 - 5.05

*mean values, n=3.

Table 3: Analysis of Variance (ANOVA) for the acidity, fat, protein and lactose content in five different samples of cow milk (S,, S,, S,,

S,and S,).
Sources of variation Degrees of freedom Sum of squares M.S. (variance) F Cal. F. value at 5%
Between the groups 3 60.6395 20.2132 78.8807 3.239
Within the groups (error) 16 4.1 0.2563
Total 19 64.7395
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71.86%, 71.94% and 71.96% respectively. It was also
observed that P (0% or plain yoghurt) contains lower acidity
content (0.8%) and the other samples of 5%, 10%, 15%
and 20% contains 0.9%, 0.9% 1.00% and 1.02%. On the
other hand , ash and fat content were decreased with the
addition of strawberry juice because strawberry juice
contains low ash (0.69%) and fat (4.01%) content. It was
observed that P (0% or plain yoghurt) contains higher fat
content (4.73%) and other samples of 5%, 10%, 15% and
20% contains 4.36%, 4.12%, 4.08% and 4.01%
respectively. It was also observed by chemical
composition analysis that P (0% or plain yoghurt) contains
higher ash content (0.79%) and other samples of 5%,
10%, 15% and 20% contains 0.76%, 0.73%, 0.70% and
0.69% respectively. The protein content of P (0% or plain
yoghurt) were decreased about (3.87%) and other
samples of 5%, 10%, 15% and 20% contains higher
protein content such as 4.15%, 4.24%, 4.34% and 4.41%
respectively. Thus, total solids content increases as P
(0% or plain yoghurt) contains (28.22%) and other
samples of 5%, 10%, 15% and 20% contains 28.18%,
28.16%, 28.08% and 28.00% respectively.

Table 4: Physical qualities of yoghurt evaluated by panel.

Average of different physicochemical properties of the
control and strawberry fruit juice/pulp yoghurt

The highest mean value for moisture percentage was found
in T, (71.96) followed by T, (71.94), T, (71.86), T, (71.84)
and T, (71.80). There were no significant differences found
among the treatments. Thus, it showed that different levels
of milk and strawberry juice have a great impact on the
quality of fruit yoghurt. The highest mean value for total
solids percentage was found in T, (28.22) followed by
T,(28.18), T, (28.16), T, (28.08) and T, (28.00). There were
no significant differences found among the treatments. F
value was 0.0, indicating no significant effect of treatment
on total solid. The highest mean value for fat percentage
was found in T (4.73) followed by T, (4.36), T,(4.12), T, (4.08)
and T, (4.01). There were no significant differences found
among the treatments. and the highest mean value for
protein percentage was found in T, (4.41) followed by T,
(4.34), T, (4.24), T, (4.15) and T, (3.87). There were no
significant differences found among the treatments. The
highest mean value for fat percentage was found in T,
(0.79) followed by T, (0.76), T,(0.73), T, (0.70) and T, (0.69).
There were no significant differences found among the

Sample no. Treatments Types of yoghurt Colour Body and texture Flavour and taste

1. T, (Control yoghurt) Cow milk yoghurt White Smooth thin waxy Pleasant sour

2. T, (addition of 5% Cow milk yoghurt Light pink Smooth compact Pleasant sour
strawberry juice/pulp)

3. T, (addition of 10% Cow milk yoghurt Light pink Smooth compact Pleasant sour
strawberry juice/pulp)

4. T, (addition of 15% Cow milk yoghurt Light pink Smooth compact Pleasant sour
strawberry juice/pulp)

5. T, (addition of 20% Cow milk yoghurt Light pink Smooth compact Pleasant sour

strawberry juice/pulp)

Table 5: Chemical quality of yoghurt.

Control and strawberry fruit juice yoghurt

Parameters* Range (%)

T, (0%) T, (5%) T, (10%) T, (15%) T, (20%)
Moisture 71.80 71.84 71.86 71.94 71.96 71.80 - 71.96
Total solids 28.22 28.18 28.16 28.08 28.00 28.00 - 28.22
Fat 4.73 4.36 4.12 4.08 4.01 4.01 - 4.73
Protein 3.87 4.15 4.24 4.34 4,41 3.87 -4.41
Ash 0.79 0.76 0.73 0.70 0.69 0.69 - 0.79
Acidity 0.8 0.9 0.9 1.00 1.02 0.8 -1.02
Average 18.3683 18.365 18.335 18.3567 18.3483 18.335 - 18.3683
*mean values, n=3.
Table 6: Analysis of Variance (ANOVA) of five different samples of cow milk with treatments.
Sources of variation Degrees of freedom Sum of squares M.S. (variance) F Cal. F.value at 5%
Between the groups 4 0.0043 0.0011 0.0 2.759
Within the groups (error) 25 19869.3704 794.7748
Total 29 19869.3747
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treatments and the highest mean value for acidity percentage
was found in T, (1.02) followed by T, (1.00), T, (0.9), T, (0.9)
and T, (0.8). There were no significant differences found
among the treatments.

Analysis of Variance (ANOVA) for the moisture, total
solids, fat, protein, ash and acidity content in five different
samples of cow milk (S1, S2, S3, S4 and S5) with treatments
(T, T,, T, T, and T,) using different levels 0% (control
yoghurt), 5%, 10%, 15% and 20% (with addition of strawberry
juice) as shown in Table 5.

The null hypothesis (H,) is accepted, since 2.759>0.0,
(FT>FC). This means that, there is no significant difference
between the mean of moisture, total solids, fat, protein,
ash and acidity content in milk samples (Table 6).

CONCLUSION

This study was investigated on the basis of physico-
chemical analysis of 0% (plain) and 5%, 10%, 15% and
20% level of strawberry juice yoghurt samples. With the
increasing percentage of strawberry juice, there is also an
increase in acidity percentage in yoghurt which shows that
the physical quality of yoghurt samples is decreasing.
Thus, the results obtained at 5% addition shows a better
acceptance level and found to be best among all the
treatments. In chemical analysis, nutritional quality decreases
with the addition of strawberry juice. Future research may
investigate by considering strawberry syrup and other
varieties of strawberry fruits can be used.
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IS & T TOIhT H GAh! STe-WIE FHET Farg et 81 9Rd § qHe
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gfrzrd), ITES (0.023 Ffazd), 9fz=m 47 (0.685 Ffdzd), IRES (1.737
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SH-HiReTh! i AleeT-ed & 3TUR T SHAN: e (&g Td gard § TR
fepa T € -

arfesent 2
E E -
fasr FRES IR | SWEE | S Enl
T SIS 2631683 | 45814 24 225 249234 521 17432 | 2944929
T SFEE | 1272284 | 22362 4 99 120205 235 8513 | 1423698
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femuT &t feafa S & (A, 2020)1 e IS § wfgarsit bl o
e T gl I 81 9 T-URAN % Hrg-91g S off g Y gl @)
af o W9 g Tl &1 AHe HHEF # 9fq-ed BT Tee Sagd e el 81 9
HH T oF S &, A TI-T1| TP IROTHEEY 394 Soh-aGen & I W
e foRIy SR 7 g &

difesent 4
e WG hl TsFaR fSard
e fTaT 936 936 200 786 932 822 955 936
HE fdmurd 940 917 941 962 918 775 966 938

qasl T RIS 936 949 541 837 932 809 957 936
Wxﬂﬁ & REIS 921 949 989 960 918 1000 953 949

A : 5 1% TR0 JoHa LI 2021, GMISS <= G104, TRG TER IS
13, 115-168 T 169-222 Teh 3T HTAZh el o Heradl § TH.UH. ToIe-2021 HFRaAR
T ITAN otk Znae g A
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BT 4 & TG T T ¢ foh IR & TTHIT (949), =& (929)
3R gt (943) fETHTT & W& qHE WG 1 ST SHwRT: AT
(936), T (938) 3R THYUf (936) ©; SHIfeh AL SMAIT BT T § T7foT
3R Tyl TR W A & Safh el TR W e g1 TsAt i a1d i ol feR,
IR YT IR e e § AT, e SR TRl T W qEel T
ST o9 & fmara ¥ sifies 81 Stirave # amivr, el 3R Trgut 'R
T qHE GHEE h fATad Toq & MU ¥ &9 81 s<an o gy §
T ST FrgUl TR W qHe FYEE h MU T59 & fSIee ¥ &9 §
Sefer FE{ T W 37Uk THE HYEE i YUl T T TSTaR fATara i
3T ORA @ ¥ TR § % Hel TEE & e 15T & Shol 'R @
fESTaTT o 3T9-9rd & &1 R <1 7 0.0378 1 S99 Ul ¥l § b Taee
e ol ST SR Teifea Tsat o fomara # aiferes fome 78 )

HHE WS 1 qrHIfSIoh- e TRed

THE TR i HrifSes- e fafd o= ewyfaa snfaat & o
# o7 off 9gd AR TR 81 e TS 9 STH-U & ufem # =
TS 3T THEE! T heoht Wl ¢ TR I8 ST T § o et wHerE e &
for i & T & 37T o T 71 qHe TS IR W Wl 8 I
e & fafi= wmfses frar-womdt, Gf9-farst & gedt qHet 9qe™ o
fafere fopar-shomt we Gfa-famsi & @9 SfaT a9 a1 81 HAR (2006)
ol & g e fafd w1 fow e gd SdEr € R ey
AT a7t 3R qd SieRt & A § Tg Hefod [Gehr Sfaumt b gfir,
e P e ST & fou st feeR W@ g1 st ot | afedt @
3R 31k afesd T <1 I fha Bl 59 T &9 T IR LA I ST hdl
2, Hifeh afed TE o (S T Sfaal Pl Big fear ST o 219 &1 81% 3R g0
BT T @1 81 R b el e 9 SiR SHianR! i e % Ry e
IR ST & ST g2 7 3kl rifaeh-anfies frafq # e fovm gftedy @
3T € T91 3 37 off Sfedt o o § gfod s Siad fded s 8 A9 a
® &1 R ot 3TN & a1e foehr ShrdshH! o1 STawIh hid T 1T 81T & fh
el & fou &3 T4 T59 T, 9 drdwaist, fafi et aar
TR-HERT 1T g 9o S R fafir=T qrfses wrishd Td Asmmd goed s
HrAToTe TR ST HehNIHS ©F § TAIId e W &1 qHe T off ii-i
39T Fmidar ot st Sl IR Hd gC o9 & fafay fhar-swodt #§ ufa«am
X @I & TS TRUTTEEY I G & GROT 9€% 95@ W@ 8 (fE,
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2013)| BTEIeh 39 SE@E o T agd G 81 fafa=T awepid Feemt 5w fopy S
R AT} o1 qEEd & e W Heeh 9 UE @I 81 I 1Y T5F T HASG Th
T GAIE Tl & &9 § S o T 8 afedh el 3nfdes fafa 3ik wmferen
qfifeafe ol aees § wecrqul gfieht <t e s o W1 € (75,1999

Ao, TR 3R Sfireh TeTqar

THe T S 9gd Aue el amife-anfie fafd & wro
IR Sfa-AT Afyeh fAaR W T BT 81 F e ®9 T 3794
TSI T # Siae fde o &1 3! Hfesh Tehal 9gd & IS i Bl
21 3 3799 Y Sl TEEH ¥ TE B ®a6 B 50 off Gohr T B &
ST o Gog T MM T b AEITH AIgd a1 HrdshAl F s2T Tl 81 3%
SATH I Giftedh Gio @i o Safd T8 & ureht 81 Hefi-heft wieRr W &
f& 1T TS 81 FTOifR Hifae-19 & S I[E S T TEFHA TG e
I AT ¥ el T bl @ SUoedl § foRIY s g 21 ofh
T HALAES TEME o SN T T Aehdl ATt T 8T a5 Gl aiel S
T & o qHel T S e St fade faszidr 1 3@-THeeh haw U1 &
ST &1 3 aTEafae af e feafa o wedt # ifireas e aga & A 8
! AT F o HE A AN, - 6, 996, T2, Tl 3
+ff we g T fed 7

9 (2020) & STER THE I & AHRT BT Teh 19 =6
TS 3N Gosil &l Tehld gl Al o T[S & & ol Gosil el aId| SHeh HRUT
TS T d BN aTd @ ob BHR I ST T LT 8iell 8 S 7 & et s
gt 8 5 &9 U WY o 3N Tesll ST T Teh'| [EE IS ol TR
TG 31k W 21 I Sedl dR TE ged €1 iifer I Sfale ¥ i 8
3R 3 TR F T ot Wt 81 SR g ST @ qod § @
gfagnsTt qeh 3 T FHAT &1 THT @I 11 8 o F 3797 wreed & wfd 3
T T @, a1 6 311 ST wer femmdt v 81 TehR g I & 7
YT W &3, 33N 98, STHATE] HE TG o ATeAH § o e
gfaunstt oK daredt @b 9ot o 9§ gifkeEa & o1 @81 & R e
FSHT & 3 e F9H 7Y 12 T9R $99 (B:-8: 91 &l o fohe ) &t
aTffer TR o TR N TS ST S @I 81 THY v qHel afedr § of
T 94 2| Bieh T T & ¥ & & DRV ik § FHivT 7 81 31N
frafia wa-T@mE = @9 & HRU SE BEd T o 8 qHel e o §
i HET e THE BT 81 THH Sh WA SITechdl bl HHl 3R T
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3 B AT W 3R qGTaRuie TeHH bl SN ol ST91E TedT
I 71 31 off 38.5 Ffeerd qHER W o # I 9N W@ &1 9 9= 9
Tfaafya fepan ST TIfET Eife 97 W@ReR SR Eiaw & fou @A §
(4S® UE 2w, 2019)] “TEEL, Tt 1 9=, $367 i 391 3iR MMl
dieh A &1 B! A1 BHT B T I hiE (o219 ek a1 TSl ol T
T i Jeura TG el & (T, 2020)| THR FYEE H STk e a5
&1 HH WET # g ST 21 [Eel ST9HT A ol 76 3R Afger i a9 ¥ e
2@ &1 3 319 a5 o i ST ff T A €1 S fou o 9
BT BT H Heg BT 91 Hedll & €9 F B4 §1 3% 39 91 § ff B wh
el IS & b S o1 A1 A9 A1 3T off 31k TAW Hao AR A1 Haw
T &l 3¢ 39 I1d H Ff IS &b el ISl § {3 37b UG B 9T i T B
I 0 FeAt & WY G-I U TE-SE T H 8 qEel gyed #
e 3R JAfaaTs SHT T GROT g1 THER 39 Sad h 95 T e §
ST THE T 81 3% Ho @ o agd FHar Té el 81 3 3 S 37ef H S
TETE A | B I 319 =t i 21 & W o Seds 8t €, o i
BT A1fET) SHifeT 3 THeE # Siq=iies faren & wfa wam off agd & &9 7
I e feafd off 9gd ©UE &1 3 awt B e EH ¥ o W R,
S & qEel T ¥ T o feafa Sieh § e el &) sredd e
TR & 8| 39 HYSE & I ey # quid: o1 & (FEN, 2020)) TEET
e # et vd gy H9-919 WA §, H9-91g aNR S 8, WE-9e HH T
off ST &1 SR B o S H &N 95 A 19 9N &1 TIE & B al Higorsi
% fou stfrard 81 TUet Afgorett &1 S 3T 9o sifd e Jeae &
YR T I BT & (I U Ssil, 2019)1 1T 0@ T 79 a1 Gr1forch
w9 Y T HAT &, I @ § THR S Bl Afgond off THe T # oot
FHe & 3R Ffe-Heidt o frafwor # a1 wfe & fufor # 53 g Afgen 29
& AT ST R ST 81 e AfgersTt i fafd T 3R 3 W A e
g &1 BN 2| Fifeh THIST # o S Hofg i a¥g b ol R & W § Y
& 91y s H o S gedi S 3% o S BT 81 J=dl ol SEWe, s
41, GHT TBHT, TEW 6l TaT BT a1 Us-TST B i Hael B 59
fe-afafe & dud 39 <fep S waRr o1 sif fewan 8id &1 quer oid
T 3R aeerdl | 319 g bl A i & U Toe 2l § (Iie ud
FSiT, 2019)
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TR UG hi 3Tfifaehl 3K WG-we

sAferenta TEet Y 3R aedefyd &t § gad fee W W Aee @
HM H &1 T & T8 A 3% KD FM H S 81T A TS b
TR TeRt S et Shed &1 T &35t # W, Heigdl i, Segst weigd
TG & MEAW | STOT Sa-a0 B &1 ST FoGd S A @H-u
THU, T6- 8 HIh-W8 HUS, 3fad W Ud fafeheaena gfaen off 3 &
o A Bl 81 afowE-ARaEl & WY S M-S Te A Y
ST SIS 3 ST B Sy Heigl gfasfud g @ ameee o oK 8 (R,
2012)| IS e ¥, W=5 Yg5e 3R TFT T & BT 37am fad
T AT T E¥ T 3! Ted HIfHd 81 JHe g0 9 ¥ Py e wered
H qTG A9IG &1 AHE WS 9T STSiifachT &9 HfY faes (28 wfazm),
fTen TGl (42 W), =R (14 W), faezh Swor (8 gfazme) iR gEa
(8 wfeer) 9 U=t 7 =fie 21 foer § 1ow qHet HiT weed # 76.22 Hfav@
qAT AfETT THE 68.00 Tz & gE §1 B 19.83 Fferard =1 # di 6 g,
faseil 3R SeTea @ gfaen syos 1 56 Afawrd THes 3 «f Tt @ ¥
I SE-am9 A & feu geRR €1 WEF e § 3w U WE &
faepre fepam & (WOM, 2017)1 39 YOS 30 WA & ARR SH T IR
Zighif=aal’ & Sog e 3R qeL S &g el @l 3t efiehar < 2
TEE BT ATH TS T YT A Bl ALehr, et # fazard, fafare drmen
e+ o gug TR i afeqal o1 Gedf 37 SIdE gt ¥ Srev § (S,
2007)| THR FUEEF & T off Th TRAR 1 Tficha 4 W ool Tl 81 T
quid: TR AT TZ bl STHH W IST SR @ &1 =T srsiforenn gamed
S P, W, 9 SN Gevie @R q97 Il Soarg, aiadd & i
HaeTaite g € (2Mh, 2010)'1 3fwa amEe # gfg, e, 3ia o, SN,
A I I & TG H SASiifach & fafds wwost & fou Tue wEE &
aThifaret § 3R 31feres AT 991 o ® €1 I 7= A4 A I ded
Sodg gied- & fafa= oy 37 SareHt @ e 816 © €, 9w e e
T 3TShifaehT o fou stfies fasit &1 398 o=y woerEl & W & qHe T
& fer=at, wA-e SR eTsifae §f wwiad & @ 81 36 Srffn weHfa
TAIEHT Toh TG ST ST 37 37T hi ST b AT off THEL HYEF BT
STTSHferenT &1 g T8 T T o @ 2 TEel & I AR Hidl q% wga
TE & S § 3R 3T I Wil qh Ugd o At g off i 21 qfy, o,
T SR, 3T Hofgdl oTcs M SeAlfE dch SHohl T8 3T =i & (4
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Tg 3T, 2018)| THY 914 I% & o F el BRI ASI3Tt ol &1 S a1 It
I A H TaY 3T # B &1 rifer Tt U X ol Ted 90T 3
I T H off IR T A B TR 31 3o A9 Haftd fafre yen @
L FrerTet b1 o1 off 3 ek o 37 H 3 gag h W F g I 2|
forepmer wSIfat 3R HHTeA & e YaTE & ATeas[E, WS S SSifaen T 37H
ot Hifqd q9d & 95 W@ &l ST THER THIE i A5l 3 TAII® § B
faf=T JopR & TS ST ® ThN hrdshAl S8 - HI, Gresiaeh faao
JUTe, UL U AR R e § YRR Sl 9 i 3HeH
fepaTaa TE ale T fepan S S fou farn iR SWreehdar wrdshd ot
foRIy srazashdr 71 Qe dier, FuEd 3R udl @l g fear s
B 317 St SR et Sl 3TFT dgeRt qHel 9Hed I g 9ars |
MHSG T I HITATR DT AT AHE TG i TS Taeh! Gl Dl TgH &
fou ofa g&aadt @1 AW 34 & U Ueh Aoed TN YR & Ty
QI JA off 3TaTae § (Wew Ud 374, 2023)|

feen frfeard

. TRATT T & ST -341 3R 342 & TEEMl & STHR g
S SISl SHst ot 6 Jet # fopsdt off Tsa/% wfaa we
o1 ot ot Sfay/at b1 Gfmfed B iR g= § 9 B H A
o T i feam T2 81 e TR 1 39 aw # SFEfEd sfa
it % @ T B qHeR 9 i STcafyen fawdl ammifeen-anfdes feafa
3R YT WIS Y STOE Sl & # W@d g9 3% SgAad Sestd 9t
T T ST A1feT) qifeh 3 W bRt ok faR s S 3R 39 fou
forz T fohw S w0 |

. FAA THF ¥ qHe T ST S a7 H FifsTes-31des STER
R T 31feres s g2 81 s1o fafire G- wiepfaes fazivar &
SHNOT I TEAUR] & FA § o e G 2| 31 HHIforeh-31eh forchr
TgA T A § B T 81 3T TR SR TR FRRT ST g HHeT
e & fou ST W) W R yage e S = 21 aife
HEATHS, 3Tiehel & 1Y-H19 3 Sfiad # 7O qrers gffzad 8l
T

. e G & T1Y GHIfSeh-onfieh W R 1 e g a1 2
eyl 1 I © foh 3 rHIfeieh-3fieh FSSu i wEe 3R
TR ASHIST, il 3R Hifaal & feraraas § o dJeue fama
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ST 81 =fer Seh! feafa gaet & onfigdl greeH W 2 3R 4 wd off
T TS § 3o €, THGT ThRT AT 3R Hiehi FaT9 34 a9
o ot & & ao-Te w@ey § wged §1 or: geeE § & ae
Ittt fawi-shrAl 1 BT | HHIEE W Sifard g =1feu)
e T Ged s 79mEt aren §Ed § iR I feu 9,
ST, HepM, i, ISR iR |IfSies THew &l sfazgehdl 9
T feh 81 3Ta: THEl WIS q% Hf TR Arsisi-sart b
TET HHfad " # SR Y U8 gl =ifeul

e T T TIhRI ATSHIsH-Tat & 189 gFfed & 8 T@
3R & 3 Bk TG 1 W T 9 (T4, Avso, 5o, aadio,
faeprade B g7 i) aeh ol HRI- IR et U ot wad e
TR Fgfd UM d=EE O HE-UTST Yo B Had 31fue
ST - Y T8 IIfad 81 81 A6l I8 THI shees Figel H
T BT ATEdfereh ST fsharara & g =feu)

