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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
yellow 4
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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
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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 (AgNO3, 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, f lavonoids, 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 f lavonoids 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.
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Initially, a 25 mM stock solution of silver nitrate
(AgNO3) 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–1 s–1, 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-Kα radia-
tion, ensuring accurate determination of crystallo-
graphic information.

Statistical Analysis

The data underwent analysis utilizing SPSS 22.0
software. IC50 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-

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 (pHzpc), 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 HCl 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 pHzpc, 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 pHzpc 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 (t) were calculated
using the following Eqs. (1) and (2):

(1)

(2)

where, qt represents the amount of DY4 adsorbed per
unit mass of the adsorbent (mg/g), Ci is the initial MB
concentration (mg/L), Cf is the final DY4 concentra-
tion (mg/L), Ct is the residual concentration at time t,

( ) = ×i t

i

( )AdsorptionPercentage % 100,C C
C

= i t
t

( ) ,C C Vq
m



4

COLLOID JOURNAL  2025

HIMANSHU SINGH et al.

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 in a UV

cuvette. The remaining AgNPs 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 Ag0, 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. 1a–1c
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
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Fig. 1. SEM (a–c, 2 μ, 1 μ and 200 nm, respectively) and TEM (d–e, 100 and 50 nm) images of silver nanoparticles at different
magnifications; (f) EDX spectrum of silver nanoparticles.
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(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

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 2θ, 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 2θ 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 (hkl) 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 AgNO3, 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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ence of phenolics, aliphatic/aromatic hydroxyl
groups, and amino acids. Alkanes were represented by

peaks at 2865 and 2933 cm−1, which is in line with ear-

lier studies (Fig. 2c). Notably, the 1611–1400 cm−1

range suggested aromatic ring existence. Primary/sec-
ondary amides and alkyl halides were indicated by

peaks at 1109 cm−1 (OH groups) and 827 cm−1 (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=O), 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 (pHpzc), when the pH surpasses the

pHpzc, 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 pHpzc.

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

Fig. 2. UV-Visible (a), XRD (b), FTIR (c) and zero-point charge (d) spectra of AgNPs.
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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 (pHpzc) 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

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].

(3)

(4)

In this case, t denotes the time in minutes, while qe

and qt stand for the adsorption capacity at equilibrium

and at a certain time t (mg/g). Additionally, K1 denotes

the first-order rate constant (min−1), and K2 represents

the second-order rate constant (g mg−1 min−1). Param-
eters derived from Eqs. (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 (ΔG°, ΔS° and

ΔH°) 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.
ΔG°, ΔS° and ΔH° were computed using Eqs. (5) and
(6) respectively:

(5)

( )− = −e t e  1ln ln ,q q q K t

= +
2

t e 2 e

1
.

t t
q q K q

Δ ° = − dln ,G RT K

Fig. 3. (a) The effect of pH on adsorption of DY4 dye by AgNPs. (b) The effect of temperature on the removal of DY4 dye onto
AgNPs.
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(6)

Here, T is the temperature in Kelvin, R is the gas

constant (8.314 J mol–1 K–1), Kd (kJ mol–1) is the dis-

tribution coefficient (Kd = qe/Ce), ΔG° (kJ mol–1) is

the change in Gibb’s free energy, ΔS° (J mol–1 K–1) is

the entropy change, and ΔHº (kJ mol–1) is the

enthalpy change at 308 K. Table 2 compiles all of the

parameters that were obtained from these equations.

The calculated values of ΔG° and ΔH° 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

the adsorbent is shown by a negative value of ΔS°.

Δ ° Δ °= −dln .
S HK
R RT

Adsorption Isotherm

The adsorption isotherm of the AgNPs was
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 Eqs. (7) and (8) respectively:

(7)

where Ce is the dye solution’s equilibrium concentra-
tion, KL (L/mg) is the Langmuir adsorption constant
related to the binding site’s affinity, and qmax and qe

(mg/g) are the adsorbent’s maximum and equilibrium
adsorption capacities.

(8)

=
+

max L e
e

L e

,
1

q K Cq
K C

= 1/

e F e .
nq K C

Table 1. Kinetics parameters in the adsorption process of DY4 on AgNPs

Dyes

1st order 2nd order Exp.

qe, mg g–1 K1, min–1 r2 qe, mg g–1 K2, g mg–1 min–1 r2 qe, mg g–1

DY4 117.56 0.04 0.9374 89.56 0.00047 0.9797 92.98

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 2. Thermodynamic parameters for DY4 dye onto Ag NNPs in the adsorption processes

Parameters ΔH°, kJ mol–1 ΔS°, J mol–1 ΔG°, kJ mol–1

Temperature 308 K 308 K 303 K 308 K 313 K 318 K

DY4 –2.822 –4.668 –1.408 –1.385 –1.361 –1.338
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The adsorption capacity and intensity of the adsor-
bent are indicated by the Freundlich isotherm con-
stants, KF (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. 5c).

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 f luctuation 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

Table 3. Isotherm parameters in the adsorption process

Langmuir Freundlich Experimentally

qmax, mg g–1 KL, L mg–1 R2 KF, L mg–1 N R2 qm, mg g–1

DY4 102.52 0.718 0.9707 3.96 1.21 0.8222 110.77

Fig. 5. Adsorption isotherm of DY4 dye on the AgNPs.
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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
ΔG° and ΔH° 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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Table 4. Comparative data summarizing the removal efficiencies of direct yellow 4 (DY4) dye using various methods,
including your study

Method Mechanism Removal Efficiency Time, min Conditions Reference

Electro-Fenton (EF) Advanced Oxidation

(•OH radicals)

Partial mineraliza-

tion

Not specified pH 3.0,

electrochemical process

[47]

Photo-Assisted Elec-

tro-Fenton (PA-EF)

EF followed by UVA 

illumination

Similar to PEF Not specified pH 3.0,

sequential EF and UVA exposure

[47]

Photo-electro-Fenton 

(PEF)

EF + UVA light Near-total miner-

alization

Not specified pH 3.0,

electrochemical + UVA light

[48]

Biosynthesized AgNPs Adsorption 110.97 mg/g 60 308 K, no external energy input Our study
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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 MWCNTs 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 MWCNTs 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 MWCNTs 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 al. 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 µm. 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 MWCNTs (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 × 7.5 mm × 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 MWCNTs 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. 

 

 
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 
δ 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 88˚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 δ 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. 

 

 
Figure 2. Variation of tan δ 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]. 

 

 
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 MWCNTs 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 MWCNTs 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. 

Overall, 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 
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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. 

 

Affiliation: 

1Department of Chemistry, K. S. 
Saket P.G. College Ayodhya-
224123 India.  

2Department of Chemistry, D.N. 
College Meerut-250002, India. 

3Department of Physics, D.N. 
College Meerut-250002, India. 

4Department of Chemistry, Up 
Autonomous College, Varanasi-
221002, India. 

 

Correspondence: 

anuragm878@gmail.com  

 

 

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 

the second component. The presence of this cross-linking 
network transforms epoxy into a thermosetting polymer with 
commendable mechanical and thermal properties. 
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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 (MWCNTs) 
(Diameter -38 nm), as illustrated in Fig. 1. These MWCNTs 
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. 
 

 
 
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.% 
H2SO4 and 10 wt.% oxalic acid in water). Subsequently, the 
steel strip underwent a rinsing step with deionized (DI) H2O 
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 
H2O 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 (σs) of the adhesive joints, employing different 
adhesive types, was determined using the formula 𝜎𝑆  =
 (𝑁/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. 
 

 
 

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 
 

3.1. 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 Rz = 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 (θ) 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. 

 

 
  

 

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 µm, 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. 
 

 

 
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 µm, 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, 

Rolling 

load (N) 

Adhesive/surface Width of Joints 

(µm) 

Lap shear 

Strength (MPa) 

3 Neat epoxy/mechanically polished 152 3.1 (±0.720) 

6 Neat epoxy/mechanically polished 125 4.2 (±0.837) 

9 Neat epoxy/mechanically polished 90 5.9 (±0.989) 

12 Neat epoxy/mechanically polished 77 3.4 (±2.126) 
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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. 
 

 

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 
consistent bond line thickness (width of joint) of 

approximately 90 µm. 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-
epoxy nanocomposite. In this mode, cracks propagate through 
the CNT-epoxy material, followed by interfacial fracture, as 
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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 

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. 

 

Table 2. Summarizes the strength of adhesives. 
 

 
 

 

Fig. 8. Lap Shear Strength vs strain curves for 

various combinations of adhesive with substrate. 

 

4. Conclusions 

 
The strength of an adhesive is intricately tied to two critical 
factors: the surface characteristics of substrates and the width 
of joints. The application of acid treatments to metal substrate 
has the capacity to transform the failure mode from adhesive 
to cohesive failure, resulting in higher strength of joints. When 
CNTs are dispersed uniformly and without clustering within 
the polymer-based adhesive, they significantly enhance 
strength. This enhancement is accompanied by a mixed mode 
of failure observed during testing.  
 

 

 

Rolling 

load (N) 

Adhesive/surface Width of Joints 

(µm) 

Lap shear 

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) 
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Fig. 9. Cohesive failure zone (a) Neat Epoxy (b) CNT-epoxy on chemically modified substrate (FESEM). 
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vkèkqfudrk (Modernity) ,d O;kid lkekftd] lkaLÑfrd] ckSf)d vkSj jktuhfrd çfØ;k gS] tks 

;wjksi esa iqutkZxj.k (Renaissance), çcksèku (Enlightenment), vkS|ksfxd Økafr (Industrial Revolution) vkSj oSKkfud 

lksp ds mn; ls 'kq: gqÃ ekuh tkrh gS& tks dh èkhjs&èkhjs fo'o ds fofHkUu fgLlksa esa QSyrh pyh xÃA 

;g ,d ,slh voèkkj.kk gS tks èkkÆed fo'oklksa vkSj ijEijkvksa ls foeq[k gksdj ifjorZu] rdZ'khyrk] 

Lora=rk] foKku vkSj çxfr dh vksj vxzlj gksrh gSA D;ksafd bl ;qx ds n'kZfudksa tSls& beSuq,y dk.V] 

T;k¡ iky lk=Z] tkWu ykd] gkbMsxj] oksYVs;j] uhRls vkfn us O;fäxr Lora=rk] lekurk] oSKkfud lksp] 

rdZ] ySafxd lekurk jktuhfrd yksdra= ,oa O;fäokn ds egÙo ij cy fn;kA 

;fn Hkkjrh; ifjçs{; esa vkèkqfudrk ij n`f"V Mkysa rks Hkkjr esa vkèkqfudrk dh ifjHkk"kk dsoy 

if'peh vkS|ksfxd e‚My rd gh lhfer ugÈ gSA ;gk¡ ik'pkR; vkèkqfudrk ls yxHkx 400 o"kks± iwoZ ls gh 

,d oSdfYid vkèkqfudrk Hkh lfØ; gS tks Kku] lekt lqèkkj vkSj vkè;kfRed psruk ij vkèkkfjr gSA ;gh 

dkj.k gS fd Hkkjr ds lanHkZ esa vkèkqfudrk vkarfjd ,oa ewyxr Hkko gS ftldk ,d i{k nh?kZdkfyd 

ijEijk vkSj mlds fodkl ls lEcfUèkr gS rks nwljk i{k ifjos'k rFkk :i vkSj vkdj ds ifjorZu ls 

lEcfUèkr gSA bl çdkj Hkkjr esa vkèkqfudrk ,d nksgjh çfØ;k jgh gS& ,d vksj ijEijk ls Vdjko vkSj 

nwljh vkSj ijEijk dk iquÆuekZ.kA gesa nksuksa ij è;ku nsuk gksxkA oSls Hkh fdlh dykÑfr dk ewY;kadu 

,dek= lkekftdrk ds lanHkZ esa djuk ,dkaxh vkSj voSKkfud gksxkA blfy, gesa çkphu vkSj vkèkqfud ds 

chp çokfgr ml lw{e varj dks idM+uk gksxk tks fdlh ns'k vFkok tkfr ds leLr fopkjksa ,oa vkn'kk s± 

dks vius esa ckaèks gq, ml ns'k dh v{k; fufèk ds leku loZnk orZeku jgrk gS vkSj ftlds lekIr gks 

tkus ij og ns'k lekIr gks tkrk gSA 

bl çdkj Hkkjrh; lanHkZ esa vkèkqfudrk dh voèkkj.kk ,d ,slh voèkkj.kk gS tks vius ewy earO;ksa 

ls fopfyr gq, fcuk le;] lekt vkSj laLÑfr ds lkFk xfr'khy :i esa cnyrh jgus okyh voèkkj.kk 

gS& tks fd if'peh vkèkqfudrk ds ,dkaxh e‚My dks pqukSrh nsrk gSA ;g ekurk gS fd vkèkqfudrk dk 

dksÃ ,d lkoZHkkSfed Lo:i ugÈ gks ldrk] cfYd ;g fofHkUu lkaLÑfrd vkSj ,sfrgkfld lanHkksZa esa 

fHkUu&fHkUu Lo:i xzg.k djrh gS& ftls oSdfYid vkèkqfudrk ds :i esa tkuk tkrk gS& tks if'peh 

e‚My dh vkèkqfudrk ds fodYi ds :i esa ijEijkxr ewY;ksa] n'kZu] leqnkf;drk vkSj vkè;kfRedrk dks 

vkèkqfud fopkjksa tSls& lekurk] Lora=rk vkSj lkekftd U;k; ds lkFk tksM+us dk ç;kl djrh gSA 

Hkkjrh; lar lkfgR; fo'ks"k :i ls eè;dkyhu HkfädkO; ds lkekftd] lkaLÑfrd o nk'kZfud 

vk;keksa dk fo'ys"k.k djus ij çkIr gksrk gS fd lar lkfgR; bl oSdfYid vkèkqfudrk dk thoar mnkgj.k 

çLrqr djrk gSA eè;dkyhu Hkkjr esa lar dfo;ksa tSls& dchj] xq#ukud] lar jfonkl] lwjnkl] 

rqylhnkl] ehjk] rqdkjke vkfn us viuh jpukvksa ds ekè;e ls lkekftd lqèkkj] vkè;kfRed tkx:drk 

vkSj ekuoh; ewY;ksa dks c<+kok fn;kA bu larksa us u dsoy èkkÆed ,oa lkekftd :f<+;ksa dks pqukSrh nh] 

cfYd ,d ,slh oSpkfjd tehu rS;kj dh tks vkt ds lanHkZ esa oSdfYid vkèkqfudrk ds :i esa ns[kh tkrh 

gSA 

,sfrgkfld n`f"V ls ns[ksa rks lar lkfgR; dk mn~Hko] fodkl ,oa pje 13oÈ 'krkCnh ls 17oÈ 

'krkCnh ds chp çkIr gksrk gS ftls eè;dkyhu Hkkjr ds uke ls tkuk tkrk gS& vkSj ;g ,d ,slk nkSj 

Fkk ftlesa loZ= lkekftd] èkkÆed vkSj jktuhfrd mFky&iqFky çkIr gksrk gSA bl dky esa tkfrxr 

HksnHkko] èkkÆed dêjrk vkSj lkearh 'kks"k.k pje ij FkkA lar lkfgR; bl i`"BHkwfe esa ,d lkekftd vkSj 

vkè;kfRed Økafr ds :i esa mHkjkA ;g lar lkfgR; u dsoy èkkÆed Fkk cfYd lkekftd lqèkkj vkSj 

lekurk dh Hkkouk ls Hkh vksr&çksr FkkA bl izdkj oSdfYid vk/kqfudrk ds vkyksd esa lar lkfgR; dk 

                                                           
* vflLVsaV izksQslj] fgUnh foHkkx] mn; izrki dkWyst] okjk.klh
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eaFku djus ij gesa fo'ks"krk ds :i esa dqN egRoiw.kZ fcUnq çkIr gksrs gSa ftuds vkyksd esa ge oSdfYid 

vkèkqfudrk vkSj lar lkfgR; ds vUrlZEcUèkksa dks Bhd&Bhd tku ldrs gSaA ;s fcUnq fuEuor~ gSa& 

(i) lkekftd lekurk dk mn~?kks"k 

(ii) cgqyrk esa lekos'ku dk vn~Hkqr ç;kl 

(iii) Je dk vkè;kfRed egRo 

(iv) Hkk"kk dk yksdra=hdj.k 

(v) yksd laLÑfr dks egRo 

(vi) ykSfddrk vkSj fuxqZ.k Hkfä 

(vii) i;kZoj.kh; psruk 

(viii) ySafxd vkSj tkfrxr U;k; 

lar lkfgR; Hkkjrh; lkfgR; dh og 'kk[kk gS tks Hkfä] ekuork vkSj lkekftd psruk ls ifjiw.kZ 

gSA ;g lkfgR; dsoy èkkÆed mins'kksa rd lhfer ugÈ gS] cfYd blesa xgjs lkekftd ljksdkj Hkh fufgr 

gSA lar dchj] lar jfonkl] lar ukenso] lar rqdkjke] xq#ukud] ehjkckÃ vkfn larksa us vius le; dh 

lkekftd folaxfr;ksa] tkfrokn] NqvkNwr] èkkÆed ik[kaM vkSj vU;k; ds fo#) vkokt mBkrs gq, lekt 

dks ,d uÃ fn'kk nsus dk ljkguh; ç;kl fd;kA bu lkekftd folaxfr;ksa esa Hkh lar lkfgR; esa 

tkfrokn ,oa NqvkNwr dk fojksèk çeq[k jgk gSA dchj us bldk rh[kk fojksèk djrs gq, dgk gS fd& 

myfV tkr&dqy nksÅ folkjhA lqUu lgt efg cqur gekjhAA 

iafMr eqYyk tks fyf[k nh;kA NkfM+ pys ge dNw u yh;kAA1 

×  ×  ×  × 

,slk Hksn fcxwpu HkkjhA 

csn&drsc nhu v: nqfu;ka] dkSu iq#"k dkSu ukjhA 

,d cw¡n ,dS dy&ewrj ,d pke ,d xwnkA 

,d tksfr FkSa lc mRiUuk dks ckºeu dks lwnkAA2 

lar jfonkl tks Lo;a nfyr tkfr ls Fks] dgrs gSa& ^^eu paxk rks dBkSrh esa xaxk**& vFkkZr vkRek 

dh ifo=rk fdlh tkfr ;k tUe ls ugÈ] cfYd eu dh Hkkouk ls gksrh gSA blfy, bu larksa us 

eafnj&efLtn] iwtk&uekt+ tSls okº;pkjksa ds LFkku ij varjkRek dh 'kqf) ij cy fn;k& lar jfonkl 

dh mfDr gS& 

^^rksMwa u ikrh] iwtwa u nsok 

fcu iRFkj] djsa jSnkl lgt lsokA** 

vFkkZr fcuk fdlh Qwy&ekyk] ifÙk;k¡ rksM+s fcuk] u gh fdlh nsork dh iwtk djs fcuk] u gh bu 

iRFkjksa ds Hkxoku dks iwts fcuk& vFkkZr iwtk] deZdk.M ds fcuk balku dks dsoy lR; deZ djrs gq, 

ekuork dh lgt lsok djuh pkfg,A lalkj esa çse] HkkÃpkjk] uSfrdrk o ekuork gh lcls cM+h iwtk ;k 

lsok gSA 

bl çdkj lar lkfgR; dsoy vkè;kfRed lkèkuk dk lkèku ugÈ gS] cfYd lkekftd psruk dk 

okgd Hkh gSA blesa lekt dh ihM+k] tuekul dh vkdka{kk,¡ vkSj lekurk dk Hkko fufgr gSA lar dfo;ksa 

us vius lkfgR; ds ekè;e ls lkekftd folaxfr;ksa ds fo:) fuMj gksdj vkokt mBkÃ vkSj ,d ,sls 

lekt dh dYiuk dh tks& çse] lerk] lfg".kqrk vkSj ekuork ij vkèkkfjr gSA vkt ds le; esa tc 

lekt fQj ls tkfrokn] lkaçnkf;drk] lkekftd vlekurk vkSj uSfrd iru tSlh pqukSfr;ksa ls tw> jgk 

gS ,sls esa lar lkfgR; ds lkekftd lerk ds Loj vkt fQj ls çklafxd dks mBs gSa D;ksafd larksa dk 

lkekftd lerk dk mn~?kks"k ,d ,slk ;FkkFkZ vkSj dkytÃ lR; gS tks ;qxksa&;qxksa rd lekt dks fn'kk 

nsrk jgsxkA 

oSdfYid vkèkqfudrk dh ryk'k ds Øe esa lar lkfgR; esa tks nwljh egRoiw.kZ ckr çkIr gksrh gS] 

og gS& cgqyrk esa lekos'ku dk vn~Hkqr ç;klA D;ksafd lar lkfgR; dk ewy lans'k gh ;g gS fd& ^^lc esa 

,d ijekRek gS**& 

bl ?kV vUrj ckx cxhps] blh esa fljtu gkjkA 

bl ?kV vUrj lkr leqUnj] blh esa ukS y[k rkjkA 
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dgr dchj lquks HkkÃ lkèkks] blh esa lkbZa gekjkAA3 

;g n`f"Vdks.k ekuo&ekuo ds Hksn dks feVkrk gSA iqu% lar jfonkl dh mfä gS& 

^^,slk pkgw¡ jkt eSa tgk¡ feyS lcu dks vUuA 

NksV&cM+ks lc le clS jfonkl jgS çlUuAA 

;g ,d ,sls vkn'kZ lekt dh ifjdYiuk gS ftlesa dksÃ Hksn ugÈ gS& ,slk lekt ftlesa lHkh 

dks leku vfèkdkj ,oa lqfoèkk,¡ çkIr gksA cgqyrk esa lekos'ku gsrq gh lar lkfgR; esa lfg".kqrk] 

èkeZfujis{krk vkSj loZèkeZ leHkko dh >yd loZ= feyrh gSA dchj vkSj xq# ukud us Çgnw&eqfLye ,drk 

ij dkQh cy fn;k gS& 

^^fgUnw dgr gS jke gekjk eqlyeku jgekuk 

vkil esa nksÅ yM+s ejrq gSa eje dksbZ ufga tkukA*4 

× × × × 

iwjc fn'kk gjh dkS cklk ifPNe vyg eqdkek 

fny esa [kkst fnyfga esa [kkstkSa bgSa djhek jkekA5 

lar lkfgR; esa oSdfYid vkèkqfudrk dh ryk'k ds Øe esa ge ikrs gSa fd lar lkfgR; u dsoy 