TEE TS AT SR R G 9T § IO Ao 9ue § el
g3 2| 3HfoT qHeX WS & T IS &R W 9gd e Jaw
fepan ST 81 3% A TN § 9iEfod e 3G Hao SR T9™
T &t B THe T Sl I 9N § oM 8 T 9AS
T WA |G, SAE e, §9-HHa-Ug & Sdl e bl
TR THEX TG & T19 1 ST i S g4 T &l o &
A BT a1 IRt HHIfSieh HHRAdT 3R Heud ol fmfor st
=1fgu)

THE S a% W oA, fes fen, wwe, 9w, fafd
USTTR 3R TEcR TR qagnstt & 9ga gHAf=d & s =ieu)
M T off 37T qo9a et bl QU had g3 T HHT, FHF
ST [T T ITANT L G Hl D | 37T 0f IS L Tkl
TR HGHE I Sia T30 bl GERA 3G T4 3R T59 VR 0 fafzre
MY T o1 fafor fepar ST =nfew) 98 2y 9o 9wg-g99 W fafiq
Y T I T i arfaeh ST ghiehd i 3y R & &9 #
THN & THe TG HL Ak R & MR W THR 9EE &
fafere ifa o fmior sk wqfaa fraraay ote qUet THEE o
TrIfSTeR- 3TYes faeer gfeaa foram ST |
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fersepd

fscheid: I8 el S Hehd ¢ o THER HQ o 7 § T/ 7R el
zorent B FaTe ol 91l 3 e # 91 B 910 %o-he, B, B Tt |
fasft &1 Sfep -+t 9 yfedia SR <o fode 8 T 3 etae stfde bt
TT W@ 8 FSIGL a9 U AR THG § THE GG 370 HHifeeh- e
S8 & HRUT g Sfaad & Jad = TEeH T & 996 9 el
Sed-am F @ 2l He EE [A-d, Fe-%e SR IM-eledH S
FefozaTel STAR T 3T off 98 21| Sfere S-S afies w@rees glansit &
AT &E # A S d% 9gd 98 W 8 99-a9 g9el wde N9E 3
W T 4l U5 W1 81 Hifid Seacharsii & 919 9 3791 e St % fou
AR ¥, B 37a =1 THRT AST1eTt F1- FAT, T STETE AT,
T T S oI ST HrdshHt i TET R IRl q 81 % BHRUT ST SHa
TR, WH-IH, T-Te 31fe § FER & BT 81 T 0o, 3R 0o, I90 371
AT ST, SRS BT, TaAl-951 T TS AT, TFRI FSMT AN 3T
ST & HeIqUl WEF § ol [Uel 9YSE dch I, huSl, A,
e, e, USHIR SR HEISh GHIETH 1 TS THRAdT-9gHTd o
I wET o o T 81 [HeR WS &I G- 3R Ssiifaen
SIS -HIEHHT & 9 8 T TS AT & TR T BH & o 35
1 B @ S Bl P B P foU TeT THS P w@d S grent S 37
BT T WA STSTE i WIS Wl S ehill SR HHISeh STSa i WIE
e fo T THER TS BT A THIS # HHOEE e 8 gl faer "
AT & TN T 8 & aras[e qHel THed 1 afedd e daa g
d

T

g, g, Ug e, TE. (2019). THIDIT T STWRM A6 Siet, B Us WH 39
ORwACE 3Ah qUel oA 39 IW NG, By TRIFT T 3% Teimea
3"‘5’3"717?, 19(1), 7-27.  https://www.researchgate.net/profile/Dinesh-Chand-
2/publication/344253018_Exploring_the_Intersections_of_Gender_Caste_and_Spac
e_in_the_Lifeworld_of Musahar Women_in_Uttar_Pradesh/links/6005d251299bf1

4088a5fb3{/Exploring-the-Intersections-of-Gender-Caste-and-Space-in-the-
Lifeworld-of-Musahar-Women-in-Uttar-Pradesh.pdf

fif, a3 (2012). ‘T Fice PR e 31 9@ U U TR HHFEIS THTHe 3116 g
gIfesaT TS HHAT Bk Bl . T % AT THaFead 57 § Tl T,
4(2), 518-551. Retrieved from: https://www.academia.edu/4236358/The_Bonded_

HEATE21 AT fasTel HefHeeTial Sioict - ISSN 0973-8568 133



HALR A Bt Weforem- sutdies siftwa 3z sushifast w1 waw

Labour_System_in_Nepal_Musahar_and_Tharu_Communities_Assessments_of_the
_Haliya_and_Kamaiya_Labour_Contracts

FHAR, T. (2006). ‘FTeR, TTFIHE UT T Hoedle HUeH E G @ § [O HHF 5
f9BR. s Us qiiolidbe dides, 41(40), 4281-4291 http://www.jstor.org/
stable/4418787

HAR, THF (2017). AT ARSI HF B T TFGET A% B : 7 T A
TR fqos, mar (feR). senfad wh.fre. afgw, det o § ©e s e

TeRerza U Serafdd difedl, sauers fazafaarea.

TR (1999). T S Ioie : Tade TEH A% qUe™ 3 I @R, 7% vs
Gifsleb e diebea], 34(49), 3465-3470. http://www.jstor.org/stable/4408689

TRV, TG (2018). T ST : YRAT T77T 7 3779 @17, SRS Farae! I, 7§
feeeht.

TS, 9. (2020). BT AR Heae e RAfay Jgared =i o7 quet Heyfer.
GIIes FFa1gY : s % Gl WiET Rgd. 2(1), 128-150. https://doi.org/
10.3126/sijssr.v2i1.28912

de®, FWI, AREN, IR UE URe, ARG (2023). THUT SRAGHESY WIS ; JHET
JfS7 oRAGREEd Hieaed U ¢ (WY I SHOY SaeUHe .
https://www.researchgate.net/publication/267370210_Reframing_Livelihoods_Strat

egies_MusaharBote's_Changing_Livelihoods_Contexts_and_their_Responses_to_D
iverse_Development_Interventions

UIS® UE B (2019). TS I 37 TOe HH : Thy W 317% g fefgar 2w
AU . A9 e H FeRNSHIAT R, 2(4), 9-16 https:/doi.org/10.3126/
njmr.v2i4.28703

TEIE, T. (2007). ‘T U6 3% 6N : T gfed HHgfRl 39 g anea™ G o451 § 5697

3% Waﬂf 68(1), 152-167. https://ijsw.tiss.edu/tmp/exported_Ijsw1940-
2014/collect/ijsw/index/assoc/HASH632f/afdd2347 .dir/doc.pdf

TG, €1, T8 AR, T (2018). TOMAR TS H< T : T TAIEIN . §2HT7G T3 %
R&¥ Te Ganoeswe Reg, 5(3), 9. 129-132

4, €. e &wd, S (2017). GG € gifefeay 31w sied g9 afed SmmfedlS ;i
AR, BHRERT a5 3TF &, 9(1), 9. 225-271.

U, THH. (2017). HHRUTE U Toao Led G JOel : T ©El 3% anga™

TR, e, AR Y Y sy, deo feudtde it e

Sgeude, fryad  afafddt HfdR  wRewWE, FU®.  Retrieved  from:
https://elibrary.tucl.edu.np/handle/123456789/2329

T, TE. (2010). FORHS IS FHF 37 TEIGREE U ToRfafael: Thd L 3% JHat
FEFE 1 gl fefgae @ AU, ifHerRa Y m uew, dieTed
{ﬁra'ﬁq‘a"} G[hl, TSI Retrieved from: http://dspace.bracu.ac.bd/xmlui/handle/
10361/1396

T, e UE A, S, (2018). ‘TUEE ISYCE FE I RIS IR G TF
sAgfThes ®E. RFT 4 (3) - U7 §ERHmEe a4, 12(2), 266-273.
https://www.researchgate.net/publication/330562134_Musahar_Scheduled_Caste_in
_Social_Transition_Phase_An_Anthropological_Study

134 HEAE ARG TaSTe Heaeeltel Seicl 22:2 (2024)



W, S1eGR Ue HAR
TS =T TG, TRA TR (2021), 885% 371 TR FoHeR RIReFT(2021). TS

29 9 61-114. retrieved from: https://socialjustice.gov.in/writereaddata/UploadFile/
HANDBOOKSocialWelfareStatistice2021.pdf(29/12/2022)

fig, TO.TE. (2013). ‘SeLazM, ARERL] U AfSAfeel : T TR Thee 3F
q9eY’. $HMIEF TS Gifsldhe diwe, 48(20), 52-59. http://www.jstor.org/
stable/23527368

IqHY, THS. TS W, T, (2018) 39 WAl SRS 3G 2 BRAGIEE LIS A
IOt BRI 5 3oRENR fefigae, g ifdes TG, Fete T4 3%

7 GET HF A4, 18(1), 121-129. https://journals.sagepub.com/doi/10.1177/
0976343020180109

HEATE21 AT fasTel HefHeeTial Sioict - ISSN 0973-8568 135



WE 11, 31w 1, a9 -310, 2025 ISSN: 0974-7702

M

NCTE

(TFFrpel afds Feftfera eiter ufaohr)




rafveRT
(ereaTash Tt it oeRer safw wifer siver ufrenT)

e 11, 31k 1, AAa0-3TA, 2025, ISSN: 0974-7702
ufterT ue Sev
ST, TR STEATTe [RT&TT TG (TTEIETS-HIRd LR o1 Hifdiee e, 73 fowet! g o # i s, steta
a1, mwﬁwﬁwﬁm%ﬁaﬁ%ﬁwaﬁwmawﬁwﬁfwmwﬁw%wmw
I STATT-RTET o6 &1 H EqUTeh! o Wed S=Ticeht, Rifareh il o Tamemi o wefer o forrm-faf-mar 3 fomsi &g
Te H e T 21 98 & 37 Afireh T o sveamaen e o & 7 e o sg-forwre, dwdlcuehaﬁtoqldsluqo
forsdoT T SicaTfed Fd 21 39 LT ohl I o, 8 Tiient fRrerent 37 fRreres- ﬁ@%wﬁmm Tarer-
W%Wé@wwﬁwﬁmaﬁtwm%wﬁaﬁﬁm%ﬁmaﬁt
A T ST P o Reiqeretier ore, T, ST T S, fe s S S Rigidr
=T AR Torsowor, qeceh FHiey 3 fevafort ATHf et 21 Micish, STHIRIE, STehEie Hca-Erd a9
SRETCITSRLOT o fcieh HTehT o ST TRal shl (-oT&T THIE B¢ U oL TshaT o qTe T STt |
HUTERIT TATEHR T HSA
TIRER SHT iAo, Herdfd, ﬁnm%ﬁrr@aw%%ﬁém feeett
TTRER TS, T, T, ﬁ?éw ST TR, 5T SEd (oI, ST
TTRER T AR (4E, ity Sirher, Rve derre, e g frafmeme, aromh
YR S AT Rie, Feve, wﬁ%ﬁmwﬁwéﬁ ERaEsi]
TORER AT AT T, (areh, s feédt deerm, Sy
mea&gmmﬁmﬁwwaﬁwmsﬁrﬁmmﬁﬁwﬁ
SO THIT §T. U, Fri, TRATT ST R18T §6, T, ToRmd

wmaﬁ:ﬁr
?ﬁﬁ»—mmmﬁa 3Teey, T STeATI, 11T uiewg, 7% foeett

ﬁwmﬁﬂmm raTen, Hohd dae ufasm, feeeft

STeTer: TYRER SeRuT e forer, s, Rve fermt (et fire deorr), oo fraforemem, feeett
Tferer: Srea sTfa e, e, ﬁn&n%m % T o7 foraferaerd, STHAER, USTe

AR it TS FHR A, STHT AR, WW%&TW 7% fawett

quigeh

SRR et A faam, stremd, e o (et e deem), foeett faaformem, foeet
GqTgeh HeoT

STORER WEHEA . 3., STee, e ud v Srenfieht o, euere fafoener, 2atmes, derTHn
rirer R A, tl%ﬁ =T, R1&T forvTT U e, STe STee™ %PQ%@]TEPI TR, TSR
TTRER AT HHR TST, LT, f?zmT%‘mrr sifea ke fraferarem, AT, AT
uﬁm'{mwﬁ AT, e forsimT, Harg foraforeer, Hers, 7erTg

slﬁm'{@rqwaﬁm mm‘ e ST o, S S A treTer, S
2. arftaery HAw, fewm, W@W%w%%%%mm ﬁw Cire)

TeRTIH HATAT

off TS HER ST, STTATT SRR, T STeame: R uiiwg, 7% foeett
=, T wite, thm(?r&#ﬁlsﬁ) U@HW&T&TW T3 feeedt
ot wTfer e, THRTeTaT (TS, WW&T&TW 7 fereeft

it arfererraT s iy, W wfua, T steamaes fRra i, 7% foeeht gr wehifra e 2o fifed, e
TR ST Al

F=afyeRT § Th1Ta forem i@ent shi 3o Afireafts 21 orat & for Teiferd ciees STert ) U ereamsh
1T aftyg 1 399 FEHd BT ST TR 2




=Rt

(reaTTeh TITRIT <hY THeRer safh wHifera ver ufsrenT)
TE 11, 37k 1, FIaH-3TT, 2025, ISSN: 0974-7702

MiEED s HE&Am

ST A W IRTet AT SH-RTef 1 e et FHR SuTET 1-11

TTA-HERI SIHT R ferrmfeia o SAfched T HHAT HGIS T 12-24

[EEALH ERINICIRRREIE

SATARTE el § TR ueT=dt § JeHmE udsiie oy ud 25-39

HAT: S T TFRT sh1 SUET S AMFARE <SR vy

SRR

SO T Tor 2 uTTeeh STEa ORET T 3T T 40-54
NIKERGH

T TRTET H T STieheld T SATFRTIG YA Sf. 4dT 6T Ue 55-69
BUIGKIE

TR H STEATT R8T o seetd AR T e 2. Ffereter FHAR Mad T 70-83

Hifa, 2020 & Hewf 7 uh fasgmor <. 3 TehreT

HATH SSTI 31 HIEhideh oed T8 daid e =g uHt v 84-96

THTSIIERLOT 3T SshaT SRS

Tostien o et o8 o for fet v o fRrefor & o TTfa fgadt, 97-108

STEATTRIA ITS qEeh T Arefera s farsdwomenen o firter R foamt uet

I o FHWIEHIq FHATST

0 Sfgrrn 1 e wE Rreror st 7 R e sfemee 109-121
EIESIC IS IS ERI)

Sferer aftqea § Afaftherer st SuTear STfiye ot ud 122-130
ke T aret g

I ST T IS STeaeh AT Holel STqea™  FH Il T 131-147

a1 Terferetr fersgeor S Sgfie gwiemt 3. forfte AR

’>3‘§?Eé
TP SreATs; T2rgn uRwg

STi-7, YereX-10, GRBI
A VYHE $ U, 73 fgewtl - 110075

8 : anweshika@ncte-india org
JgaTSe : https://ncte govin/




131

T T UX IuCTSE Ffereh STTehet Harelt sty w1
Trerftrerar ferdyeor s i geeftemon

AT uTeT
wneneff, frer faemdia, warear et Saurdiy et fagfaenca, af, aerme

suman.mgahv?777@gmail.com

3T, famig AR
GBI J1eAT9F, 3187 Hehrd, 39 JdTq Hicisl, TRIVTH], I Ja3T
dr.vinodpal777@gmail.com

T

TREATI e 11870737187 e % |19 &1 SHTeheri Helell 75 GHETd, GHIE AR G5
o1 921 §U &) 39 W4T %1 & TR SHereh STwer § Treifeld Jew1R1d S| 1 T
Tar=3901 SR AT G0 AT o1, Torereh SHcld 56 Hasl € g1 Halfesh HH-4M JHIRTd
FAATAT 39, GAlleF IS (AI52YH) a1t IMeewdl, T J&F 68 (F1eT Flagq) 3R
GaTfereh STTHEIH THIT 4 qTeh TS (@idl) 1 AETHe 323707 377 Aftn #1715 21 393
ToTC @ 57T ‘G Serad’ @ e 3reherd el 1451 JHIRMET (2010-2024 G%F) HT THTH
THRIT UG IR TR 1 HETa 8 Tl 52390 fara e 21 fa=3wonatia s g f
Siféren 3TTeheT Gaferd Gerg 37fereh JHI9 (136) T 2023 H 791 Gad T JH9H (42) T9 2012
4 YT G &) Tl T (97%) T8 @@ & &9 8 §Y 8 FT 435 R 409 THHI & a1el
Gl 61 391 B G TS STHRGT (34%) 3R T (32%) FFHT: T SR f5dle € R 309 97 2,
foreg1 SHareh HTeheid W STTE=41 T3 FHIIRTd 161 FeT 5272 A & Hareh HAThe qafed
1451 T 919 Bl 8 FHT1G §T &) It T 4 FoT 1395 374 T ¥o8 T 1T 7T 8
TS 3R STEEHE 1Y 37 3158 8] 5@ (2011) GRT TTRad T[hrel STHEHE: FTeisl T8
b BR 2ol qel 218 WeTA 8, 578 Fel 275 38301 916 §U &) I8 VT I4eh A7 GHard
& |19-819 S&T ST % &1 B W1e T a1t T IETel & 107 ol Fga 3wt grml 39
TTIETTH 1 HETId1 | 116701 SR STHET F1d XA aTel AN A4 R T Harh ST1wer & Gefel §
3] T YHTIRIA HBH 1€ THI], Gl 3R AGh 7% STTEH] € Tgaaht STaeI I1Y Te 371
F ITH G @ GG~ K GHd B

TET VIeq: SMereh 3Ther, TAMdid 52901, Jieger |Igeaar, 42 gv1eRol SR aedl
A
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TSqH

HTHTH, “STHHI TehA L o [oTQ ok A Teerd TRt &, Foreent ST A a1 sl
T ForIoTal o SR ST TR o foTg, fora ST &ehar & (T, 1999)1 STTohat ahi 816 T
0 A Aot & weifera frofer @ oY s & w9 § ST SITAT 81 ST eI o SFTER
HTHTH W63 HiA 3T AT, S8 forweit #§ 1540 Sramedt & e & W 2l W@ 8, Afoht
TRremmaTTer for @ @ 1950 | SN BT 3% EAT 81 I ST Uehal hid 37N 3¢ Th SATSATH &9
S T R 2, FSTeeh STTIR WX U AR Ry deh 98T ST 6ehdT ol J1S HanTa SAeherT
ST ST L T &H e Hohd © 1o STof ohIg 13187eh heT | f¥requr-31ienms it wretraw gk & <o
Torenfelat <t srferm ufsha st STareiienT aT B, Tcdieh forameff st e1fermy feurfa 37 gfshan deef
wfafsram T At & iR sifteran tferm 3 gfoemd yem w % fog st freror-stferm
TOrifer § GO AT &, 1 I8 STkt L TET &) SATRATH T STehe, T o fTg AT 3R
AT % T | SATehet” 3 ST W SAThei oh! ST o 19 Ted § Tq8 {3 ST 2| e
T FHETT SR o o Sgd ATk FurT 31T &2 3h1 STeta ISl 2| ATehei o Tact a1 Taed
T SThCeRT o 9 H AT i ST HehT b fHele T TS &, Safeh drad Ty, e
T @t AT % ®9 § ATeherT ¥ A §; H foremeff T 1o 11shed st 21 38 fomw s o
FHATET 3R AT & Heed #, 79 (2015) g fornfeli < et wrfar it savg ok fdem &
Ieht wiftrerT ot farfara s 3 for stferer wrdien orlien & FifSrar foram wram em) strenfores st & B1-
IucAfoey Teeft STIAT ST A 2 SR o (70 TaTH Fo ol SATawarehat aret & (e, 1994)1 afe
TRl STl 8§ T eent ot ferameff eves gaieft #ig forsiy @y are 72 ot @ B, e 31rehets
1 TR ST AT &1 ST & Ue Ut feorfer & Temrenen atreher shi firet Aot &1 St
7, T a9e (2011) 3r7 off =R foram 21 <wfies & oI treher o1 Suai f3Tetes gy 1ot
Fmeres gfafern = afafda 0 & faw foar st R, Safew s &1 e a7 fuffa
Rt @ for fornfefalt ¥ qal-feffe stferm sewat o wmder foramn wian 21 aqa: fer stereq
O e Tt forenteft o AT o Heler T WU STIH I ol Ta isha 3 farameff,
AR foRamal o AY-are SATehar fshanett § oft sk Tfaam s 8, fSee et geiefl Jea
Icq1 Ba 2 fRrersh 37 wawt 1 S SR fafare Sl & wener e faredsoiRid arafed stEe
=T IO S €1 3T | 3T IFTHMI bl TERIaT § ST RTea0r SRiAiT o SAarersh GRTsi ik
foremfeat sh1 srgat TR &q i YeH i €

TSI 1 “AqTie o 3R o v senfiehi & wmrenes geqst i ST % w9
e foram <Tm wehar 21 e fomia: shegex err it 9t g8 amarst 3T S HEw wet
T T TS (2T ST rsgem) & wwiferd 2 (@i, 2001)| it forsdwor (wrsemfes
1 fefseRitagsh deheieh) F9T, He-S0T {0, e -cilshed forswor ST er-get 7 H foreft
AT HTC HT ECATH T Tere da 3 o foeTe 3e Seiferd Sehtira Sferped i faret
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T JAT- 1T, SHHTM, T, TaHS, TS THIH, Ie AT A15H 3T & T o &9 H
foTm T (T FeE) SeTHE T SUART LT | SR forsgwor 6t a8 wgfa fagmi o forer forery
T SITETRA TR SR Sgwh Fufehd Uo- gl sl SR S9H § 9ed STl 2, ST 3630
e T 37U GIRIT BT TIY FLd &l FATHAR frsgwor 61 SwiT osft ¥ oIg 11 8 (I 0 o7,
2023)| Herfeetar fersoreor Ush Iwedt g1 & &, fored fergret o sfter srgeem S fafsrr =i =
ST 3 ST i HISIST SEATAIST T ST ek HIATCH TG a1 o ST § AheAdTqeish i
3R STTT & (1T T 3Tt 2021)1 F- SI¥hIoT I firer gt & Sehiyra afec =t forsdaor stk
IR IeATEHAT ST AL HeAT T Sl o ToTT Toh Hfeld ST S&H LT 2l Tt
fors3mor amTener fasdwor o srunita, wfud iR garel wifterdh ugfa 2, S e isT
afers gfveTor & waw afied ST STERT F St e ST Ya Rt @ (e ue e,
2024)| SITET (1987) 3T AIHT & Toh AR sh et reptaTa weemma i, Ho-g=ft sehmealt affy
3ok Wl T TUTEH ohl HTSTCHeR frsuur o &9 | F0id fohelT ST HehdT 2 ek forsauTTeeh SUehivr
& 3, WIS it fgeh, AT S S Bt (SIfsh Ue e, 2015) 3 SIEUH gRomm
T fersigor skt 2, Forers wiey o forei, Swei S St aeft st s i, e et
% ANGH JAT: TR, THAT T HRIFTE! 3R qeshei-aefter abemret 1 fasgwor aftafera
BT & (1S T2 3., 201 1; HeheiT 7R TR, 2002)| Sohigath Td SIeW (2013) 7 &7 1
AT TEf: (1) qeishT qerieh iR (2) Heltowe qoheiieh 1 Ui foRaT B, ST oo
dehiieh ScqTaehdl Hidad, TITE Tehash 3T BISfsIe SURN o JANT WX oA <dt 2 (8T, 2011)
T o 1ok G0, Eehi, TegaTeil ST EIS-TTea] shT fersoor shteh TehTiTa et & st
e it ST LT B 36 T hY Tgfadt sereRaten S argent @i faeat & sifgsn sfomm,
&A1 T HTHTTSTR STaMTal 3 Tl ST forwaii sht Seafel ! T i H HeTdT Ll @ (T8
T2 3., 2016; TST-GUT SR TUE-HATIE, 2012; & W& 1€, 2015)1 Tefirdtar fasgwor 1w
q%aqg’f T TE-Gehed (Co-authorship) frsewor 37 Jegent sl St htar 2, ST Serehdl g0
AR T T ST @i oh AT THeTeRt Eeh SRR o AT § i fora 7T & (TEiel ue 31,
2006)| FE-T@H R0 § T8 T BT & o oiaeh = ST ST & o &l 7 fo-fop
TEhT o TTY TGk Trae fAfifd foram 21 39 g e shT SeivTa JTaT 37T STTet e
a1 T ST STIAT TR ST e 2