èkkÆed vkSj vkè;kfRed ǹf"V ls le`) gS cfYd blesa lkekftd ;FkkFkZ vkSj Je dh egÙkk dks Hkh vR;ar 

xgjkÃ ls js[kkafdr fd;k x;k gSA lar dfo;ksa us viuh ok.kh ds ekè;e ls vketu dh ihM+k vkSj muds 

Je ds çfr lEeku dk Hkko çLrqr fd;k gS& bl çdkj blesa 'kksf"kr] oafpr] nfyr vkSj Jfed oxZ dh 

vkokt+ dks LFkku feyk gS vkSj muds Je dks lkekftd xfjek izkIr gqbZA ;gk¡ Jfed oxZ dks u dsoy 

LFkku feyk cfYd Je dks vkè;kfRed lkèkuk ds leku ekuk x;k gSA ;g lar lekt dh u dsoy 

Økafrdkjh cfYd vfr vkèkqfud lksp dgÈ tk ldrh gSA 

dchj Lo;a tqykgk FksA mUgksaus Li"V :i ls Lohdkj fd;k gS& ^^djuh dj gkFk pykoS] ftºok 

jke uke nqgjkoS**& vFkkZr Je djrs gq, Hkh euq"; Ã'oj Lej.k dj ldrk gSA dchj lkfgR; esa deZ vkSj 

Je dks ;ksx ds leku crk;k x;k gSA dchj ds vfrfjä lar jfonkl] lar ukenso] lar rqdkjke Hkh ,sls 

lar Fks tks Jfed thou thrs gq, Hkh Hkfä dh Å¡pkb;ksa dks Nq, vkSj Je'khyrk dks lEekfur fd,A lar 

lkfgR; esa Je ls vÆtr vUu dks ifo= ,oa Js"B ekuk x;k gS rFkk dgk x;k gS fd Je vkSj Hkfä esa 

dksÃ Hksn ugÈ gSA lkFk gh ;gk¡ ;g Hkh /;krC; gS fd dkyZ ekDlZ ls yxHkx 400 o"kZ iwoZ gh lar dfo;ksa 

us ,d ,sls oxZghu lekt dh dYiuk dj yh Fkh tgk¡ u dksÃ Å¡p gS u dksÃ uhp& ^^tkfr u iwNks lkèkq 

dh iwN dhft, Kku**& dchj dh ;g mfä lkQ&lkQ dgrh gS fd lHkh ekuo leku gS vkSj Jfed pkgs 

fdlh tkfr dk gks og lekt dh jh<+ gSA bl izdkj gs; n`f"V ls ns[ks tkus okys Jfed oxZ dks lar 

dfo;ksa us lkekftd U;k; vkSj vkRe lEeku fnykus dh ps"Vk dhA D;ksafd lar lkfgR; dk lkj gh gS 

fd& ^^tks Je djrk gS ogh èkeZ djrk gSA** 

lar lkfgR; esa u dsoy iq#"k Je cfYd L=h Je dks Hkh Lohdkj fd;k x;k gSA ehjkckÃ us 

vkRe vuqHkwfr ds lkFk Hkfä dh jkg ij reke vojksèkksa ds ckn Hkh pydj ;g lkfcr dj fn;k fd L=h 

Hkh lkekftd caèkuksa ls Åij mBdj vkè;kfRed iFk ij py ldrh gSA bu larksa ds Je ls lEcfUèkr ;s 

fopkj u dsoy rRdkyhu le; esa cfYd vkt Hkh mrus gh çklafxd gSa] fo'ks"kdj ml nkSj esa tc lekt 

esa vkÆFkd fo"kerk vkSj Je dh mikns;rk ns[kus dks feyrh gSA 

Hkk"kk dh ǹf"V ls lar lkfgR; ij fopkj djsa rks çkIr gksrk gS fd larksa dh Hkk"kk uhfr vR;ar 

vkèkqfud mnkj ,oa lw>cw> ls Hkjh gqÃ gSA lar dfo;ksa dks ;g Bhd&Bhd Kku Fkk fd O;kid tu 

leqnk; ls mUgÈ dh Hkk"kk vkSj Hkkoukvksa ds ekè;e ls tqM+k tk ldrk gSA blhfy, xksLokeh rqylhnkl us 

dkO; lkèkuk gsrq laLÑr dk çdk.M fo}ku gksrs gq, Hkh Hkk"kk esa Jh jkepfjrekul fy[kus dk fu.kZ; fd;k 

tcfd iafMr yksxksa esa ml le; Hkk"kk dk vknj ugÈ FkkA xksLokeh th us Lohdkj fd;k gS fd& 

^^Hkk"kk Hkkfufr Hkksfj efr eksjhA 

g¡flcs tks g¡ls ufga [kksjhAA**6 

bl çdkj xksLokeh th us iafMrksa dh g¡lh dh ijokg ugÈ dh] D;ksafd os tkurs Fks fd ogh oLrq 

ekukLin gksrh gS tks mi;ksxh Hkh gksA tks oLrq fdlh ds dke gh uk vk, mldk ewY; gh D;k\ iqu% dchj 

rks Li"V :i ls Lohdkj djrs gSa fd& 
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cksyh gejh iwjc dh] gesa y[kS ufga dks;A 

gedks rks lksbZ y[ks] tks /kqj iwjc dk gks;AA7 

rqylh vkSj dchj ds vfrfjä vU; larksa dh Hkk"kk ij fopkj djsa rks çkIr gksrk gS fd lar 

dfo;ksa us ijEijkxr fo|k&lÙkk ¼laLÑr] vjch] Qkjlh½ ls gVdj yksd Hkk"kk& voèkh] czt] jktLFkkuh] 

iatkch] ejkBh] Hkkstiqjh] xqtjkrh dks dkO; jpuk dk ekè;e cuk;k ftlds dkj.k Kku dk dsaæ 'kkL= 

ikBdksa ls gVdj turk ds chp igq¡p x;kA bls ge Hkk"kk ds yksdra=hdj.k dh çsj.kk ds :i esa Hkh ns[k 

ldrs gSa ftlds }kjk bu lar dfo;ksa us Kku ds dsaæh;dj.k dks rksM+us dk iwjk ç;kl fd;kA viuh blh 

yksd Hkk"kk ds ekè;e ls larksa us turk ls lhèks laokn fd;k vkSj lekt esa O;kIr dqjhfr;ksa dks mtkxj 

fd;kA okLro esa yksd Hkk"kk usa lar lkfgR; dks lkekftd ifjorZu dk ,d l'kä ekè;e cuk fn;kA 

yksd Hkk"kk ds vfrfjä ;fn yksd laLÑfr ij fopkj djsa rks lar lkfgR; vkSj yksd laLÑfr 

,d&nwljs ds iwjd fn[kkÃ nsrs gSaA larksa us yksd laLÑfr dks viuh jpukvksa esa LFkku nsdj mls lathouh 

nh vkSj yksd laLÑfr us lar lkfgR; dks tu&tu rd igq¡pkus dk ekè;e cudj mldks dkytÃ cuk 

fn;kA yksd laLÑfr ls tqM+ko dk ,d eq[; dkj.k ;g Hkh Fkk fd lar lkfgR; dksÃ njckjh lkfgR; ugÈ 

Fkk] cfYd xk¡o ds pkSiky] eafnj vkSj ?kj&vkaxu esa iuius okyk lkfgR; gSA ;gh dkj.k gS fd lar 

lkfgR; dk ,d cM+k fgLlk Hktu vkSj dhrZu ds :i esa gSA lar rqdkjke] ehjkckÃ] jfonkl] lwjnkl] 

ukenso o dchj ds Hktu vkt Hkh yksd xk;dksa }kjk xk, tkrs gSaA 

lar lkfgR; dh fo'ks"krk ;g gS fd mlesa ykSfddrk vkSj fuxqZ.k Hkfä nksuksa dk vR;ar çHkko'kkyh 

leUo; çkIr gksrk gSA lar dfo;ksa us fuxqZ.k dh O;k[;k djrs gq,] lkekftd ;FkkFkZ dks Hkh lkeus j[kkA 

blfy, dchj dh ok.kh esa fuxqZ.k Hkfä ds lkFk&lkFk lkekftd fo"kerkvksa] ik[k.Mksa vkSj tkrh; 

Å¡p&uhp ij rh[kk O;aX; feyrk gSA lar jfonkl ,d nfyr lar dfo gksus ds dkj.k u dsoy fuxqZ.krk 

dks le>k cfYd lkekftd U;k; vkSj vkRelEeku dh Hkh ckr dh gSA iqu% nknw n;ky us Hkh fuxqZ.k czã 

dh ckr djrs gq, laçnk;ksa dh vkykspuk dh vkSj vkarfjd lkèkuk dks çkFkfedrk nhA xq# ukud us Hkh 

^bd vksadkj*& Ã'oj ,d gS& ds }kjk leRo dk ?kks"k djrs gq, vius le; dh çpfyr tkfr O;oLFkk 

vkSj lkekftd foHkktu dks pqukSrh nh rFkk çR;sd O;fä dh varfuZfgr xfjek vkSj ewY; dh odkyr dhA 

bl çdkj ge dg ldrs gSa fd eè;dkyhu larksa us fuxqZ.k&lxq.k fookn dks yksdkuqHko dsafær& ^lk{kkr 

Ã'oj cks/k* esa :ikarfjr dj fn;kA 

iqu% xq# ukud dk ^bd vksadkj* bl vFkZ esa Hkh vfregRoiw.kZ ,oa vkèkqfud n`f"V laiUu gS fd 

;g dsoy ekuoh; lhekvksa rd lhfer ugÈ gS cfYd laiw.kZ l̀f"V dks vius esa lekfgr djrk gSA blds 

vuqlkj Ã'ojh; mifLFkr u dsoy euq";ksa esa cfYd çkÑfrd txr ftlesa i'kq] ikSèks vkSj i;kZoj.k Hkh 

'kkfey gS] esa O;kIr gSA ;g lexz n`f"Vdks.k yksxksa esa çÑfr ds çfr xgjh J)k fodflr djus vkSj iF̀oh 

ds laj{kd ds :i esa dk;Z djus ds fy, çsfjr djrk gSA lar rqdkjke rks vius vHkaxksa ¼Hkfä jpukvksa½ esa 

;gk¡ rd dg nsrs gSa fd& ^^o`{k oYyh vEgka lks;js oupjs**& vFkkZr~ isM+&ikSèks vkSj oU; tho gekjs lxs 

lEcUèkh gSa] ifjokj ds leku gS] gekjs thou ds vfHkUu vax gSaA gesa çÑfr ds çfr vkHkkj vkSj çse j[kuk 

pkfg,A çÑfr vkSj tho&tarq dsoy lalkèku ugÈ] cfYd gekjs ltho lkFkh gSaA gesa bUgsa lgstuk vkSj 

budh j{kk djuh pkfg, rkfd thou pØ larqfyr cuk jgsA xq# ukud vkSj lar rqdkjke ds lkFk gh 

dchj us Hkh isM+&ikSèks] ty] ok;q] unh] igkM+ dk u dsoy mYys[k fd;k gS cfYd bUgsa Ã'oj dk :i ekuk 

gSA dchj ds vuqlkj rks& 

^^ikrh rksjS ekfyuh ikrh&ikrh thmA**8 

vFkkZr çR;sd iÙkh esa thoksa dk fuokl gS vr% mls vuko';d uqdlku ugÈ igq¡pkuk pkfg,A 

dchj dh nf̀"V ls isM+&ikSèks] unh] igkM+] i`Foh lHkh ijekFkZ gsrq gSa& vr% ;s lnSo cus jgus pkfg,& 

o`{k dcgq¡ ufga Qy Hk[kS] unh u lapS uhjA 

ijekjFk ds dkjus lk/kqu /kjk ljhjAA9 

lcdh mrifr /kjrh lc thou izfrikyA 

/kjrh u tkus vki xqu ,slk xq# fcpkjAA10 

ijUrq dchj ;gha ugÈ #drs] os rks blls Hkh vkxs c<+dj çÑfr dks uqdlku igq¡pkus okys yksxksa 

dks psrkouh nsrs gq, dgrs gSa fd& 
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cdjh ikrh [kkr gS rkdh dk<+h [kkyA 

tks uj cdjh [kkr gSa rkdks dkSu gokyAA11 

bl i;kZoj.kh; psruk ds vfrfjä lar lkfgR; ds vkÃus esa oSdfYid vkèkqfudrk ds fp= esa gesa 

tks vafre vkSj vfr egRoiw.kZ fo'ks"krk çkIr gksrh gS og gS& ySafxd vkSj tkfrxr lekurk dk fopkjA lar 

lkfgR; esa L=h dks nsoh Lo:i ekuk x;k gSA ehjkckÃ tSlh lar dfof;=h us vius le; dh lHkh 

lkekftd e;kZnkvksa dks rksM+dj vkè;kfRed eqfä dk ekxZ pquk& 

tx lqgkx feF;k jh ltuh gkaok gks feV tklhA 

oju~ dj~;ka gfj vfouk'kh Egkjks dky&O;ky u [kklhAA12 

iqu% bl lanHkZ esa xq#ukud dh mfDr gS fd& 

lks D;ksa eUnk vkf[k,] ftr teha jktku~13 

vFkkZr~ ml L=h dks rqPN D;ksa dgsa ftlls jktk rd tUe ysrs gSaA bl ySafxd lekurk ds 

vfrfjä lar dfo;ksa us osn&iqjk.k vkèkkfjr tkfr&tfVyrk] fir`lÙkk ,oa laLÑrfHktkR; ij rh[kk çgkj 

fd;kA lar jfonkl us rks ^csxeiqjk* dh dYiuk dj 'kks"k.k jfgr uxj dk LoIu jpk ftls vkèkqfud 

yksdrkaf=d vkn'kksZa dh iwoZihfBdk dgk tk ldrk gSA lar jfonkl dh tkfrHksn ds fo#) çfl) mfDr 

gS& 

jSnkl ,d gh c¡wn ls Hk;ks lc foLrkjA 

ew[kZ gS tks djs o.kZ&vo.kZ fopkjAA 

bl çdkj bu larksa us Hkfä dks deZdk.M ls ijs Çyx o tkfr Hksn fojfgr ykSfdd&ijekFkÊ 

çse&lacaèk ds :i esa O;k[;kf;r fd;k gSA 

vLrq fu"d"kZ ds :i esa ge dg ldrs gSa fd if'peh vkèkqfudrk tgk¡ oSKkfud] rdZ] rduhd o 

jkT; dsfUær gS ogÈ lar lkfgR; vuqHko] vkè;kRe] Hkk"kk&lkekatL; vkSj lkekftd lerk ij vkèkkfjr gSA 

vr% Li"V gS fd lar lkfgR; ds ifjizs{; esa oSdfYid vkèkqfudrk u rks ijEijk dk vaèkkuqdj.k gS vkSj u 

gh if'peh vkèkqfudrk dh udy( cfYd ;g ijEijk vkSj vkèkqfudrk ds chp ,d vuwBk laokn gS tks 

LFkkuh; Kku&ijEijkvksa dks vkèkqfud pqukSfr;ksa ds lekèkku ds fy, mi;ksx djrk gS vkSj tks vius vki esa 

lEiw.kZ fo'o esa vuwBk] vf}rh;] fpjUru lR; Lo:i gSA 

1- dchj] gtkjh çlkn f}osnh] ì"B 229] jktdey çdk'ku] uÃ fnYyh] iVuk 

2- dchj] gtkjh çlkn f}osnh] ì"B 239] jktdey çdk'ku] uÃ fnYyh] iVuk 

3- ogha] i`"B 184 

4- ogha] i`"B 248 

5- ogha] i`"B 210 

6- Jh jkepfjrekul] ckydk.M] pkSikÃ la[;k&147 

7- Qdhj] gtkjh çlkn f}osnh] i`"B 224 

8- lar dchj] M‚- jkedqekj oekZ] in&14] i`"B 104 

9- dchj nksgkoyh] nksgk la[;k&912 

10- ^chtd foosd çdkf'kuh* ¼chtd Vhdk½] lk/oh&Kkupan th] Jh dchj Kku çdk'ku dsaæ] >kj[kaM] nksgk 

la[;k&201] ì"B 478 

11- Çgnh lkfgR; dk bfrgkl] jkepaæ 'kqDy] HkfädkO;] i`"B&46] ç;kx iqLrd lnu] bykgkcknA 

12- Çgnh lkfgR; dk bfrgkl] la0 M‚0 uxsaæ] i`"B&221] us'kuy ifCyÇ'kx gkml] uÃ fnYyh 

13- Jh xq#xzUFk lkgc] i"̀B&473 
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Synthesis, antifungal, antileishmanial evaluation, and molecular docking study of 
some 3-(4-((chlorobenzyloxyphenyl)aminomethyl)quinazolin-4(3H)-ones

Reena Jaiswal1, Nisheeth Rastogi2, Aniruddh Prasad Chaudhary3*, Suresh Kumar Patel4 and Padam Kant1

1Department of Chemistry, University of Lucknow, Lucknow, Uttar Pradesh, India
2Department of Chemistry, Dr. W. E. Bauer Research Laboratory, Lucknow Christian Degree College, Lucknow, 

Uttar Pradesh, India
3Department of Chemistry, Udai Pratap College, Varanasi, Uttar Pradesh, India

4Department of Chemistry, Shaheed Mangal Pandey Government Girls Post Graduate College, Meerut, 
Uttar Pradesh, India

ABSTRACT A series of 3-(4-((chlorobenzyloxyphenyl)aminomethyl)quinazolin-4(3H)-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.

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.[1-3]

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,[4] antifungal,[5-10] anticancer,[11,12] 
insecticidal,[13] anti-inflammatory,[14] antimalarial,[15] and 
antileishmanial activities.[16-18]

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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*Corresponding author: Email: anirudhraj0002@gmail.com

Indian Journal of Heterocyclic Chemistry
Vol. 38 - Number XX (xxx-xxx 2025) 1-8

 https://connectjournals.com/01951.2025.38.X
 https://doi.org/10.59467/IJHC.2025.38.x

 ISSN (Print)	 : 0971-1627
ISSN (Online)	 : 2456-4311

How to cite this article: Jaiswal, R., Rastogi, N., Chaudhary, A.P., Patel, S.K. and Kant, P. Synthesis, antifungal, antileishmanial evaluation and 
molecular docking study of some 3-(4-((chlorobenzyloxyphenyl)aminomethyl)quinazolin-4(3H)-ones, Indian J. Heterocycl. Chem., 2025, 38, 
1–8. https://doi.org/10.59467/IJHC.2025.38.X

*Corresponding author: 
*Corresponding author: E-mail: behmadi@mshdiau.ac.ir, hos_behmadi@yahoo.com©2025 Connect Journals

Journal Homepage :
www.connectjournals.com/ijhc

www.connectjournals.com

Published & Hosted by :



2

� Indian Journal of Heterocyclic Chemistry  Vol. 38, No. XX

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.[19] 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.[20] 
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(3H)-
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-e) and 2(f-j) have 
been summarized in the Table 3.

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 µg/mL concentration in DMSO by Macrobroth two-
fold serial dilution techniques in Sabouraud’s Dextrose Broth. 
The spore suspension of 105 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 µg/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-(3H)-ones 2(a-e), compound 
2a with 4-(benzyloxy)-anilinomethyl group showed MIC 
6.25 µg/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 µg/mL against TM and AF. Compound 
2d also showed MIC 6.25 µg/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  µg/mL against 
CA, and MIC 3.12 µg/mL against TM and AF. From the 

Scheme: 3-(4-((chlorobenzyloxyphenyl)aminomethyl)quinazolin-4(3H)-ones (2a-j)
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antifungal activity data, it is clear that the introduction of 
phenyl substitution at the 2nd position in quinazolin-4-(3H)-
one does not play any major effect on the biological potential 
of aminomethylated quinazolin-4-(3H)-ones.

Antileishmanial activity

Compounds 2(a-j) were also tested for their in vitro 
Antileishmanial activity against L. donovani promastigotes 
and antileishmanial activity data are summarised in Table 2. 
Compounds showed 40–56% inhibition of L. donovani. 
There was no specificity regarding substitution at the 
2nd position in quinazolinone. Both quinazolinones having 
a hydrogen at the 2nd  position and phenyl substitution 
at the 2nd  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 
TYR157, hydrophobic interaction with GLN447, LYS161, 
and Vander waal’s interaction with VAL158, 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, PRO114, PHE109, TYR128, 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 

Table 2: Antileishmanial activity of synthesized 
compounds 2(a‑j) against Leishmania donovani

Compound 
No.

% Inhibition 
of Leishmania 

donovani 

Compound 
No.

% Inhibition 
of Leishmania 

donovani 
2a 45 2f 40

2b 55 2g 50

2c 56 2h 55

2d 56 2i 55

2e 40 2j 40

Pentamidine 100

Table 1: Minimum inhibitory concentration (μg/mL) of compounds against Pathogenic fungi by the Macrobroth 
Two‑Fold Serial Dilution Technique

Compd. 
No.