Y IeT

T MY AT I I3 ANfedsh HTher o =T A o €avl # foru ST <ok FohmeHl
TATCHe, fersgaoT 3T SR geefientor st 5 Sfareh STreher Heiferd STerRt o TehTafieh faehme
HIT STFHT TR 3B foraioT S AT U RIfefeh SThet o &1 H MY Iedresh 92, TEshi,
HAT 3 AT T T (ST HITSH) T Tl T
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MIPEISCIRERIEI5)

S T ST ] 0T Bt o6 ToTT ghl HTATCHe: Tehidl 2l €T H Ted §U HIATCHSh TITeT STNTH
STANT ToRaT TT2IT| 560 ST ot erficter fersgwror forfer g oot forarm 1T 21 36 T 6w 2010 @
AL 2024 (16/09/2024, TIG 23:30) Tk a1k SATehet HeiTerd TSI JehTIHT BT & ST
o T 31 et Hehe o foTu i Sere e (https://www.lens.org) 9 “3feqen TR T ok
T 2010-2024 Toh ST THTIHT ol TTTHST BT5e o TG H Hehfeld [ohT 7| Hehfeld HIg shi
TH.TH. THRIET (202 1) HHAR 1 HERIAT § Tew sl HETS (32T FART) i TS| 36 T T
¥ T foheet TRt Terdl gmrstl (T o, 9T, ATHH e SeaTi o Heiferd T8 gt
T 3TTE) STel TeRIRTT 61 G2 o=t | 39 SohTX ST &9 & et 1451 TehTRHT 1 diued Bige
o ¥ H HenloTd fohaT T Hhietd et 1451 SIS T AT (1.6.20 HEHIIT) AHRIT hT
TETIAAT § w07 fohaT | 1ok A Te=10T o &1 H SEega U sieaiid Hieael ol JEeat
TTFATT T TR TR (Version 1.6.20) THTE fIeie, Heh 3T0@ 37T 1= SiTqifen feera &
foTT 31 3TeR, 2023 & forelt +ff Sewr & SRITT et o foT At o Seted @, Fordt Jem@mse (hitps:/
www.vosviewer.com/download) U S3AcTS TR ST @ehar 21 Temeff 3 Y I %‘gf HehfoTd
eRTIHT 3T ITH KL o 7T fISAT (PRISMA) TTESeATS (UST U 37T, 2021) 3T J2INT foham T 2,
et foraon for-1 s foram T -

fRr=-1: Siferes stTeReT Heifira TeRToT=T ShY TE TS STTHE HehfoTd shidT

E i
g Y SO T G Tord JeheMT shl dET > | 1.992010% 2024 7.
E (N =5787) 2. e SIS WToT H TRTRTA SR
= 3. haet T,
e Spiicd — e SR (N =
(N=5787) S T N=0)
F e g feiie —> Hie fidtars ot (N = 0)
£ (N=5787)
FRIAT & TR A1 _ TS e
(N = 5787) 1. 3w Tsifer feraor Suetes & (N = 4299)
¢ 2. e (Duplicate) ATet StaHed (N = 37)
g e i it e
3 (N=1451)

G U Qe 3T (2021) SR TG I 1 H@F GRT G o ST 61 7701 8]
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fSIsHT (2021) TemTrieRT T SR X BT o SR SAfad &9 6 Fo 1451 Siagied 1 Hiege
TS T S2ToE U STSAATS hl T3] Ih SIS WIS hT T AT hl HERIAT H STagHed
2T39-A fer=oT foRa TTaT| e Wiset o1 SRgHed 21ga-ar foraeer fo-2 # g = o w9 A
EI'{?\R[%WTW%:

r1-2: STeAeE R 1T Twed STRIHEH T STeHE 23Y-ar faawur

= o‘\'\ ;

3%

97%

Gid: TH.Tg. TRd- 2021 G923 &) 981 8 a@e g1 fHfdd

irer gioTTe

AR T TR RTeTR ST SHITT § TEehi o (oTQ HEweqU (oS T&T &, FiTeh STTHT-STeTT Tt
fefeufe 7 stfirmeratett i Stfrm fsFar STerT-sTerT Bt 31 sTfrTeRTieT Ay St
A Rt +ft 95 83 de 3 AT STaTefd & ST Bid €, Fifeh fohelt f T o1
fiiiferes Rearfa & ameraar & amnferes-aiepfaes araretor s fafor S 21 36 w1 & sead
Sireitfieht oft S7ferm fsram st 7o wr-wT SErd! Tedt 81 FHITAS sEerd! e, AT
I Seiven araTarer & Siféreh STTehameh st o et Tefi HHe 3eq= Brdt T 21 3 anenstt
T STEEM ek AP T@ehi J e Ul W T YRR AT 81 a9 2010-2024 T Afers
HTHH o farfyre= STrTHT & Heiferd et 1451 Fehre 3T+ ook fohy T &) Fort-2 Ha 2010 2024
T TAHTIRTA Tt TR ¢ ohl ATrteh TR T S fofha 1T 2
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Torr-2: Viferes eehet Geifera Terte 22 (a9 2010 & 2024 )

2003 2010 2018 2025
TERTI oS

GId: TH.Ug. TRd- 2021 G929 ! Gerddl @ a@eh gr1 f[Hfda

3uh fomr-2 o el | T8 & foh a9 2010-2024 o SR <ifesh TqT T fereh e daiet
FA 1451 TR Y &) HAlTersh JRIRM (136) a9 2023 H §U &, STel{eh Geidl HH YRR (42) T
2012 H EU &) 6 TR 1= 1 H YT TR shl oot AT Rl Tor1-2 T @ ST Hehell €

TR HFEAI shl HETAT § FeA Tehierd 1451 FehRI b1 forseqor i § et =retar & o6 &
TR et 61 IR o THgsh g fohT T 2| 36 39T ST TohTIRT et SeRTRIT ohT UeReiet |t
61 HETT ¥ fr=dwor o O ST g7 foh et 61 <=1 H & Hailereh (N = 435, AT 34%) FehRIT
TRl T TS STHEHRT 7 forar 31 Sfere sTreper Heiferd wafferss Tehmer s amet 2 10 3=
=1 foraoT -3 o e @

forr-3: Niferek streher Tl st SeuTaes v 10 9T

N

® United States = United Kingdom = Netherlands Germany ® Switzerland
= Canada = |ndia ® Russian Federation = England = Paland

Fid: TH.TF. TRd- 2021 G192 &) Ge-d1 8 @ gR7 [fdd
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ST -3 3 STacie 4 T ¢ b Xfareh StTerer delferd STTeem TR i aTet 61 SR # &
HaTiTereh IeuTa T dTet SN 10 ST oAl T2l H A 435 (34%) TR o6 &1 HIh TS STHIEH
STYH T W 8] STHIHT o o1 Ioh 409 (32%) THIRMI o W Teeter T w21 et Tem 2 10
ICITEH SR T Tl | 3T 8 IR - HGTAS (10%), AT (8%), RATSRAL (5%), FATET (3%)
TR (3%), T (2%), TS (2%) F AT (1%) 8 2MS 10 IedTash <11 6T it & afaror ufrn
T TSHHTA o3, R 2l XfeTsh STkt o Hawl o 2010 § 2024 % HeT WA J 39 (F THET
T THT 3%) ThTR ScdTied (R 21 36 MY 10 I 3T SHehT TohTI AT o STEMT I 3T
TRt -4 5 ST ST HehT 2l

Rrer-4: 9119 10 IeuTEeh 9T T AT

Seriesl

35

o o .

s R - -
%_' I15

waail of 3,

T Australian Ruraai of Statistics, Gealames, Micmscft, Mavinfo, Open Places, OpenStresthdan, Owerture Maps Fundation, TamTam, Fenrin

SITIeR JATeheT W Terd TehToTd T ehi-StTerivTT farsyaor

e T 1 IUTeH Teh St I 2, Forasht gt & Hufidtr At a1 i ue
TR foRaT STTAT 8 (3T Uk Ud dTeeh, 2010)| 916dd B a8 (VOS) “HHTT T g’ (Visu,
alization Of Similarities) T HfaTd €7 2, ST SATeclered o HE HHTAT i JEfId LT & (I Th
e ATE2HH, 2007)| I8 HIFEAT 379 h1-3HTeR R foshes i wgrrar & fosafira i i & Hor-gei
Y G TR T TSl TTEehT o Heaeh, GofeRtur ATfer, STreel guefertor ATferst ST Temar
TRATSRTT AT Rl ICATEd LT © (I Tk U aTeewd, 2011)| Heaeh gwiiehtor At # et
T SATHR H{Ter STTHETHT o TRRIT hl HEAT T T FLT &; ST Si AT (a1 3Aferh
TSI B1TT, I STTHUTERTT o U1 I & ST1eIoh SehTeT S| S6 Tieshi o STTaet sterer (fefere)
HIR A fofeh Thor Afed forawor i ae ST & 317 STt 81 36T TR e qRiteror Hifs
4 for srgeerme o1 O foreT Siferen Tew fawrs ot 8, 39U AEUeRTI oh U S e
1 T H ST ThIe B 811 ek ST Heiferd et 1451 FohTerT ol Hieget Hige &
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TS | o “hl-FHTRTT forshe il T T e 5372 THEehi o1 fofaror ITH 81| 5372
TR H § HAI 21 fofoer 3T G e aTet 1000 @i 3 =0T Seega Aidee i gerar
H T X TTH G 56 ot 38 Thgh & 3T § S 8T 81 38 T[S T T 3 Fereed 37N 236
feferer o1 fomitor ahet 21 36 38 TREhi T et fofeh T 278 21 309 T9F B 56 3 TReht 1 1o
T g HSTS[ STHIG M Heaeh 8| Ith CI@ehi T ST Heareh geaiehtor AT fomr-5 i wera 4

T ST FohelT 2

TRA-5: T IR T HeeTeh GYaTehTuT T

elisa &Jl_um

. fastasalaffi
s
augustalertolan” o
&

*
@ matgl'lda sierakowska
=

marzenawlesiriska B
L

% vosviewer

% dréﬁrques

i_nlepmnes
Mwi
Staniséaw@rakowski
@ 1a sier th L t\ﬁi d
justyna sierakowska eap "‘"09 Le‘an

ToaR01: 38 TRER S §Y (F192S) TG 1 GHAA VTR AT

I 15 IeuTEeh ATHUTERT

3 IcuTesh ARl T freguor i & foTu onr-2ATerf3rT foered § 60 @ H 4 JehH TR 1
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ARTICLE DETAILS ABSTRACT

Corresponding Author: This study analyzes the trends and cropping patterns of major crops in Baghpat District, Uttar
Dushyant Kumar Pradesh, with a focus on sugarcane, wheat, paddy, and oilseeds over the period from 2010-11

to 2020-21. Using secondary data sourced from government and research institutions, the
Key words: study applies quadratic regression models to examine temporal changes in the area under
Trend, Cropping Pattern,  cultivation for these crops. The analysis reveals that sugarcane remains the dominant crop in
Analysis, Uttar Pradesh the district, maintaining a stable area of cultivation due to strong market demand and policy

support. Wheat cultivation has experienced a slight decline, possibly due to soil fertility
issues and competition from sugarcane. Paddy cultivation shows moderate fluctuations,
reflecting its dependence on irrigation and climatic factors, while oilseeds exhibit the most
significant growth, driven by technological advancements and market incentives. The results
underscore the need for balanced crop diversification strategies and improved resource
management to ensure sustainable agricultural development in the region.

1. Introduction

Agriculture is the backbone of the Indian economy, employing a large segment of the rural population and contributing
significantly to national income. Among the various agro-climatic regions of India, Western Uttar Pradesh holds a pivotal
position due to its fertile alluvial plains and favorable climatic conditions. The Baghpat district, situated in this region, is a
prime agricultural zone known for cultivating a variety of major crops, especially sugarcane, wheat, and paddy.
Understanding the trends and patterns of major crops in a region like Baghpat is crucial for agricultural planning, policy
formulation, and ensuring sustainable rural livelihoods. Crop trends not only reflect the environmental suitability and
technological adoption but also mirror the socio-economic priorities, market dynamics, and policy influences over time.
The dominance of sugarcane in the district, while economically rewarding to some extent, also presents challenges such as
monoculture dependency, fluctuating returns, and water resource stress.

This study aims to systematically analyze the cropping patterns and long-term trends of major crops in Baghpat district. It
examines changes in area, production, and productivity across key crops over time, identifying factors influencing these
shifts. By doing so, it provides valuable insights into the dynamics of local agricultural practices and the socio-economic
and environmental implications they entail. The findings will contribute to a deeper understanding of regional agricultural
development and offer evidence-based recommendations for promoting crop diversification and sustainable farming
systems.

2. Data and Methodology
The present study is based on secondary data collected from authentic and reliable sources to analyze the trends and
cropping patterns of major crops in Baghpat district, Uttar Pradesh. The data pertaining to area, production, and
productivity of major crops such as sugarcane, wheat, paddy, and pulses were obtained for the period from 2009-10 to
2020-21. The primary sources of data include the District Statistical Office of Baghpat, Directorate of Economics and

1Corresponding Author can be contacted at:!Assistant Professor, Deptt. of Agricultural Economics, U.P. College, Varanasi, Uttar Pradesh.
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Statistics (Government of Uttar Pradesh), Agricultural Statistics at a Glance published by the Ministry of Agriculture and
Farmers' Welfare, and various reports from the Indian Council of Agricultural Research (ICAR).

2.1 Comparative Analysis: Quadratic Trend Analysis

To study trends and patterns of major crops (Objective 2), quadratic regression was applied to time-series data on
cultivated areas of sugarcane, wheat, paddy, and oilseeds from 2010-11 to 2020-21. Quadratic regression was selected
based on its high coefficient of determination (( R*2 )) and low Mean Square Error (MSE) compared to linear and
exponential models.

2.3 Quadratic Trend Equation:
Y=a+bT + cT?

Where:

¢ Y :Dependent variable (crop area in hectares)
T : Time index (0 for 2010-11, 1 for 2011-12, .., 10 for 2020-21)
a : Intercept (constant term)
b : Linear coefficient
¢ : Quadratic coefficient (controls curvature)

2.4 Model Selection Metrics:

5 _S57es
SStot
Where:
SSres : Sum of squared residuals = ¥ (¥ - Y®)2 SStot : Total sum of squares = ¥, ¥ - Y9)2 Y : Observed value

Y9 : Predicted value Y9 : Mean of observed values

2.5 Mean Square Error ([MSE):

1
MSE= &Y -yY¥)pz
i
Where:

¢ Y : Observed value; }”‘a’ : Predicted value; n: Number of observations

To achieve the objectives of the study, various quantitative and descriptive analytical techniques were employed. The
trends and patterns of major crops were examined using the following methods:

3. Result and discussion
Table 1: Area (in Hectares) Cultivated for Major Crops in Baghpat District (2010-11 to 2020-21)

Year Sugarcane Wheat Paddy Oilseeds
2010-11 72,472 56,109 4,960 1,489
2011-12 72,427 56,113 5,088 1,537
2012-13 72,769 55,427 4,820 1,801
2013-14 77,554 53,668 5,168 1,986
2014-15 76,387 54,175 5,468 1,963
2015-16 76,387 54,175 5,468 1,963
2016-17 76,387 54,175 5,468 1,963
2017-18 76,387 54,175 5,468 1,963
2018-19 76,387 54,175 5,468 1,963
2019-20 76,387 54,175 5,468 1,963
2020-21 76,387 54,175 5,468 1,963

3.1 Results of Quadratic Regression Analysis
The quadratic regression analysis yielded trend equations, R? and MSE for each crop, as summarized in Table

3.2. The results confirm the suitability of the quadratic model in capturing non-linear trends in crop cultivation.

Table 2: Quadratic Regression Results for Major Crops in Baghpat District (2010-11 to 2020-21)

Crop Quadratic Equation R? MSE
Sugarcan  y=-151.3x2+1930.8x+72250 y =-151.3x"2 + 1930.8x + 72250 0.784 875,04
e y=-151.3x2+1930.8x+72250 1 5
Wheat y=-121.5x2+350.2x+55900 y = -121.5x"2 + 350.2x + 55900 0.837 144,41
y=-121.5x2+350.2x+55900 6 5
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Paddy y=-12.7x2+150.5x+4900 y =-12.7x"2 + 150.5x + 4900 0.854 13,156
y=-12.7x2+150.5x+4900 5
Oilseeds y=-7.8x2+110.2x+1500 y = -78x"2 + 1102x + 0.933 3,745
1500 y=-7.8x2+110.2x+1500 4
Sugarcane:

e Trend: The cultivated area increased from 72,472 ha in 2010-11 to a peak of 77,554 ha in 2013-14,
then stabilized at 76,387 ha from 2014-15.

e Model Fit: An R? of 0.7841 indicates a moderate to strong fit, with an MSE of 875,045 reflecting
reasonable accuracy given the large area values.

e Interpretation: The negative x* coefficient (-151.3) suggests a levelling off after an initial increase,
likely driven by stable market demand, government support (e.g., minimum support prices), and
assured water availability through irrigation facilities in
Baghpat fertile plains. The dominance of sugarcane underscores its economic importance in the region.

Trend of Sugarcane Area (2010-11 to 2020-21)

Wheat:

e Trend: The area peaked at 56,113 ha in 2011-12, declined to 53,668 ha in 2013-14, and stabilized at
54,175 ha thereafter (Figure 3.2).

e Model Fit: An R? of 0.8376 indicates a strong fit, with an MSE of 144,415.

e Interpretation: The negative x* coefficient (-121.5) reflects a slight declining trend, possibly due to
agronomic constraints such as declining soil fertility, shifts to crop rotation, or farmer preferences for
more profitable crops like sugarcane. Interventions in soil management are critical to sustain wheat
cultivation.

Trend of Wheat Area (2010-11 to 2020-21)

ATe (Hectas

Year

Paddy:
e Trend: The area fluctuated, peaking at 5,468 ha in 2014-15, then stabilizing (Figure 3.3).

e Model Fit: An R? of 0.8545 indicates a strong fit, with a low MSE of 13,156, reflecting high accuracy for
the smaller area values.

e Interpretation: The negative x* coefficient (-12.7) suggests stabilization after initial growth, influenced
by climatic variability (e.g., rainfall dependency) and policy support for rice cultivation. Improved
irrigation could reduce fluctuations and enhance paddy production.
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Trend of Paddy Area 12010-11 to 2020-21)
Oilseeds:
e Trend: The area increased from 1,489 hain 2010-11 to 1,986 ha in 2013-14, then stabilized at 1,963 ha
(Figure 3.4).
e Model Fit: An R? of 0.9334, the highest among all crops, indicates an excellent fit, with a low MSE of
3,745.

e Interpretation: The strong upward trend, moderated by a negative x* coefficient (- 7.8), reflects
growing market demand, introduction of improved seed varieties, and favorable climatic conditions.
Oilseeds show significant potential for expansion in Baghpat.

Trend of Qilseeds Area (2010-11 to 2020-21)

x
x »* x * »® *® *

Discussion
The quadratic regression analysis reveals distinct trends and patterns in the cultivation of major crops in Baghpat
District:

¢ Sugarcane remains the dominant crop, occupying the largest area (over 72,000 ha) and stabilizing at
76,387 ha, reflecting its economic viability and policy support. Its stability aligns with the study’s focus
on understanding factors driving sugarcane preference (Objective 3).

e  Wheat, the second-largest crop, shows a slight declining trend, stabilizing at 54,175 ha. This decline
may be linked to soil degradation or competition with sugarcane, warranting further investigation into
agronomic factors.

e Paddy exhibits variability, stabilizing at 5,468 ha, with fluctuations tied to climatic and irrigation
challenges. Its smaller area suggests a secondary role in the district’s agriculture.

e Oilseeds demonstrate the strongest growth, stabilizing at 1,963 ha, with a high R? (0.9334) indicating
consistent expansion driven by market and technological factors.

4. Conclusion
The trend analysis of major crops in Baghpat District between 2010-11 and 2020-21 reveals notable patterns:
® Sugarcane continues to dominate, showing a stable cultivation area post- 2013-14, supported by
economic incentives and irrigation facilities.
®  Wheat displays a slight decline and stabilization, hinting at competitive land use or soil constraints.
Paddy shows modest fluctuations, stabilized after 2014-15, reflecting irrigation dependency.
Oilseeds exhibit significant growth with stabilization at higher levels, driven by improved varieties and
market demand.
[ ]
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Abstract

The study analyzed the difference in knowledge regarding paddy cultivation among trained and untrained
respondents across various personal and socio-economic categories. Among trained respondents, age
showed minimal influence, except in knowledge of manures and fertilizers, while caste differences
revealed that Scheduled Caste respondents possessed comparatively less knowledge due to weaker
economic conditions and smaller landholdings. Education significantly influenced knowledge, with
respondents educated up to Intermediate and above demonstrating higher awareness, especially in
production technology, fertilizers, and post-harvest practices. Economic status also played a role,
particularly in the adoption of improved implements. Training programmes, especially those conducted
by KVK, effectively minimized knowledge gaps, except in practices requiring financial resources. In
contrast, untrained respondents exhibited wider disparities, where older age groups had higher knowledge
than younger ones. Caste and education differences were significant, with educated respondents showing
superior understanding. Overall, training emerged as a key factor in bridging knowledge disparities across
socio-economic categories.