Candida 
albicans (CA)

Cryptococcus 
neoformans (CN)

Candida 
parapsilosis (CP)

Trichophyton 
mentagrophytes (TM)

Aspergillus 
fumigatus (AF)

2a >100 >100 >100 6.25 6.25

2b 50 >100 >100 50 50

2c 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
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were recorded on a Bruker VECTOR 22 spectrometer 
using KBr disks. 1H and 13C NMR (solvent CDCl3) 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 

Figure 1: Docking interaction of 2a with protein 6AKZ

Figure 2: Docking interaction of 2d with protein 6AKZ

Figure 3: Docking interaction of 2i with protein 6AKZ
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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 

Figure 4: Docking interaction of 2j with protein 6AKZ

Figure 5: Docking interaction of fluconazole with protein 6AKZ

Table 3: Physical data of 3‑(4‑((chlorobenzyloxyphenyl) aminomethyl) quinazolin‑4 (3H)‑ones
S. No. R1 R2 R3 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) 5.30 (5.36) 11.70 (11.76) C22H19N3O2

2b Cl H H 179 78 67.35 (67.43) 4.57 (4.63) 10.67 (10.72) C22H18ClN3O2

2c H Cl H 180 68 67.35 (67.43) 4.56 (4.63) 10.68 (10.72) C22H18ClN3O2

2d H H Cl 165 77 67.40 (67.46) 4.50 (4.63) 10.67 (10.72) C22H18ClN3O2

2e Cl H Cl 150 66 61.90 (61.98) 3.89 (4.02) 9.82 (9.86) C22H17Cl2N3O2

2f H H H 186 50 77.53 (77.58) 5.32 (5.35) 9.60 (9.69) C28H23N3O2

2g Cl H H 150 69 71.73 (71.87) 4.78 (4.74) 8.79 (8.90) C28H22ClN3O2

2h H Cl H 150 78 71.80 (71.87) 4.68 (4.74) 8.85 (8.90) C28H22ClN3O2

2i H H Cl 168 78 71.78 (71.97) 4.67 (4.74) 8.79 (8.90) C28H22ClN3O2

2j Cl H Cl 170 56 66.89 (66.94) 4.18 (4.21) 8.31 (8.36) C28H21Cl2N3O2
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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)phenyl)amino)methyl)quinazolin-
4(3H)-one (2a)

FT-IR (KBr) cm-1:  1692 (C=O), 1256 (-OCH2-), 2923 
(>NCH2N<), 3345 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.23 (s, NH), 4.42 (s, 2H, >NCH2N<), 5.15 (s, 2H, -OCH2-), 
7.12–8.19 (m, aromatic protons), 8.34 (s, >N=CHN<), 13C 
NMR (75MHz, CDCl3)δ: 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-1:  1689 (C=O), 1309 (-OCH2-), 2896 
(>NCH2N<), 3365 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.31 (s, NH), 4.67 (s, 2H, >NCH2N<), 5.74 (s, 2H, -OCH2-), 
6.58–8.34 (m, aromatic protons), 8.67 (s, >N=CHN<), 13C 
NMR (75MHz, CDCl3)δ: 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-1:  1681 (C=O), 1236 (-OCH2-), 2845 
(>NCH2N<), 3431 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.54 (s, NH), 4.93 (s, 2H, >NCH2N<), 5.96 (s, 2H, -OCH2-), 
6.53–8.67 (m, aromatic protons), 9.01 (s, >N=CHN<), 13C 
NMR (75MHz, CDCl3)δ: 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-1:  1698 (C=O), 1223 (-OCH2-), 2987 
(>NCH2N<), 3291 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.01 (s, NH), 4.59 (s, 2H, >NCH2N<), 5.26 (s, 2H, -OCH2-), 
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, CDCl3)δ: 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-1:  1676 (C=O), 1206 (-OCH2-), 2909 
(>NCH2N<), 3359 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.06 (s, NH), 4.73 (s, 2H, >NCH2N<), 5.42 (s, 2H, -OCH2-), 
6.64–8.09 (m, aromatic protons), 8.84 (s, >N=CHN<), 13C 
NMR (75MHz, CDCl3)δ: 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-1:  1656 (C=O), 1260 (-OCH2-), 2956 
(>NCH2N<), 3376 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.31 (s, NH), 4.48 (s, 2H, >NCH2N<), 5.41 (s, 2H, -OCH2-), 
7.02–8.28 (m, aromatic protons), 13C NMR (75MHz, CDCl3)
δ: 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-chlorobenzyl)oxy)phenyl)amino)methyl)-2-
phenylquinazolin-4(3H)-one (2g)

FT-IR (KBr) cm-1:  1665 (C=O), 1226 (-OCH2-), 2908 
(>NCH2N<), 3386 (NH), 1H NMR (300MHz, CDCl3)δ: 
3.99 (s, NH), 4.21 (s, 2H, >NCH2N<), 5.01 (s, 2H, -OCH2-), 
6.84–8.36 (m, aromatic protons), 13C NMR (75MHz, CDCl3)
δ: 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-1:  1683 (C=O), 1270 (-OCH2-), 2960 
(>NCH2N<), 3397 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.03 (s, NH), 4.56 (s, 2H, >NCH2N<), 5.73 (s, 2H, -OCH2-), 
7.02–8.83 (m, aromatic protons), 13C NMR (75MHz, CDCl3)
δ: 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 (2i)

FT-IR (KBr) cm-1:  1673 (C=O), 1265 (-OCH2-), 2973 
(>NCH2N<), 3398 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.06 (s, NH), 4.58 (s, 2H, >NCH2N<), 5.08 (s, 2H, -OCH2-), 
6.63–8.08 (m, aromatic protons), 13C NMR (75MHz, CDCl3)
δ: 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-1:  1658 (C=O), 1258 (-OCH2-), 2940 
(>NCH2N<), 3401 (NH), 1H NMR (300MHz, CDCl3)δ: 
4.08 (s, NH), 4.74 (s, 2H, >NCH2N<), 5.68 (s, 2H, -OCH2-), 
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7.02–8.86 (m, aromatic protons), 13C NMR (75MHz, CDCl3)
δ: 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 µg/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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f'k{kk ds {ks= esa ØkfUr ,oa baVjusV dh Hkwfedk % ,d “kSf{kd foe”kZ
M‚0 vuqHkk “kqDyk*

*vflLVsaV çksQslj] ch0,M0 foHkkx] ;w0ih0 dkWyst] okjk.klh] m0iz0

Lkkjka”k % vkt v‚uykbu f'k{kk ds {ks= esa vk/kqfud f'k{k.k e'khuksa eksckby] LekVZ Qksu] ySiV‚i] VscysV] jsfM;ks] Vsifjd‚MZj]
xzkeksQksu] Vsyhfotu] çkstsDVj] Hkk"kk çk;ksx'kkyk vkfn }kjk f'k{k.k vkfn ds ç;ksxksa us f'k{kk çfØ;k dk e'khuhdj.k dj fn;k
gSA vkt e'khuksa ds ç;ksx ls f'k{kd vius fo|kfFkZ;ksa dks vklkuh ls vius Kku dkS'ky ls ykHkkfUor djk ldrk gSA f'k{kk ds
{ks= esa f'k{k.k e'khuksa dk mi;ksx vkt rsth ls c<+rk tk jgk gSA vkt dy baVjusV dk ç;ksx u dsoy bZ&f'k{kk esa gh fd;k
tk jgk gSa] cfYd v‚uykbu Q‚eZ Hkjus] ukSdjh ds fy, vkosnu djus vkSj iqLrds i<+us esa Hkh fd;k tk jgk gSaA vkt fo|kFkhZ
f'k{kk ds lHkh {ks=ksa esa baVjusV dk mi;ksx dj jgs gSaA
eq[; “kCn % f'k{kk] lwpuk vkSj lapkj çkS|ksfxdh] ØkfUrdkjh ifjorZu] la;qä jk"Vª fodkl dk;ZØe] 'kSf{kd vuqla/kku usVodZ
vkfnA
izLrkouk % çkphudky esa ekSf[kd ,oa daBLFk :i xzg.k dh tkrh Fkh] tks f'k{kk {ks= igyh ØkfUr FkhA le; ds lkFk f'k{kk dk
Lo:i vkSj blds rkSj rjhdksa esa cnyko vk;kA blds ckn esa /khjs&/khjs f'k{kk midj.kksa ds :i esa fyf[kr 'kCnksa dk mi;ksx
gksus yxkA ;g nwljh ØkfUr jghA ftlds QyLo:i Ldwyksa esa ekSf[kd f'k{kk ds lkFk fyf[kr f'k{kk us Hkh LFkku ys fy;kA
blds QyLo:i f'k{kk dks v/;;u gsrq ?kjks dh nhokjksa isM+ks ds iÙkksa] xqQkvksa dh nhokjksa ij ladsrks ds }kjk fyf[kr :i esa
n'kkZ;k tkus yxk FkkA rhljh ØkfUr eqæ.k ds vfo"dkj ds lkFk vk;h rFkk iqLrdsa miyC/k gksus yxh] ;g rhljh Økafr jghA
bysDVª‚fuDl rduhdh {ks= esa vk;s fodkl'khy ifjorZu pkSFkh ØkfUr ds lwpd jgsA blds ckn jsfM;ks rFkk Vsyhfotu vkfn dk
ç;ksx f'k{kk ds {ks= esa gksus yxkA dEI;wVj] ySiV‚i] VscysV] eksckby] LekVZ Qksu ,oa lhMh&MhohMh vkfn ds vkus ls lapkj ds
{ks= esa fodkl gqvk ftlls fd bZesy] fMftVy ohfM;ks] bZ&cqDl] bZ&f'k{kk] v‚uykbu f'k{kk vkSj baVjusV ds ek/;e ls f'k{kk ds
{ks= bu ;a=ksa us ubZ ØkfUr dk mn; fd;kA bu lk/kuksa us f'k{kk ds {ks= esa iqjkuh vo/kkj.kkvksa esa vk/kqfud lUnHkZ ds lkFk
vHkwriwoZ ØkfUrdkjh ifjorZu djds mUgsa ,d u;k Lo:i çnku fd;k gSA1

bu lc us feydj ik¡poha ØkfUr dks tUe nsxh ftlds ifj.kkeLo:i lalkj dh yxHkx lkjh f'k{kk O;oLFkk dk C;kSjk
vFkkZr f'k{kk n'kZu] f'k{kk dh fo"k;&oLrq] ikBîØe 'kks/k&i=] i=&if=dk,¡] bZ&cqDl] bZ&ykbZczsjh vkfn ,d fMCcs esa cUn gks
ldsxk vkSj lalkj dk dksbZ Hkh O;fä vFkok fo|kFkhZ dgha Hkh fdlh Hkh ,d dksus esa cSBdj v‚uykbu v/;;u ds }kjk cM+h ls
cM+h mPp f'k{kk dh fMxzh çkIr dj ldsxkA ml le; ,slh ckrksa dks yksx etkd le>rs Fks vkSj ;dhu ugha djrs Fks] ysfdu
vkt lwpuk vkSj lapkj çkS|ksfxdh us ;g dj fn;k gSaA

vkt ds fo|kFkhZ dkyst vkSj fo'ofo|ky;ksa esa f'k{kdksa ls dsoy ,d frgkbZ f'k{kk vius lgikBh lewg ls vkSj ckdh
Lo&v/;;u ds }kjk lh[krs gSaA flQZ fo'ofo|ky; gh lh[kus ds lzksr ugha jgs gSa] u gh os lHkh dks vkthou f'k{kk ds vk/kkj
ij mPp f'k{kk] rduhdh n{krk vkSj O;kolkf;d çf'k{k.k çnku djus dh ftEesnkjh mBk ldrs gSaA vkt eYVhehfM;k vkSj
baVjusV ds ç;ksx us ,d u, ;qx dh 'kq#vkr dj nh gS] ftlus fo|kfFkZ;ksa vkSj f'k{kdksa esa mEehns txk nh gSaA2

ubZ rduhd e'khus ,oa baVjusV lh[kus okyksa dks yphykiu çnku djrh gSaA pw¡fd ;s lh[kus okyksa dh lHkh bfUæ;ksa
dks ,d lkFk ijLij lacaf/kr djrh gSa] blfy, lh[kuk fnypLi gks tkrk gSA bu e'khuh bdkb;ksa }kjk f'k{kk dks euksjatu ds
lkFk fefJr djuk Hkh vklku gks tkrk gSA bl çdkj ;g f'k{kk vk/kkfjr euksjatu cu tkrk gSA ;s dkQh çksRlkgu nsus okys
gksrs gSa vkSj lh[kus okyksa dks ^'kfä^ vkSj ^lÙkk^ çnku djrs gSA bl çdkj lwpuk ds bl ;qx esa f'k{kk vkSj lh[k ds fy, ubZ
rduhdksa dk vf/kd fnypLi vkSj dkjxj <ax ls ç;ksx djuk laHko gks x;k gSaA

baVjusV nSfud thou esa ifjorZu dk ek/;e cu x;k gSA fjpj gqdj us psrkouh nh Fkh fd ifjorZu vlqfo/kktud gh
gksrk gSA baVjusV ,d lwpuk dk cgqr cM+k Hk.Mkj gS ftlus lalkj dh tkudkfj;ksa dks ,d txg miyC/k djk dj ,d vnHkqr
dk;Z fd;k gSA ;g lHkh fo"k;ksa ij lwpuk miyC/k djkrk gS vkSj lalkj Hkj esa dgha Hkh bls ,Dlsl fd;k tk ldrk gSA
baVjusV us vkt fo|kfFkZ;ksa dks viuh ethZ] vius le; vkSj vius LFkku ds vuqlkj vius dks vkxs c<+kus dk fodYi fn;k gSA
fo|kFkhZ ikBî lkexzh rd iyd >idrs igq¡p tkrs gSaA blesa fo|kfFkZ;ksa dh lh/kh igq¡p gksrh gSa vkSj os viuh ethZ] vius le;
vkSj vius LFkku ds vuqlkj vius v/;;u dks vkxs c<+kus dk fodYi fn;k gSA fo|kFkhZ ikBî lkexzh rd iyd >idrs igq¡p
tkrs gSaA blesa fo|kfFkZ;ksa dh lh/kh igq¡p gksrh gSa vkSj os v/;;u rFkk lh[kus ds ctk;s [kkst djus ls lh[krs gSaA3 bl çdkj
lh[kus dh çfØ;k vis{kk—r vf/kd fo|kFkhZ dsfUær cu tkrh gSA T;knkrj dk;ZØe fo|kfFkZ;ksa dks lwpuk ds u, {ks=ksa dh
[kkst ds fy, bUVjusV ij dq'ky cukrs gSaA [kkst dh ;g çfØ;k fo|kfFkZ;ksa dks ubZ&ubZ lwpukvksa dks tkuus ds fy, çsfjr
djrh gS A

vkt baVjusV dk mi;ksx thou ds lHkh {ks=ksa esa c<+rk gh tk jgk gS] ftlls baVjusV dk foLrkj iwjh nqfu;k esa rsth
ls gksrk tk jgk gSA ljdkjh] xSj&ljdkjh] LokLF;] cSfdax] [ksy] lekpkj ds lkFk çkFkfed] ek/;fed o mPp f'k{kk esa baVjusV
viuh Hkwfedk dks fuHkk jgk gSA baVjusV ds mi;ksx us fo|kfFkZ;ksa ds lkeus vkt mPp f'k{kk gsrq jkg vklku dh gSA vkt u
dsoy mPp f'k{kk laLFkkuks cfYd ek/;fed o çkbejh Ldwyksa ds fo|kfFkZ;ksa dh Hkh baVjusV ls i<+kbZ djus esa fo'ks"k #fp gSA
baVjusV ds çlkj ds ckn Hkkjr esa lwpuk vkSj lapkj ds {ks= esa O;kid ifjorZu gq, gSA Hkjr esa baVjusV lsokvksa ds miHkksäk
viuk Kku c<+kus ds fy, lHkh çdkj ds lwpuk lzksrksa rd igq¡p ldrs gSaA fodkl'khy ns'kksa esa Hkkjr dh x.kuk mu ns'kksa esa
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gksrh gS] tgk¡ baVjusV miHkksäkvksa dh la[;k lcls vf/kd gSA Hkkjr esa baVjusV ds çlkj dh lgk;rk ,oa leFkZu feyus ds nks
çeq[k dkj.k gSa] buesa çFke gS tks vaxzsth tkurs vkSj le>rs gSa rFkk tks fdlh vU; Hkk"kk dh vis{kk vaxzsth esa lapkj dks
çkFkfedrk nsrs gSaA vk¡dM+ksa ls irk pyrk gS fd tuojh 1997 esa Hkkjr ds djhc 3]138 baVjusV gksLV Fks] tks fiNys o"kZ ds
eqdkcys 298 çfr'kr vf/kd FksA bls 'kSf{kd vuqla/kku fd tuojh 1997 esa Hkkjr ds djhc 3]138 baVjusV gksLV Fks] tks mlls
fiNys o"kZ ds eqdkcys 298 çfr'kr vf/kd FksA bls 'kSf{kd vuqla/kku usVodZ ¼,usZV½ }kjk dsoy 'kSf{kd mís';ksa ds fy, miyC/k
djk;k tk jgk FkkA4 ;g lsok ns'k esa baVjusV <k¡pk dk;e djus vkSj Hkkjrh; baVjusV lsok dks varjjk"Vªh; igq¡p esa ykus dh
fn'kk esa Hkkjr vkSj la;qä jk"Vª fodkl dk;ZØe dk igyk la;qä ç;kl FkkA

uosa n'kd ds e/; Hkkjr esa lwpuk çkS|ksfxdh ds {ks= esa O;kid ØkfUr gqbZ gS] ftlus Hkkjr dks varjjk"Vªh; lwpuk
çkS|ksfxdh ds {ks= esa vxz.kh iafä esa igq¡pk fn;k gSaA ns'k esa lwpuk çkS|ksfxdh dh igpku ,d ,sls ,tsaV ds :i esa gqbZ gS tks
ekuo thou ds lHkh {ks=ksa ds lHkh igyqvksa esa ifjorZu ykus okyk gS vkSj ftlus 21oha 'krkCnh esa Kku ij vk/kkfjr lekt dk
fuekZ.k fd;kA vkt iwjh nqfu;k esa baVjusV dk mi;ksx gks jgk gSa] Hkys gh dqN ns'kksa esa ;g ç;ksx de gS vkSj dqN esa T;knkA
Hkkjr dh 8 çfr'kr ls de vkcknh baVjusV dk mi;ksx djrh gSaA vxj Hkk"kk ds vk/kkj esa ns[kk tk;s rks baVjusV dk mi;ksx
vaxzsth Hkk"kk viuk çFke LFkku j[krh gSa] ftldh la[;k 56] 50] 04] 126 gSA blds ckn nwljk LFkku phuh Hkk"kk dk vkrk gSA
f'k{kk ds {ks= esa baVjusV % f'k{kk ds {ks= esa baVjusV dk cgqrk;r ls mi;ksx fd;k tk jgk gSA bldh lgk;rk ls 'kSf{kd Lrj
ij mUufr gqbZ gSA vkt nqfu;k ds fdlh Hkh dksus esa cSBk fo|kFkhZ bldh lgk;rk ls f'k{kk çkIr dj ldrk gSA v‚uykbu
f'k{k.k dks lHkh çdkj bysDVª‚fud lefFkZr f'k{kk vkSj v/;;u ds :i esa ifjHkkf"kr fd;k tkrk gS] tks fo|kfFkZ;ksa ds O;fäxr
vuqHko] vH;kl vkSj Kku ds lanHkZ esa Kku ds fuekZ.k dks çHkkfor djrk gSA bZ&f'k{kk esa osc v/kkfjr f'k{kk] dEI;wVj vk/kkfjr
f'k{kk] vkHkklh d{kk,¡ vkSj fMftVy lg;ksx 'kkfey gSA ikBî lkefxz;ksa dk forj.k baVjusV] ,DlVªkusV] v‚fM;ks&ohfM;ks Vsi]
mixzg Vhoh vkSj lhMh jkse ds ek/;e ls fd;k tkrk gSA

fo|kfFkZ;ksa dks f'k{kk gsrq vusd iqLrdksa dh vko';rk gksrh gS] ftUgs [kjhn ikuk lcds fy, lEHko ugha gSA blds
vykok iqLrdsa egaxh vkSj vklkuh ls miyC/k u gksus ds dkj.k fo|kFkhZ v‚uykbu i<uk ilan djrs gSaA vr% v‚uykbu iqLrdksa
dh miyC/krk bu lHkh fo|kfFkZ;ksa dks ykHkkfUor djrh gSA vktdy lHkh çdkj dh iqLrdksa dk foLrkjiwoZd fooj.k baVjusV ij
miyC/k jgrk gS] ftlls v‚uykbu cqDl jhfMax dk vf/kd çpyu gks x;k gSA fo|kFkhZ viuh iwjh i<+kbZ bu iqLrdksa dk
mi;ksx djds dj ysrs gSa fdlh O;olk; esa jgrs gq, ;fn vki viuh f'k{kk tkjh j[kuk pkgrs gS ;k vkids ikl d{kk esa tkus
dk le; ugha gS] rks blds fy, fo|kFkhZ nwjLFk f'k{kk ds fy, lEcfU/kr laLFkku esa fo|kFkhZ v‚uykbu ?kj ;k v‚fQl esa
cSBs&cSBs viuk v/;;u tkjh j[k ldrs gSA v‚uykbu ijh{kk Hkh ns ldrs gSA blls f'k{kk dh vksj fo|kfFkZ;ksa dk #>ku rsth
ls c<+k jgk gS A

v‚uykbu f'k{k.k ds {ks= esa vkt nwjorhZ f'k{kk ç.kkyh dk ;ksxnku c<+rk gh tk jgk gSA nwjorhZ f'k{kk ç.kkyh esa
eYVhehfM;k ,oa baVjusV dk ;ksxnku vR;f/kd gSA cgqr ls O;fä ikfjokfjd] lkekftd] vkfFkZd vkSj le; u gksus ds dkj.k]
f'k{kk xzg.k ugha dj ikrs gSa] ysfdu muds eu esa i<us dh vkdka{kk cuh jgrh gSA bl ç.kkyh ds tfj, bPNqd fo|kFkhZ dks
muds ?kjksa ij gh f'k{kk eqgS;k djkbZ tkrh gSA bl dk;Z esa eYVhehfM;k] v‚fM;ks&ohfM;ks dSlsV] lhMh&MhohMh] VsifjdkMZj]
ohfM;ks fjdkMZj] jsfM;ks] lkeqnkf;d jsfM;ks] Vsyhfotu] bZ&esy] baVjusV] ,l- ,e- ,l- ,e- ,e-,l-] ohfM;ks if=dk,a]
Vsyhfotu if=dk,a] Kkun'kZu pkSuy vkfn dh enn yh tkrh gSA blesa 'kSf{kd xfrfof/k;ksa tSls& ços'k] ikBî lkexzh
ikBî&lkexzh ?kj cSBs fo|kfFkZ;ksa dks bysDVª‚fud ehfM;k ,oa baVjusV ds ek/;e ls miyC/k djkbZ tkrh gSA

f'k{kk esa VsyhdkaÝsflax dk pyu vesfjdk esa Vsyhfotu rFkk VsyhQksu fiDpj Qksu ds tfj, 1960 esa vkjaHk gqvkA
dkaÝsflax gsrq dEI;wVj o baVjusV }kjk çnÙk cgq&ek/;eh lsokvksa dk mi;ksx fd;k tkrk gSA ;gk¡ ge baVjusV lsokvksa }kjk
fyf[kr lkexzh] js[kkfp=ksa vkfn dks d‚Ýsflax esa Hkkx ysus okys O;fä;ksa dks çsf"kr dj ldrs gSaA

v‚fM;ks&ohfM;ks d‚Ýsflax] tc dEI;wVj VsDuksy‚th vkSj baVjusV ls vPNh rjgk tqM+ tkrh gSa] rks ,slh VsyhdkaÝsflax
f'k{kd vkSj fo|kFkhZ nksuksa dks gh viuh&viuh LokHkkfod #fp;ksa] le; vkSj lk/kuksa dh miyC/krk rFkk lh[kus&lh[kkus dh
xfr ds vk/kkj ij Lo&vuqns'kd ,oa Lo&çf'k{k.k çnku djrh gSA blls fo|kFkhZ f'k{kk ds fo"k; esa vkil esa laokn dj ldrs
gSaA blds lkFk gh vkil esa ikBî lkexzh ds fo"k; esa laokn dj ldrs gSaA