Keywords: Knowledge level; Trained and untrained respondents; Socio-economic characteristics; Paddy
cultivation; Krishi Vigyan Kendra (KVK); Agricultural training programmes, Technology adoption.

Introduction

Paddy is the staple food of India and holds immense importance in the national economy, yet a large
proportion of paddy farmers still live below the poverty line. To address food security challenges, high-
yielding varieties have been developed, making India the world’s second-largest rice producer after China,
contributing nearly 25 per-cent of global rice production. Being the staple for over half of the world’s
population, paddy cultivation is vital not only for food security but also for rural livelihoods. Knowledge
plays a vital role in improving agricultural productivity, particularly in the scientific management of paddy
cultivation. However, variations in knowledge often arise due to differences in personal and socio-
economic characteristics of farmers. Training programmes, such as those conducted by Krishi Vigyan
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Kendras (KVKs), aim to bridge these gaps by providing scientific awareness and practical skills. To assess
their effectiveness, it is important to compare the knowledge of trained and untrained respondents across
different categories such as age, caste, education, economic status, and social status. Evidence from the
study reveals that trained respondents showed relatively uniform knowledge across age groups, while caste
and education created noticeable differences. Similarly, economic status influenced awareness of
improved implements and costly practices. In contrast, untrained respondents displayed wider disparities,
with older, educated, and economically better-off groups having greater knowledge. Thus, training
emerges as a crucial factor in minimizing socio-economic disparities in agricultural knowledge. Keeping
this view the present investigation was conducted with the single specific objective.

To find out the difference in Knowledge About Paddy Cultivation Among Trained And Untrained
Respondents According to Their socio Personal and Socio-Economic Characteristics.

Research Methodology :

Presently, 731 Krishi Vigyan Kendras (KVKs) are functioning in the country, of which 89 are located in
Uttar Pradesh. For this study, only one KVK, Sultanpur, was selected purposively. The district Sultanpur
consists of 22 Community Development (CD) blocks and 2533 villages. Among these, KVK Sultanpur
has adopted 8 blocks and two CD blocks, namely Dubeypur and Lamuha, were randomly chosen for the
study. To select villages, a list of adopted villages under both blocks was obtained from KVK Sultanpur.
From this list, four villages were randomly selected from each block where training programmes on paddy
cultivation had been conducted. For comparison, eight adjoining villages were also selected as non-
participant villages, resulting in a total of sixteen villages. In view of the objectives, two categories of
respondents were selected—trained and untrained farmers of KVK training programmes on paddy
cultivation. The respondents were chosen through proportionate random sampling. A complete list of
trained and untrained farmers was prepared from each village. In cases where the number of trained
farmers in a village was 35 or more, 25 percent of them were selected as respondents, while in villages
with fewer than 35 trained farmers, 35 percent were included. For untrained farmers, respondents were
selected in equal proportion from adjoining villages. Independent variables included age, caste, education,
size of holdings, farm power, irrigation, cropping pattern, social participation, social status, economic
status, and overall socio-economic status. The dependent variables were knowledge of paddy cultivation
practices. Primary data were collected by the researcher himself using a structured interview schedule
prepared on the basis of standardized scales. Rapport was first established with the respondents to ensure
accuracy and reliability of responses. The collected data were classified, tabulated, and analyzed in
accordance with the objectives and hypotheses of the study. Appropriate statistical tools such as frequency
distribution, percentage, mean, and ‘t’ test were applied for analysis and interpretation.

Statistical Procedure :

For the analysis of data, appropriate statistical tools were applied to ensure meaningful interpretation.
Frequency distribution and percentage were used to determine the distribution of respondents into different
categories and to standardize responses for comparison. Arithmetic mean was calculated to measure the
central tendency of observations, representing the average of values obtained. The ‘t’ test was employed
to examine the significance of differences between the mean scores of two samples, thereby identifying
whether they belonged to the same population or differed significantly. This test was particularly useful
in comparing trained and untrained respondents regarding knowledge and adoption of paddy cultivation
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practices. In addition, the measurement of socio-economic status was carried out using a standardized
scale to categorize respondents based on their personal and socio-economic characteristics. These
statistical tools together provided a reliable basis for analysis, interpretation, and drawing valid
conclusions.

RESULTS AND DISCUSSION:

Table - 1 shows the difference in knowledge among trained respondents according to their different
categories of six personal and socio-economic characteristics. It was found that there was no significant
difference in knowledge about paddy cultivation among different age categories of respondents except
middle and old aged respondents in respect of manures/fertilizers. This shows that age had no significant
effect on the knowledge of trained respondents.

Table -1 Difference in knowledge among trained respondents according to their different
categories of personal and socio-economic characteristics

SI. | Differences in | Difference in Knowledge ('t' value)

No. | Categories PP M/F PPM 11 PHT Total
Age
Young Vs Middle 0.301 0.900 | 0.700 1.131 1.000 1.098
Young Vs Old 0.700 0.550 | 0.400 0.717 1.000 0.342
Middle Vs Old 0.650 2.279* | 0.600 1.006 1.000 1.255
Caste
SC Vs OBC -2.412*% | 1.018 1.921 1.909 1.000 1.962
SC Vs Gen. -2.800* | 2.635*% | 3.101* | 2.744* | 1.000 3.002*
Gen. Vs OBC 0.402 1.947 | 0.702 0.526 1.000 1.005
Education
Ili. Vs JHS 1.363 1.041 0.539 0.179 1.000 0.713
Ili. Vs HS 0.465 0.043 | 0.147 0.126 0.655 0.125
Illi. Vs Inter & above | 0.667 0.698 | 0.009 0.369 0.655 0.419
JHS Vs HS 0.356 0.941 0.932 0.037 0.100 0.636

JHS Vs Inter & above | 3.465* | 3.415* | 1.391 0.299 1.000 2.242%
HS Vs Inter & above | 1.102 0.724 0.212 0.667 6.513* | 0.600
Social Status

O T® Lo TR RMO AL TR WO TR NG TS

Low Vs Medium 1.116 0.662 | 0.994 0.607 1.000 0.746
Medium Vs High 1.223 1.919 |0.703 1.002 0.655 1.395
Low Vs High 0.561 1.807 | 0.606 0.687 1.000 1.052
Economic Status

Low Vs Medium 0.049 1.378 | 0.204 1.677 0.655 0.646
Low Vs High 0.433 0.871 0.614 3.373* | 1.000 0.700
Medium Vs High 1.115 0.550 | 0.748 1.377 1.000 0.143
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6. SocioEconomic
Status
a. Low Vs Medium 0.605 0.166 0.378 1.921 0.015 1.386
b. Low Vs High 0.788 0.515 0.736 1.470 1.000 1.508
C. Medium Vs High 1.081 1.682 0.446 1.269 1.000 0.266

PP - Preliminary Preparation; M/F - Manures/Fertilizers; PPM - Plant Protection Measure; I/I -
Irrigation/Implements; PHT - Post Harvest Technology
- Significant at 5 per cent level of probability

In case of caste categories, significant difference in knowledge of scheduled caste respondents was found
with other backward caste in the knowledge about preliminary preparation and with general caste category
in all the practices of paddy cultivation. It may be concluded that the respondents of scheduled caste had
less knowledge on scientific paddy cultivation as compared with other caste categories. This trend may
be because of poor economic condition and small land holdings.

This table, further highlights that the significant difference in knowledge on production technology and
manures/fertilizers as well as overall knowledge about paddy cultivation between the respondents who
had education upto Junior High School & Intermediate and above. The knowledge on post harvest
technology was found significantly different between the respondents who had education upto High
School & Intermediate and above.  The significant difference in knowledge on improved implements
was also found between the respondents of low and high economic status.

It is observed from the table that the training programme of KVK has significantly reduced the gap in
knowledge among different categories of personal and socio-economic status of the respondents were
found only in those practices which requires the financial obligations.

The Table - 2 reveals the difference in knowledge among the untrained respondents according to their
different categories of personal and socio-economic characteristics. It was found that old age categories
of respondents had significant difference in knowledge with young and middle age categories in respect
of all the practices of paddy cultivation except post-harvest technology. It is concluded that old age
categories had significantly, high knowledge on paddy cultivation as compared with other age categories.

Table -2 Difference in knowledge among untrained respondents according to their different
categories of personal and socio-economic characteristics

SI. | Differences in | Difference in Knowledge ('t' value)

No. | Categories PP M/F PPM 1 PHT Total

1. Age

a. Young Vs Middle 1.475 1.845 1.139 1.678 1.435 1.751

b. Young Vs Old 3.195* | 4.076* | 3.835* | 3.672* | 0.655 4.057*

C. Middle Vs Old 3.522* | 3.748* | 3.960* | 2.337* | 1.435 4.237*

2. Caste

a. SC Vs OBC 1.974 0.287 3.527* |2.605* | 1.200 2.137*

b. SC Vs Gen. 3.452*% | 2.862*% | 6.758* | 5.438* |0.359 5.012%*

C. Gen. Vs OBC 1.070 2.752* | 4.337* |2.828* | 1.300 2.883%*
IJFMR250556208 Volume 7, Issue 5, September-October 2025
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3. Education
a. I1li. Vs JHS 2.500*% | 1.562 |4.181* |2.475*% |1.100 3.253%
b. Ili. Vs HS 1.494 1.712 | 4.459* |2.521* | 1.800 3.026%*
c. Ili. Vs Inter & above | 5.317* | 5.488* | 8.192* | 6.507* | 0.033 7.717*
d. JHS Vs HS 0.901 0.367 1.445 0.078 0.655 0.274
e. JHS Vs Inter & above | 2.985* | 3.953* | 4.188* | 3.145* | 1.230 4.094*
f. HS Vs Inter & above | 3.782* | 3.194* | 2.006* | 3.017* | 1.400 3.425%
4. Social Status
a. Low Vs Medium 5.951* | 0.982 1.948 1.675 1.430 0.009
b. Medium Vs High 0.741 1.347 | 0.832 0.101 1.210 0.868
c. Low Vs High 0.079 1.149 | 0.615 0.410 0.064 0.878
5. Economic Status
a. Low Vs Medium 0.913 0.358 1.365 1.067 1.800 1.332
b. Low Vs High 3.984* | 3.212*% | 3.389* | 3.025* | 1.200 4.155*
c. Medium Vs High 4.076* | 3.624* | 3.619*% |2.969* | 0.415 4.037*
6. Socio-Economic

Status

a. Low Vs Medium 2.714* | 0.581 4.699* | 4.769*% | 1.400 3.835%
b. Low Vs High 5.114*% | 4.210*% | 8.347* | 6.156* | 0.140 6.949%*
c. Medium Vs High 3.506*% | 3.827* | 4.517* |2.238* | 1.500 4.019*

PP - Preliminary Preparation; M/F - Manures/Fertilizers; PPM - Plant Protection Measure; I/I -
Irrigation/Implements; PHT - Post Harvest Technology
- Significant at 5 per cent level of probability

In view of the difference in knowledge according to their caste categories. It was found that knowledge
about plant protection measure, irrigation/implements as well as overall knowledge of paddy cultivation
were found significantly difference among all the three caste categories with each other. Further, the
knowledge about manures/fertilizers and general caste categories was found significantly different with
scheduled caste and other backward caste categories.

As far as the education level of the respondents was concerned, significant difference in knowledge about
plant protection measure, irrigation/implements and overall practices of paddy cultivation was found on
all the educational categories of the respondents with each other except the knowledge among the
respondents who had education upto to High School and Junior High School was found to be at par. The
difference in knowledge about preliminary preparation and manures/fertilizers among the respondents
who had education upto Intermediate & above was found significantly higher than the respondents who
were illiterate and education upto Junior High School and High School. It ass also observed that the
knowledge among educated respondents is higher than other less educated respondents.

In case of economic status of the respondents, significant difference in knowledge about all the practices
of paddy cultivation except post-harvest technology among high economic status was found with low and
medium economic status. It clearly reveals that the respondents of high economic status had more
knowledge as compared with the respondents of other economic status.
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As far as the knowledge among the respondents of different categories of socio-economic status was
concerned, the significant difference in knowledge about all the practices of paddy cultivation except post-
harvest technology and among three categories of respondents with each other.

Conclusion:

The study highlights significant differences in knowledge of paddy cultivation among trained and
untrained respondents across personal and socio-economic categories. Training programmes organized by
KVK played a vital role in minimizing knowledge gaps, particularly in technical and scientific practices,
though disparities remained in areas requiring financial investment. Among trained farmers, age showed
minimal influence, while caste, education, and economic status significantly shaped knowledge levels. In
contrast, untrained respondents displayed wider variations, with older, educated, and economically better-
off farmers possessing higher awareness. Overall, training emerged as an effective tool for bridging
knowledge disparities and promoting scientific cultivation practices.
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Abstract :Present experiment
Horticulture, Udai Pratap Autofiomots < study th el
yield and quality parameters of RadishiR: ' Y- The experiment was laid out in Randomized Block
Design with seven treatments’ cati ' ded k. three different concentration of
GA3 and NAA at 10, 20 and 3 ‘dmprovements in root length,
root diameter and yield per hectare under h alior i dnd NAA Maximum yield was recorded
under GAs @ 30 ppm, followed by NAA (@ . The ts shows' thal plant growth regulators play a
vital role in enhancing the produstivity of radish’y f | o

Index Term : Plant growth regulators, gre
INTRODUCTION

Radish is an important root vegetable crop. It belongs to Brassicaceae family and has diplowd chromosome
number (2n = I8). This vegetable is grown for its fleshy roots and leaves in many tropical and sub-tropical
regions of the world. It is native of Europe and Asia (Thompson & Kelly 1957). It is a fast growing, cool scason
crop grown for its enlarged tap root It has a wide range of shapes. such as cylindncal, globular and tapering. The
outer skin colour usually white. The Asiatic varicties, which are primanly grown in a tropical chimate, produce
edible roots in the first season and sceds in the second scason as a biennial crop. The plant has rosctte-shaped
leaves covered with stiff bristles. It produces an edible, fleshy root with a fusiform shape, which develops from
both the primary root and the hypocotyl. Radish has a wide range of vaniation in root size, shape and length. It
is highly cross-pollinated due to the sporophytic system of self- incompatibility. The inflorescence is typically
a raceme and arises on the main stem. The flowers are cruciform, symmetrical, and bisexual, with complete
homogamy and they are rosc or lilac in colour. The androecium of the flower consists of six stamens arranged
in two whorls, while the gynoecium is formed by a bicarpellary, syncarpous ovary. The fruit of the radish is a
true silique, typically 2.5 to 7.5 cm long, with a pithy interior, and it does not dehisce when npe. The use of plant
growth regulators such as GAy and NAA have shown potential to enhance vegetative growth, root development,
yield and quality. GA5 is known for cell clongation and shoot growth, whereas NAA influences root formation
and nutrient uptake. The present investigation aims to assess the influence of foliar application of GA ; and NAA
at different concentrations on the yield and quality parameters of radish.

RESEARCH METHODOLOGY

The study was conducted during Rabi scason in 2024-25 at the horticulture field, Department of Horticulture,
Udai Pratap Autonomous college, Varanasi to study the “Influence of Plant Growth Regulators on growth and
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Yield of Radish (Raphanus sativus L.). The experiment was laid out in Randomized Block Design with seven
treatments and three replications on the variety Kashi Hans. The treatments used i.e. three different concentration
of GA3 and NAA at 10, 20 and 30 ppm and control. The seeds were sown on 4 November. The

treatments used i.e. three different concentrations of GA3 and NAA at 10, 20 and 30 ppm and control. The
seeds were sown at 4 November.The observation were recorded on root length, root yield (q/ha), percent
dry matter, Ascorbic acid (mg/100 g) and Total Soluble Solid (TSS).

Results and discussion

Yield Attributes
The study of mean value pertmmng o wgetat ive ::anhm s[hmﬂ lhnt Various Iru!mﬂnls of growth regulators

significantly affected the plant height, aumber ntlem& Jrenplant length of Imes GA3 was mos! effective
followed by NAA. All the growth regulators treatment except ¢ GA3 at 30 ppm,  has shown significant effect in
improving the plant height, leaf length and Jeaf’ width of p!:mlns l:nmpan: to control.

The maximum value of root length was observed under treatment T4 was (34.16 cm), diameter of root
(4.40 cm), average root weight, yield per plot , yield per hectare (426.25 q/ha) was recorded ( GA3 at 30
ppm). The minimum value of yield and yield attributes such.as root length (28.12), diameter of root,
average root weight and yield |per_hectare were renurﬂed under control. These findings, are also
consistent with observations recorded by Agnihotri, er ot al. (2021), Jatav (2007), karuppaiah et al. (2007),
Reddy, et.al, (2021), Jatav, (2007) and Mukherjee and Roy (2006).). Gibberellic acid may have increased
nutrient uptake by increasing cell division and elongation, resulting In increased root length (Shruthi et
al, 2016), Jat (2018). The fresh weight of root was greatest at the highest concentration of GA3, which
Hopkins attributes to three factors : I‘]I'j'l‘ﬂﬂ'l‘lﬂr, cell division and expansion, all of which resultin increased
fresh weight of root. This increase in yield ns weII as ,wefd :lttrlbums by gibberellic acid may be due to
increased vegetative growth and foliage gwmg better nppnrtumtms for photosynthetic activity resulting
in high yield reported by Ashraf, et al, [2013) and Mlshm and Pathak (2005). The enhancement in growth
parameters was primarily due to the hormonal unpacl 3}', p!a:nl gmwlh regulators, which stimulated both cell

division and elongation. '\v.

Quality Attributes

The results of this study has clearly shown that GA3 and NAA had shown significant increase on quality
attributes such as percent dry matter and Ascorbic acid when compared to control. The maximum values of
quality parameters 1.e. percent dry matter (7.24%), Ascorbic acid content (22.1 mg/ 100 g) and TSS (5.70 °Brix)
was recorded in Ty, On the other hand, mimimum percent dry matter (6.10%), ascorbic acid content (18.2 mg/100
g) and TSS (4.50 °Bnx) were recorded under control. These results were in close argument with the observation
recorded by Chauhan and Tandel (2010) in cabbage, Ganapathi, (2006). in carrot, Vishwakamma, er.al, (2017)
in sprouting broccoli. The increase in ascorbic acid content in radish could be attributed to improved availability
of energy and assimilates supporting vigorous vegetative growth, as observed by Mishra and Singh (1986) in
cauliflower and by Agnihotry, ef al., (2021) in radish.Additionally, GA, influenced genetic processes such as
protein synthesis, nutrient translocation, and transpiration, leading to the improvement of quantty and quality
parameters.Similar, result were founded by Abdel, er al, (2010), Thompson & Kelley. (1957)), karuppaiah er
al. (2007), Shweta e al. (2018), Shruthi et al. (2016), and Bagn, M. B. (2021) all made similar observation.
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Table : Effect of different growth regulators on Yield and Quality of radish

Treatment Root length(em) | Yield (q/ha) Percent dry Ascorbilc ncid T.5.5. Content
matter (mg/100g) (°Brix)
T 28.12 302.06 6.10 18.2 45
T: 30.62 362.83 645 19.5 19
Ty 32.30 419.22 6.80 20.8 53
Ty 3416 426.25 7.24 22.1 57
Ts 29.8 310.76 6.50 19.1 18
Te 30.63 352.66 6.70 204 5.2
T 319 401.22 7.05 21.7 5.6
SEms 038 4.92 0.12 0.31 0.09
CD at 5% 1.16 15.15 0.37 0.95 0.27

Figure : Effect of different growth regulators on Yield and Quality of radish
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Conclusion

The present study shows that the application of plant growth regulators (GA,; and NAA) has significantly
improved the yield and quality attributes of radish. Among the treatments GA; at 30 ppm has shown best
result in root length, marketable root yield (q/ha), percent dry matter, Ascorbic acid, T.S.S. Hence, GA3 at
30 ppm can be used to increase yield and quality characters of radish
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Abstract

This study was conducted with the objective to determine the effect of micronutrients and GAs on
growth and yield of Tomato (Lycopersicon esculentum Mill.) cv. Kashi Chayan and an experiment was
conducted at the horticultural farm, Udai Pratap (Autonomous) College, Varanasi (U.P.) during Rabi
season of 2023-2024. Experiment was laid out in a randomized block design (RBD) with seven
treatments replicated three times comprising GAs and micronutrients with control i.e. T1: GAs (50ppm),
T2: GAs (100ppm), Ts: ZnSO4 (0.5%), Ta: ZnSO4 (1%), Ts: Boric acid (50ppm), Te: Boric acid
(100ppm) and T7: Control. Significantly, differences were found for plant growth parameters viz. plant
height (cm), number of branches plant?, number of flower cluster?, number of cluster plant?, was
recorded highest in T2: GAs (100ppm). The treatment T2: GAs (100ppm) was also found best in early
days to 50% flowering, days to first fruit set and yield attributes viz., no. of fruit per cluster, no. of fruit
plant, average fruit weight (g), fruit length (cm), fruit width (cm), fruit yield per plant (kg) and fruit
yield (g/ha) in tomato cv. Kashi Chayan. It is revealed that the use of GAs at the concentration of
100ppm, considerably increased the vegetative growth parameters and significantly increased growth
and yield of tomato.

Keywords: Micronutrients, GAs, Growth and Yield

Introduction

Tomato (Lycopersicon esculentum Mill.) is a member of the Solanaceae family and is a
diploid species with a chromosome number of 2n=24. Originally native to Peru and Mexico,
it is now widely cultivated across the globe due to its ability to thrive in a variety of soil
types and climates (Gerszberg et al., 2015) [“. The top tomato-producing countries include
China, the United States, India, Egypt, Turkey, Iran, Mexico, Brazil, and Indonesia [FAO,
2022]. Tomato is a warm-season crop that is sensitive to cold temperatures (Afshari et al.,
2014) M. 1t can be cultivated in both the wet and dry seasons, provided the annual rainfall
ranges from 60 to 150 cm. However, excessive rainfall during its growth period can be
detrimental to the plant. Micronutrients play a crucial role in plant processes, and foliar
application of these nutrients can enhance both the quality and yield of tomatoes (Ali et al.,
2012) [ by boosting the photosynthetic activity in green plants (Singh and Tiwari, 2013) 23],
Micronutrients management is essential to boost the crop production and also increased the
fruits quality. Boron and zinc important micronutrient for quality tomato fruit production.
Zinc regulates growth and also promotes balanced sugar consumption and Boron helps to
providing some nutrients and essential for proper development of their fruits and seeds.
Gibberellic acid is a key growth regulator with various potential applications for altering
plant growth, yield, and yield-related traits (Rafeekher). Considering the facts, the current
study aims to examine the effects of Micronutrients and GAz on the growth and yield of
tomato.