vktdy eksckby yfuaZx ¼,e&yfuaZx½ dk Hkh pyu gSA vkt eksckby fo|kfFkZ;ksa ds lkFk 24 ?kaVs miyC/k jgrk gS]
ftlls og baVjusV ls ges'kk dusDV jgrs gSaA ifj.kkeLo:i vkt fo|kFkhZ eksckby lfoZlst dh vfr vk/kqfud rduhd dk
mi;ksx bZ&cSfdax] bZ&dkelZ rFkk bZ&yfuaZx esa mlh rjg dj ldrs gSa tSls fd daEI;wVjksa }kjk lqyHk baVjusV rFkk osc
VsDuksy‚th }kjk djrs gSaA bl çdkj ls bZ&yfuaZx dk foxr ;k Hkwr gS] rks nwljk eksckby yfuaZx Hkfo"; gSA

ukSyst dks'ksaV ,twds'ku ds MkbjsDVj Hkwek —".ku ¼2007½ us bZ&yfuaZx dh ,sfrgkfld foospuk djrs gq, tks fu"d"kZ
lkeus j[ks gSa] muds vuqlkj bZ&yfuaZx dj fodkl ftu pkj çeq[k voLFkkvksa esa ls xqtjk gS] os gSa ¼1½ eYVhehfM;k dky
¼1984&1993½] ¼2½ osc&çkjafHkd dky ¼1994&1999½] ¼3½ osc&rduhd dk u;k nkSj ¼2000& 2005½ rFkk orZeku le; esa
miyC/k eksckby yfuaZxA5

osclkbV ij v‚uykbu çys[k forj.k lsok,a fo'o O;kih :i ls miyC/k gSaA bu lsokvksa dh lgk;rk ls 'kks/k
vkys[kksa ,oa vU; çys[kksa dh Nk;kçfr çkIr dh tk ldrh gSA
bZ&cqd'k‚i % vkt bUVjusV ij v‚uykbu cqd'k‚i miyC/k gSaA ftu ij fo|kFkhZ viuh #fp ds çys[kksa dks [kkst ldrs gSaA
mlds ckjs esa tkudkjh çkIr dj ldrs gS vkSj mUgs [kjhn ldrs gSaA blls fo|kfFkZ;ksa dks ikBî lkexzh ds p;u esa le; dh
cpr vkSj vklkuh ls gksrh gSA
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vkt lHkh çdkj ds çeq[k çdk'kdksa ds gkse ist gSa ,oa bUVjusV ij buds }kjk çdkf'kr ikBî lkexzh ls lEcfU/kr
iwjh tkudkjh miyC/k gSA blds lkFk çdk'kdksa dh fdrkcksa dks fo|kFkhZ v‚uykbu [kjhn ldrs gSaA 'kks/k fo|kfFkZ;ksa ds fy, ;g
cgqr mi;ksxh gSA
bZ& çdk'ku % vkt thou ds lHkh {ks=ksa esa baVjusV us viuh igq¡p dks vklku fd;k gSA ftlls fd vkt baVjusV ij fdrkcksa
dh miyC/krk esa rsth ls c<+ksÙkjh gqbZ gSA ftlls baVjusV ij fdrkcsa rFkk i=&if=dk,¡ çdkf'kr djuk ;k miyC/k djkuk
bZ&çdk'ku dgykrk gS vkSj bl rjgk dh iqLrdsa bZ&cqDl dgykrh gSaA ftldksa fo|kFkhZ eq¶r esa ;k 'kqYd vnk dj i<+ ldrk
gSA ftldksa vko';drkuqlkj MkmuyksM Hkh fd;k tk ldrk gSA fnuksa&fnu] bZ&cqDl dh vf/kdrk ls ;g fl) gksrk gS fd
fo/kkfFkZ;ksa dh #fp bl vksj c<+rh tk jgh gS A
fMftVy iqLrdky; % vk/kqfud le; esa f'k{kk dk Lrj rsth ls cny jgk gSA vkt baVjusV us fo|kFkhZ dks dHkh Hkh] dgha Hkh
lwpuk ,oa f'k{kk dks vklku cuk fn;k gSA fo|kFkhZ ,d fDyd ij vius fo"k; ls lEcfU/kr gtkjksa tkudkjh rd igq¡p ldrk
gSA baVjusV us nqfu;k dh fdlh Hkh tkudkjh rd igq¡p vklku dh gSA blesa nqfu;k¡ dh fdrkcksa] 'kks/k&i=ksa v‚uykbu ykbczsjh
'kks/k&xzUFkksa dk v/;;u fo|kFkhZ viuh #fp ds vuqlkj dj ldrs gSA ,d vPNh ykbczsjh esa ,d dSVy‚x gksrk gSA ftlls irk
py tkrk gS fd ykbczsjh esa dkSu ls MkD;wesaV miyC/k gS vkSj og fdl jSd esa gSaA v‚uykbu f'k{kk ds fofHkUu :i gSa] ftlesa
osc vk/kkfjr yfuaZx] eksckby vk/kkfjr yfuaZx ;k daI;wVj vk/kkfjr yfuaZx vkSj opqZvy Dykl:e bR;kfn 'kkfey gSaA
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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. 
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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. 

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 

T2: 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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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.  

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 

yellow 

Spongy 

compact 

Pleasant sour 

Buffalo White Smooth, soft Nutty sweetish 

Mixed Yellowish 

white 

Spongy, smooth Nutty sweetish 

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 (%) 
 

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 51.55 

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 yield 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 (%) 

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  

Mobile phones or smartphones have become the integral part of 

our life and we are getting dependent on it for almost everything 

starting from online e-learning, e-commerce, e-governance, e-

banking to gaming and entertainment. 
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Undefined and excessive usage of mobile phones is 

associated with increased screen time which is badly 

impacting the physical as well as psychological health of 

children, teenagers and adults too1. One of the badly 

emerging psychological dysfunctions associated with 

smartphones in general public is Nomophobia. 

Nomophobia is an abnormal psychological condition 

characterised by the fear of not having a mobile phone or 

for some reason being unable to access it2. In general terms, 

it stands for “No Mobile phone Phobia (NoMoPhobia)”, a 

modern pathological condition which may have negative 

consequences on the physical, physiological, 

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. 

 

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 phone3. 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 battery4.   

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 

them5.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 

concern, due to the widespread use of smartphones; 

similarly, the worldwide COVID-19 pandemic has led to 

increased screen time on these devices6.  

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 lifestyle7, 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, 

health, and general well-being2,3,9. Nomophobia may 

manifest as the following symptoms: 

• Frequently checking mobile phone for 

notifications, messages, or calls 

• Restlessness or nervousness when the phone is 

not within visual reach  

• Anxiety or stress when the phone battery is low or 

the signal is poor or absent 

• Physical discomfort including palpitation, 

headaches, eye strain, or neck pain from excessive 

phone use 

• A strong urge to have the phone in hand 

constantly 

• Difficulty in concentration on general tasks or 

activities in the absence of phone 

• Trouble in sleeping or relaxing without the phone  

• Negligence in other responsibilities or interests in 

general talks while using phones 

• 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 creativity10.  

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 symptoms11. In Bahrain, approximately 93% of 

students experienced moderate to severe symptoms of 

nomophobia12. 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%13, 14. 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. Factors 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. 

• Age: Younger population, particularly college and 

university students, are more susceptible to 

nomophobia and they are also exhibiting severe 

nomophobic symptoms compared to adult ones15.  

• 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 individuals16.  

• 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 

signal17. 

• Parental Education and Income: Severity of 

nomophobia has not been associated with parental 

education levels and place of residence16.  In some 

countries including India, nomophobia is found 

prevalent among high income families18 while in other 

developed countries, no significant correlation was 

observed with the income of parents16. 

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 

in the peoples for social media and internet2,16,19.  The 

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 

limited19. 

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, exhaustion19. 

Loneliness: It has been observed that people addicted with 

mobile phones and suffering from nomophobia also 

experience loneliness and become isolated from society20. 

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 

persons21. 

6. Impact 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 

gathering2. Mobile addiction is also linked to reduced 

academic or work-place performance20. 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 etc5, 21.  

7. Treatment and Intervention Strategies  

Effective interventions strategies for managing nomophobia 

include cognitive-behavioural therapy (CBT), digital detox 

programs, and mindfulness-based practices22,23. 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 nomophobia24. 

Psychiatric counsellors may assist the affected person also for 

the treatment of sign and symptoms like anxiety, eye irritation, 

sleeplessness etc2,8.  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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अनु᭒छेद 370, भारतीय संिवधान का एक अ᭭थायी ᮧावधान था, िजसकᳱ उ᭜पित 

कुछ िवशेष ऐितहािसक और राजनीितक पᳯरि᭭थितयᲂ के कारण ᱟयी। इस 

अनु᭒छेद के कारण ज᭥म-ूक᭫मीर को अ᭠य रा᭔यᲂ कᳱ तुलना मᱶ कुछ िविश᳥ 

अिधकार तथा ᭭वायᱫता ᮧा᳙ थी, जो भारतीय संघ के उ᭜कृ᳥ता मᱶ एक बाधक 

के ᱨप मᱶ ᮧकट हो रहा था। य᳒िप जब अनु᭒छेद 370 कᳱ मांग शेख अ᭣द᭨ुला के 

᳇ारा कᳱ गयी तो इस मांग को ᭭वीकायᭅता दतेे समय जवाहरलाल नेहᱨ कᳱ सोच 

थी ᳰक यह बᱟत ही शीᮖ िन᭬ᮧभावी हो जायेगा तथािप यह ᮧावधान सात दशकᲂ 

तक ᮧभावी रहा। अ᭠ततः 05 अग᭭त 2019 को के᭠ᮤ सरकार न ेएक दढ़ृ िनणᭅय 

लेते ᱟए इस अनुछेद को िन᭬ᮧभावी कर ᳰदया और एक नय ेसंवैधािनक आयाम 

का ᮧार᭥भ ᳰकया। 
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15 अग᭭त 1947 को भारत दशे ᭭वत᭠ᮢ ᱟआ, पर᭠तु दशे कᳱ ᭭वत᭠ᮢता के साथ-साथ दशे को िवभाजन का दशं भी ᮧा᳙ 

ᱟआ। दशे के िवभाजन कᳱ यह योजना माउ᭠टबेटन योजना के तहत ्ᳰकया गया था, िजसमᱶ यह ᮧावधान था ᳰक कोई भी 

दशेी ᳯरयासत अपनी इ᭒छानुसार भारत या पाᳰक᭭तान मᱶ िवलय कर सकता ह ैएव ंयᳰद ᳰकसी दशेी ᳯरयासत कᳱ इ᭒छा 

इन दोनᲂ ही रा᭔यᲂ मᱶ िवलय कᳱ नहᱭ ह ैतो वह ᭭वयं को ᭭वत᭠ᮢ रा᳦ घोिषत कर सकता ह।ै इसी योजना के तहत ्ज᭥म-ू

क᭫मीर के महाराजा हᳯरᳲसहं न े᭭वयं को ᭭वत᭠ᮢ रा᳦ घोिषत कर ᳰदया। पर᭠तु इ᭠ही पᳯरि᭭थितयᲂ के म᭟य और ज᭥म-ू

क᭫मीर कᳱ कमजोर ि᭭थित का फायदा उठाते ᱟए पाᳰक᭭तान ने बलपूवᭅक ज᭥म-ूक᭫मीर को अपने ᭃेᮢ मᱶ िमलान ेका ᮧयास 

ᳰकया। इस हते ुपाᳰक᭭तान ने कबाइिलयᲂ को तैयार ᳰकया एव ंयह रणनीित बनायी ᳰक पाᳰक᭭तानी सैिनकᲂ के सहयोग स े

ये कबाइली ज᭥म-ूक᭫मीर रा᭔य पर आᮓमण मᱶ अᮕणी भूिमका िनभायᱶगे। अ᭠ततः 20 अ᭍टूबर 1947 को इन कबाइिलयᲂ 
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ने ज᭥म-ूक᭫मीर रा᭔य पर आᮓमण कर ᳰदया। महाराजा हᳯरᳲसंह के सेनापित राज᭠ेᮤ ᳲसंह न ेइस आᮓमण को िन᭬फल 

करन ेका अ᭜यिधक ᮧयास ᳰकया पर᭠तु वे सफल नहᱭ ᱟए और इस यु᳍ मᱶ बिलदान हो गये। महाराजा हᳯरᳲसंह समझ चुके 

थे ᳰक ि᭭थितयां अ᭜यिधक ᮧितकूल हो चुकᳱ ह ैऔर आगे और भी ᭔यादा भयानक हो सकती ह।ै इ᭠हᱭ िवकट पᳯरि᭭थितयᲂ 

मᱶ महाराजा हᳯरᳲसंह ने 26 अ᭍टूबर 1947 को िवलय-पᮢ पर ह᭭ताᭃर कर ज᭥म-ूक᭫मीर का भारत मᱶ िवलय कर ᳰदया। 

अगली सुबह 27 अ᭍टूबर 1947 को भारतीय सैिनकᲂ ने मोचाᭅ स᭥भाल िलया और ज᭥म-ूक᭫मीर को इन आᮓामक 

कबाइिलयᲂ और पाᳰक᭭तानी सैिनकᲂ से मᲦु करान ेके कायᭅ मᱶ संलᲨ हो गये। महाराजा हᳯरᳲसंह न ेिवलय-पᮢ पर ह᭭ताᭃर 

करन ेके साथ-साथ शेख अ᭣द᭨ुला को अंतᳯरम सरकार का गठन करन ेके िलए आमि᭠ᮢत भी ᳰकया। व᭭तुतः शेख अ᭣द᭨ुला 

ता᭜कािलक समय मᱶ ज᭥म-ूक᭫मीर के लोकिᮧय नेता होन ेके साथ-साथ लोकताि᭠ᮢक म᭨ूयᲂ के पोषक तथा ज᭥म-ूक᭫मीर 

के भारत मᱶ िवलय के ᮧबल समथᭅक थ ेऔर इस हते ुअपने िवचारᲂ को जनसमथᭅन ᮧा᳙ करन ेके उ᳎े᭫ य से नेशनल का᭠ ᱶᮨ स 

नामक पाटᱮ का गठन ᳰकया था।व᭭तुतः 26 अ᭍टूबर 1947 को महाराजा हᳯरᳲसहं ᳇ारा ह᭭ताᭃᳯरत िवलय-पᮢ को 

पाᳰक᭭तान ᳰकसी भी ि᭭थित मᱶ ᭭वीकार नहᱭ कर रहा था और ज᭥म-ूक᭫मीर मᱶ अशाि᭠त और यु᳍ को जारी रखा। भारत-

पाᳰक᭭तान िववाद को सुलझान ेके उ᳎े᭫ य से 01 नव᭥बर 1947 को लाडᭅ माउ᭠टबेटन लाहौर गय ेतथा वहां पर उ᭠हᲂन े

िज᳖ा से मुलाकात कᳱ। इस मुलाकात मᱶ माउ᭠टबेटन न ेक᭫मीर, जूनागढ़ और हदैराबाद मᱶ उ᭜प᳖ सम᭭याᲐ के समाधान 

हते ुएक सलाह ᳰदया, िजसके अनुसार - िजन रा᭔यᲂ मᱶ बᱟसं᭎यक जनता और शासक के धमᭅ अलग-अलग हᲂ और शासक 

ने उस अिधरा᭔य मᱶ िवलय का फैसला िलया ह,ै जहा ंकᳱ बᱟसं᭎या का धमᭅ उस रा᭔य कᳱ बᱟसं᭎या के धमᭅ स ेअलग हो, 

ऐसे रा᭔यᲂ मᱶ िवलय का फैसला जनमत संᮕह कराया जायेगा।¹ पर᭠तु इस सलाह पर िज᳖ा ᳰकसी भी ि᭭थित मᱶ तैयार 

नहᱭ थे, िज᳖ा कᳱ सोच थी ᳰक ज᭥म-ूक᭫मीर मᱶ शेख अ᭣द᭨ुला और भारतीय सेना कᳱ जब तक उपि᭭थित रहगेी, तब तक 

इस ᭃेᮢ कᳱ जनता िनडर होकर मतदान नहᱭ कर सकती ह।ै इसीिलए िज᳖ा ने शतᭅ रखा ᳰक जनमत संᮕह, माउ᭠टबेटन 

तथा उसके ᭭वयं के दखेरेख मᱶ हो। ᳰक᭠त ुइस कायᭅ के िलए माउ᭠टबेटन न ेअपनी ᮧशासिनक एवं संवैधािनक ि᭭थित ᭭प᳥ 

करत ेᱟए कहा ᳰक ऐसा नहᱭ हो सकता और संयुᲦ रा᳦ के त᭜वावधान मᱶ जनमत संᮕह करान ेका ᮧ᭭ताव ᳰदया लेᳰकन 

िज᳖ा इसके िलए तैयार नहᱭ ᱟए।²  

इसी ᮓम मᱶ 02 नव᭥बर 1947 को जवाहरलाल नेहᱨ न ेएक भाषण मᱶ इस बात का स᭠दशे ᳰदया ᳰक जैस ेही 

ज᭥म-ूक᭫मीर मᱶ ि᭭थितयां सामा᭠य होगी, त᭜काल इस ᭃेᮢ मᱶ जनमत संᮕह कराया जायेगा एव ंज᭥म ूक᭫मीर के भिव᭬य 

का फैसला इसी जनमत संᮕह के आधार पर ᳰकया जायेगा। जवाहर लाल नेहᱨ को उ᭥मीद थी ᳰक ज᭥म-ूक᭫मीर मᱶ 

ि᭭थितया ंज᭨द ही सामा᭠य हो जायेगी पर᭠तु उनकᳱ आशाᲐ के िवपरीत इस ᭃेᮢ कᳱ ि᭭थितया ंअ᭜यिधक ᮧितकूल होती 

गयी। नेहᱨ जी एक आदशᭅवादी नेता थे, िजनको संयुᲦ रा᳦ संघ जैस ेअ᭠तराᭅ᳦ीय सं᭭थाᲐ पर अ᭜यिधक िव᳡ास था। 

ज᭥म-ूक᭫मीर मᱶ शाि᭠त िनमाᭅण के उपायᲂ कᳱ खोज मᱶ ही जवाहर लाल नेहᱨ जी न े31 ᳰदस᭥बर 1947 को संयुᲦ रा᳦ 
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संघ मᱶ उि᭨लिखत ᳞व᭭थाᲐ के अ᭟याय-6 के तहत इस मामल ेको ᮧेिषत ᳰकया। इस अ᭟याय के तहत संयुᲦ रा᳦ संघ मᱶ 

ᮧेिषत दो दशेᲂ के िववादᲂ का िनपटान शाि᭠तपूणᭅ ढंग से ᳰकये जाने के ᮧावधानᲂ का उ᭨लेख िमलता ह ैपर᭠तु यहा ंयह भी 

उ᭨लेखनीय ह ैᳰक ऐस ेिनणᭅयᲂ को मानना भी दोनो ही दशेᲂ के िलए बा᭟यकारी नहᱭ होगा। संयुᲦ रा᳦ संघ मᱶ मामला 

ᮧेिषत होन ेके साथ ही भारत ने ज᭥म-ूक᭫मीर के लोगᲂ के िलए जनमत संᮕह कᳱ वचनब᳍ता को पुनः दहुराया और यह 

भी कहा ᳰक इस जनमत संᮕह को ᳰकसी अ᭠तराᭅ᳦ीय सं᭭था कᳱ िनगरानी मᱶ पूणᭅ िन᭬पᭃता के साथ कराया जायेगा लेᳰकन 

ऐसा तभी हो सकता ह,ै जब इस ᭃेᮢ को हमलावरᲂ से पूणᭅᱧपेण खाली करा िलया जाएगा।³ इसी ᮓम मᱶ 21 अᮧैल 1948 

को संयुᲦ रा᳦ संघ का संक᭨प मᱶ आया, िजसमᱶ यु᳍ िवराम समझौता एवं संघषᭅ कᳱ समाि᳙ का उ᭨लेख ᳰकया गया। अ᭠ततः  

31.12.1948 को संघषᭅ िवराम ᱟआ और 01.01.1949 से यु᳍ ᭭थिगत हो गया और इस ᭭थगन के ᳰदन भारत और 

पाᳰक᭭तान िजस भी ᭭थान पर थे◌े उस ेही लाइन ऑफ क᭠ᮝोल (एल०ओ०सी) कहा गया। व᭭तुतः इस यु᳍ िवराम के साथ 

ही ज᭥म-ूक᭫मीर ᳞ावहाᳯरक ᱨप स ेदो िह᭭सᲂ मᱶ बंट चुका था- भारतीय ᮧािधकार वाली क᭫मीर घाटी, लेह और ज᭥म.ू 

तथा पाᳰक᭭तान ᮧािधकार मᱶ आजाद क᭫मीर तथा िगलिगट और बाि᭨ट᭭तान।⁴ 

 ज᭥म-ूक᭫मीर कᳱ ि᭭थितयᲂ कᳱ समीᭃा हते ु15 और 16 मई 1949 को एक बैठक ᳰद᭨ली मᱶ ᱟआ। यह बैठक शेख 

अ᭣द᭨ुला, सरदार ब᭨लभभाई पटेल तथा जवाहरलाल नहेᱨ के म᭟य ᱟआ और इसी बैठक के मा᭟यम से ज᭥म-ूक᭫मीर के 

04 ᳞िᲦयᲂ को संिवधान सभा मᱶ शािमल करन ेका िनणᭅय िलया गया। 20 जून 1949 को महाराजा हᳯरᳲसहं न ेअपने 

पुᮢ कणᭅᳲसंह को राजᮧमुख िनयᲦु ᳰकया और ᭭वयं सᱫा से हटन ेकᳱ घोषणा कᳱ। शेख अ᭣द᭨ुला कᳱ िसफाᳯरश पर कणᭅ 

ᳲसंह न ेसंिवधान सभा मᱶ 04 ᮧितिनिध िनयᲦु ᳰकये। ये 04 ᮧितिनिध-शेख मोह᭥मद अ᭣द᭨ुला, िमजाᭅ अफजल वेग, 

मौलाना मोह᭥मद सईद, मसूदी तथा मोतीराम बागड़ा थे।  

 व᭭तुतः भारत संघ मᱶ शािमल सभी दशेी ᳯरयासतᲂ के िवलय-पᮢ कᳱ भाषा लगभग एक ही समान थी, िजसमᱶ 