Materials and Methods

A field experiment entitled " The effect of micronutrients and GA3z on growth and yield of
Tomato (Lycopersicon esculentum Mill.) cv. Kashi Chayan" was conducted at the
experimental field of Department of Horticulture, Udai Pratap (Autonomous) College,
Varanasi (U.P.) during Rabi season of 2023-2024. Experiment was laid out in a randomized
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block design (RBD) with seven treatments replicated three
times comprising GAs and micronutrients with control i.e.
T1: GA3 (50ppm), T2 GA3 (100ppm), T3: ZnSO4 (0.5%), T4
ZnS04 (1%), Ts: Boric acid (50ppm), Te: Boric acid
(100ppm) and T+: Control. The collected data includes plant
height (cm), number of branches plant, number of flower
cluster?, number of cluster plant?, early days to 50%
flowering, days to first fruit set and yield attributes viz., no.
of fruit per cluster, no. of fruit plant?, average fruit weight
(9), fruit length (cm), fruit width (cm), fruit yield per plant
(kg) and fruit yield (g/ha) in tomato cv. Kashi Chayan. The
data was analyzed using analysis of variance (ANOVA),
and mean separation was performed at a 5% probability
level.

Results and Discussion

The data on the effects of various micronutrients and GA3
on plant height at different growth stages were statistically
analyzed and are detailed in Table 1. It clearly showed that
the plant height differed significantly with each other, the
maximum plant height (118.23 cm) was recorded in the
treatment T2 (GAs @ 100 ppm. The minimum plant height
was noted 92.40 cm at the time of harvesting in treatment T
(Control). The data on the effects of various micronutrients
and GAs on no. of branches per plant at different growth
stages were statistically analyzed and are detailed in Table
1. It clearly showed that the no. of branches differed
significantly with each other, the highest no. of branches
(11.95) was recorded in the treatment T, (GA; @ 100 ppm).
The lowest no. of branches was noted 7.10 at the time of
harvesting in treatment T+ (Control).

The shortest duration to reach 50% flowering in tomato
plants was observed in treatment T, (GAs @ 100 ppm),
requiring just 62.34 days. This was followed by treatment T,
(GAs; @ 50 ppm), which required 64.29 days. In contrast,
the longest duration of 76.51 days to reach 50% flowering
was recorded in the control treatment T,. Onofeghara (1981)
8] reported similar findings, attributing them to the role of
GA:; in regulating flower initiation and development. GAg is
crucial for both male and female fertility (Griffiths et al.,
2006) 1. The data on the effects of various micronutrients
and GAz on no. of flower per cluster were statistically
analyzed and are detailed in Table 1. The highest number of
flowers per cluster, averaging 6.86, was observed in
treatment T, (GAs @ 100 ppm). This was followed by T
(GA; @ 50 ppm) and Ts (Boric acid @ 100 ppm), which
had 6.47 and 5.38 flowers per cluster, respectively. The
highest number of clusters per plant, at 5.86, was observed
in treatment T, (GA; @ 100 ppm), followed by T1 (GAs @
50 ppm). Both micronutrients and GA3z had a notable impact
on the days to the first fruit set during the 2023-24 period.
The shortest duration to the first fruit set, at 72.77 days, was
observed in treatment T2 (GAs @100 ppm), followed by T,
(GA:; @ 50 ppm). Both micronutrients and GA; had a
considerable impact on the timing of the first fruit picking
during the 2023-24 period. The shortest time to the first fruit
picking, at 87.20 days, was recorded in treatment T, (GAs
@100 ppm), followed by T1 (GAs @50 ppm) at 88.35 days.

https://www.hortijournal.com

The data on the effects of various micronutrients and GA3
on no. of fruits per plant were statistically analyzed and are
detailed in Table 2. Among the treatments, T, (GA; @ 100
ppm) yielded the highest number of fruits per plant at 47.80,
showing a significant improvement compared to other
treatments. This was followed by T; (GAs; @ 50 ppm),
which produced 44.60 fruits per plant. In contrast, the
control (T7) recorded a significantly lower number of fruits
per plant (22.43).

The longest fruit length, measuring 6.10 cm, was observed
in treatment T2 (GAs; @ 100ppm), which was significantly
superior to other treatments. This was followed by T1 (GA3
@ 50 ppm) and T4 (ZnSO4 @ 1%), with fruit lengths of 5.98
cm and 5.05 cm, respectively. The shortest fruit length, at
3.57 cm, was recorded in the control group T+. The results
of various levels of micronutrients and GAs across different
treatment combinations are shown in Table 2. The greatest
fruit width, measuring 5.14 cm, was observed in treatment
T2 (GAs at 100 ppm), followed by T1 (GA; at 50 ppm) at
4.98 cm. The results of various levels of micronutrients and
GA; across different treatment combinations are shown in
Table 2. The weight of individual tomato fruits varied
significantly with the application of different levels of GAs;
and micronutrient. The highest average fruit weight
(104.469), was recorded in treatment T» (GAs @ 100 ppm),
followed by T; (101.73g) and T, (98.40g). The lowest
average fruit weight, 82.32g, was observed in the control
(T7). These findings are reported by Lilov and Donchev
(1984) 'l Nagem et al. (2001) [,

The results of various levels of micronutrients and GAs
across different treatment combinations are shown in Table
2. Statistical analysis of the data on tomato fruit yield per
plant (Kg) revealed significant differences. Different levels
of GA; had a significant impact on the yield of fruit per
plant. The highest yield, at 3.33 kg per plant, was achieved
with 100 ppm GAs, while the lowest yield, 1.56 kg per
plant, was observed under control conditions.The results of
various levels of micronutrients and GAs across different
treatment combinations are shown in Table 2. Statistical
analysis of the data on tomato fruit yield per hectare (q)
revealed significant differences. The application of different
levels of GA; significantly affected the fruit yield per
hectare. The highest yield, 437.35 g/ha, was obtained with
T2 (GAs; @ 100 ppm), followed by T1 (GAs @ 50 ppm) at
407.87 g/ha whereas the lowest yield, 240.56 g/ha, was
recorded in the control (T7).

Conclusion

The results of the present study indicate that the application
of GAs (50 ppm and 100 ppm) and micronutrients such as
ZnS0O4 (0.5% and 1%) and boric acid (50 ppm and 100
ppm) notably enhanced vegetative growth, flowering, and
significantly boosted tomato yield. Based on these findings,
it can be concluded that GAs at a concentration of 100 ppm
was the most effective treatment for improving both
vegetative growth and yield in tomato variety Kashi
Chayan.
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Table 1: Effect of micronutrients and GAs on plant height, no. of branches, days to 50% flowering, no. of flower per cluster, no. of cluster
per plant, days to first fruit set and days to first fruit picking

Treatment |Plant height| No. of Days to 50% No. of flower | No. of cluster | Days to first |Days to first fruit
Tr. No. - : . s
details (cm) branches flowering per cluster per plant fruit set picking

T:. | GAs(50ppm) | 115.75 11.03 64.29 6.47 4.37 73,51 88.35

T2 GAs (100ppm) 118.23 11.95 62.34 6.86 5.86 72.77 87.20

T3 ZnS04 (0.5%) 107.47 10.25 72.31 5.12 3.98 77.15 91.92

Ta ZnS04 (1%) 109.32 10.98 71.03 5.26 4.32 76.87 89.99

T, | BoficAcd 667 9.33 68.01 5.28 4.28 77.67 92.85

(5(_)ppm}
o | BoricAcd | g5 49 9.98 67.20 5.38 4.08 76.37 90.98
(100ppm)

T7 Control 92.40 7.10 76.51 4.24 3.24 80.11 94.01
SEm+ 1.95 0.13 1.44 0.05 0.04 1.45 1.36
CDat 6.02 0.41 4.44 0.17 0.13 4.47 4.19

5%

Table 2: Effect of Micronutrients and GAs on no. of fruits per plants, fruit length (cm), fruit width (cm), fruit weight (g), fruit yield
(kg/plant) and fruit yield (g/ha)

. No. of fruits per Fruit length Fruit width | Fruit weight Fruit yield Fruit yield
Tr. No. | Treatment details plant P (cm)g (cm) @ g (Kg/p?/ant) (q/h){a\)
T1 GAs (50ppm) 44.60 5.98 4.98 101.73 3.27 407.87
T2 GAs (100ppm) 47.80 6.10 5.14 104.46 3.33 437.35
T3 ZnS04 (0.5%) 37.47 4.93 4.18 97.07 2.89 304.76
T4 ZnS04 (1%) 39.38 5.05 4.25 98.40 2.93 321.02
Ts |Boric Acid (50ppm) 34.06 4.79 4.04 91.29 2.31 337.10
Te '?fg'ocp';‘r‘;';j 35.99 4.86 4.13 95.30 2.64 353.20
T7 Control 22.43 3.57 3.57 82.32 1.56 240.56

SEm+ 0.71 0.07 0.07 1.01 0.03 6.43

CD at 2.18 0.22 0.20 3.11 0.09 19.81
5%
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ABSTRACT

The conventional agriculture is facing a two-fold crisis, it has to produce much more food and at
the same time decrease dramatically the environmental impact, yet the homogeneous, input-intensive
strategy does not fit the task. This review suggests a revolutionary synergistic combination of three fields
in order to attain sustainable intensification. Precision Agriculture (PA) offers the data-driven nervous
system to map both spatial and temporal variability of crops and soils. Developed Horticulture provides
the physiological knowledge base to understand this data and use it in crop-specific management.
Plant Bioactive Science proposes specific "bio-stimulatory instruments" like elicitors and biostimulants
to direct plant metabolism. They then allow them to create a closed-loop approach in which spectral
sensing forecasts phytochemical compositions, precision horticulture uses controlled stress to generate
valuable secondary metabolites, and variable-rate technologies provide inputs with surgical precision.
This paradigm changes the priority in favor of bulk yield and optimization of output and nutritional
quality, taking an active role in the trade-off between biomass/biochemical product production. The
barriers in terms of cost, data integration and complexities in biology still exist but the potential of sensor
technology, artificial intelligence and nano delivery systems to operationalize this vision are expected
going forward. This integration ultimately opens the door to phyto-chemically-optimized production
systems that can achieve the highest nutritional value/unit of resource optimization which would enable
agricultural innovation to meet the global food security and sustainability needs.

Keywords: Bioactive Compounds, Secondary Metabolism, Precision Horticulture, Sustainable
Agriculture, Nutraceuticals
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INTRODUCTION

It is the twin imperatives of global food
security and sustainable intensification that creates
the essential context of which the contemporary
agricultural innovation should be assessed.' The
world population that is estimated to go up to almost
10 billion by 2050 requires a significant growth in
food production the estimates point to an increase of
60-70 percent of the current level in 2005. This
pressure is intensely compounded by the destabilizing
impacts of climatic change, which come in terms of
higher occurrence of droughts, floods, heat stress
and pattern changes in pestilence, which directly
endanger crop stability and arable land. At the
same time, there is also the paradox of agriculture
upon itself: it needs to dramatically decrease
its impact on the environment but increase the
production. Traditional agriculture is a major source
of greenhouse gas emissions, excessive utilization
of freshwater, decline in biodiversity and extensive
soil and water pollution by synthetic inputs.2® This
has created the main paradigm of sustainable
intensification (SI), which is the generation of more
output, with the same unit of land, water, and input
and reducing environmental damage and improving
the concept of ecosystem services. Sl is not a
technology but an objective conceptualization which
requires a radical reorientation of homogeneous,
input-intensive agriculture to knowledge intensive,
accurate and ecologically combined management.*®
Itis in this desperate context that the combination of
three separate, but complementary fields precision
Agriculture (PA), advanced Horticulture, and plant
bioactive science, appears not only as a possibility,
but as a systemic shift that requires evolution of
our food production systems to become resilient,
efficient and of high quality. Nevertheless, the
prevailing paradigm of traditional agricultural activity
is profoundly inadequately prepared to address the
complicated needs of Sl and has severe constraints
on the ability to optimize yield as well as quality in
a sustainable way. These restrictions are structural,
based on a philosophy of standardization and
application of bulk input. To begin with, the traditional
management considers fields as homogenous units,
which results in the indiscriminate use of water,
fertilizers and pesticides. This method disregards
the natural spatial differences in soil texture, nutrient
levels, organic material, topography and micro
climate. The effects are two fold: hefty input wastes in
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surplus areas that do not need them, and increased
costs and pollution and sub-optimization applications
in areas where they are actually needed generating
yield discrepancies in the same field.5” This was
an inefficient use of resources that is economically
and environmentally unsustainable resulting in
nutrient runoffs which result in eutrophication and
groundwater contamination; over-irrigation intensifies
water scarcity and salinization. Second, the standard
practices tend to destroy the very resource base
that they rely on. Repeated ploughing enhances
water-sustaining and water-filtering properties,
compromising the earth structure, biodiversity and
organicness of the soil-based microbes- the source
of sustainable fertility. The excessive use of the
chemical pesticides leads to disruption of the natural
pest-predator relationships, development of resistant
pest and weed biotypes, and damages non-target
organisms, including pollinators which are vital to a
variety of horticultural crops.8®

In respect of yield, the traditional systems
have arguably reached a physiological plateau of
key staple crops in the prevailing management
paradigm, and there is less and less input payoff.
The optimization of yield is normally accomplished by
utilizing genetic potential and chemical inputs, without
paying much attention to the internal physiological
conditions of the plant and its dynamical relation to
the microenvironment. As an example, the use of
nitrogen fertilizer on an interval basis as opposed to
the nitrogen status and assimilatory capacity of the
plant in real-time may cause luxury consumption,
overgrowth of vegetation at the cost of reproductive
yield and slow maturation.®"2 Moreover, traditional
systems are ill fitted in controlling abiotic stress
on-the-fly. An impending drought or heatwave is
usually dealt with on the run, and maybe not at
all, with irrigation, instead of being dealt with on
the proactive by physiological priming of plants
to increase their intrinsic tolerance mechanisms,
and result in avoidable losses in yield. The key
weakness of traditional practice, especially with
high-value horticultural crops, perhaps, is that it
often ignores quality as a complex characteristic.
The emphasis on the tonnage per hectare does
not take into account the key parameters that are
crucial to nutritional value, resultant shelf life, and
consumer preference: concentration of health-
promoting bioactive compounds (e.g., polyphenols,
carotenoids, vitamins), flavor profile, texture
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and uniformity. These quality attributes are very
sensitive to the management.’'* Irregular supply
of water or nutrients, such as that of blossom-end
rot in tomatoes or bitter pit in apples, are also the
cause of a disorder. More implicitly, value-added
bioactive compounds are commonly products of
secondary metabolism in a plant, which is commonly
enhanced in the presence of gentle, controlled
stresses (eustress) a notion abhorred by the aim
of conventional farming to eradicate all stress.
High-input, uniform environments can maximize size
and speed and yield diluted produce that is of lower
nutrient density and has reduced resilience. Direct
extensions of quality failures in the field are known as
post-harvest losses, which have been estimated to
range between 30-40% of the fruits and vegetables
produced in the world, with the lower phytochemical
composition of the produce or the physical integrity
decomposition being more rapid.'s'

Fundamentally, traditional agriculture has
a simplistic input output framework that is becoming
increasingly inconsistent with the upheaval of
plant biology, soil ecology and climate volatility.'”'®
It is offloading environmental expenses, wasting
resources, homogenizing management in lieu
of in-field potential, not strategically bringing the
full potential of plant physiology to bear on robust
yield and high quality. This challenging status quo
forms an interesting problem statement: An urgent
requirement is the transformative and knowledge-
based framework capable of dynamically monitoring
and reacting to spatial and temporal variability (PA),
implementing the deep physiological knowledge to
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control plant performance and secondary metabolism
(Horticulture), and using specific, biologically-
grounded compounds to evoke the desired plant
responses (Bioactives). These three pillars, combining,
offer the synergistic remedy and blanket prescriptions
will be substituted by the dynamic and plant-oriented
dialogue thus filling the major gaps that are quite
often left by traditional methods to get to the actual
objectives of sustainable intensification.!2°

Precision Agriculture: Core Principles and
Technologies

Fundamentally, Precision Agriculture is
more of a paradigm shift of the traditional unified,
whole-field approach to site specific, data-driven
approach. It is based on the fact that it acknowledges
and controls in-field spatial and temporal variability
in order to achieve maximum economic returns,
resource efficiency, and environmental stewardship.
This is operationalized by a cycle of observation,
diagnosis and action made possible by a package
of interdependent technologies.?'?2 Remote Sensing
is the major observational layer as it can give multi-
scale information on crop status. Satellite systems
(e.g. Sentinel-2, landsat) can provide synoptic,
periodic images which are suitable to track seasonal
patterns and regional planning. Unmanned Aerial
Vehicles (UAVs or drones) support an increased
spatial and temporal resolution, that is capable of
yielding detailed spectral information (including both
multispectral and thermal imaging) of the landscape
to identify the early cues of water stress, nutrient
deficiency, or disease hotspots, before they are
visible to the human eye.?

Table 1: Core Limitations of Conventional Agriculture vs. Solutions from the Integrated
PA-Horticulture-Bioactives Framework

Aspect

Limitation of Conventional Agriculture

Solution from Integrated Framework

Spatial Management Treats field as homogeneous;
blanket application of inputs
High waste, pollution, and cost

due to over-application.

Resource Efficiency

Yield Optimization
reactive stress management.

Quality Focus
tonnage over nutritional density.

Soil & Ecosystem Health
and chemical overuse.

Decision Basis

Approaches physiological plateau;
Neglected or diluted; emphasis on
Degradation through tillage, erosion,

Schedule-based, reactive, and empirical.

PA manages in-field variability via sensors

& VRT; applies inputs site-specifically.

Precise application reduces waste, lowers
environmental footprint, and optimizes ROI.
Proactive priming with bioactives; real-time
stress mitigation via PA sensors & models.
Active elicitation of secondary metabolites

via precision horticulture & bioactives.
Reduced chemical load; potential for enhanced
soil biology via targeted biostimulants.
Data-driven, predictive, and based on real-time
plant physiology.

The finest quality data (e.g. the electrical
conductivity of soil, pH, and real-time canopy

structure) is supplied by proximal sensing, which
incorporates ground sensors on tractors or a
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stationary installation (e.g. NDVI via Greenseeker).242
The multi-level sensing strategy generates the multi-
layered data stream of biophysical parameters of
crops. Nevertheless, raw data cannot be sufficient;
it needs a framework to be interpreted and make
spatial decisions. It is at this stage that Geographic
Information Systems (GIS) and Spatial Data Analysis
is essential. GIS can be considered as the digital
brain of PA, which combines the dissimilar layers
of data such as soil maps, yield histories, remote
sensing indices, topography and makes them a
single unified database that is georeferenced.
Kriging and clustering algorithms are then used as
spatial statistical methods to determine coherent
management zones in an area.

These spaces identify regions of similarity
and potential in place of the concept of a
homogenous field to a mosaic of individual micro-
managements units. The practical deliverable of
this analysis is a prescription map. The physical
actuator of PA is called Variable Rate Technology
(VRT) which enables the inputs, such as seeds,
fertilizers, lime, and pesticides, to be applied in
the rates that are accurately determined according
to the needs of every management zone. The
agricultural machinery has a controller which
translates the prescription map on the fly and
automatically varies application rates as it moves
across the field.?” This guarantees that resources
are distributed where they are needed the most
and also where they are not needed reducing the
waste that is inherent in the conventional blanket
applications. Lastly, there is the transforming
frontier of PA which is the Internet of Things,
Sensors and Real-Time Monitoring. This can
be achieved by implementing networks of in-
situ wireless sensing that constantly record the
important parameters including soil moisture,
temperature, nutrient content, and microclimate.
These sensors send information to the cloud
systems through loT gateways and as a result,
real-time monitor on the dashboard is possible
and most importantly automated response can be
triggered. A typical example is that water loss in
soil moisture within a particular area may activate
an irrigation solenoid or an increase in canopy
temperature may activate a special cooling mist in
a greenhouse. This completes the circle between
observation and action, making PA more of a
dynamic, responsive system, able to respond to
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variations in crop crops not only spatially, but also
in real time.28:2°

Modern Horticulture: Quality-Centric Production
and Physiological Production

The contemporary horticulture does
not only surpass the agronomy, but pays much
attention to the physiological mechanisms of
plants, especially high-value fruit, vegetables,
and ornamentation, with an uncompromising
value on quality as the major product.?® The
field is the key to the biological knowledge base
which makes the data of PA become meaningful.
At its core, there is an in-depth knowledge of
the Physiology of Plants and Stress Response.
The complex and intertwined processes of
photosynthesis, translocation, respiration and
hormonal regulation, which control growth,
development and yield formation are studied by
horticulturists. Most importantly, they draw a line
between distress (stress that is severe, and limits
the yield) and eustress (stress that is mild, tend
to be positive). A wide range of quality features,
most notably the synthesis of bioactive products
such as anthocyanins (color) or resveratrol
(antioxidant) is a result of secondary metabolism,
which is often induced as a protective mechanism
to controlled abiotic stress (such as moderate
water deficit (regulated deficit irrigation) or light
spectra). The knowledge of these cause-and-
effect relationships enables the growers to utilize
the environments strategically to produce desired
quality results in plant metabolism without the
need to reduce yield.B' The exact environmental
control is idealized by Controlled Environment
Agriculture and Soilless Systems including
greenhouses, vertical farms, and hydroponic/
aeroponic systems. CEA separates production it
of external climatic variability so that year-around
growing is possible, and the optimal use of
temperature, humidity, light intensity, photoperiod,
and spectral quality (through LED lighting) can
be controlled. Recirculating nutrient mixtures
(e.g. hydroponics) and soilless substrates (e.g.
rockwool, coco coir) can provide unprecedented
control over the root zone, providing water and
minerals in specific proportions as dictated by
the particular stage of crop growth. This aspect
of control renders CEA an optimal testing ground
and high-worth application area of integrated
PA and bioactive measures since each input
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could be quantified and varied. Nonetheless,
the success of any general technology depends
upon Crop-Specific Management Practices. The
physiological needs of a tomato are completely
different to those of a strawberry, blueberry or
a leafy green. An example is that the quality of
tomato fruit is very sensitive to the proportions of
potassium to calcium, and berry may need to be
subjected to a certain amount of chilling in order
to become dormant. This crop-specific vocabulary
is accorded by modern horticulture, the knowledge
of the phenological stages, nutrient requirements
during flowering versus fruit set, during pollination,
and during harvesting. It provides the answer to the
question of why and when behind the question of
where PA identifies, which means that technological
interventions are biologically relevant and schedule
so that they may have maximum effects on both the
yield and the quality.3232
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Plant Bioactive Ingredients

Plant bioactive ingredients represents a
wide range of secondary metabolites, which though
not vital to primary growth and development,
have important roles in plant adaptation, plant
defense and interaction with the environment.
They are used in agriculture, not just based on
the old methods of nutrition (NPK) but rather in
such a way that they directly impact on plant
physiology at a hormonal and metabolic scale.3*3%
The compounds may be grouped into broad
Definition and Classes (e.g., Phenolics e.g.,
flavonoids, lignans, stilbenes), which have anti-
oxidant effects and protect against UV; Alkaloids
e.g., caffeine, capsaicin), which are often used
in defense against herbivores; Terpenoids e.g.,
carotenoids (lycopene, beta-carotene), essential
oils (menthol), which provide defence, aroma and
pigmentation; and Other classes.®"

Table 2: Major classes of plant bioactive ingredients, their functions, and agricultural application potential

Class (Examples) Primary Functions in Plant

Key Agricultural Application & Target Outcome

Phenolics (Flavonoids,
Lignans, Stilbenes)
Alkaloids (Caffeine, Capsaicin)

Terpenoids (Carotenoids,
Essential oils)
Glucosinolates

photosynthesis.

Plant Growth Regulators & Hormones
(Jasmonates, Salicylates)
Biostimulants (Seaweed extracts,
Humic substances)

and stress response.

tolerance.

Antioxidants, UV protection,

structural components, defense.
Defense against herbivores, allelopathy.
Pigmentation, aroma, defense,

Defense compounds (e.g., in Brassicas).

Internal signaling for growth, development,

Enhance nutrient uptake, vigor, and stress

Elicited to enhance antioxidant capacity, color,
and stress resistance in fruits/vegetables.
Targeted boosting for medicinal/spice crops;
potential role in induced pest resistance.
Managed to improve color (lycopene), flavor/
aroma, and abiotic stress tolerance.

Elicited for enhanced nutritional (anticancer)
properties in vegetables like broccoli.
Exogenous application to prime defense
systems, modulate growth, and improve fruit set.
Precision application to improve fertilizer use
efficiency and homogenize crop vitality.

Synthesis of these compounds and
Biosynthesis Pathways are highly regulated and
frequently stimulated by environmental or biotic
stimuli (elicitors). The stimulation of such pathways
as shikimic acid (phenolics) or methylerythritol
phosphate (terpenoids) pathways can occur.3%%°
This is the secret of their agricultural exploitation:
their production can be turned on or increased
by special intervention. The means of elicitation
are the application of abiotic (e.g., particular light
wavelengths, controlled drought stress, nutrient
salts such as silicon or selenium) or biotic (e.g.,
shellfish, seaweed extracts, microbial consortia
useful, or even compounds inherent to plants).
This transforms the natural defense and adaptation
system of the plant as an instrument of control
improvement.4041
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These bioactives have a variety of
Bioactivities when used exogenously: Plants Growth
Regulation, Biostimulation, Stress Priming. They
are not mere fertilizers but signal molecules or
metabolism primers. Plant Growth Regulation implies
small-scale regulation of hormonal balances (auxin,
cytokinin, gibberellin) to control plant processes
such as root architecture, flowering time and fruit
set. Biostimulation is the improvement of nutrient
uptake and use efficiency, photosynthesis rates and
general plant vigor commonly observed with humic/
fulvic acid use or particular protein hydrolysate use.
Stress Priming (also known as acquired tolerance)
is the most powerful and is the pre-treatment of
the plants with a low concentration of bioactive
compound (or an elicitor) to train the plant defence
mechanisms. This preconditioning activates the
physiological state of the plant, resulting in a quicker,
more vigorous and more effective respo*? nse of
the plant to a stress in the future such as drought,
salinity, or pathogen attack. Such a preventative
measure can be very effective in minimizing losses
of crops and preserving quality even in harsh
conditions. Therefore, plant bioactives constitute an
advanced, biologically-inspired toolkit to modify the
plant performance, directing it toward resilience,
efficiency, and biochemically-enriched structure.*

Synergistic Integration: Conceptual Framework

The real transformative capacity of PA,
horticultural science, and bioactives does not lie in
their individual implementation, but in their planned
and integrated implementation. This causes a closed-
loop, intelligent crop management system, in which
the whole is bigger than the sum of its parts. PA is
the Information-Based "Nervous System" in this
context. It offers the sensory equipment (sensors,
drones) to constantly monitor the condition of the
crop and the surrounding environment, and the
diagnostic brain (GIS, Al) to diagnose problems and
discover opportunities. Horticulture provides this as
the Physiological "Knowledge Base. It views the PA
data in the concept of plant biology.*+“® It identifies the
reasons that may have caused the plant to be stressed
(is it a potassium shortage at fruit swell? It determines
the most physiologically favorable stage to act (e.g.
pre-veraison in grapes to promote anthocyanin
production) and when the area is in the clay-rich
region to be water-logged or not (e.g. clay-rich soils).
It gives the context to the crop, transforming generic
data points into biological diagnosis and a strategic
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goal (e.g., improve antioxidant capacity in Zone B
in the upcoming heatwave). Biostimulatory tool -
Bioactives then carries out the prescribed intervention
as the Targeted Bio-Stimulatory Tool. Rather than a
generic fertilizer or pesticide, the system orders a
given bioactive cocktail; say a seaweed extract full of
cytokinins and betaines to a zone with heat stress,
or a chitosan elicitor to a zone with high disease risk.
More importantly, VRT and loT systems allow applying
these bioactives with high accuracy and in the variable
rate only when required and in the accurate amount
established by the combined diagnosis.

PA recognizes micro-zones of plants
undergoing (or likely to be undergoing) mild and
manageable stress. Horticultural knowledge
ascertains that such a zone and development stage
is appropriate in eliciting. An example is to activate
secondary metabolism, targeting a specific zone,
with a specific bioactive, without causing a yield
cost to the whole field. This is to a sub-field level of
controlling eustress. Second, Predictive Protection
and Resource Allocation: the 10T sensors will inform
about abiotic stress (e.g., soil moisture falling) earlier.
After the information of the horticultural models,
the system can cause a pre-emptive delivery of a
priming bioactive (e.g., salicylic acid analogue) to
the respective affected rows. This preparedness
adds to the natural tolerance that the plant has,
making the real yield less affected by the stress
when it occurs in all its fullness, hence stabilizing
the yield.*64” The resources (water, bioactives) are
distributed to the regions which require prophylaxis.
Third, Use Efficiency of Nutrient Ingots: When
applied to sites that PA has determined that there is
poor nutrient use efficiency (e.g., regions with high
nitrogen reflectance, but low biomass), the plants
can be encouraged to utilize better the available
nutrients in their environments, closing yield gaps
and enhancing uniformity. This forms a virtuous
cycle since an improvement in the health of the
plants results in the increased homogeneity of the
PA sensor measurements. Lastly, Dynamic Quality
Optimization: In the high-value contract where a
certain nutraceutical content is required, PA may
track spectral indices that are associated with
bioactive concentration (e.g.,anthocyanin reflectance
index). With harvest at hand, when some blocks
underperform against target values, horticultural
expertise may be used to apply a last and focused
elicitor treatment to those underperforming blocks,
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which will result into quality consistency and
attainment of high market specifications. Finally,
this unified model shifts agriculture to a form that
is more reactive and input-based to a model,
which focuses on plant-physiology.“34° The nervous
system of the PA senses, the body of knowledge of
horticultural knowledge understands and counseleth,
and the bioactive tools implement the specifics of
physiological intervention. Such synergy is bound
to overcome the perceived trade-off between yield
and quality, and result in sustainable intensification
to ensure the future food security and nutritional

needs are met.>®

Terpenoids and
Isoterpenoids

Plant bioactive ingredients and
secondary metabolites

]

Phenolic
compounds

Alkaloids

Fig. 2. Classification plant bioactive ingredients

The Convergence: mechanisms of synergistic
integration

The real healing power of this triad is
not in their application separately, but in their
conscious combination. This brings about a closed
loop intelligent management system in which
data drives accurate interventions to control plant
physiology, and the biochemical output is used to
inform more accurate interventions. In this section,
the mechanisms that allow this synergy to happen
are disected starting with sensing and mapping and
on to active optimization and feedback.

Mapping and Managing the Variability of
Bioactive compounds PA

One of the essential problems when
manufacturing plant-based bioactive components is
their spatial and temporal variability within a stand
of crop. The conventional bulk harvesting method
homogenizes this variability, which is usually diluted
in potency. Precision Agriculture offers the toolkit to
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map, comprehend and treat this heterogeneity as
an asset, but not a liability.5152

Spectral sensing for predicting phytochemical
content

The backbone of such integration is the
real time estimation of bioactive compounds non-
destructively with the help of spectral sensing.
The interaction of light and plants takes place
at different wavelengths (400-2500nm) and the
spectrophotometric patterns of their reflectance are
the unique fingerprints that rely on the biochemical
composition. Sophisticated methods of analysis
remove the distance between spectral data and
phytochemical concentration.5®% Detailed canopy
reflectance data are obtained by hyperspectral
and multispectral sensors on UAVSs, or tractors, or
satellites. There are specific compounds that have key
spectral regions: e.g. anthocyanins at the green range
(in the 550nm range), chlorophyll and nitrogen status
at the red-edge (in the 700-750nm range), and water
content and broad biochemical bonds (C-H, O-H, N-H)
at the short-wave infrared (SWIR, 1000-2500nm). This
connection is created through chemometrics.55:5657
Simultaneous spectral measurements are combined
with ground-truthing, in which the samples of the
plant tissue are scrutinized in the lab through HPLC
or GC-MS to determine the precise amount of a
specific compound. Algorithms of machine learning
(e.g., Partial Least Squares Regression, Random
Forest, Neural Networks) are then trained to come
up with robust calibration models. Such models can
then be used to forecast the concentration of target
compounds (e.g. curcumin in turmeric, capsaicin in
peppers, constituents of essential oils in herbs) in
a wide field of spectral data alone. This allows the
generation of high resolution phytochemical maps. Not
only can a grower see in which plants are stressed
or in which plants are actively growing, but also in
which areas of the field there are high therapeutic
or nutritional density. This shifts the management
to a bioactivity-centric perspective as opposed to a
biomass-centric perspective.

Zoning management based on biochemical
phenotypes

The spectral sensing phytochemical maps
are used to help switch between uniform field
management to the biochemical phenotype, or
zoning- based field management of plants sharing
bioactive compound profiles. GIS software groups the
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habitat with comparable forecasted phytochemical
rates into separate management groups.® A
vineyard can be given as an example, though divided
into high, medium, and low anthocyanin/polyphenol
zones. This is the most immediate application. The
harvesting can be planned and implemented zone-
wise. Zones with high potency may be harvested
singly (to produce premium lines of products e.qg.
single-origin or high-potency labeled extracts), low-
potency zones may be sold into the regular markets.
This results in the optimization of the crop and
stability of nutraceutical producers. Out of harvest,
such areas inform focused agronomic interventions.
An area that has low-than-preferred bioactive
matter can be subjected to a certain precision
horticulture treatment (e.g. customized irrigation or
nutrient spray), and induce production, which will
be detailed in the following section. When variability
is mapped, precision horticulture offers the
physiological levers to act upon to manipulate plant
secondary metabolism in an active manner. The aim
is to use controlled, focused stresses or stimuli to
upregulate biosynthetic pathways without causing a
major reduction in primary yield- a principle referred
to as "eustress." Secondary metabolites are a large
number of bioactive compounds whose synthesis
is involved in the defense against environmental
stress. These stresses can be administered in
a controlled dose-specific way using precision
technologies. LED lights enable the precise spectral
control in Controlled Environment Agriculture.
Presentation of plants to a certain wavelength
can significantly change the phytochemistry. An
example is UV-B radiation, which is a very strong
inducer of polyphenols and flavonoids (e.g. in basil
and lettuce). The inclusion of the far-red light can
affect morphology and secondary metabolism.
PA data of actual plant response can dynamically
regulate "light recipes" to optimize a particular
compound. Precise drip or micro-sprinkler systems
that apply strategic water stress have been shown
to raise the concentration of essential oils, phenolic
compounds, and antioxidants in plants such as
grapes, olives and aromatic herbs by applying
strategic water stress at certain phenological
stages in the plant. The soil moisture sensors and
evapotranspiration models are used to make sure
that the stress is accurately regulated so as to
induce metabolite production without leading to
irreparable harm or loss in yield. Precision elicitors
can also be mild temperature changes or controlled
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exposures to positive gases (e.g. ozone, CO,
enrichment) directed by sensor networks.®

Precision nutrient management to enhance
secondary metabolites

The trade-off between primary (biomass)
and secondary metabolite production directly
depends on nutrient availability. Precision nutrition
adjusts this balance positively by increasing supply.
The role of nitrogen (N) is essential; high N nitrogen
levels enhance vegetative growth, however,
distorting secondary metabolites. Regulated, low
N level, particularly at advanced stages, tends to
stimulate the synthesis of the phenolic compounds
and alkaloids. Equally, the presence of phosphorus,
potassium, sulfur and micronutrients such as
selenium can serve as a signal or co-factor during
certain biosynthetic pathways. With VRT, application
of fertilizers can be done differently depending on
the zoning of both desired bioactive targets and
yield potential. A zone with a high bioactive potential
will not have the same N:K ratio as one applied in
a zone with the highest possible fresh weight yield.
Strong elicitors of secondary metabolism include
plant growth regulators (PGRs), biostimulants (e.g.,
jasmonic acid, salicylic acid, seaweed extracts),
etc. They can be induced selectively on a zone-
by-zone basis by their foliar application through
sprayers fitted with VRT. Using the phytochemical
maps, a low-potency zone may be directed using an
accurate dose of an elicitor (e.g., methyl jasmonate)
to stimulate pathways associated with defence, and
thus increase the synthesis of desired compounds
such as terpenoids or alkaloids. It eliminates the
need to apply to areas high in performance, thereby
reducing the input expenses and eliminating
possible phytotoxicity.

Bioactive ingredients as indicators and targets
for PA

It is symbiotic in nature. Similarly to the
bioactive content of a product being measured
and affected by PA tools, the phytochemical profile
of a plant is a complex, inherent biosensor, which
can be used to gain profound insights into plant
conditioning that can be used to refine PA decision-
making. Conventional PA uses indirect measures
of stress (e.g., chlorophyll fluorescence, canopy
temperature). Direct, mechanistic biomarkers are
provided by specific bioactive compounds. The
buildup of some antioxidants (e.g., ascorbate,
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glutathione) or stress-specific products may indicate
the development of biotic or abiotic stress prior
to the emergence of any noticeable symptoms or
loss of any substantial quantity of biomass. The
pre-symptomatic intervention is possible through
spectral detection of these compounds. Various
stressors cause different phytochemical signatures.
Drought could increase the levels of abscisic acid
(ABA) and proline, and herbivory could induce
quick production of jasmonates and specific volatile
organic compounds (VOC).
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Fig. 3. Chemical Compound and its Active Ingredients

The diagnosis of stress type and degree
using such spectral-biochemical signatures enables
the PA to be transformed into a diagnostic and
predictive system as opposed to a reactive one. The
revolution is the integration of the breeding of plants in
nutraceutical and functional food markets. Breeders
can non-destructively and in a brief period time,
screen thousands of field-grown genotypes with PA
technologies especially UAV-based spectral imaging
to select genotypes according to agronomic factors
(biomass, height) and biochemical factors (estimated
phytochemical content). This generates gigabank,
spatially-referenced, genotype to biochemical
phenotype real-field datasets. The breeders are
able to establish plants that not only produce well
but also produce desired bioactive elements in
high amounts over a given regime of management
(GXExM interaction). PA data can be used to find
these elite chemotypes in the context of a dissimilar
breeding population. Genomic selection models
take input in the spatial and temporal information of
phytochemical expression related to environmental
and management information. This speeds up the
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process by which novel cultivars that are optimized
to produce bioactives are developed in precision
agri-horticulture systems so that genetic capability
is not wasted as a result of agricultural blight.

This theoretical compatibility of precision
agriculture, horticulture and bioactive compound
management is operationalized by a collection of
convergent technologies and new methodology
paradigms. It is a change in the discrete tools
towards a unified, cyber-physical system where
biological processes can be tracked, comprehended
and intervened with a precision and purported
intent never before seen. This portion describes
the fundamental technological pipelines and
sophisticated procedures that help in transforming the
theoretical synergy into practical farm management
and research procedures.

The digital pipeline: from sensor data to
bioactive optimization

A unified flow of information between the
field and the cloud and back to the actuator is the key
to the inner workings of the integrated system. This
pipeline will turn raw environmental and plant data
to predictive knowledge and, eventually, prescriptive
management actions that will optimize the yield and
phytochemical content. Phenotyping traditional is
a bottleneck. A combination of HTP platforms and
metabolomic analysis forms a potent engine that
may find the correlation between plant structure,
physiology, and biochemistry in scale. This is non-
destructive non-phenotypic, sensor-based systems
that are automated. In the field this is done through
UAVs or ground rovers with multi-sensor arrays: RGB
cameras to determine morphology, multispectral/
hyperspectral sensors to determine physiology
and biochemistry, LiDAR to obtain 3D structure,
and thermal cameras to detect stress. Controlled
environments have conveyor-based systems which
have fixed sensors to carry out similar functions.
The result is a product of terabytes of geotagged
images and spectral data of the phenotype
(the observed characteristics) of all the plants
or plots. The important connection is making a
chemometric bridge. A representative tissue sample
is determined among the HTP-screened population
using spectral signatures. These are subjected to
stringent metabolomic profiling with such methods
as Liquid chromatography-Mass Spectrometry
(LC-MS) or Gas chromatography-Mass Spectrometry
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(GC-MS). This gives a detailed, quantitative picture
of hundreds or thousands of primary and secondary
metabolites -the biochemical phenotype. The high-
dimensional data (spectra, images) of phenotypes
is convoluted with the high-dimensional data
(metabolite concentrations) of biochemistry. Models
are trained using advanced machine learning
(e.g. deep convolutional neural networks with image
data, partial least squares discriminant analysis with
spectral data). The goal is to find out what spectral
bands or vegetation indices or image identifiers are
predictive of certain, useful metabolites. Trained and
verified, these models can be used to forecast the
concentration of every metabolite in the field only
using the spectral/image signature of that individual
plant, in effect, producing a real time, spatially explicit
map of the metabolome. One of the layers is the
HTP-metabolomics connection. The entire strength
comes out of committing multi-omics information
into the spatial and temporal framework outlined
by PA to generate a multi-scale interpretation of
the genotype-to-phenotype spectrum. PA gives
the geospatial container- the where and when.
In this container, deposited is stratified biological
information: The genetic blueprint (DNA sequence)
of the cultivars being cultured, usually by genotyping-
by-sequencing. Gene expression of plants in various
management zones or receiving various treatments
of precision elicitation, and how to identify which of
the biosynthetic pathways is active.

This combination enables scientists
and agronomists to transcend of correlation to
mechanistic knowledge. To illustrate, studying plants
in a high-polyphenol area, it is possible to observe
not only increased polyphenols (metabolomics),
but also the increased expression of phenylalanine
ammonia-lyase (PAL) and chalcone synthase
(transcriptomics) genes in the given environmental
conditions (soil moisture, light exposure) recorded by
the PA sensors. This allows the precision horticulture
intervention (e.g., a certain light treatment) to be
designed that is known to trigger the transcriptional
cascade to produce the desired metabolite. This
structure enhances the breeding of the molecules.
Using the correlation of spatial yield and metabolite
data with genomic markers, breeders are able
to recognize Quantitative Trait Loci (QTLs) or
genes linked to high biochemical functioning in
real-world and variable settings. This results into
cultivars that are specifically bred with stability and
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responsiveness in precise management systems.
The final target is the multi-objective optimization.
This needs advanced modeling with the ability to
predict the usually competing results of biomass
build up and secondary metabolite synthesis under
varying management conditions. Two complementary
methods are employed. Crop models (process-
based e.g. modified versions of APSIM or DSSAT)
have secondary metabolism sub-models added.
These models employ physiological principles that
model the partitioning of water, nitrogen and light
into the growth and defense pathways. They are
effective in investigating possible scenarios of what-if
(e.g., what will happen when there is a 20% water
deficit at flowering to anthocyanin yield?). Machine
learning models (e.g., random forest, gradient
boosting) are data-driven and are trained based on
historical and real-time data of the digital pipeline.
They obtain non-linear, intricate correlations
between sensor inputs, management interventions
and the two outputs of biomass and bioactive
concentration. When these models are combined
with real-time data streams, this results in the idea
of a so-called digital twin of a field or greenhouse.
The sensor data is constantly updated in this virtual
replica. Simulations with this twin may be performed
by the grower or by an Al agent: What will be the
predicted effect of this nutrient recipe implemented
with VRT in Zone A and this water deficit in Zone
B on total dry yield and total flavonoid yield per
hectare? The model gives optimum prescription
maps that trade off goals, possibly 5 percent bio-
mass in order to increase bioactive potency by
25 percent, based on priorities in the market. The
prescriptive maps, created as a result of the digital
pipeline, are senseless without the technological
tool, which can implement them with accuracy.
The next frontier is to go beyond bulk application
to specific, effective and smart systems of delivery
of the inputs that control plant health and direct
metabolism. Mobilisation of elicitors (e.g., jasmonic
acid, chitosan, salicylic acid) to enhance secondary
metabolites is not very efficient because it can be
degraded, lost by runoff and taken up non-specifically.
Nanotechnology provides radical mode of delivery.
Elicitors may be entrapped in or conjugated to nano-
scaffolds like polymeric nanoparticles (e.g., chitosan,
alginate), liposomes or silica nanoparticles. These
carriers are designed to possess certain properties.
Various advantages of this nano-encapsulation can
be used in the management of bioactive in®' Coats
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the elicitor to prevent early degradation by sunlight or
microbes. Controlled Release: This is used to release
the elicitor over time in a slow sustained manner
that gives the induction signal a long-term and not
transient signal. The nanoparticles can be structured
to enhance easier entry via stomata or the cuticle
and can be systemically translocated in the plant. In
the future, surface functionalization of nanoparticles
with specific ligands may enable the targeted delivery
of nanoparticles to specific tissues of plants (e.g.
glandular trichomes where essential oils are stored).

The use of nano-elicitor is made a precision
tool. The multispectral scan of a zone using a UAV
reveals a low terpenoid zone. The prescription map
is created and a sprayer having VRT and possibly
even nozzle level control dispenses a nano-elicitor
formulation to that particular zone only.62%% This
results in reduced doses, which are less expensive
and with less environmental burden compared to
more potent and localized biochemical response
and is more efficient. The principles of VRT and
sensing are currently being applied to the biological
inputs which are key to the sustainable production
of bioactive ingredients of high-quality and free
of residues. The need of intervention is mapped
with the use of PA technologies. Hyperspectral
imaging is able to measure the initial phases of
fungal disease (when it is not visible) based on
slight variations in leaf reflectance. Machine vision
cameras can recognize species and locations
of weeds. In the same way, areas with low plant
vitality (based on NDVI maps) may be identified
and marked as biostimulant supported. Precision
Application Technologies: In the case of biocontrol,
this refers to the application of beneficial insects,
fungi or bacteria to the exact location of pest or
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disease occurrence.’*% UAVs have the capability
of dropping predatory mite sachets on individual
hotspots. Sprayers can apply fungal biocontrol
agents (i.e. Trichoderma) or bacterial agents
(i.e. Bacillus thuringiensis) to only infected places,
leaving beneficial insects elsewhere. In the case
of biostimulants (e.g., seaweed extracts, humic
substances, beneficial microorganisms such as plant
growth promoting rhizobacteria),®® VRT sprayers or
in-line fertilizers can spray the products onto zones
which the sensor data indicates are experiencing
stress or low vitality. This enhances plant defense
and secondary metabolism of the stressed regions
homogenizing the quality of fields and limiting the
transmission of stress signals that could have an
impact on the surrounding plants. Dynamic Driving.
The state of the art systems are closed-loop. As
an instance, a system of pheromone traps and
automated insect counters or spore traps with DNA-
based detection of any pathogen can deliver real
time pest/pressure information. This information gets
directly to the decision system, which automatically
causes a precision spray application of a biocontrol
agent to occur only when an economic threshold is
exceeded within a given geo-located block.