िसफᭅ  रᭃा, िवदशेी स᭥ब᭠ध तथा संचार के िवलय का उ᭨लेख था, ᳰक᭠त ुकाला᭠तर मᱶ इ᭠हᲂन ेभारतीय संिवधान को पूणᭅतः 

अंगीकृत कर िलया। ᳰक᭠तु कणᭅᳲसंह ने उ᳃ोषणा कᳱ ᳰक ज᭥म-ूक᭫मीर मᱶ भारत का संिवधान िसफᭅ  उन िवषयᲂ मᱶ लागू 

होगा जो िवलय पᮢ के पᳯरिश᳥ मᱶ िन᳸दᭅ᳥  ᳰकये गए ह।ै⁵ वा᭭तव मᱶ शेख अ᭣द᭨ुला का पूणᭅ ᮧयास इस बात पर था ᳰक 

महाराजा हᳯरᳲसंह ᳇ारा िवलय पᮢ मᱶ सौपे गये तीन िवषय-रᭃा, िवदशेी मामलᱶ तथा संचार, को छोड़कर अ᭠य िवषयᲂ 

का भारत एव ंज᭥म-ूक᭫मीर के अ᭠तᭅस᭥ब᭠धᲂ हते ुभारतीय संिवधान मᱶ िवशेष ᮧावधान होन ेचािहए और अपने इस ᮧयास 

को ᮧा᳙ करन ेके िलए एक िवशेष ᳞व᭭था का ᮧावधान करन ेवाले ᮧाᱨप का िनमाᭅण शेख अ᭣द᭨ुला कᳱ अगवुाई वाली 

नेशनल का᭠ᮨे᭠स ᳇ारा तैयार ᳰकया गया। शेख अ᭣द᭨ुला का िवचार था ᳰक ज᭥म-ू क᭫मीर को अ᭠य दशेी ᳯरयासत वाले 

रा᭔यᲂ कᳱ तरह ᳞वहार न ᳰकया जाय े᭍योᳰक ज᭥म-ूक᭫मीर कᳱ एक अलग भौगोिलक, सां᭭कृितक और धाᳶमᭅक िविश᳥ता 
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व पहचान ह।ै अतः ज᭥म-ूक᭫मीर के िलए एक िवशेष ᮧावधान कᳱ ᳞व᭭था संिवधान मᱶ होनी चािहए। इस हते ुभारत के 

ᮧधानमंᮢ ी जवाहरलाल नेहᱨ ᮧार᭥भ मᱶ इस आशंका मᱶ थे ᳰक यᳰद ज᭥म-ूक᭫मीर कᳱ ता᭜कािलक पᳯरि᭭थितयᲂ को दिृ᳥गत 

रखत ेᱟए िवशेष ᮧावधान कᳱ ᳞व᭭था नहᱭ कᳱ जाती तो ज᭥म ूक᭫मीर कᳱ सरकार तथा जनता का भारत पर पूणᭅ िव᳡ास 

नहᱭ हो पायेगा। पर᭠तु इन सबके म᭟य पं० जवाहरलाल नेहᱨ भारतीय संिवधान कᳱ महᱫा एवं आदशᭅ तथा रा᳦ कᳱ 

एकता तथा अख᭛डता को भी अᭃु᭛य रखना चाहत ेथे। अ᭠ततः इन दिुवधाᲐ के म᭟य 18 मई 1949 को शेख अ᭣द᭨ुला 

को जवाहर लाल नेहᱨ ने एक पᮢ ᮧेिषत ᳰकया िजसन ेउि᭨लिखत था ᳰक ज᭥म ूक᭫मीर िवदशेी मामलᲂ, सुरᭃा तथा संचार 

के ᭃेᮢ मᱶ भारत के साथ जुड़ गया ह।ै अ᭠य मामलᲂ मᱶ ज᭥म ूक᭫मीर रा᭔य कᳱ संिवधान सभा, जब बुलाई जायेगी, तब तय 

करेगी ᳰक ᳰकन मामलᲂ मᱶ रा᭔य भारत से जुड़ सकता ह।ै⁶ इसी ᮓम मᱶ जवाहर लाल नेहᱨ जी ने गोपाल᭭वामी आयंगर 

को िबना ᳰकसी िवभाग के मंᮢी बनाया तथा ज᭥म-ूक᭫मीर स᭥ब᭠धी मामलᲂ का ᮧभारी बनाया।  

इस हतेु गोपाल᭭वामी आयंगर ने शेख अ᭣द᭨ुला तथा पं० जवाहरलाल नेहᱨ के बीच म᭟य᭭थ कᳱ भूिमका बनायी 

और भारतीय संिवधान मᱶ ज᭥म-ूक᭫मीर के िविश᳥ ᮧावधान के िवषय मᱶ उन त᭝यᲂ कᳱ खोज करन ेका ᮧयास ᳰकया िजसस े

ᳰक दोनᲂ ही पᭃᲂ को संतु᳥ ᳰकया जा सके। ज᭥म-ूक᭫मीर के िविश᳥ ᮧावधान का भारतीय संिवधान मᱶ उ᭨लेख ᳰकये जाने 

के डा० भीमराव अ᭥बेडकर िवरोधी थे। अतः उ᭠होन ेभारतीय संिवधान के ᮧाᱨप कᳱ ᱧपरेखा मᱶ इस िवषय के िनमाᭅण से 

असहमित जािहर कᳱ। अ᭠ततः ज᭥म-ूक᭫मीर के िलए िवशेष ᳞ व᭭था बनाने वाले ᮧावधान के ᮧाᱨप िनमाᭅण कᳱ िज᭥मेदारी 

आयंगर को सᲅपी गयी। गोपाल᭭वामी आयंगर को िᮩᳯटश भारत मᱶ ᮧशासिनक पदᲂ को स᭥भालने का एक ल᭥बा अनुभव 

था और व े1937 स े1943 तक ज᭥म-ूक᭫मीर के ᮧधानमंᮢ ी भी रह ेथे। अतः गोपाल᭭वामी आयंगर न केवल ᮧशासिनक 

कायᲄ के िलए दᭃ ᳞िᲦ थे वरन् ज᭥म-ूक᭫मीर मामलᲂ का ᳞ावहाᳯरक अनुभव भी रखते थे। इसी कारण पं० जवाहरलाल 

नेहᱨ को उनकᳱ यो᭏यता, दᭃता तथा अनुभव पर पूणᭅ िव᳡ास था। अ᭠ततः शेख अ᭣द᭨ुला स ेᮧा᳙ ᮧाᱨप मᱶ आंिशक 

संशोधन करत ेᱟए गोपाल᭭वामी आयंगर न े17 अ᭍टूबर 1949 को संिवधान सभा के पटल पर ज᭥म-ूक᭫मीर के िलए 

िवशेष ᳞व᭭था का उ᭨लेख करन ेवाले अनु᭒छेद 306 (अ) को रखा जो ᳰक काला᭠तर मᱶ अनु᭒छेद 370 का ᱨप धारण कर 

लेता ह।ै जब आयंगर जी न ेअनु᭒छेद 306 (अ) का ᮧाᱨप संिवधान सभा के पटल पर रखा तो ᮧ᳤ पूछने कᳱ ᮰ंृखला मᱶ 

ᮧथम ᮧ᳤ मौलाना हसरत मोहानी का था। इसके अलावा सरदार ब᭨लभभाई पटेल तथा अनेक संिवधान सभा के सद᭭य, 

अनु᭒छेद 370 को लेकर सशंᳰकत थे पर᭠तु गोपाला᭭वामी आयंगर अपने िव᭭तृत भाषण ᳇ारा यह समझान ेमᱶ सफल रह े

ᳰक अनु᭒छेद 306 (अ) (अ᭠ततः अनु᭒छेद 370) कᳱ आव᭫यकता ᭍यᲂ और ᳰकन पᳯरि᭭थितयो के अधीन ह?ै आयंगर न े

अपने भाषण मᱶ बताया ᳰक ज᭥म ूक᭫मीर के हालात अभी भी सामा᭠य नहᱭ ह।ै ज᭥म-ूक᭫मीर रा᭔य को छोड़कर, बाकᳱ 

सभी रा᭔यᲂ के संिवधानᲂ को, स᭥पूणᭅ भारत के संिवधान मᱶ समािव᳥ कर िलया गया ह।ै ᳰक᭠तु क᭫मीर के िवशेष हालातᲂ 

कᳱ वजह से िवभेदन ह।ै यह िवशेष रा᭔य इस तरह के एकᳱकरण के िलए अभी भी पᳯरपᲤ नहᱭ ह।ै⁷ इसके अितᳯरᲦ आयंगर 
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᳇ारा ᮧ᭭तुत ᳰकये गये उᱫर मᱶ दो बातᲂ का ᮧमुख ᱨप स ेउ᭨लेख ᮧा᳙ होता ह-ै पहला तो अनुकूल पᳯरि᭭थितया ंहोन ेपर 

जनमत संᮕह ᳇ारा क᭫मीर रा᭔य मᱶ भारत संघ के साथ स᭥ब᭠धᲂ को ᭭प᳥ करन ेका वचन एव ंदसूरा यह ᳰक अनु᭒छेद 370 

का भिव᭬य रा᭔य कᳱ संिवधान सभा तय करेगी।⁸ 

 यᳰद हम भारतीय संिवधान के अनु᭒छेद 370 पर दिृ᳥पात करᱶ तो हमᱶ िन᳜ बातᲂ कᳱ िववेचना ᮧा᳙ होती ह।ै 

अनु᭒छेद 370 के 4 उपख᭛ड ह-ै 

(1) ᮧथम उपख᭛ड मᱶ 04 भागᲂ का उ᭨लेख िमलता ह,ै िजसका अिभᮧाय िन᳜ ह-ै 

(क) अनु 238 के उपब᭠ध ज᭥म-ूक᭫मीर रा᭔य के स᭥ब᭠ध मᱶ लागू नहᱭ होगा। व᭭तुतः भारतीय संिवधान के ᳇ारा 4 ᮧकार 

के रा᭔यᲂ का बंटवारा ᳰकया गया था िजसमᱶ स ेअनु᭒छेद 238 भाग-7 मᱶ ’ब’ ᮧकार के रा᭔यᲂ को िचि᭠हत करता ह,ै िजसमᱶ 

राज ᮧमुखᲂ ᳇ारा शािसत दशेी ᳯरयासतᲂ का उ᭨लेख िमलता ह।ै ज᭥म ूक᭫मीर भी इसी भाग मᱶ शािमल ᳰकया गया, ᳰक᭠त ु

इस भाग के ᮧावधान ज᭥म-ूक᭫मीर रा᭔य पर लागू नहᱭ होग े। 

(ख) भाग-ख से यह जानकारी ᮧा᳙ होती ह ैᳰक भारतीय संसद के पास ज᭥म-ूक᭫मीर के स᭠दभᭅ मᱶ ᳰकतनी शिᲦयाँ ᮧा᳙ 

रहगेी? इस हते ुिन᳜ बातᲂ का उ᭨लेख िमलता ह-ै 

(i) संघ सूची और समवतᱮ सूची के व ेिवषय, िजनका स᭥ब᭠ध िवलय-पᮢ मᱶ घोिषत िवषयᲂ (रᭃा, वैदिेशक स᭥ब᭠ध एव ं

संचार) से ह,ै के स᭥ब᭠ध मᱶ िविध बनाने के िलए रा᳦पित, उस रा᭔य कᳱ सरकार से परामशᭅ करᱶग े। 

(ii ) अ᭠य िवषयᲂ को लागू करन ेके िलए रा᳦पित को रा᭔य सरकार से सहमित लेनी होगी। 

(ग) भारतीय संिवधान के केवल दो ही अनु᭒छेद (अनु᭒छेद 1 तथा अनु᭒छेद 370) ज᭥म-ूक᭫मीर रा᭔य मᱶ लागू होगे। 

(घ) इसके अितᳯरᲦ ᳰकसी अ᭠य उपब᭠ध कᳱ ᳞व᭭था रा᳦पित के आदशे से लागू हो सकती ह,ै पर᭠तु रᭃा, वैदिेशक स᭥ब᭠ध 

तथा संचार के मामले मᱶ ज᭥म-ूक᭫मीर सरकार स ेपरामशᭅ लेना होगा तथा अ᭠य िवषयᲂ से स᭥बि᭠धत मामलᲂ मᱶ रा᭔य 

सरकार कᳱ सहमित लेनी होगी। 

(2) ि᳇तीय ख᭛ड इस बात का उ᭨लेख करता ह ैᳰक यᳰद ज᭥म-ूक᭫मीर कᳱ सरकार ने ᳰकसी मामले मᱶ भारत-सरकार को 

सहमित ᮧदान कᳱ ह ैतो उस पर अि᭠तम ᱨप से ᭭वीकायᭅता ज᭥म-ूक᭫मीर कᳱ संिवधान सभा दगेी। 
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(3) तृतीय ख᭛ड उि᭨लिखत करता ह ैᳰक रा᳦पित लोक अिधसूचना ᳇ारा घोषणा कर सकत ेह ैᳰक यह अनु᭒छेद ᮧवतᭅन मᱶ 

नहᱭ रहगेा पर᭠तु रा᳦पित ᳇ारा ऐसी अिधसूचना िनकाले जाने से पूवᭅ उस रा᭔य कᳱ संिवधान सभा कᳱ िसफाᳯरश आव᭫यक 

होगी। 

 अनु᭒छेद 370 को भारतीय संिवधान के भाग-21 मᱶ शािमल ᳰकया गया, जो ᳰक अ᭭थायी, संᮓमणशील तथा 

िवशेष उपब᭠धᲂ कᳱ ᳞व᭭था करता ह।ै इसी कारण लोगᲂ कᳱ सामा᭠य धारणा यही बनी ᳰक उᲦ अनु᭒छेद िसफᭅ  कुछ ही 

ᳰदनᲂ के िलए बनाया गया ह ैऔर समय के साथ ही यह ᭭वतः िन᭬ᮧभावी हो जायेगा।⁹ 26 जनवरी 1950 को भारतीय 

संिवधान लागू होन ेके साथ ही अनु 370 लागू कर ᳰदया गया। इसी ᮓम मᱶ 31 अ᭍टूबर 1951 को ज᭥म ूक᭫मीर कᳱ 

संिवधान सभा कᳱ ᭭थापना ᱟयी। 17 नव᭥बर 1956 को ज᭥म-ूक᭫मीर का संिवधान अंगीकृत ᳰकया गया तथा 26 जनवरी 

1957 को यह लागू कर ᳰदया गया और इसी के साथ अनु᭒छेद 370 को समा᳙ करन ेकᳱ िसफाᳯरश ᳰकये िबना ही यह 

संिवधान सभा भंग हो गयी। इसके प᳟ात् अनु᭒छेद 370 से स᭥बि᭠धत अनेक िववाद, स᭠दहे और सम᭭याए ंभी आती रही। 

व᭭तुतः अनु 370 (3) के अनसुार अन ु370 कᳱ िन᭬ᮧभािवकता के िलए संिवधान सभा कᳱ िसफाᳯरश आव᭫यक थी। अतः 

अनेक संिवधानिव᭄ᲂ न ेभी यह कहना ᮧार᭥भ कर ᳰदया था ᳰक अब इसके िन᭬ᮧभािवकता का कायᭅ अ᭜यिधक दᱨुह ह।ै 

ᳰक᭠तु 05 अग᭭त 2019 को के᭠ᮤ सरकार न ेज᭥म-ूक᭫मीर कᳱ िवधानसभा को संिवधान सभा मानते ᱟए अन ु370 को 

िन᭬ᮧभावी कर ᳰदया। चूंᳰक ता᭜कािलक समय मᱶ ज᭥म-ूक᭫मीर रा᭔य ने अनु 356 के तहत ्रा᳦पित शासन लागू था िजसके 

तहत ्िवधानसभा कᳱ शिᲦयां संसद मᱶ िनिहत हो जाती ह।ै अतः संवैधािनक ᮧावधानᲂ के तहत इस कायᭅ के िलए संसद 

कᳱ सहमित ᮧा᳙ कᳱ गयी थी।  

 िन᭬कषᭅतः उपरोᲦ िववेचन से यह ᭄ात होता ह ैᳰक अनु᭒छेद 370 न तो पूवᭅिनयोिजत था और न ही पूवाᭅनुमािनत, 

लेᳰकन राजनैितक व ऐितहािसक समयचᮓ यथा-महाराजा हᳯरᳲसहं ᳇ारा ससमय िवलय न करना, शासक कᳱ कमजोर 

ि᭭थित का फायदा उठाते ᱟए कबायली हमला और यु᳍, काला᭠तर मᱶ शेख अ᭣द᭨ुला का ᭭वायᱫता ᮧा᳙ करन ेकᳱ ᮧबल 

मांग, भारत का अ᭠तराᭅ᳦ीय पटल पर आदशᭅवाद को ᮧ᮰य आᳰद ऐस ेकारण थे◌ ेजो ᳰक अनु᭒छेद 370 के िनमाᭅण कᳱ 

ᱧपरेखा बनाते चले गय ेऔर इस हते ुᳰकसी न ेयह भी नहᱭ सोचा था ᳰक यह अनु᭒छेद इतन ेल᭥ब ेसमय तक ᮧभावी रहगेा। 

वतᭅमान मᱶ अनु᭒छेद 370 िन᭬ᮧभावी हो चुका ह ैऔर एक नय ेज᭥म-ूक᭫मीर का उदय होता ᳰदख रहा ह ैिजसमᱶ न केवल 

नवीन रा᳦ीय चेतना, आᳶथᭅक, सामािजक, राजनीितक िवकास ᮧितिबि᭥बत हो रहा ह ैवरन् ज᭥म-ूक᭫मीर के चᱟमुंखी 

िवकास का मागᭅ भी ᮧश᭭त हो रहा ह।ै  
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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 (α-glucosidase, α-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  

A.muricata L., also referred to as soursop or graviola in some 

parts of the world, is a tropical, evergreen, fruit- 
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throughout Southeast Asia, South America, and 

rainforests in Africa. Preferring temperature and humid 

conditions, the plant grows well below 1200 meters above 

sea level under the best conditions of 25-28 °C 

temperature and 60–80% relative humidity1. Historically 

esteemed in different cultures, practically all components 

of the plant its fruit, leaves, bark, seeds, and roots have 

been utilized in ethnomedicine to cure conditions as 

diverse as skin diseases, abscesses, external as well as 

internal parasitic infections to gastrointestinal disorders, 
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diabetes, hypertension and cancer2. 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 

experimentation3. 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 constituents1, 2. 

The antimicrobial activity of A. muricata covers bacteria, 

fungi, protozoa, and viruses, thus being a powerful resource for 

alternative therapeutic agents, particularly in the event of 

increased antimicrobial resistance 3, 4. 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 wounds1,3,5,6,7. 

Considering the range of pharmacological activities seen in 

various studies, A. muricata possesses potential opportunities 

for the creation of multi-targeted natural drugs. This section 

investigates and discusses the pharmacological features of A. 

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. A. muricata 

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 aroma1,2. 

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.  

 

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, 

Cis-annomontacin; stems contain swainsonine and 

coreximine and roots of the plant are rich in 

solaminmuricadienin and reticuline 3,6,8,9. 
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UFLC-QTOF-MS of ethanolic extract of leaves revealed 

presence of phytochemicals like Rutin, loliolide, annopentocin, 

annomuricin, caffeic acid, asimilobine, kaempferol-3O-

rutinoside, xylopine, annohexocinand xi-anomuricine10. 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 annonisin11. 

 

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 diseases3. 

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 1,2.  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 

for diabetes, inflammation, parasite infection, anti-

hypertensive, muscle relaxant3. 

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 infection12. Seeds are used as 

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 conditions1. In South America, people use soursop 

fruit juice to manage cardiac and hepatic related 

problems, and also used as an effective remedy for 

diarrhea 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 agent2. 

 

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

pericarp, seeds, Bark and roots of A. muricata. 
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Table 1. Major compounds present in different parts of A. muricata and use of these parts in traditional medicine.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.No. Part of 

plant 

Reported phytochemicals Traditional uses References 

1.  Leaves Annomuricin (annomuricin A, B, C) 

Annomuricin E, Cis-annomuricin-D-one, 

Trans-annomuricin-D-one, Anonainesolamin, 

Solamin, Muricapentocin ,Annomutacin, 

Annonacin(2,4-cis)-10R-annonacin-A-one, 

(2,4-trans)-10R-annonacin-A-one, 

Annopentocin A, B, C, Annocatalin, 

Annocatacin B, Annonacinone, Asimicin, 

Annohexocin, Muricatocin A, B, C 

,Muricoreacin, Murihexocin B, C, 

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) 

Fever, sedative, anti-

anxiety, 

antihypertensive, 

antispasmodic, 

wound healing, 

parasitic infections, 

liver related 

complications, 

gastrointestinal 

complication, ulcer. 

2,3,11. 

2.  Fruits and 

pulp  

Cis-annoreticuin, Muricin J, K, LAnonaine, 

Annonaine, Nornuciferine, tocotrienols, 

tocopherol, Coumaric acid Asimilobine,  

Caffeoylquinic acid, Murihexocin, 

murihexocin B, C Kaempferol, Kaempferol 3-

O-rutinoside 

Constipation, 

dysentery, helminthic 

infections, ntipyretic, 

nutritional tonic, skin 

issues, Digestive 

disorders  

antinflammatory, 

anticancer, 

antidiabetic, 

antioxidant. 

3,13,14 

3.  Pericarp Annomuricin (annomuricin A, B, C) 

Annonacin 

Annonacin A 

 

Antimicrobial, 

antiparasitic, insect 

repellent, dysentery, 

diarrhea, skin 

ailments 

2,3 
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3. Pharmacological properties  

 

Antioxidant activity 

Leaves, fruits and bark of A. muricata is used to boost general 

health, aging and against inflammation and fatigue3. Richness 

of plant in bioactive compounds like kaempferol, Quercetin, 

annonacin, gallic acid, contributes to its antioxidant potential 

9.). Methanolic leaf extract of the plant had IC50 of 34.8 

µg/mL against 2,2-Diphenyl-1-picrylhydrazyl9. 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-picrylhydrazyl18.  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 

assays18,19. Leaf extract of the plant was able to reduce 

lipid peroxidation via MDA, while increasing SPD, 

catalase, GSH and improving pancreatic antioxidant 

defense20. Ethyl acetate extract of the leaves were 

showing increased levels of antioxidant enzyme in in vivo 

model21. 

 

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 

4.  Seeds  Annonacin, Annocatacin A Arianacin, Cis-

annomontacin, Annonacinone 

Annoreticuin-9-one,  AnnomuricatinA,B,C, 

Bullatacin, Bullatalicin, Cis-annonacin, 

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 

Fumigation, 

insecticide,  

Abortifacient, 

antihelmenthic 

15,16 

5.  Bark , 

Stem 

Coreximine, Coreximine, reticuline, 

Swainsonine, Atherosperminine,  Anomuricine,  

Anomurine 

Antidiabetic, pain 

releiver,antiparasitic, 

antihelmenthic, 

anticancer, 

antimalarial, 

arthritis, 

inflammation,  

 

2,17 

6.  Root Reticuline, Coreximine, Solamin, Cis-

reticulatacin, Muridienin 3, 4, Muricadienin, 

Cohibin A, B,  (Sabadelin) chatenaytrienin 1, 2, 

3 

Antidiabetic, 

febrifuge, 

abortefacient, 

uterotonic, 

antihelmenthic, 

antispasmodic. 

1,2,3 
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and fruit3, 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 diarrhea6. Castor oil induced diarrhea mice when 

treated with hydroalcoholic extract of A. muricata was reported 

to show good results as standard drug22. 

 

Antidiabetic Activity 

Soursop fruits and all other parts of A. 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 symptoms3. 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 µg/mL against alpha 

glucosidase in case of leaf extract and 35.5 ± 2.4 µg/mL against 

alpha amylase in case of fruit pericarp extract 23. 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 20. Ethanolic extract of the plant was 

able to delay glucose peak and enhance glucose clearance6. 

 

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 

pylori3,4. While methanolic fruit extract of the plant has been 

reported to reduce effects of diarrhoea in mice (E. coli 

induced)22. 

 

 

 

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. albicans10.. 

Methanolic extract of leaves were also found effective 

against C. albicans 11. Acetogenins isolated from seeds of 

the plant were able to inhibit growth Candida spp like C. 

tropicalis, C. albicans, C.glabrata and C. krusei24. Apart 

from this soursop is also tested against Colletotrichum 

gloeosporioides, Rhizopus stolonifer, Alternaria and 

Cercospora malayensis25,26,27. 

 

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 µg/ml 

µg/ml against Plasmodium falciparum28. Silver nano 

particle of A. muricata was able to counter Dengue, 

Malaria, and filarial vector29. While in case of 

toxoplasmosis rat model ethanolic leaf extract has 

reduced parasite load and improved survival 30. 

 

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 studies31. 

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 

spike32, while acidified ethanolic extract of A. muricata 

can decrease viral replication of HSV in a hour3. In an In 

vivo analysis topical application of stem bark extract in 

HSV infected mice had reduced lesion size and viral 

titre7. 
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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 resistance33. A. muricata with Persea 

Americana was able to reduce blood pressure synergistically 34. 

The anti-hypertensive property of the plant is attributed to 

alkaloids like reticulin and anomurine present in it4, 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 34. According to another study 

methanolic extracts of bark and leaves can 

 

Anticancer Activity 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

enhance epithelial regeneration, shorten epithelialization 

period, and increase tensile strength of wound tissue35. 

 

Antiulcer Activity 

The bioactive compound present in A. muricata like 

phenolics, alkaloids, tannins have potent gastroprotective 

activity9. 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 indigestion3. Hydroalcoholic leaf 

extract of A. muricata was able to reduce ethanol, 

methanol, or indomethacin induced gastric ulcers at dose 

of 100-400mg/kg body weight36.  Ethyl extract of the 

plant was able to reduce lesion index, MDA, Bax while 

increasing catalase, SOD, GSH and Hsp 70 expression 37. 

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/ml38. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

S.no.  
Cancer type Extract/isolated 

compound 

In vitro /In vivo  Mechanism Refere

nce cell line /Model IC50 

(µg/ml)/Dosage 

(mg/kg) 

1.  
Breast cancer • Ethanolic leaf 

extract 

• Aqueous leaf 

extract 

• Ethanolic leaf 

extract 

• Fruit pulp extract 

• MCF-7 

• MDA-MB-

231 

• Ehrlich 

ascites 

carcinoma 

(EAC) mice 

• DMBA-

induced 

breast cancer 

(rats) 

• 14.7 µg/mL 

• 12.1 µg/mL 

• 100 mg/kg 

• 200 mg/kg 

Mitochondrial 

apoptosis, ROS, 

caspase activation 

 

Apoptosis via 

Baxupregulation 

and Bcl-2 

downregulation.  

↓ Tumor size, ↑ life 

span, ↑ caspase-3 

activity ↑ 

antioxidant 

enzymes, ↓ lipid 

peroxidation 

3,6,7,41 

 

Table 2: Anticancer activity of extracts/compounds isolated from A. muricata 
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As elaborated in (Table 2), several studies (In 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 

IC50 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 µg/mL3. According to Gavamukulya et al the plant is 

able to downregulate pro-inflammatory cytokines (e.g. 

TNF-alpha, IL6, IL-1Beta) 5. According to another study 

aqueous and ethanolic extract of leaves of A. muricata at 

dose of 100-400 mg/kg was able to reduce carrageenan-

induced paw edema in dose dependent manner in rats 23. 

The plant is also reported to reduce granuloma tissue 

formation, suppress fibroblast proliferation and exudate 

its formation2,3. 

 

 

2.  
Prostate 

cancer 

• Aqueous leaf 

extract 

• AnnopentocinA,B

, C,D 

PC-3 • 6.6 µg/mL 

• 1.14, 

0.21,0.0.2

2, 1.32. 

Inhibits 

EGFR/ERK 

signaling; 

induces 

apoptosis 

3,39 

3.  
Pancreatic 

cancer  

Annomuricin E CD18/HPAF 1.8 µg/mL Mitochondrial 

complex I 

inhibition 

3,43, 44 45 

4.  
Colon cancer • Methanolic fruit 

extract 

• Ethyl acetate seed 

extract 

• HT-29 

• Colon 

cancer 

xenograft 

(mice) 

• 20.6 µg/Ml 

• 50 mg/kg 

DNA 

fragmentation, 

caspase-3 

activation 

3,43, 44 

46,47 

5.  
Lung cancer Ethanolic leaf extract A549 18.6 µg/mL ROS induction, 

apoptosis 

3,43, 44 48 

6.  
Liver cancer Methanol bark extract HepG2 27.1 µg/mL Antiproliferativ

e, DNA 

fragmentation 

3,43, 44 49 

7.  
Lymphoma Methanolic leaf extract Dalton's 

lymphoma 

(mice) 

250 mg/kg ↓ Tumor 

weight, ↑ 

survival rate 

3,45, 46 
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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 such3. The root extracts 

of the A. muricata contain cytotoxins and have neurotoxic 

effects2. The aquous extract of A. muricata at high doses can 

cause hypoglycemia, hyperlipidemia and kidney damage46, 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 49. 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 3. 

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. 

Probably these pharmacological effects were somehow 

involved inflammatory cytokines, molecular signaling 

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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चन्दन कुमार* 

    

*असिस्टेंट प्रोफेिर,  भगूोल सिभाग,  उदय प्रताप कॉलेज, िाराणिी, उत्तर प्रदशे, भारत- 221002  

ई-मेल: chandanbhu891@gmail.com 

DOI: doi.org/10.5281/zenodo.17809947               
Received on: 16/04/2025 । Revised on: 20/05/2025 । Accepted on: 24/05/2025 । Published on: 10/06/2025 

साराांश: 

          िरुणा नदी, गंगा नदी की एक प्रमखु िहायक नदी ह,ै जो उत्तर प्रदशे के िाराणिी शहर में भौगोसलक  और िांस्कृसतक 

दृसि िे महत्िपणूण भसूमका सनभाती ह ै। यह नदी न केिल पानी का स्रोत ह,ै बसकक िाराणिी शहर के धासमणक और ऐसतहासिक 

धरोहर का असभन्न सहस्िा भी ह ै। हालांसक, शहरीकरण और औद्योसगक के पररणामस्िरूप इि नदी के जल की गणुित्ता में 

सगरािट,अत्यसधक प्रदषूण और पयाणिरणीय जैिी िमस्याएं उत्पन्न हुई हैं, सजििे नदी की पाररसस्िसतकी तंत्र पर गंभीर िंकट 

मंडरा रहा ह ै । इि शोध पत्र में िाराणिी के शहरी जनिंख्या के  िंदभण में िरुणा नदी के भौगोसलक, िांस्कृसतक और 

पयाणिरणीय महत्ि का सिशे्लषण सकया गया ह ै। इिमें नदी के धासमणक, िांस्कृसतक और ऐसतहासिक पहलओु ंपर भी चचाण 

की गई ह,ै िाि ही शहरी सिकाि द्वारा उत्पन्न होने िाली िमस्याओ ंपर प्रकाश डाला गया ह ै। इिके असतररक्त, नदी के 

िंरक्षण और पनुरुद्धार के सलए उठाए गए प्रयािों की िमीक्षा की गई ह,ै सजनमें िरकारी योजनाएं और स्िानीय िमदुायों की 

भागीदारी शासमल हैं । यह अध्ययन यह सिद्ध करता ह ैसक नदी के पनुरुद्धार के सलए िमग्र जल प्रबंधन, ितत शहरी सनयोजन 

और जन िहभासगता की आिश्यकता ह,ै तासक नदी को सफर िे उिकी परुानी सस्िसत में बहाल सकया जा िके और शहर के 

पाररसस्िसतकी तंत्र तिा िांस्कृसतक धरोहर को िंरसक्षत सकया जा िके । 

मुख्य शब्द : िरुणा नदी, शहरीकरण, प्रदषूण, िांस्कृसतक धरोहर, नदी िंरक्षण, पयाणिरणीय चनुौसतयां । 

पररचय: 

       िाराणिी का शहरीकरण मखु्य रूप िे बढ़ती जनिंख्या, भसूम उपयोग में बदलाि, और उद्योगों की स्िापना के कारण 

हुआ ह,ै सजििे नदी के जलग्रहण के्षत्र में काफी पररितणन हुआ ह।ै समश्रा (2011) के अनिुार, शहरीकरण के कारण िाराणिी 

जल सनकािी प्रणासलयों की सिफलता, अव्यिसस्ित िीिेज और कचरे का जमा होना नदी के जल प्रदषूण का मखु्य कारण 

ह।ै  
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इि प्रदषूण िे नदी के पाररसस्िसतकी तंत्र पर भारी अिर पडा ह,ै जैिे सक जल की गणुित्ता में सगरािट, जैि-सिसिधता का 

िंकट और स्िानीय िमदुायों की आजीसिका में िंकट, इिके असतररक्त, शहरीकरण ने नदी के सकनारे अिैध सनमाणणों और 

भिनों के रूप में भ-ूउपयोग में बदलाि सकया ह,ै सजििे नदी का प्रिाह बासधत हुआ ह ै। शहरी सिकाि के िाि-िाि िीिेज 

और औद्योसगक अपसशिों का नदी में सगरना भी  जल को प्रदसूषत कर रहा ह,ै सजििे नदी का पाररसस्िसतकी तंत्र कमजोर हो 

गया ह ै। कुमार (2013) ने इि पर सटप्पणी करते हुए कहा सक, िाराणिी के शहरीकरण ने नदी के पाररसस्िसतकी तंत्र में 

अप्रत्यासशत पररितणन सकए हैं, सजििे जल प्रदषूण और जल स्रोतों की कमी जैिे गंभीर पररणाम िामने आए हैं । इिके 

पररणामस्िरूप, न केिल िाराणिी की िामासजक-आसिणक िंरचना पर प्रसतकूल अिर पडा ह,ै बसकक नदी िे जडेु िमदुायों 

की पारंपररक जीिनशैली भी प्रभासित हुई ह ै। शहरीकरण ने नदी के आि-पाि रहने िाले लोगों के सलए जल की गणुित्ता, 

जल आपसूतण और जीिनयापन के िाधनों को कसठन बना सदया ह,ै सजििे उनके सलए यह नदी पहले जैिी जीिन-रेखा नहीं 

रही । इिके बािजदू, िरकार और सिसभन्न पयाणिरणीय िंगठनों द्वारा नदी के िंरक्षण के सलए कदम उठाए गए हैं, जैिे सक 

स्िच्छ गंगा समशन और राष्ट्रीय नदी िंरक्षण योजना, जो प्रदषूण को कम करने और नदी के पाररसस्िसतकी तंत्र को पनुजीसित 

करने के उद्दशे्य िे चलाए जा रह ेहैं (भारत िरकार, 2015)। हालांसक, इन प्रयािों के बािजूद, शहरीकरण के बढ़ते प्रभाि 

और जनिंख्या िसृद्ध के कारण नदी के िंरक्षण में चनुौसतयााँ बनी हुई हैं और इन िमस्याओ ंका िमाधान एक बहुआयामी 

दृसिकोण िे ही िंभि ह ै। इि शोध का उद्दशे्य िरुणा नदी पर शहरीकरण के प्रभािों का सिशे्लषण करना और इिके िमाधान 

के सलए िटीक नीसत सनमाणण की सदशा में िझुाि दनेा ह ै। 

 अध्ययन के्षत्र वाराणसी: 

            िाराणिी, सजिे काशी भी कहा जाता है, उत्तर प्रदशे राज्य का एक ऐसतहासिक और धासमणक दृसि िे अत्यसधक 

महत्िपूणण शहर ह,ैजो गंगा नदी के सकनारे पर सस्ित ह।ै िाराणिी का सिस्तार 25°11′N िे 25°23′N अक्षांश (Latitude) 

के बीच और 82°47′E िे 83°03′E दशेांतर (Longitude) (सचत्र.1)के बीच  ह;ै जो इिे भारत के मध्य-पिूी सहस्िे में एक 

प्रमखु शहरी कें द्र बनाता ह ै। गंगा नदी के सकनारे बिा हुआ यह शहर अपने असद्वतीय भौगोसलक स्िान के सलए प्रसिद्ध ह।ै 

िाराणिी में गंगा नदी और अस्िी नदी  के अलािा, यहााँ की एक और महत्िपूणण नदी, िरुणा नदी ह ै, जो गंगा नदी के तट 

िे कुछ सकलोमीटर दरू उत्तर-पिूण में बहती ह,ै इि के्षत्र के  भौगोसलक िंरचना का अहम सहस्िा ह।ै इि नदी का नाम भी शहर 

के नाम िे जडुा हुआ ह ैऔर इिे धासमणक दृसि िे पसित्र माना जाता ह ै। िरुणा और गंगा नदी के िंगम स्िल के सनकट सस्ित 
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होने के कारण यह स्िान धासमणक दृसि िे अत्यसधक महत्ि रखता ह ै। िरुणा नदी, गंगा के जल में असतररक्त पसित्रता का 

िंचार करती ह ैऔर शहर के इि सहस्िे को एक सिशेष धासमणक महत्ता प्रदान करती ह ै। 

वरुणा नदी: 

      िरुणा नदी गंगा की एक प्रमखु िहायक नदी ह ैजो िाराणिी शहर की पसिमी िीमा िे बहती ह ै।  नदी का भौगोसलक 

और पयाणिरणीय सिशे्लषण िाराणिी उपमहाद्वीप की जलिाय ुऔर भूगोल को िमझने के सलए महत्िपणूण ह ै। िरुणा नदी 

25°27’ उत्तरी अक्षांश (Latitude) और 82°18’ पिूी दशेांतर (Longitude) िे शुरू होती ह ैऔर 25°45’ उत्तरी अक्षांश 

और 82°3’ पिूी देशांतर तक सिस्ताररत होती है। यह नदी पिूी और दसक्षण-पिूी सदशा में  बहती ह ैजो इलाहाबाद के फूलपरु 

तहिील िे सनकलकर िाराणिी के पाि गंगा नदी में समल जाती ह ै(चौरसिया एट अल., 2013)। िरुणा नदी का स्रोत बिहुी 

और मोरिा नसदयों (सचत्र.2), जलाशयों, तालाबों और सिंचाई नालों के असधक बहाि िे जडुा हुआ है। यह नदी लगभग 

70 सकलोमीटर तक बहती ह ैऔर सफर मोरािा और बिहुी नसदयों िे समलती ह।ै इिके बाद यह नदी िाराणिी शहर िे होते 

हुए गंगा नदी िे समल जाती ह,ै सिशेष रूप िे िराय मोहन के पाि (िाराणिी नगर सनगम) । नदी का यह मागण न केिल 

भौगोसलक दृसि िे महत्िपूणण ह,ै बसकक यह के्षत्रीय जलिाय,ु पाररसस्िसतकी और मानि िभ्यता के सलए भी एक आिश्यक 

स्रोत रहा ह ै। िरुणा नदी के जलग्रहण क्षेत्र में सिसभन्न जलस्रोत शासमल हैं, जैिे झरने, नसदयााँ और तालाब, जो इिके जल 

प्रिाह को प्रभासित करते हैं । इि नदी का पाररसस्िसतकी तंत्र जैि सिसिधता िे िमदृ्ध ह ैऔर यह के्षत्रीय पाररसस्िसतकी को 

िंतसुलत करने में एक महत्िपूणण भसूमका सनभाता ह ै(शमाण एट अल.,2016)। हालांसक, शहरीकरण और औद्योसगक के कारण 

नदी का जल प्रदषूण बढ़ गया ह ैऔर इििे नदी के पाररसस्िसतकी तंत्र पर नकारात्मक प्रभाि पडा ह ै(चौरसिया एट अल., 

2013)। प्रदषूण के कारण नदी की जल गणुित्ता में सगरािट आई ह,ै और इिके जल का उपयोग कृसष और पेयजल के सलए 

िंकटपणूण हो गया ह ै(शमाण एट अल.,2016) । 
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चचत्र 1:  वाराणसी  का भौगोचिक मानचचत्र 

 

स्रोत: अग्रिाल एट अल. (2023) 
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चचत्र 2: वरुणा नदी क्षेत्र का भौगोचिक मानचचत्र 

 

 

 

 

 

 

 

 

 

 

 

 

 

स्रोत: चौबे एट अल. (2019)  

 शहरी जनसांख्या के सांदभभ में वरुणा नदी का भौगोचिक पयाभवरणीय महत्व: 

िाराणिी, जो भारतीय उपमहाद्वीप के प्राचीनतम और िांस्कृसतक रूप िे िमदृ्ध शहरों में िे एक ह,ै िरुणा और गंगा नसदयों 

के िंगम पर सस्ित ह।ै यहां की भौगोसलक सस्िसत और पयाणिरणीय िंिाधन, सिशेष रूप िे िरुणा नदी, इि शहर के जीिन 

और िंस्कृसत के सलए अत्यसधक महत्िपूणण हैं । यह  शहर के उत्तर-पिूण में बहती ह,ै जहां इिकी उपसस्िसत न केिल पानी की 

आपसूतण में िहायक होती ह,ै बसकक यह पयाणिरणीय रूप िे भी महत्िपणूण ह।ै प्रकाश  (2005) के अनिुार, िरुणा नदी 

िाराणिी के जल आपसूतण तंत्र का एक असभन्न सहस्िा ह ैऔर यहां के पाररसस्िसतकी तंत्र को बनाए रखने में महत्िपूणण भसूमका 

सनभाती ह।ै यह नदी शहरी के्षत्रों के सलए जल आपसूतण के स्रोत के रूप में कायण करती ह,ै िाि ही इिके जल में सिसभन्न जल-

जीिों  और िनस्पसतयों का बिेरा है, जो स्िानीय जैि सिसिधता को बनाए रखने में िहायक हैं। िरुणा नदी का भौगोसलक 
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महत्ि यहााँ के  स्िानीय जलिाय ुको प्रभासित करने में भी महत्िपणूण भसूमका सनभाती ह।ै शमाण (2016 )ने इि िंदभण में कहा 

सक, िरुणा नदी की उपसस्िसत ने िाराणिी के जलिाय ुको बनाए रखने में मदद की ह,ै और इिके जल प्रिाह ने आि-पाि 

के के्षत्रों में आद्रणता और तापमान को िंतसुलत सकया ह।ै यह नदी गमी के मौिम में आि-पाि के के्षत्रों में ठंडक बनाए रखने 

के िाि-िाि िषाण के मौिम में जल िसृद्ध भी प्रदान करती ह,ै जो कृसष और अन्य जल उपयोग के सलए महत्िपणूण ह ै। नदी 

की उपसस्िसत ने िाराणिी के पाररसस्िसतकी तंत्र को लाभ पहुचंाया ह,ै क्योंसक यह जैि सिसिधता को बनाए रखने में मदद 

करती ह,ै सिशेष रूप िे जल-जीिों और िनस्पसतयों के सलए उपयकु्त आिाि प्रदान करती ह।ै नदी का पयाणिरणीय महत्ि 

इिके जैि सिसिधता में भी पररलसक्षत होता ह।ै राज ू(2009) ने बताया, िरुणा नदी सिसभन्न प्रकार के जल-जीिों  और 

िनस्पसतयों का घर ह,ै जो इिके पाररसस्िसतकी तंत्र के स्िस्ि होने का िंकेत दतेे हैं। यह नदी मछसलयों, जल पसक्षयों और 

अन्य जल-जीिों  के सलए महत्िपणूण ह,ै जो नदी के पयाणिरणीय िंतलुन को बनाए रखने में मदद करते हैं। इिके अलािा, 

नदी के सकनारे उगने िाली िनस्पसतयााँ स्िानीय पाररसस्िसतकी के सलए आिश्यक हैं, क्योंसक ये समट्टी के कटाि को रोकने में 

मदद करती हैं और जलिाय ुमें िधुार करती हैं। 

शहरीकरण और जनसांख्या वृचि: 

िाराणिी में शहरीकरण और जनिंख्या िसृद्ध के आंकडे एक सदलचस्प और महत्िपणूण प्रिसृत्त को दशाणते हैं, जो न केिल 

शहर की ऐसतहासिक और िांस्कृसतक महत्िपणूणता िे जडुी ह,ै बसकक इिके आसिणक और िामासजक सिकाि के िंकेत भी 

दतेे हैं। 1901 में िाराणिी की कुल जनिंख्या 12,88,891 िी, सजिमें िे शहरी जनिंख्या 2,55,086 िी, और इि दौरान 

शहरीकरण की दर 0% (तासलका :1)िी। 1911 में शहरी जनिंख्या में 3.6% की सगरािट दखेी गई, जो एक अस्िायी 

घटाि िा, लेसकन 1921 में शहरी जनिंख्या में 3.2% की िसृद्ध हुई, जो इि क्षेत्र में शहरीकरण के बढ़ने का िंकेत िा। 

1931 में शहरी जनिंख्या की िसृद्ध दर 10.8% िी, जो इि िमय के दौरान औद्योसगक और शहरों में बसुनयादी ढांच ेके 