Challenges and future perspectives

Despite its transformative potential, the
synergistic integration of precision agriculture,
horticulture, and bioactive ingredient optimization faces
significant multi-dimensional hurdles. Acknowledging
these challenges is crucial for directing research,
investment, and policy. Simultaneously, mapping clear
future pathways is essential to translate this promising
paradigm from experimental plots and controlled
environments into widespread, commercially viable,
and sustainable practice.

Table 3: Key challenges and future research directions for the integrated framework

Challenge Category  Specific Hurdles

Future Research & Innovation Directions

Technical & Analytical
data fusion & interoperability issues.

Biological & Agronomic Complex GXExM interactions; managing yield-quality

trade-offs.

Technological Delivery Inefficient delivery and degradation of elicitors;

non-targeted application.
Systemic Integration
of high-tech systems.

Policy & Adoption
need for skilled labor.

Disconnect from broader bioeconomy; energy footprint

Gap between agri-tech and nutraceutical industries;

High cost/complexity of sensor-metabolomics platforms; Develop low-cost, real-time phytochemical sensors;

establish open data standards and APlIs.

Build large-scale multi-location datasets; advance
Al for multi-objective optimization.

Engineer nano-delivery systems for protected,
controlled release of elicitors.

Integrate with circular bioeconomy models
(waste-to-value); conduct full Lifecycle
Assessments (LCA).

Foster public-private consortia; create certification
standards; revolutionize agricultural education.
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Technical and analytical hurdles

The sophistication of technology that makes
such integration possible is also the main problem
that prevents its adoption as there are issues of
cost, complication, and data management. The
pipeline which is at the basis of spectral sensing
connecting to metabolomic validation is costly.
The high-resolution hyperspectral sensors and
UAVs such as the requirement to carry them are a
significant capital expenditure that many small and
medium-scale producers can not afford, yet many
specialty crops that grow best under this method
are of high value. Moreover, metabolomic ground-
truthing necessary to construct strong calibration
models entails the costly, destructive laboratory
measurements with high-performance technologies
in use (LC-MS/GC-MS) and professional skills.57:58
This presents a Catch-22, in that strong models are
required to justify the sensor investment, but the
cost of constructing those models is too high without
infrastructure in place to support it. The digital literacy
and technical infrastructure required to manage
armies of robots, drones, and sensor networks, as
well as process terabytes of multi-modal data, is
currently a high requirement which is often lacking
in most of the agricultural areas. The interoperating
system produces heterogeneous streams of data:
spectral imagery, soil sensor records, weather
records, genomic sequence, transcriptomic profile,
and metabolomic records. Each stream may usually
exist in proprietary formats in different spatial and
temporal scales. To be able to integrate these into a
coherent, analyzable entity is a mammoth informatics
task. Universal data standards of agricultural
biochemical phenotyping are in dire need. What is
the geotag method of the metabolomic profile of a
specific plant pixel in a UAV image? To what extent
are data on terpenoid expression of a greenhouse
trial interoperable with field data of another sensor
brand? Lack of standard ontologies and Open
Application Programming Interfaces (APIs) results
in data silos, which impedes the creation of universal
Al models and slows the progress of science
due to low data sharability and reproducibility. In
addition to the hardware and software, there are
deep-seated challenges presented in the nature
of plant biology and agricultural systems. The most
typical demonstration of GXExM is the production
of bioactive compounds. A cultivar (G) might react
to a lack of water (M1) at a cool climate (E1),
but have a different reaction to the same lack of
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water (M2) at a hot climate (E2). Such a three-way
interaction is incredibly more complicated than the
GXE interactions that are handled in the traditional
yield-based PA. Creation of predictive models needs
huge, multi-location, multi-year data which vary
systematically across management inputs between
genotypes in different environments. Prescriptions
that are universally applicable are hard to make
because of the combinatorial explosion of the
number of possible scenarios. An Al model trained
based on data of a herb farm in the Mediterranean
will fail disastrously in a temperate climate without
substantial recalibration, requiring localized model
training that once more increases the cost and
complexity requirements. The agronomic issue of
central interest is the negative correlation between
primary (growth, biomass yield) and secondary
metabolism (production of bioactive compounds)
most of the time. Stressing fruit with water can shrink
fruit; nutrient limitation enhances alkaloid growth
can retard the growth of plants. The multi-objective
optimization models above are necessarily required,
yet they have to deal with this inherent biological
trade-off.6%7 The economic optimum may not be
always the biochemical or biophysical maximum.
The difficulty lies in determining which level of
management stress is the sweet spot, usually a mild
and focused stress at a particular phenological stage,
that will lead to the maximum economic value of the
crop which is a combination of the volume of biomass
and the concentration of desirable ingredients in that
biomass. This value proposition has to be defined and
communicated to the growers who are conventionally
paid by weight, which is a big challenge.

RESULT AND DISCUSSION

To handle these challenges, itis necessary
to conduct research and development efforts in
a number of areas that are critical. The future will
be in the transfer of indirect spectral prediction
into direct low cost sensing. Two major studies
are miniaturization and field deployable analytical
devices. This includes advancements. Creating
rugged, inexpensive, handheld or attached to simple
robots hyperspectral or Raman spectrometers.
Producing synthetic biosensors or nanoparticle-
based probes that would be capable of binding to a
class of compounds (e.g., flavonoids) and produce
an optical or electrical signal which can be read by a
rudimentary device. Chemical sensor arrays capable
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of profiling volatile organic compound imprints which
are commonly direct measures of certain metabolic
conditions and bioactive profiles allowing real-time
measurement of crop biochemical condition. The new
generation Al should grow to be more prescriptive
and adaptive rather than merely predictive. Among
the key directions are: Replacing black-box models
that make predictions with models that can make
inferences on causal relationship as part of the
GxExM framework, and why a particular treatment
did increase a compound. This creates trust and
biological awareness. Applying the RL algorithms
which provide the system with an opportunity to
acquire the best management strategy, which is
more likely to promote joint interaction of the system
with the crop in a greenhouse or field, dynamically
adapting the inputs to the most efficient use of
resources and a combined rewarding function
comprising the yield, bioactive content and resource
use efficiency. Creating new, site-specific elicitation
protocols or even new, harmless biostimulant
molecules designed using Al to respond to genomic
and metabolomic information to produce the desired
pathway. The final sustainability examination of
this triad is to test it by incorporating it into larger
systems. The research should aim at Selecting
PA to sort out the plant biomass that contains
a specific high concentration of bioactives that
cannot be sold in the main market (e.g. misshapen
fruit, pruning residues) to extract efficiently in
decentralised biorefineries to generate additional
sources of revenue and avoid waste. Application
of the blockchain technology in order to trace the
biochemical profile of a batch within a particular
zone of management during the processing stage
to the end product (nutraceutical, functional food).
This certifies high quality, transparency and may
resultin more equitable distribution of values to the
grower who invested in quality improving practices.
Implementing thorough LCAs to measure the
actual environmental footprint of such high-tech
systems, so that water and nutrient use efficiency
gains do not lead to the expenditure of the
embodied energy of sensor construction and data
processing, and to implement the development of
truly sustainable protocols.

CONCLUSION

It has achieved a well-purposed vision
of high-value plant production in the future: the
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synergistic combination of Precision Agriculture,
Advanced Horticulture, and Bioactive Ingredient
Optimization. This synergy is iterative and
mechanical. Precision Agriculture offers high-
resolution spatial and temporal data canvas, which
is spectral sensing to map the diversity of plant
physiology and phytochemical content. Precision
Horticulture uses this map to deliver dose-specific
elicitors-whether in the form of water deficits,
spectrally selective light or nano-encapsulated
signaling molecules-to influence actively the
production of plant secondary metabolism. The
resulting Bioactive Ingredients, in turn, provide the
direct biomarkers of the plant status, as the PA
algorithms are refined and provide a valuable trait
to breeding programs based on the high-throughput,
field-based phenotyping. Results of vineyards
maximizing polyphenols, regulated conditions to
achieve optimal light to certain antioxidants and
studies that combine metabolomics and UAV sensing
indicate that this triad has the potential to shift mass
production into fine-tuning biochemical production.
The future lies not in technological proliferation
but in smart convergence and system thinking. It
involves the de-silicing of disciplinary boundaries
between agronomists, plant physiologists, data
scientists and chemists. The goal is the creation of
“Phytochemically-Optimized Production Systems"-
closed-loop, adaptive agricultural systems which
address the biochemical profile of the crop as a
primary, controllable output. These systems will,
by implication, have Al-controlled virtual twins that
continually simulate results, autonomous machines
controlled by prescriptive maps, and passports
protected by blockchain that contain the provenance
and potency information of each batch, to an ever-
increasing skeptical market. The maximization of
tonnes per hectare is replaced by the maximization
of nutritional or therapeutic value per unit of resource
input a paradigm that is consistent with the pressing
demands of both planetary and human health.
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ABSTRACT

The current investigation was carried out at the main experimental station, Department of Horticulture,
Udai Pratap (Autonomous) College, Varanasi (U.P). Impact of biofertilizers and different organic manures
on growth and yield of tomato (Solanum lycopersicum L.) cv. Bhagya during rabi season of the year 2023-24.
A Block Design that was Randomized used in the trial, and seven treatment combinations were possible
viz.,, T1 (FYM 20 t/ha + PSB 1.5 kg/ha), T2 (Azo 15 kg/ha + FYM 20 t/ha), T3 (Azo 15 kg /ha + PSB 1.5 kg
/ha + FYM 20 t/ha), T4 (VC 5 t/ha+ FYM10 t/ha), T5 (Azo 10 kg/ha + PSB 1.5 kg/ha + VC 10 t/ha), T6
(Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5 t/ha + FYM 10 t/ha) and T,(Control (RDF 100% ) and Three
duplicates of each treatment were conducted. Analysis of the data showed that, under the specific agro-
climatic conditions of the area, the effects of bio-fertilizers and other organic manures on key metrics such
as tomato yield, and vegetative development were highly influenced. In terms of several vegetative growth
and yield the treatment (T6) had a substantial impact on plant height (58.46 cm 90DAT), Number of branches/
plant (12.00 90DAT), Leaf area index (38.62 cm?), Days to 50% flowering (63.2), Number of clusters/branch
(4.29), Number of flowers /cluster(11.10), Fruit weight (44.25 g), Number of fruit/plant (21.37), Yield (348.14
quintal /hectare). While, the lowest yield (285.18 quintal /hectare) were noted in Control (T7 RDF 100%).

Key words: Tomato, Growth, Biofertilizers and Organic manures

Introduction hance crop yields. This reliance has sparked a need

to explore alternatives to chemical-based farming, a

Tomato (Lycopersicum esculentum L.) is a dicotyle-
donous self--pollinating annual herb. It is the second
most important vegetable crop globally, following
by potato. It belongs to the Solanaceae family and
has a diploid chromosome number of 24 and grown
in both temperate and tropical regions worldwide.
Currently, agriculture heavily depends on chemical
fertilizers, pesticides, and growth regulators to en-

trend that is gradually gaining traction in the West-
ern world. The excessive use of agrochemicals, in-
cluding fertilizers, has been shown to cause numer-
ous environmental issues. Narayan (2011) describe
organic farming as a method that either completely
avoids or significantly reduces the use of synthetic
fertilizers, pesticides, growth regulators, and live-
stock feed additives. Solanaceous vegetables typi-
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cally need substantial amounts of primary nutrients
like nitrogen, phosphorus, and potassium, as well as
secondary nutrients such as calcium and sulfur, to
achieve optimal growth, quality, and yield. The ris-
ing costs of inorganic fertilizers have made them
increasingly unaffordable for small and marginal
farmers. Applying expensive inputs to crops with
marginal returns has become impractical. In this
context, using biofertilizers presents a cost-effective
alternative. = Phosphorus-solubilizers are
biofertilizers that make phosphorus in the soil more
accessible to plants. Azospirillum, a heterotrophic
nitrogen-fixing organism, has been shown to be ben-
eficial and economical for various crops, enhancing
growth, yield, and productivity (Okon, 1985). While
the use of chemical fertilizers cannot be completely
avoided, their consumption can be reduced by in-
corporating alternative fertilization sources such as
organic manure and biofertilizers.

Materials and Methods

The present study was carried out at the main ex-
perimental station, Department of Horticulture,
Udai Pratap (Autonomous) College, Varanasi (U.P).
The experiments were laid out in completely ran-
domized design and seven treatment combinations
were possible viz., T1 (20 t/ha FYM + 1.5 kg PSB),
T2(15 kg Azotobacter + 20 t/ha FYM), T3 (15 kg
Azotobacter + 1.5 kg PSB + 20 t/ha FYM),
T4(Vermicompost 5 t/ha + 10 t/ha FYM), T5(10 kg
Azotobacter + 1.5 kg PSB + 10 t/ha Vermicompost),
T6(7.5 kg Azotobacter + 1.5 kg PSB + 2.5 t/ha
Vermicompost + 10 t/ha FYM) and T7(Control

1401

(RDF 100% ) with three replications. The observa-
tions were recorded i.e. Plant height (cm), Number
of branch (cm), Leaf area index (cm?), Days to 50%
flowering, Number of clusters/branch at 60 DAP,
Number of flowers/ clusters, Fruit weight (g), Num-
ber of fruit/plant. In this experiment 120:60:60 RDF
(Control) were used to fertilize the area.

Results and Discussion

From the statistical data (Table 1) data it is revealed
that T, (Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5t/
ha + FYM 10 t/ha) had highest plant height at 30
DAT (29.41 cm), 60 DAT (44.27 cm) and at 90 DAT
(58.46 cm) in compare to other treatment combina-
tions. Whereas, Minimum height of plant was ob-
served in T, (RDF100%) at 30 DAT (23.21 cm), 60
DAT (39.86 cm) and at 90 DAT (50.22 cm). A bal-
anced nutrient supply plays a vital role to ensure,
enhance nitrogen uptake and it help to encourage,
synergistic microbial activity that leads to stimulate,
targeted nutrient release occurs, and specific plant
growth promoting effects are provided. The results
of the present investigation are in corroboration
with the findings of Sajindranath et al. (2002). In-
creased growth might be due to better mobilization
of various essential nutrient and water. RDF + Azo-
tobacter + PSB+ Vermicompost +FYM is a more
promising method for achieving ideal plant height
in tomato cultivation because these elements work
together to impart plant growth and height. Maxi-
mum number of braches on each plant recorded
from T, (7 Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5
t/ha + FYM 10 t/ha) at 90 DAT (12.00) and followed

Table 1.
Tr. Treatments Plant height (cm) Number of branch/Plant  Leaf
No. 30 60 90 30 60 90 area
DAT DAT DAT DAT DAT DAT index
(cm?)
T, FYM20t/ha+PSB1.5kg/ha 2432  39.86 50.85 5.25 7.44 9.25 32.15
T, Azo1l5kg/ha+FYM20t/ha 2440 4029 5275 5.27 7.55 10.65  34.25
T, Azo15kg /ha+PSB1.5kg /ha+FYM20t/ha 2444 4121  53.00 6.22 8.75 1117 35.82
T, VC5t/ha+ FYM10t/ha 2525 4221 56.75 6.32 9.25 11.29  37.50
T, Azo10kg/ha+PSB 1.5 kg/ha + VC 10 t/ha 2742 4229  57.00 7.12 9.78 11.59  38.59
T, ~Azo75kg/ha+PSB15kg/ha+VC25t/ha+ 2941 4427  58.46 7.95 1125 12.00 38.62
FYM 10 t/ha
T,  Control (RDF100%) 2321 3986 50.22 4.86 7.27 8.55 30.56
S.Em 0.04 0.07 0.80 0.12 0.11 0.19 0.59
CD (P =0.05) 1.30 2.06 2.47 0.36 0.33 0.59 1.82

Azotobacter-Azo,Vermicompost-Vermi
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Table 2.

Tr. Treatments Days Number of Number  Fruit Number Yield/

No. to 50%  clusters/of flowers/ weight of fruit/ ha

flowering branch  clusters (8) plant

T, FYM 20 t/ha + PSB 1.5 kg/ha 59.0 2.58 8.75 41.01 19.89 302.11

T, Azo 15 kg/ha + FYM 20 t/ha 61.7 2.69 9.11 42.12 20.16 314.50

T, Azo 15 kg /ha + PSB 1.5 kg /ha + FYM 20 t/ha 62.6 2.88 9.25 43.04 20.64 329.02

T, VC5t/ha+ FYM10t/ha 62.8 3.05 10.65 43.64 20.88 337.48

T, Azo 10 kg/ha + PSB 1.5 kg/ha + VC 10 t/ha 63.0 3.89 10.75 43.92 21.02 341.92

T, Azo7.5kg /ha+PSB1.5kg/ha+VC25t/ha+ 63.2 4.29 11.10 44.25 21.37 350.23
FYM 10 t/ha

T,  Control (RDF100% ) 58.3 2.52 7.86 40.56 19.21 288.58
SEm 0.81 0.05 0.16 0.90 0.20 6.43
CD (P =0.05) 2.49 0.17 0.48 2.78 0.63 19.80

Azo-Azotobacter, VC-Vermicompost-, FYM- Farm Yard Manure, PSB- Phosphate solubilizing bacteria

by T, (10 kg Azo+ 1.5 kg PSB+10 t/ha Vermi) at 90
DAT (11.59) While, minimum number of branches
were recorded from T, (RDF100%) at 90 DAT (8.55).
Similar results were also obtained by Sharma (1995)
and Joshi et al. (2015). The best treatment was T ,
which recorded maximum leaf (38.62 cm?). This was
closely followed by T, having (Azo 10 kg/ha + PSB
1.5 kg/ha + VC 10 t/ha) (38.59 cm?). T, having (VC
5t/ha+ FYM10 t/ha, 37.50 cm?) and then T , having
(35.82 cm?). While, the lowest leaf area only 30.56
cm?® was obtained under the control treatment.
Table 2 data revealed that emergence of 50%
flowering was influenced significantly due to apply
various combination of treatment. The treatment T,
(Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5 t/ha +
FYM 10 t/ha) a took maximum period (63.2 days) to
reach upto 50% flowering. This was followed by the
treatments like T,, T, and T, which have taken the
equal period to reach up to 50% flowering (62.8 to
63.0 days). On the other hand, the minimum period
(58.3 days) was taken to reach upto 50% flowering in
case of control (T,) treatment. The mean data are
exhibited in Table 2 revealed that the maximum no.
of cluster per/branch (4.29) With T, (Azo 7.5 kg /ha
+ PSB 1.5 kg/ha + VC 2.5 t/ha + FYM 10 t/ha).
Whereas, minimum number of cluster per/branch
2.52 was noted in T,. Appropriate amount of nutri-
ent supply might increases the formation of flower
cluster. PSB+Vermicompost+Azotobacter support
robust flower production, ultimately contributing to
increased fruiting potential and higher overall yield
in tomato. The average flowers/ cluster are pre-
sented in Table 2. Among all treatment T6 had maxi-
mum number of the flowers/ cluster (11.10) fol-
lowed by T, (10.75/cluster). Whereas the signifi-

cantly minimum number of flowers (7.86/ cluster)
was obtained from the control (T ) treatment. The
maximum fruit weight (44.25g) was noted with
treatment T6 (Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC
2.5 t/ha + FYM 10 t/ha) While, minimum was noted
(40.56g) in T, (control). The results of the present in-
vestigation are in corroboration with the findings of
Kumar et al., 2010, Kumar et al. 2018 and Bai et al
(2024). The maximum number of fruit per plant was
observed in T, followed by T,and this was closely
followed by T,, T, and T, whereas, the minimum
number of fruit per plant was observed in T,. The
combined application of Azotobacter+ PSB+
Vermicompost+ FYM enhanced the vegetative and
reproductive growth by improving the soil fertility,
providing additional organic matter and essential
nutrient which boosts plant biomass. Maximum
yield per hectare (350.23 q/ ha) was recorded in T,
(Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5 t/ha +
FYM 10 t/ha). While, minimum yield per hectare
(350.23 q/ ha) was recorded in T, Control
(RDF100%). This might be happen due to synergetic
inputs of these treatments. Similar results were also
obtained by Kanaujia et al. (2012); Manickam et al.
(2021); Bai et al (2024).

Conclusion

This study suggests that bio-fertilizers and organic
manures improve morphological and yield at-
tributes of tomato. Among all treatments T6 (Azo 7.5
kg /ha + PSB 1.5 kg/ha + VC 2.5 t/ha + FYM 10 t/
ha) followed T5(Azo 10 kg/ha + PSB 1.5 kg/ha +
VC 10 t/ha) were found superior for all vegetative
growth parameters and yield attributes.
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Abstract

An investigation was conducted to assess the performance of various radish varieties, focusing on
growth, yield, and quality attributes. Statistical analysis of the data revealed significant varietal
differences across all parameters. For growth, Kashi Mooli-40 demonstrated the highest leaf count
(20.73), while Pusa Desi exhibited the greatest shoot length (6.73 cm). The shoot length was maximum
(6.73 cm) in Pusa Desi. The variety Kashi Lohit has recorded maximum (1223.87 cm?) leaf area. The
variety Kashi Hans required minimum (43.33) number of days for the edible size of root. The
significant differences in yield parameters were observed. The root weight and shoot weight was
maximum in variety Kashi Hans and Pusa Himani had the highest root-to-shoot ratio (4.45).
Ultimately, Pusa Reshmi was identified as the superior variety for yield, producing the maximum root
yield of 33.23 kg per plot.