सिकाि का िंकेत देती ह।ै इिके बाद 1941 और 1951 के दशक में शहरी जनिंख्या में क्रमशः 19.8% और 39.8% की 

िसृद्ध हुई, जो इि िमय में िाराणिी में शहरीकरण की तीव्र दर को दशाणता है, जब उद्योग और व्यापार के अििर बढ़े और 

शहर ने असधक ग्रामीण जनिंख्या को आकसषणत सकया। 1961 िे 1971 के बीच शहरी जनिंख्या की िसृद्ध दर में कुछ कमी 

आई, लेसकन 1981 में शहरी जनिंख्या में 38.8% की िसृद्ध दजण की गई, जो शहर के तेजी िे शहरीकरण का िंकेत िा। 

1991 में शहरी जनिंख्या िसृद्ध दर घटकर 18.9% हो गई, और 2001 में यह 18.2% तक कम हो गई, जो शहर के 

शहरीकरण में सस्िरता और आसिणक िंरचना में बदलाि को दशाणता ह।ै  
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2011 में शहरी जनिंख्या में सफर िे 27.8% की िसृद्ध हुई, जो शहरीकरण के नई सदशा में बढ़ने का िंकेत दतेी ह।ै कुल 

समलाकर, 1901 िे 2011 तक िाराणिी की कुल जनिंख्या में 185% और शहरी जनिंख्या में 523% की िसृद्ध हुई, जो 

शहरीकरण और सिकाि की महत्िपूणण सदशा को स्पि करता ह।ै यह िसृद्ध न केिल शहर के िामासजक और आसिणक 

पररितणनों का िंकेत ह,ै बसकक यह इि बात की भी पसुि करती ह ैसक िाराणिी में रोजगार, सशक्षा, स्िास््य िेिाओ ंऔर 

बेहतर बसुनयादी ढांचे के कारण शहरीकरण की गसत तेज हुई है ।  

ताचिका 1: वाराणसी चजिे में दशकीय शहरी जनसांख्या वृचि (1901-2011) 

 

वर्भ 

जनसांख्या दशकीय वृचि  (%) 

कुि शहरी कुि शहरी 

1901 1288891 255086 0 0 

1911 1296567 218012 0.6 -3.6 

1921 1316977 224913 1.6 3.2 

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 

स्रोत: सजला िांसख्यकी हैंडबकु और भारतीय जनगणना (1901-11)  
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 वरुणा नदी पर शहरीकरण का प्रभाव:       

शहरीकरण के कारण िरुणा नदी में कई िमस्याएाँ उत्पन्न हुई हैं,बढ़ती जनिंख्या और अव्यिसस्ित शहरीकरण के कारण 

नदी के सकनारे अिैध सनमाणण, अपसशि प्रिाह, और जल सनकािी के मदु्द े गंभीर हो गए हैं,  जैि-ेजैिे शहरीकरण और 

औद्योगीकरण बढ़े हैं, इि नदी के स्िास््य पर नकारात्मक प्रभाि पडा ह।ै िरुणा नदी के सकनारे बढ़ती जनिंख्या, 

अव्यिसस्ित शहरीकरण, औद्योसगक और कृसष अपसशिों के कारण प्रदषूण की िमस्या गंभीर रूप ले चकुी ह।ै शमाण (2016) 

ने  उकलेख सकया ह ैसक , िाराणिी में बढ़ती जनिंख्या और अव्यिसस्ित शहरीकरण के कारण िरुणा नदी में प्रदषूण की 

दर में लगातार िसृद्ध हो रही ह।ै इिके कारण नदी का जल उपयोसगता घट रही ह ैऔर यह पयाणिरणीय िंकट पैदा कर रहा ह।ै 

शहरी क्षेत्रो में उद्योग के चलते भारी मात्रा में औद्योसगक अपसशि नदी में समल रहा है, सजििे पानी की गणुित्ता और खराब 

हो रही ह,ै इिके पररणामस्िरूप नदी का जल न केिल पीने योग्य नहीं रहा है, बसकक यह स्िानीय पाररसस्िसतकी तंत्र के सलए 

भी खतरे का कारण बन गया ह ै। िरुणा नदी में पानी की गुणित्ता में सगरािट मुख्यतः िीिेज, औद्योसगक अपसशि, और 

कृसष रिायनों के कारण हुई ह,ै सजििे नदी में जल प्रदषूण का स्तर अत्यसधक बढ़ गया ह ै(चौरसिया एट अल.,2013)। 

शहरी जनिंख्या के िाि बढ़ते अपसशि जल, िीिेज और औद्योसगक प्रदषूण का प्रभाि नदी की जल गुणित्ता पर 

नकारात्मक रूप िे पड रहा ह,ैसजिके पररणामस्िरूप नदी की पाररसस्िसतकी तंत्र की अिंतलुन की सस्िसत उत्पन्न हो रही ह ै

और यह पानी के जीिों की प्रजासतयों को नि करने का कारण बनता है । इिके असतररक्त, नदी के सकनारे अिैध सनमाणणों का 

बढ़ना न केिल नदी के प्राकृसतक प्रिाह को बासधत करता ह,ै कृसष अपसशिों का नदी में प्रिाह भी प्रदषूण के एक बडे कारण 

के रूप में िामने आया ह ै। जब सकिानों द्वारा इस्तेमाल सकए गए रािायसनक उिणरक, कीटनाशक, और अन्य रिायन िषाण 

के िाि नदी में बह जाते हैं, तो नदी में घलुनशील रिायनों की मात्रा में िसृद्ध होती ह ैतिा  कृसष अपसशिों के कारण नदी के 

जल में रािायसनक प्रदषूण अत्यसधक बढ़ जाता ह,ै सजििे जल की गणुित्ता में सगरािट आती ह ैऔर इिके पाररसस्िसतकी 

तंत्र पर प्रसतकूल प्रभाि पडता ह;ै इन अपसशिों के कारण नदी के जल में ऑक्िीजन की कमी हो जाती है, सजििे जल-

जीिों  की मतृ्य ुहोती ह ैऔर जैि सिसिधता पर भी नकारात्मक अिर पडता ह ैइिके िाि ही, नदी के जल में घलुी हुई 

घातक रािायसनक तत्िों के कारण मानि स्िास््य पर भी नकारात्मक अिर पडता है, खािकर उन लोगों पर जो नदी के 

पानी का उपयोग अपने  घरेल ूकायों के सलए करते हैं (पाण्डेय एट अल,2005)। शहरीकरण और औद्योगीकरण के कारण 

िरुणा नदी के जल में िसृद्ध हो रही प्रदषूण की दर िे स्िास््य िंबंधी िमस्याएाँ भी बढ़ी हैं । नदी के सकनारे रहन ेिाले लोग 

प्रदसूषत जल का उपयोग करने के कारण जलजसनत रोगों िे जझू रह ेहैं,  हजैा, दस्त, मलेररया और डेंग ूजैिे रोगों के प्रिार में 
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िसृद्ध हो रही ह।ै िाराणिी प्रदषूण सनयंत्रण बोडण के अनिुार , नदी के पानी में बढ़ते प्रदषूण के कारण िाराणिी के स्िानीय 

िमदुायों में जलजसनत बीमाररयााँ आम हो गई हैं; इि कारण स्िानीय स्िास््य िेिाओ ंपर भी असतररक्त दबाि पडा ह ैऔर 

सचसकत्िा िसुिधाओ ंकी कमी महििू हो रही ह ै। यह सस्िसत न केिल स्िास््य िंकट को जन्म द ेरही ह,ै बसकक यह शहरी 

और ग्रामीण के्षत्रों के बीच अिमान स्िास््य िसुिधाओ ंके कारण िामासजक अिंतलुन का कारण भी बन रही ह।ै 

वरुणा नदी के सांरक्षण और पुनरुिार के चिए उठाए गए प्रयासों की समीक्षा: 

शहरीकरण, प्रदषूण, और अव्यिसस्ित जल सनकािी के कारण यह नदी गंभीर पयाणिरणीय िंकट का िामना कर रही ह।ै 

इिके जल में प्रदषूण, अिैध सनमाणणों और औद्योसगक अपसशिों के प्रिाह ने नदी के पाररसस्िसतकी तंत्र को नि कर सदया ह,ै 

इि सस्िसत को िधुारने के सलए सिसभन्न िरकारी योजनाओ ंऔर स्िानीय िमदुायों की भागीदारी के माध्यम िे कई प्रयाि 

सकए गए हैं ।  

सरकारी योजनाए ँऔर नीचतयाँ: 

 िरुणा नदी के िंरक्षण और पनुरुद्धार के सलए सिसभन्न िरकारी योजनाओ ंका आयोजन सकया गया ह,ै कें द्रीय और राज्य 

िरकारों ने नदी के जल की गुणित्ता में िधुार लाने के सलए कई कदम उठाए हैं।  गंगा पनुरुद्धार योजना के अंतगणत िरुणा 

नदी के प्रदषूण को कम करन ेके सलए कई उपाय सकए गए हैं, सजनमें नदी के सकनारे अिैध सनमाणणों को हटाना और जल 

सनकािी की व्यिस्िा को िधुारना शासमल है। इिके अंतगणत जल शसुद्धकरण िंयंत्रों की स्िापना, प्रदषूण सनयंत्रण और जल 

पनुचणक्रण के उपाय सकए गए हैं। इिके िाि ही, नदी के आि-पाि के क्षेत्रों में हररत पट्टी (ग्रीन बेकट) बनाने और नदी के 

सकनारे िफाई असभयान चलाने के प्रयाि भी सकए गए हैं। इिके असतररक्त, भारत िरकार द्वारा राष्ट्रीय नदी िंरक्षण योजना 

(NRCP) के तहत िरुणा नदी के सलए सिशेष योजनाएाँ बनाई गई हैं, सजिमें नदी की जल गणुित्ता में िधुार के सलए शोधन 

िंयंत्रों की स्िापना और प्रदषूण सनयंत्रण उपकरणों का सिकाि शासमल ह,ै इिके असतररक्त, स्िच्छ गंगा समशन (Namami 

Gange Mission) के तहत िरुणा नदी पर भी ध्यान कें सद्रत सकया गया है, तासक गंगा नदी िे जडुी हुई नसदयों के प्रदषूण 

को सनयंसत्रत सकया जा िके ।  इि समशन के अंतगणत नदी के सकनारे बिे के्षत्रों में जल शोधन िंयंत्र, िीिेज उपचार, और 

ठोि कचरे के सनस्तारण की योजनाओ ंका कायाणन्ियन सकया गया ह ै। िरुणा नदी के िंरक्षण हते ुसकए गए प्रयािों में जलिाय ु

पररितणन के प्रभािों को ध्यान में रखते हुए जलिाय ुअनकूुलन योजना तैयार की गई ह,ै तासक नदी के जल प्रिाह में अिंतलुन 

को सनयंसत्रत सकया जा िके ।   
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भारत िरकार ने नसदयों के जलग्रहण के्षत्र में िकृ्षारोपण असभयान भी शरुू सकया ह,ै तासक जल धारण क्षमता बढ़ाई जा िके 

और नदी के प्रदषूण को कम सकया जा िके (शमाण एट अल., 2016)।  इिके िाि ही, िाराणिी नगर सनगम द्वारा शहर में 

जल पनुचणक्रण पररयोजनाएाँ भी शरुू की गई हैं, जो नदी के जल स्रोतों को पनुजीसित करने का प्रयाि करती हैं ।  िरुणा नदी 

पर बढ़ते शहरीकरण के प्रभाि को कम करने के सलए शहरी सनयोजन में िधुार की सदशा में कदम उठाए गए हैं, सजिमें नदी 

के सकनारे असनयंसत्रत सनमाणण गसतसिसधयों पर अंकुश लगाने के सलए सिशेष सनदेश सदए गए हैं ।  भारतीय नसदयों के पनुरुद्धार 

के सलए जल िंिाधन मंत्रालय ने सिशेष रूप िे पयाणिरणीय दृसिकोण िे िख्त नीसतयााँ बनाई हैं, जो नदी िंरक्षण के सलए 

दीघणकासलक योजनाओ ंकी सदशा में काम करती हैं।  

स्थानीय समुदायों की भागीदारी: 

िरुणा नदी के िंरक्षण और पनुरुद्धार में स्िानीय िमदुायों की भागीदारी महत्िपूणण रही ह,ै नदी के सकनारे रहन ेिाले स्िानीय 

लोग और सिसभन्न िामासजक िंगठन नदी की िफाई और िंरक्षण में िसक्रय रूप िे शासमल हुए हैं। स्िानीय िमदुायों की 

िसक्रय भागीदारी िे कई िफाई असभयान चलाए गए हैं, सजनके माध्यम िे नदी िे कचरा और प्रदषूक हटाए गए हैं। इिके 

अलािा, िामासजक िंगठनों ने पयाणिरणीय जागरूकता असभयानों के जररए नदी के महत्ि के बारे में स्िानीय लोगों को 

बताया गया ह ैऔर प्रदषूण सनयंत्रण के उपायों को अपनाने के सलए प्रेररत सकया है। स्िानीय लोगों ने अपने स्तर पर पानी की 

गणुित्ता में िधुार लाने के सलए प्रयाि सकए हैं। उदाहरण के सलए,  स्िानीय िमदुायों न ेजल पनुचणक्रण तकनीकों को अपनाया 

ह,ै सजििे नदी में सगरने िाले प्रदसूषत जल की मात्रा को कम सकया जा रहा ह।ै इिके तहत, कई घरों में जल पनुः उपयोग की 

तकनीकें  जैिे िषाण जल िंचयन और जल छानने के उपकरणों का उपयोग सकया जा रहा ह,ै सजििे नदी में कम प्रदसूषत जल 

जाता ह ैऔर जल की गणुित्ता में िधुार होता ह ै। इिके असतररक्त, िमदुाय के लोग अब नदी के आि-पाि अिैध सनमाणणों 

के सखलाफ आिाज उठाते हैं और स्िानीय असधकाररयों िे इि िमस्या के िमाधान की मांग करते हैं। स्िानीय िमदुायों 

का िसक्रय योगदान इि के्षत्र में प्रदषूण के प्रसत जागरूकता बढ़ाने में िहायक रहा ह।ै हालांसक, िामदुासयक भागीदारी में 

चनुौसतयााँ भी हैं, जैिे सक िचूना की कमी और स्िानीय लोगों का प्रदषूण के प्रभािों के बारे में अपयाणप्त ज्ञान । स्िानीय 

िमदुायों के बीच पयाणिरणीय सशक्षा और प्रसशक्षण कायणक्रमों का अभाि ह,ै जो प्रदषूण सनयंत्रण के उपायों को िही तरीके 

िे अपनाने में बाधक बनते हैं ।  
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नदी के सांरक्षण के चिए भचवष्य की चदशा: 

िरुणा नदी के िंरक्षण और पुनरुद्धार के सलए उठाए गए कदमों की िफलता में कई कारक अहम हैं। िबिे पहले, िरकार 

को चासहए सक िह नदी के प्रदषूण पर सनयंत्रण के सलए ठोि और दीघणकासलक नीसतयााँ तैयार करे और उनके अमल में तेजी 

लाए । इिके िाि ही, औद्योसगक और कृसष अपसशिों के सनस्तारण के सलए कडे सनयम लाग ूसकए जाने चासहए । नदी के 

िंरक्षण के सलए जल शसुद्धकरण िंयंत्रों के अलािा, नदी के सकनारे हररत परट्टयााँ सिकसित करने और जलाशयों को पनुजीसित 

करने की योजना पर काम और तेजी िे  सकया जाना चासहए; यह न केिल नदी की जल गणुित्ता को िधुारने में मदद करेगा, 

बसकक स्िानीय पाररसस्िसतकी तंत्र को भी पनुः स्िासपत करेगा। स्िानीय िमदुायों को भी प्रदषूण सनयंत्रण और जल िंरक्षण 

के उपायों के प्रसत असधक जागरूक करने के सलए प्रसशक्षण और सशक्षा कायणक्रमों की आिश्यकता ह ै। इिके सलए स्िानीय 

िरकारों को िामासजक िंगठनों के िाि समलकर काम करना चासहए तिा नदी के िंरक्षण के सलए िरकारी योजनाओ ंके 

िाि-िाि स्िानीय स्तर पर नेततृ्ि को प्रोत्िासहत करने के सलए एक मजबतू िामदुासयक नेटिकण  स्िासपत सकया जाना चासहए 

। िाराणिी में 'नमासम गंगे' जैिी पररयोजनाओ ंके तहत, गंगा और उिकी िहायक नसदयों को िाफ करने के प्रयाि सकए जा 

रह ेहैं, लेसकन इन पररयोजनाओ ंकी िफलता तब ही िंभि ह ैजब स्िानीय लोग और प्रशािन समलकर काम करें, इि तरह 

के नेटिकण  के माध्यम िे स्िानीय िमदुायों को नदी के िंरक्षण की सदशा में िसक्रय भागीदारी करने के सलए प्रेररत सकया जा 

िकता ह ै। 

चनष्कर्भ: 

          िरुणा नदी के िंरक्षण और पनुरुद्धार के सलए िरकार और स्िानीय िमदुायों दोनों द्वारा सकए गए प्रयािों में 

उकलेखनीय योगदान दखेा गया है, िरकारी योजनाओ ंजैिे नदी पनुरुद्धार पररयोजनाओ,ं जल शसुद्धकरण िंयंत्रों की स्िापना, 

और प्रदषूण सनयंत्रण उपायों के बािजदू, इन प्रयािों की िफलता के सलए असधक िमन्िय और दीघणकासलक रणनीसतयों की 

आिश्यकता ह ै। स्िानीय िमदुायों का िसक्रय योगदान भी नदी के िंरक्षण में महत्िपणूण ह,ै लेसकन इिे प्रभािी बनाने के 

सलए असधक सशक्षा और जागरूकता की आिश्यकता ह।ै जब िरकार और स्िानीय िमदुाय समलकर काम करेंगे, तो िरुणा 

नदी के पनुरुद्धार और िंरक्षण के प्रयाि असधक प्रभािी िासबत हो िकते हैं। 
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health and agri-food and nutritional security (Kulkarni et al. 
2012; Ulukan 2024). It accounts for ~ 30% of cereal pro-
duction, yielding 791.21 million tons (Mt) from 222.93 mil-
lion hectares (Mha) globally (USDA 2024). By 2050, wheat 
demand is expected to rise by ~ 60% to feed an estimated 
9.7 billion people (Lal 2016; Erenstein et al. 2022). In India, 

Introduction

As a global staple crop, wheat (Triticum aestivum L.) 
feeds billions of people, contributing ~ 20% of human 
caloric intake and delivering a rich supply of carbohydrates 
(74.88%), protein (10.55%), and vital nutrients critical for 
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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− 1) 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.
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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− 1) lags behind that of countries like China and 
Mexico, where yields approach ~ 5 t ha− 1.

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 (GA3), nitrobenzene (NB) and mix-
ture of micronutrients (Fe, Zn, Cu and Mn) significantly 
impact the growth and yield potential of wheat genotypes 
(Benítez García 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 (Parađiković et al. 2019), 

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 GA₃) 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). 
GA3 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), KMnO₄-oxidizable nitrogen of 149.87 kg ha⁻¹ 
(Subbiah and Asija 1956), NaHCO₃-extractable phosphorus 
of 20.60 kg ha⁻¹ (Olsen et al. 1954), NH₄OAc-exchangeable 
potassium of 310.45  kg ha⁻¹ (Hanway and Heidel 1952), 
available sulfur of 12.56 kg ha⁻¹ (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 × 4.0 m and a net plot size of 4.0 m × 

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⁻¹ was maintained with spacing of 22.2 × 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 P₂O₅, 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 Asco-
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− 1, 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 × 4.0 m; 20 m2), the corresponding quan-
tity of seaweed granules was 50 g plot− 1, while the foliar 
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Fig. 1  Location of the study area
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Fig. 2  (a) Average of weekly meteorological parameters during the wheat growing seasons during 2021-22. (b) Average of weekly meteorological 
parameters during the wheat growing seasons during 2022-23
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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 × 
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 

application volume of liquid extract was 500 mL plot− 1, 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⁻¹. Post-emergence herbicides Clo-
dinafop-propargyl (Topik) at 80 g a.i. ha⁻¹ and Metsulfuron-
methyl at 6  g a.i. ha⁻¹ 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 

Fig. 3  Details of treatments used in the two-year wheat field experiment
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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 (Eqs. 6-10).

Chlorophyll a = (12.7 × OD at 663) − (2.69 × OD at 645)

× V
1000 × W

� (6)

Chlorophyll b = (22.9 × OD at 645) − (4.68 × OD at 663)

× V
1000 × W

� (7)

Total Chlorophyll = (8.02 × OD at 663) − (20.2 × OD at 645)

× V
1000 × W

� (8)

Chlorophyll a : b = Chlorophyll a
Chlorophyll b � (9)

Carotenoids = (7.6 × OD at 480) − (1.49 × OD at 510) × V

100 × W
� (10)

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−1)

= Tn2 − Tn1

(T2 − T1)
� (1)

[Whereas, Tn1 and Tn2 represent the number of tillers m− 2 at 
time T1 and T2, 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⁻¹), 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⁻¹ day⁻¹) (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⁻¹) (Vernon and 
Allison 1963).

Crop Growth Rate
(
g m−2day−1)

= W2 − W1

(T2 − T1) S
� (2)

Relative Growth Rate
(
g g−1day−1)

= LogeW2 − LogeW1

(T2 − T1)
� (3)

Net Assimilation Rate
(
mg m−2leaf area day−1)

= (W2 − W1) × (logeLAI2 − logeLAI1)
(T2 − T1) × (LAI2 − LAI1)

� (4)

[Whereas, W1 and W2 are plant dry weight (g) at time T1 
and T2, respectively and, S is land area (m2) over which dry 
matter accumulation was recorded, LAI1 and LAI2 are leaf 
area index at time T1 and T2, 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)

Ground area (cm−2)
� (5)

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 
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[Whereas, OD = Optical density, V = Volume of supernatant 
(ml), W = Weight of the leaf sample (g)]

Production and Economic Efficiency

Production efficiency measures the grain yield obtained per 
unit of time, calculated by dividing the total yield by the 
crop duration and expressed as kg ha⁻¹ day⁻¹. It indicates 
how efficiently the crop was produced over its growing 
period (Eq. 11).

Production efficiency
(
kg ha−1day−1)

=
Grain yield of the crop

(
kg ha −1)

Duartion of the crop (days)
� (11)

Monetary efficiency was calculated by dividing the total net 
returns by the duration of the crop cycle, and was expressed 
as $ ha− 1 day− 1. It reflects the net returns generated by the 
crop, distributed over the growing period (Eq. 12).