Keywords: Raphanus sativus, radish, varietal evaluation, yield, quality, Varanasi

Introduction

Radish (Raphanus sativus L.) is a globally cultivated root vegetable with a history of human
consumption dating back to at least 400 BC. It was recorded for human consumption dates
back to approximately 400 BC, indicating that it is an ancient domesticated species native to
both the Eastern Mediterranean and Eastern Asia (Becker 1962; George and Evans 1981;
Kaneks and Matsuzawa 1993) [ 10 111 The Middle East and Eastern Asia are considered its
centers of origin. Radish is a diploid, cross-pollinated brassicaceous crop with 2n=18
chromosomes. Varieties can be annual or biennial and are grown for their swollen tap roots,
which can be globular, tapering, or cylindrical. It is a diploid organism possessing two sets
of eighteen chromosomes (2n=18), (Richharia 1937) [81. The ideal temperature for achieving
optimal size, texture, and enhanced flavor ranges from 15 °C to 18 °C (Angell and Hillyer,
1962). Radish seeds exhibit superior germination at a temperature of 5 °C, with an optimal
threshold of 15 °C to attain the highest germination percentage in radish (Abdel et al., 2016)
[

It is predominantly a cool-season crop (optimum temperature: 15-18 °C), Asiatic varieties
are known to tolerate higher temperatures. In India, it is sown from September to January in
the northern plains, but can be grown year-round in the milder climate of peninsular India.
Radish is a valuable source of vitamin C, minerals, and fiber. The USDA Nutrient Database
(2007) notes that 100 g of edible radish contains 94.4 g moisture, 66kJ of energy, and 3.4g
carbohydrates. In India, radish cultivation covered 0.212 million hectares in 2019-2020, with
an annual production of 3.107 metric tons. This contributes to the national vegetable
production, which stood at 191.76 million metric tons from an area of 10.35 million hectares
during the same period. The seeds are also a source of fatty oil used for various purposes,
including soap making. It is a vital part of agriculture, with India producing 3.107 metric
tons of the crop from 0.212 million hectares in 2019-2020.

The crop is a good source of vitamins, minerals, and fiber. Despite its importance and the
availability of numerous varieties (such as Pusa Desi, Pusa Chetki, and Kashi Hans), the
performance of these cultivars including their growth, yield, and quality varies significantly
by location. The increasing demand for salad vegetables highlights the need for varieties that
are not only high-yielding but also possess superior quality.
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This investigation, therefore, seeks to fill this knowledge
gap by assessing the performance of various improved and
local radish cultivars specifically in the Varanasi region.
Beyond its agricultural significance, radish is also a
nutrient-dense food, providing important vitamins, minerals,
and fiber. The growing trend of urbanization and changing
food habits has led to a sharp increase in the demand for
quality salad vegetables. Growers and consumers alike are
seeking varieties that not only offer higher yields but also
better quality. The new trend in vegetable production is not
only to obtain higher yields but also to have better quality
produce. Among these factors variety is a predominant.
Several varieties of radish are available in the market having
varying length, size, colour, taste yield potential and quality
parameters.

As radishes constitute a vital component of salads, they
remain in high demand throughout the year in metropolitan
areas. The growth, yield, and quality of various radish
cultivars exhibit considerable variation across different
locales and regions. Additionally, certain indigenous
varieties have been cultivated for an extended period.
Radishes serve as effective companion plants for numerous
other crops, likely due to their pungent aroma, which deters
a range of insects and pests, including aphids, cucumber
beetles, tomato hornworms, squash bugs, and ants.
Furthermore, they can act as a trap crop, enticing insect
pests away from the primary crops. The performance of a
given radish variety is highly dependent on its specific
growing environment. Therefore, a localized study is
essential to identify the most suitable improved and local
cultivars. This investigation was initiated to evaluate and
compare the growth, yield, and quality characteristics of
different radish varieties under the specific conditions of the
Varanasi region. In light of these considerations, the present
study is entitled “Comparative Evaluation of Growth and
Yield in Improved and Local Radish Varieties in Varanasi
region.

Methods and Materials

The experiments were designed using a Randomized Block
Design, encompassing three replications and ten treatments,
each featuring a single variety. The treatments within each
replication were assigned randomly, specifically: T1 Pusa
Desi, T, Pusa Chetki, T3 Pusa Himani, T4 Pusa Reshmi, Ts
Japanese White, Ts Kashi Mooli 40, T; Kashi Lohit, Ts
Kashi Sweta, T9 Kashi Hans, and Tio Kashi Andhra. Seeds
from five enhanced radish varieties namely Pusa Deshi,
Pusa Chetaki, Pusa Reshami, and Japanese White Radish
were procured from diverse sources. Additionally, seeds of
five local cultivars, including Kashi Mooli 40, Kashi Lohit,
Kashi Sweta, Kashi Hans, and Kashi Aardra, were gathered
from farmers within their respective localities as well as
from the authantic source in VVaranasi.

The land was brought to a fine tilth by ploughing, clod
crushing, and two cross harrowing. An area was marked in
30 plots having 2.00x1.75 m2sizes. The distances of 0.5 m
was kept between two plots & 1.0 between two replications.

https://www.hortijournal.com

Since as per ideal data the requirement of Nitrogen (N),
Phosphorus (P) and Potassium (K) per hectare land for
radish cultivation is 50 kg, 100 kg and 50 kg respectively.
The observations were recorded on the different growth and
yield parameter such as Growth (no. of leaves, shoot length,
leaf area day required to be edible size), yield (root weight,
shoot weight, root shoot ratio, root yield per plot). Test of
significance for correlation coefficients at phenotypic level
the estimated values were compared with the table value
(statistical table by Fisher and Yates, 1963) at (n-1) degree
of freedom at 5% level of significance, respectively.

Results and Discussion

Growth performance of different radish varieties

The results of the current investigations revealed that no
significant differences were observed regarding the number
of leaves, shoot length, leaf area, and the duration required
to reach edible size among the various cultivars at distinct
growth stages. The apex of leaf count (10.73) was recorded
in the Kashi Mooli-40 variety, whereas the nadir (7.20) was
noted in the Japanese White cultivar. Maximum shoot
length was produced by Pusa Desi (6.73cm). Leaf area per
plant was maximum in variety Kashi Lohit (1223.87cm2)
and minimum in variety Kashi Aardra (610.24 cm2). The
duration required to achieve an edible size ranged from
43.33 to 60.33 days. The minimum duration observed
(43.33 days) was recorded for the variety Kashi Hans,
whereas the maximum (60.33 days) was necessitated by the
variety Pusa Himani. This might be due to the genetic
makeup of the plant and its expression to the growing soil
and environmental conditions. Similar result were found by
Ponnuswami et al. (1980) [*4, Rabbani et al. (1998) 11 and
Pujari et al. (1977) 1% in radish.

Yield and quality characters of different radish varieties
The results indicated that the root weight, shoot weight,
root-to-shoot ratio, and root yield were significantly
influenced across the various cultivars. Data pertaining to
root weight revealed that the maximum was observed in the
Kashi Hans variety (160.46 g). However, the minimum root
weight (132.53 g) was recorded in variety Pusa Reshmi. The
maximum shoot weight (64.85 g) was observed in variety
Kashi Hans and the minimum (29.98g) in Pusa Himani. The
maximum root: shoot ratio was obtained (4.45) in Pusa
Himani and minimum (2.34) in Kashi Lohit. The maximum
root yield, recorded at an impressive 33.23 kg per plot, was
achieved by the variety Pusa Reshmi, whereas the minimum
yield of 24.16 kg per plot was observed in the variety Kashi
Aardra. The disparities in maturity periods can be ascribed
to the inherent genetic differences among the cultivars,
along with the ecological and climatic conditions
influencing their growth. The variation in the root weight,
shoot weight, root: shoot ratio and root yield might be due
to genetic variation changes in climatic conditions and
Management factors. Similar trend of result was also
observed by Rajagopal et al. (1979) 7, Dixit et al. (1980)
1 Deotale et al. (1994) 7],
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Table 1: Varietal performance in the growth stages of radish (Raphanus sativus L.)

Treatment No of leaf /plant Shoot length (cm) Leaf area/ plant (cm2) Day require to be edible size
15 DAT|30 DAT |45 DAT| 15 DAT | 30 DAT |45 DAT|15 DAT|30 DAT |45 DAT
Ti1 Pusa Desi 3.15 6.26 8.23 2.76 4.91 6.73 | 35.22 | 424.43|937.75 55.00
T2 Pusa Chetaki 3.32 7.37 9.68 2.12 3.78 5.50 | 27.00 | 452.20 | 733.43 45.67
T3 Pusa Himani 2.80 5.00 9.22 2.30 4.20 6.46 | 28.27 |525.22 |1113.04 60.33
T4 Pusa Pusa Reshmi| 3.30 6.87 8.90 2.87 4.32 6.48 | 22.40 | 510.20 [1010.31 60.33
Ts Japanese White | 4.21 5.32 7.20 2.63 4.90 6.23 | 30.24 |412.21|932.28 45.00
Te Kashi Mooli-40 | 3.72 6.52 | 10.73 | 2.83 3.95 5.72 | 2452 | 352.21 | 915.51 51.00
T7 Kashi Lohit 2.92 5.47 9.40 2.42 4.30 6.32 | 31.17 | 623.48 |1223.87 47.67
Ts Kashi Sweta 3.46 7.25 | 10.00 | 2.67 4.37 6.20 | 25.03 | 342.52 | 670.15 48.33
T9 Kashi Hans 4.33 8/21 | 10.39 | 242 3.70 5.93 | 30.48 | 357.44 | 660.22 43.33
T1o0 Kashi Aardra 3.40 6.84 9.24 2.50 2.77 6.12 | 26.32 | 180.33 | 610.24 46.00
SEDm 0.182 | 0.302 | 0.840 | 0.183 | 0.278 | 0.314 | 0.452 | 2.374 | 8.729 2.183
CD at 5% 0.383 | 0.635 | 1.764 | 0.384 | 0.584 | 0.660 | 0.951 | 4.988 | 18.339 4.587
Table 2: Varietal performance in relation to yield parameters in the radish (Raphanus sativus L.) crop
Treatment Root weight (g) Shoot weight (g) Root Shoot ratio Root yield (kg/plot)
Ti1 Pusa Desi 132.82 46.97 2.83 26.30
T2 Pusa Chetki 137.86 52.16 2.64 30.42
T3 Pusa Himani 133.29 29.98 4.45 28.68
T4 Pusa Reshmi 132.53 39.45 3.36 33.23
Ts Japanese white 150.41 59.81 2.52 26.80
Ts Kashi Mooli-40 147.62 60.75 2.43 31.65
T7 Kashi Lohit 141.15 60.32 2.34 28.47
Ts Kashi Sweta 155.45 58.02 2.68 24.30
To Kashi Hans 160.46 64.85 2.47 29.89
Tio Kashi Aardra 140.81 49.86 2.82 24.16
SEDm 2.109 0.473 0.080 0.331
CD at 5% 1.922 0.944 0.167 0.696
Conclusion cultivars of radish at different levels of manures and

The critical evaluation of the outcomes of the present
investigation revealed that significant variations were
observed in the growth and yield of the various radish
cultivars examined. A positive correlation was identified
between root yield and several growth and root
characteristics, including shoot length, leaf area, edible size,
and root girth. In summary, the radish varieties Pusa Desi,
Kashi Hans, Pusa Reshmi, Pusa Himani, Japanese White,
Kashi Mooli-40, and Kashi Sweta demonstrated markedly
superior performance concerning most growth, yield, and
quality parameters. Consequently, these varieties are well-
suited to the agro-climatic conditions of Varanasi. Among
the local cultivars, the variety Kashi Mooli-40 yielded the
most favorable results.
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Abstract

This study was conducted with the objective to determine the effect of micronutrients and GAs on
growth and yield of Tomato (Lycopersicon esculentum Mill.) cv. Kashi Chayan and an experiment was
conducted at the horticultural farm, Udai Pratap (Autonomous) College, Varanasi (U.P.) during Rabi
season of 2023-2024. Experiment was laid out in a randomized block design (RBD) with seven
treatments replicated three times comprising GAs and micronutrients with control i.e. T1: GAs (50ppm),
T2: GAs (100ppm), Ts: ZnSO4 (0.5%), Ta: ZnSO4 (1%), Ts: Boric acid (50ppm), Te: Boric acid
(100ppm) and T7: Control. Significantly, differences were found for plant growth parameters viz. plant
height (cm), number of branches plant?, number of flower cluster?, number of cluster plant?, was
recorded highest in T2: GAs (100ppm). The treatment T2: GAs (100ppm) was also found best in early
days to 50% flowering, days to first fruit set and yield attributes viz., no. of fruit per cluster, no. of fruit
plant, average fruit weight (g), fruit length (cm), fruit width (cm), fruit yield per plant (kg) and fruit
yield (g/ha) in tomato cv. Kashi Chayan. It is revealed that the use of GAs at the concentration of
100ppm, considerably increased the vegetative growth parameters and significantly increased growth
and yield of tomato.

Keywords: Micronutrients, GAs, Growth and Yield

Introduction

Tomato (Lycopersicon esculentum Mill.) is a member of the Solanaceae family and is a
diploid species with a chromosome number of 2n=24. Originally native to Peru and Mexico,
it is now widely cultivated across the globe due to its ability to thrive in a variety of soil
types and climates (Gerszberg et al., 2015) [“. The top tomato-producing countries include
China, the United States, India, Egypt, Turkey, Iran, Mexico, Brazil, and Indonesia [FAO,
2022]. Tomato is a warm-season crop that is sensitive to cold temperatures (Afshari et al.,
2014) M. 1t can be cultivated in both the wet and dry seasons, provided the annual rainfall
ranges from 60 to 150 cm. However, excessive rainfall during its growth period can be
detrimental to the plant. Micronutrients play a crucial role in plant processes, and foliar
application of these nutrients can enhance both the quality and yield of tomatoes (Ali et al.,
2012) [ by boosting the photosynthetic activity in green plants (Singh and Tiwari, 2013) 23],
Micronutrients management is essential to boost the crop production and also increased the
fruits quality. Boron and zinc important micronutrient for quality tomato fruit production.
Zinc regulates growth and also promotes balanced sugar consumption and Boron helps to
providing some nutrients and essential for proper development of their fruits and seeds.
Gibberellic acid is a key growth regulator with various potential applications for altering
plant growth, yield, and yield-related traits (Rafeekher). Considering the facts, the current
study aims to examine the effects of Micronutrients and GAz on the growth and yield of
tomato.

Materials and Methods

A field experiment entitled " The effect of micronutrients and GA3z on growth and yield of
Tomato (Lycopersicon esculentum Mill.) cv. Kashi Chayan" was conducted at the
experimental field of Department of Horticulture, Udai Pratap (Autonomous) College,
Varanasi (U.P.) during Rabi season of 2023-2024. Experiment was laid out in a randomized
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block design (RBD) with seven treatments replicated three
times comprising GAs and micronutrients with control i.e.
T1: GA3 (50ppm), T2 GA3 (100ppm), T3: ZnSO4 (0.5%), T4
ZnS04 (1%), Ts: Boric acid (50ppm), Te: Boric acid
(100ppm) and T+: Control. The collected data includes plant
height (cm), number of branches plant, number of flower
cluster?, number of cluster plant?, early days to 50%
flowering, days to first fruit set and yield attributes viz., no.
of fruit per cluster, no. of fruit plant?, average fruit weight
(9), fruit length (cm), fruit width (cm), fruit yield per plant
(kg) and fruit yield (g/ha) in tomato cv. Kashi Chayan. The
data was analyzed using analysis of variance (ANOVA),
and mean separation was performed at a 5% probability
level.

Results and Discussion

The data on the effects of various micronutrients and GA3
on plant height at different growth stages were statistically
analyzed and are detailed in Table 1. It clearly showed that
the plant height differed significantly with each other, the
maximum plant height (118.23 cm) was recorded in the
treatment T2 (GAs @ 100 ppm. The minimum plant height
was noted 92.40 cm at the time of harvesting in treatment T
(Control). The data on the effects of various micronutrients
and GAs on no. of branches per plant at different growth
stages were statistically analyzed and are detailed in Table
1. It clearly showed that the no. of branches differed
significantly with each other, the highest no. of branches
(11.95) was recorded in the treatment T, (GA; @ 100 ppm).
The lowest no. of branches was noted 7.10 at the time of
harvesting in treatment T+ (Control).

The shortest duration to reach 50% flowering in tomato
plants was observed in treatment T, (GAs @ 100 ppm),
requiring just 62.34 days. This was followed by treatment T,
(GAs; @ 50 ppm), which required 64.29 days. In contrast,
the longest duration of 76.51 days to reach 50% flowering
was recorded in the control treatment T,. Onofeghara (1981)
8] reported similar findings, attributing them to the role of
GA:; in regulating flower initiation and development. GAg is
crucial for both male and female fertility (Griffiths et al.,
2006) 1. The data on the effects of various micronutrients
and GAz on no. of flower per cluster were statistically
analyzed and are detailed in Table 1. The highest number of
flowers per cluster, averaging 6.86, was observed in
treatment T, (GAs @ 100 ppm). This was followed by T
(GA; @ 50 ppm) and Ts (Boric acid @ 100 ppm), which
had 6.47 and 5.38 flowers per cluster, respectively. The
highest number of clusters per plant, at 5.86, was observed
in treatment T, (GA; @ 100 ppm), followed by T1 (GAs @
50 ppm). Both micronutrients and GA3z had a notable impact
on the days to the first fruit set during the 2023-24 period.
The shortest duration to the first fruit set, at 72.77 days, was
observed in treatment T2 (GAs @100 ppm), followed by T,
(GA:; @ 50 ppm). Both micronutrients and GA; had a
considerable impact on the timing of the first fruit picking
during the 2023-24 period. The shortest time to the first fruit
picking, at 87.20 days, was recorded in treatment T, (GAs
@100 ppm), followed by T1 (GAs @50 ppm) at 88.35 days.

https://www.hortijournal.com

The data on the effects of various micronutrients and GA3
on no. of fruits per plant were statistically analyzed and are
detailed in Table 2. Among the treatments, T, (GA; @ 100
ppm) yielded the highest number of fruits per plant at 47.80,
showing a significant improvement compared to other
treatments. This was followed by T; (GAs; @ 50 ppm),
which produced 44.60 fruits per plant. In contrast, the
control (T7) recorded a significantly lower number of fruits
per plant (22.43).

The longest fruit length, measuring 6.10 cm, was observed
in treatment T2 (GAs; @ 100ppm), which was significantly
superior to other treatments. This was followed by T1 (GA3
@ 50 ppm) and T4 (ZnSO4 @ 1%), with fruit lengths of 5.98
cm and 5.05 cm, respectively. The shortest fruit length, at
3.57 cm, was recorded in the control group T+. The results
of various levels of micronutrients and GAs across different
treatment combinations are shown in Table 2. The greatest
fruit width, measuring 5.14 cm, was observed in treatment
T2 (GAs at 100 ppm), followed by T1 (GA; at 50 ppm) at
4.98 cm. The results of various levels of micronutrients and
GA; across different treatment combinations are shown in
Table 2. The weight of individual tomato fruits varied
significantly with the application of different levels of GAs;
and micronutrient. The highest average fruit weight
(104.469), was recorded in treatment T» (GAs @ 100 ppm),
followed by T; (101.73g) and T, (98.40g). The lowest
average fruit weight, 82.32g, was observed in the control
(T7). These findings are reported by Lilov and Donchev
(1984) 'l Nagem et al. (2001) [,

The results of various levels of micronutrients and GAs
across different treatment combinations are shown in Table
2. Statistical analysis of the data on tomato fruit yield per
plant (Kg) revealed significant differences. Different levels
of GA; had a significant impact on the yield of fruit per
plant. The highest yield, at 3.33 kg per plant, was achieved
with 100 ppm GAs, while the lowest yield, 1.56 kg per
plant, was observed under control conditions.The results of
various levels of micronutrients and GAs across different
treatment combinations are shown in Table 2. Statistical
analysis of the data on tomato fruit yield per hectare (q)
revealed significant differences. The application of different
levels of GA; significantly affected the fruit yield per
hectare. The highest yield, 437.35 g/ha, was obtained with
T2 (GAs; @ 100 ppm), followed by T1 (GAs @ 50 ppm) at
407.87 g/ha whereas the lowest yield, 240.56 g/ha, was
recorded in the control (T7).

Conclusion

The results of the present study indicate that the application
of GAs (50 ppm and 100 ppm) and micronutrients such as
ZnS0O4 (0.5% and 1%) and boric acid (50 ppm and 100
ppm) notably enhanced vegetative growth, flowering, and
significantly boosted tomato yield. Based on these findings,
it can be concluded that GAs at a concentration of 100 ppm
was the most effective treatment for improving both
vegetative growth and yield in tomato variety Kashi
Chayan.
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Table 1: Effect of micronutrients and GAs on plant height, no. of branches, days to 50% flowering, no. of flower per cluster, no. of cluster
per plant, days to first fruit set and days to first fruit picking

Treatment |Plant height| No. of Days to 50% No. of flower | No. of cluster | Days to first |Days to first fruit
Tr. No. - : . s
details (cm) branches flowering per cluster per plant fruit set picking

T:. | GAs(50ppm) | 115.75 11.03 64.29 6.47 4.37 73,51 88.35

T2 GAs (100ppm) 118.23 11.95 62.34 6.86 5.86 72.77 87.20

T3 ZnS04 (0.5%) 107.47 10.25 72.31 5.12 3.98 77.15 91.92

Ta ZnS04 (1%) 109.32 10.98 71.03 5.26 4.32 76.87 89.99

T, | BoficAcd 667 9.33 68.01 5.28 4.28 77.67 92.85

(5(_)ppm}
o | BoricAcd | g5 49 9.98 67.20 5.38 4.08 76.37 90.98
(100ppm)

T7 Control 92.40 7.10 76.51 4.24 3.24 80.11 94.01
SEm+ 1.95 0.13 1.44 0.05 0.04 1.45 1.36
CDat 6.02 0.41 4.44 0.17 0.13 4.47 4.19

5%

Table 2: Effect of Micronutrients and GAs on no. of fruits per plants, fruit length (cm), fruit width (cm), fruit weight (g), fruit yield
(kg/plant) and fruit yield (g/ha)

. No. of fruits per Fruit length Fruit width | Fruit weight Fruit yield Fruit yield
Tr. No. | Treatment details plant P (cm)g (cm) @ g (Kg/p?/ant) (q/h){a\)
T1 GAs (50ppm) 44.60 5.98 4.98 101.73 3.27 407.87
T2 GAs (100ppm) 47.80 6.10 5.14 104.46 3.33 437.35
T3 ZnS04 (0.5%) 37.47 4.93 4.18 97.07 2.89 304.76
T4 ZnS04 (1%) 39.38 5.05 4.25 98.40 2.93 321.02
Ts |Boric Acid (50ppm) 34.06 4.79 4.04 91.29 2.31 337.10
Te '?fg'ocp';‘r‘;';j 35.99 4.86 4.13 95.30 2.64 353.20
T7 Control 22.43 3.57 3.57 82.32 1.56 240.56

SEm+ 0.71 0.07 0.07 1.01 0.03 6.43

CD at 2.18 0.22 0.20 3.11 0.09 19.81
5%
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