Monetary efficiency
(
$ ha−1 day−1)

=
Net returns

(
$ ha−1)

Duration of the crop (days)
� (12)

Statistical Analysis

The collected data of both cropping seasons on growth 
attributes, yield, yield components, and the physiologi-
cal, morphological, and biochemical characteristics of 
wheat were subjected to statistical analysis using analysis 
of variance (ANOVA) in SAS 9.3 software (SAS Institute 
Inc., Cary, NC, USA). Significant differences among treat-
ment means were determined using the F-test (Gomez and 
Gomez 1984). The LSD (Least Significant Difference) test 
was used to compare the treatment means at a 5% probabil-
ity level. Pearson correlation coefficients were calculated to 
examine the relationships between growth attributes, yield, 
yield components, and the physiological, morphological, 
and biochemical characteristics of wheat. All analyses were 
performed using the Data Analysis Toolpak in Microsoft 
Excel 2007.

Results

Effect on Plant Height and Tillering

Genotypes and PGPs significantly influenced spring wheat 
height and tiller numbers, with pooled two-year data show-
ing consistent differences across all growth stages (Table 1). 
Among genotypes, DBW-187 had the tallest plants and 
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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 (PGP0), which consistently 
exhibited the lowest measurements across all stages, indica-
tive of limited chlorophyll synthesis and canopy develop-
ment without PGPs intervention.

PGP5 (chelated micronutrients) and PGP2 (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. PGP3 (sea-
weed extract granules) treatment showed an early advan-
tage, peaking at 30 DAS for both parameters, while PGP4 
(seaweed extract liquid) and PGP1 (nitrobenzene) yielded 
intermediate improvements, compared to PGP0 but less than 
PGP5 and PGP2 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 G1, when combined with PGP5 or 
PGP2, 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 (G1) consistently exhibited the high-
est stomatal conductance throughout the growth period 
(Table 6). This trend reflected G1 superior capacity for gas 
exchange, likely contributing to enhanced photosynthetic 
rates and water use efficiency (WUE). G2 displayed inter-
mediate values, while G3 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 (PGP0) consistently 
yielding the lowest values across all stages, indicative of 
limited stomatal regulation without growth promoter sup-
port. Among the PGPs treatments, PGP2 (gibberellic acid) 
and PGP5 (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 CO2-uptake during critical 
growth phases.

K-607 has the shortest plants. Amongst various plant 
growth promoters (Table 2), PGP5 (chelated micronutrient: 
Zn, Fe, Cu, Mn) treated plants were the tallest and PGP2 and 
PGP4 treated plants had similar growth was in PGP0 (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 (PGP5) exhibited 
maximum tiller and TPR, PGP2 and PGP4 treated plants had 
significantly similar tillers and TPR and minimum in PGP0. 
The tillers increment was recorded in PGP5, PGP2 and PGP4 
treated plants over PGP0 (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 (PGP5) treated 
plants exhibited the greatest DMA and LAI, PGP2 and PGP4 
treated plants showed comparable results, and PGP0 treated 
plants had the lowest values (Table  4, and 5). DMA was 
increase significant increased at harvest in PGP5, PGP2, and 
PGP4 treated plants, compared to PGP0 (Table 2). The LAI 
at flowering increased in PGP5, PGP2, and PGP4 treated 
plants, compared to PGP0 (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 PGP5 (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 PGP5 (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), 
PGP3 (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 PGP0 (control).

Effect on Physiological Indicators

Wheat genotypes and PGPs treatment on chlorophyll con-
tent (SPAD) and canopy vigor (NDVI), revealing signifi-
cant genotype × PGPs interactions at all stages (Table  6; 
Figs. 4a-b and 5a-b). DBW-187 consistently outperformed 
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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 PGP0 (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). PGP5 (chelated micronutrients) treated plants 
had the highest chlorophyll a, b, the a: b ratio, total chloro-
phyll, and carotenoid content in fresh wheat leaves, PGP2 
and PGP4 treatments being statistically similar, while PGP0 
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 (G1) demonstrated 
significantly higher spikes m⁻², spike length, grains per 
spike, grain weight per spike, test weight, and fertility 
index, compared to K-607. PGP5 (chelated micronutrient) 
treatment elicited the highest increases in these parameters, 
compared to PGP0 (control). Similarly, PGP2 and PGP4 
treatments had similar results (Table 7). DBW-187 recorded 
the highest grain, straw, biological yield, and harvest index, 
compared to K-607 (Table 7). PGP5 (chelated micronutri-
ent) treatment resulted in the highest grain, straw, biological 
yield, and harvest index, compared to PGP0 (control), PGP2 
and PGP4 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 G2, followed by G1 and lowest in G3 (Figs. 6a 
and 7a). PE and EE of wheat were significantly affected by 
PGPs treatments (Figs. 6b and 7b). PGP5 treatment had the 
highest PE value, equal to that of G2. PGP2 treated plants 
had a high PE and the lowest PE was recorded in PGP0, 
followed by PGP1. Similarly, the highest EE among PGPs 
treated plants was with PGP5 followed by PGP2, PGP3 and 
the lowest EE was in PGP1 treated plants (Fig. 7b).
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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 
(CGRF), 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⁻² 
(SM), spike length (LOS), grains spike⁻¹ (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, Ch1 + 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 (r = 0.90*** 
and r = 0.90***), grain yield (r = 0.94*** and r = 0.93***), 
and biological yield (r = 0.90*** and r = 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⁻², and 
both grain yield (r = 0.83*** and r = 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; Benítez García 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 
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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% ZnSO₄) 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 

(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 

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.
Treatments NAR (mg m− 2 leaf area day− 1) Leaf area index

0 to CRI CRI to 
Tillering

Tillering to 
flowering

Flowering to 
ripening

CRI Tillering Pre-flowering Post-flow-
ering

Genotypes
G1 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 ± 0.01a 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 ± 0.01ab 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 
(≤ 0.05)

0.653 4.340 18.168 6.619 0.005 0.016 0.022 0.020

Plant growth promoters (PGPs)
PGP0 42.94 ± 0.84e 1550.14 ± 28.7e 2049.61 ± 49.5e 1244.02 ± 16.3e 1.08 ± 0.01c 2.85 ± 0.02d 4.56 ± 0.09d 4.96 ± 0.11d
PGP1 60.58 ± 5.19c 1653.67 ± 26.9d 2226.61 ± 68.0d 1300.93 ± 18.6d 1.12 ± 0.01ab 2.89 ± 0.05 cd 4.75 ± 0.08c 5.16 ± 0.09c
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
PGP5 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 
(≤ 0.05)

0.769 21.223 30.898 15.678 0.011 0.029 0.046 0.062

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-
ments

Stomatal conductance (mmol m− 2 sec− 1) Chlorophyll and Carotenoids (mg g− 1) at CRI
CRI Tillering Pre-flowering Post-flowering Chl. a Chl. b Chl. a: b Chl. ab Carotenoids

Genotypes
G1 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 
(≤ 0.05)

0.869 0.784 0.825 0.537 0.007 0.005 0.020 0.021 0.005

Plant growth promoters (PGPs)
PGP0 109.70 ± 2.34e 151.16 ± 3.79e 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 ± 0.02e
PGP1 122.46 ± 1.86d 170.16 ± 2.74d 155.54 ± 2.88c 145.72 ± 2.24d 1.95 ± 0.06e 1.05 ± 0.02e 1.85 ± 0.04d 3.00 ± 0.08e 0.56 ± 0.01d
PGP2 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
PGP3 143.25 ± 2.28a 176.50 ± 2.42c 161.20 ± 2.25b 151.04 ± 2.35c 2.50 ± 0.03a 1.21 ± 0.02a 2.15 ± 0.05a 3.72 ± 0.04a 0.85 ± 0.01a
PGP4 132.36 ± 2.03bc 180.16 ± 2.62c 164.47 ± 2.42b 154.11 ± 2.20c 2.22 ± 0.05c 1.14 ± 0.02c 1.94 ± 0.02c 3.37 ± 0.07c 0.67 ± 0.01b
PGP5 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 ± 0.03c 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 
(≤ 0.05)

1.633 1.497 1.776 1.355 0.027 0.012 0.018 0.033 0.008
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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 (PGP5) 
and gibberellic acid (PGP2) 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 
(PGP0) 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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(Kasim et al. 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 CO₂-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 

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 
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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 

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
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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− 1, and spike length and over-
all yield of winter wheat (Sobolewska et al. 2020; Meena et 
al. 2015a, 2016a, b; Hafeez et al. 2021).

micronutrients application elicited the highest increases in 
grain, straw, biological yield, and harvest index, compared 
to PGP0 (Table  7). Gibberellic acid (GA3) 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 
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at the 5% level according to the LSD test. Treatment details are pro-
vided in Fig. 3
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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 

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 

a a

b

33.0

34.0

35.0

36.0

37.0

38.0

39.0

40.0

41.0

42.0

G1 G2 G3

ah
gk(

ycneiciffe
noitcudorP

-1
da

y-1
) 

Genotypes

(a)

c c
a b b a

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

50.0

PGP0 PGP1 PGP2 PGP3 PGP4 PGP5

ah
gk(

ycneiciffe
noitcudorP

-1
da

y-1
) 

Plant growth promoters 

(b)

Figs. 6  (a-b) Effect on produc-
tion efficiency of wheat (average 
of two years) as influenced by (a) 
genotype and (b) plant growth pro-
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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.

Ta
bl

e 
7 

Eff
ec

t o
f g

en
ot

yp
es

 a
nd

 p
la

nt
 g

ro
w

th
 p

ro
m

ot
er

s 
on

 y
ie

ld
 a

ttr
ib

ut
es

 a
nd

 y
ie

ld
 o

f s
pr

in
g 

w
he

at
 (M

ea
n 

of
 tw

o 
ye

ar
s)

. M
ea

n 
va

lu
es

 (±
 S

E)
 w

ith
in

 a
 c

ol
um

n 
fo

llo
w

ed
 b

y 
di

ffe
re

nt
 le

tte
r(

s)
 

in
di

ca
te

 si
gn

ifi
ca

nt
 d

iff
er

en
ce

s a
t t

he
 5

%
 le

ve
l a

cc
or

di
ng

 to
 th

e 
LS

D
 te

st
. T

re
at

m
en

t d
et

ai
ls

 a
re

 p
ro

vi
de

d 
in

 F
ig

. 3
.

Tr
ea

tm
en

ts
Y

ie
ld

 a
ttr

ib
ut

es
Y

ie
ld

 (t
 h

a− 
1 )

H
ar

ve
st

 
in

de
x 

(%
)

Sp
ik

es
 m

− 
2

Le
ng

th
 o

f 
sp

ik
e 

(c
m

)
G

ra
in

s s
pi

ke
− 

1
W

ei
gh

t o
f 

gr
ai

n 
sp

ik
e− 

1
TW

 (g
)

Fe
rti

lit
y 

in
de

x 
(%

)
G

ra
in

Y
ie

ld
St

ra
w

Y
ie

ld
B

io
lo

gi
ca

l Y
ie

ld

G
en

ot
yp

es
G

1
44

8.
60

 ±
 4.

49
a

16
.8

5 ±
 0.

30
a

60
.9

6 ±
 1.

55
a

2.
69

 ±
 0.

06
a

44
.4

2 ±
 0.

39
a

92
.7

9 ±
 1.

42
a

5.
47

 ±
 0.

11
a

7.
40

 ±
 0.

08
a

12
.8

7 ±
 0.

18
a

42
.4

3 ±
 0.

39
a

G
2

43
9.

03
 ±

 5.
14

a
16

.1
1 ±

 0.
27

b
55

.5
1 ±

 1.
30

b
2.

56
 ±

 0.
05

b
43

.1
8 ±

 0.
36

b
88

.1
7 ±

 1.
55

ab
5.

28
 ±

 0.
10

b
7.

25
 ±

 0.
07

a
12

.5
3 ±

 0.
17

b
42

.0
7 ±

 0.
37

a
G

3
41

1.
82

 ±
 5.

23
b

15
.8

0 ±
 0.

34
b

53
.1

5 ±
 1.

72
c

2.
51

 ±
 0.

06
c

41
.9

5 ±
 0.

37
c

86
.5

4 ±
 1.

81
b

4.
75

 ±
 0.

06
c

6.
54

 ±
 0.

05
b

11
.2

9 ±
 0.

11
c

42
.0

5 ±
 0.

28
a

SE
m

±
0.

66
1

0.
02

4
0.

04
8

0.
00

3
0.

04
2

0.
07

5
0.

00
5

0.
01

4
0.

01
9

0.
05

1
LS

D
 (≤

 0.
05

)
2.

59
6

0.
09

4
0.

18
7

0.
01

1
0.

16
4

0.
29

3
0.

01
9

0.
05

5
0.

07
6

0.
19

9
Pl

an
t g

ro
w

th
 p

ro
m

ot
er

s (
PG

Ps
)

PG
P0

40
8.

35
 ±

 6.
16

d
14

.0
4 ±

 0.
26

e
46

.1
6 ±

 1.
24

f
2.

19
 ±

 0.
03

e
41

.3
8 ±

 0.
47

b
76

.7
5 ±

 0.
64

d
4.

50
 ±

 0.
05

f
6.

68
 ±

 0.
11

d
11

.1
8 ±

 0.
16

e
40

.2
5 ±

 0.
34

b
PG

P1
41

6.
79

 ±
 5.

59
 c

d
15

.4
5 ±

 0.
24

d
52

.0
6 ±

 1.
44

e
2.

37
 ±

 0.
03

d
42

.9
3 ±

 0.
55

ab
82

.4
7 ±

 0.
94

c
4.

80
 ±

 0.
05

e
6.

87
 ±

 0.
11

 c
d

11
.6

7 ±
 0.

18
d

41
.1

4 ±
 0.

50
b

PG
P2

44
9.

92
 ±

 6.
28

a
17

.1
3 ±

 0.
20

b
62

.0
2 ±

 1.
08

b
2.

78
 ±

 0.
04

b
43

.7
7 ±

 0.
58

a
92

.8
6 ±

 0.
91

a
5.

47
 ±

 0.
12

b
7.

24
 ±

 0.
15

ab
12

.7
2 ±

 0.
29

b
43

.0
2 ±

 0.
37

a
PG

P3
42

8.
76

 ±
 6.

52
bc

16
.4

8 ±
 0.

10
c

55
.6

7 ±
 1.

01
d

2.
60

 ±
 0.

03
c

43
.6

5 ±
 0.

66
a

86
.7

1 ±
 1.

04
b

5.
22

 ±
 0.

12
d

7.
05

 ±
 0.

14
bc

12
.2

8 ±
 0.

25
c

42
.4

9 ±
 0.

19
a

PG
P4

43
4.

20
 ±

 6.
29

b
16

.7
6 ±

 0.
18

b
57

.9
8 ±

 1.
12

c
2.

70
 ±

 0.
04

b
43

.4
9 ±

 0.
47

a
88

.9
3 ±

 0.
90

b
5.

36
 ±

 0.
13

c
7.

15
 ±

 0.
14

b
12

.5
2 ±

 0.
26

bc
42

.8
2 ±

 0.
19

a
PG

P5
46

0.
89

 ±
 7.

06
a

17
.6

5 ±
 0.

27
a

65
.3

4 ±
 1.

35
a

2.
88

 ±
 0.

04
a

43
.8

7 ±
 0.

59
a

95
.2

7 ±
 1.

07
a

5.
64

 ±
 0.

13
a

7.
37

 ±
 0.

16
a

13
.0

2 ±
 0.

29
a

43
.3

5 ±
 0.

35
a

SE
m

±
1.

63
9

0.
06

0
0.

18
4

0.
01

0
0.

20
5

0.
38

8
0.

01
4

0.
02

5
0.

03
6

0.
15

8
LS

D
 (≤

 0.
05

)
4.

78
3

0.
17

4
0.

53
6

0.
03

0
0.

59
8

1.
13

1
0.

04
1

0.
07

4
0.

10
6

0.
46

2

1 3



Journal of Plant Growth Regulation

a

b

bc

7.0

7.5

8.0

8.5

9.0

9.5

G1 G2 G3

ah
$(

ycneiciffe
ci

monocE
-1

da
y-1

) 

Genotypes

(a)

b
bc

a
ab

b

a

7.0

7.2

7.4

7.6

7.8

8.0

8.2

8.4

8.6

8.8

PGP0 PGP1 PGP2 PGP3 PGP4 PGP5

ah
$(

ycneiciffe
ci

monocE
-1

da
y-1

) 

plant growth promoters 

(b)

Figs. 7  (a-b) Effect on economic 
efficiency of wheat (average of 
two years) as influenced by (a) 
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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-
22. (b) Pearson’s correlation among crop physiological traits, yield and yield components of genotypes under plant growth promoters at 2022-23
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Abstract This paper examines the deep and multifaceted relationship between the Indian Knowledge
Tradition (IKT) a broad, pluralistic intel lectual and ethical heritage encompassing the Vedic

corpus, Upanishadic metaphysics,  the epics (Mahabharata and Ramayaṇa),  classical

darsanas (philosophical systems),  and diverse folk and devotional strands —  and the l ife,
thought,  and practice of Mohandas Karamchand Gandhi (1869–1948). It  argues that

Gandhi ’s polit ical praxis and moral pedagogy cannot be ful ly understood apart from his
rootedness in a variety of Indian intel lectual resources, reinterpreted in l ight of modern

exigencies and global ethical concerns. After delineating the principal features of IKT

relevant to social and polit ical l ife (notions of dharma, ahimsa, satya,  loka-samgraha,
tapas, and seva),  the paper traces how Gandhi drew upon, reworked, and at t imes

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 Ramayaṇa and

Mahabharata),  his use of indigenous institutions and crafts (khadi and vi l lage panchayats)
as carriers of knowledge and moral formation, and his dialogic engagement with bhakti

and jnana tradit ions. The study locates Gandhi ’s epistemic stance —  his insistence on l ived
verif ication (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 l iberalism.
Finally,  the paper assesses Gandhi ’s legacy for contemporary debates on decolonizing

knowledge, sustainable l iving, and nonviolent polit ics. The analysis concludes that Gandhi
stands as a l iving synthesis:  neither uncrit ical tradit ionalist nor wholesale modernizer,  but

a thinker who sought to translate the core insights of IKT into an ethical polit ics capable of

addressing the moral crises of his t ime 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 ,  rel igious, ethical ,  juridical ,  aesthetic,  and technical —  that

developed over mil lennia across South Asia. It  encompasses ways of knowing (pramaṇas
and sastric reasoning),  pedagogies of character (sadhana and tapas),  narrative reservoirs

(epics and puraṇas),  and institutional forms (gurukula,  matha, vi l lage assemblies).
Mahatma Gandhi emerged from this mil ieu 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 polit ical task of national l iberation 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 l iving tools for moral and
polit ical action.

This paper proceeds in four par ts. The first outl ines the salient elements of IKT relevant to
social ethics and polit ical 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 polit ics (for example,  nonviolent resistance, khadi ,
constructive program). The four th assesses the broader implications of Gandhi ’s IKT-

rooted approach for contemporary intel lectual and polit ical challenges, including the
decolonization of knowledge, ecological sustainabil ity,  and nonviolent polit ics.

Objective of
study

1. To examine the foundational principles of the Indian Knowledge Tradition (IKT),
including its philosophical ,  ethical ,  and spiritual components.

2. To explore the ways in which Mahatma Gandhi ’s l ife,  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 ‑polit ical movements.
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5. To study how Gandhi transformed tradit ional concepts into practical programmes

like Satyagraha, Sarvodaya, and constructive work.
6 .  To assess the relevance of Gandhian thought in contemporary issues l ike

environmental ethics,  sustainabil ity,  peace studies,  and global justice.
7. To understand Gandhi ’s crit ique of Western modernity and his emphasis on

indigenous ways of knowing and l iving.
8 .  To evaluate Gandhi ’s contribution to preserving, revital izing, and internationalizing

Indian Knowledge Tradition.
9. To explore the interconnection of ethics,  spir ituality,  and polit ical 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 civi l  r ights.

Review of
Literature

Indian Knowledge Tradition and Mahatma Gandhi ’s Work. Indian Knowledge Tradition
(IKT) signifies a civi l izational continuum of philosophical inquiry,  ethical l iving, socio-
spiritual practices, and indigenous epistemologies cult ivated   over mil lennia. Rooted in
the Vedas, Upanishads, classical philosophies,  oral tradit ions, and community knowledge

systems, IKT emphasizes harmony with nature,  holistic well‑being, discipline,  and moral
responsibil ity.  Mahatma Gandhi ’s work intersects deeply with these tradit ions, 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 tradit ion 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‑polit ical 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 tradit ional ideas of autonomy and

dharma. The concept of sarvodaya echoes classical notions of loka‑sangraha. His
ecological crit iques reflect Indian tradit ions of restrained l iving, as Guha observes.
Gandhi ’s social reform agenda resonates with Bhakti  and Buddhist egalitarian
traditions.Contemporary debates explore Gandhi ’s reinterpretation of tradit ion. Some
view it  as creative adaptation; others crit ique selective appropriation. Environmental
scholars see Gandhi as a precursor to sustainabil ity rooted in tradit ional ecological
ethics.

Understanding Gandhi,  the l iterature suggests,  requires engaging with India’s vast
knowledge tradit ions, whose ethical ,  spir itual ,  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 intel lectual

appropriation can be better understood when we look more closely at the six classical
darsanas.

Nyaya and Vaiseṣ ika :  Nyaya emphasizes logic,  reasoning, and epistemology, while

Vaiseṣ ika develops a naturalistic metaphysics of categories (padarthas). Gandhi may not
have directly cited these schools,  yet his insistence on rational dialogue, debate with

crit ics,  and evidence-based moral reasoning echoes Nyaya’s spirit .  His ecological
awareness and sensitivity to the interconnectedness of matter,  beings, and spirit  reflects

a Vaiseṣ ika-l ike worldview.

Saṃkhya and Yoga :  Saṃkhya provides a dualistic framework of puruṣa (consciousness)
and prakṛ t i  (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 tradit ions, not as

esotericism but as moral preparation for polit ical struggle. His l ife demonstrates the

practical use of yoga for cult ivating inner strength essential  for nonviolent activism.
Mimaṃsa and Vedanta :  Mimaṃsa stresses ritual performance and dharma as duty,

whereas Vedanta emphasizes non-duality and the realization of Brahman as ult imate
truth. Gandhi fused aspects of both: the Mimaṃsa-l ike stress on moral obligation (to act,

to resist injustice,  to serve) and Vedanta’s emphasis on unity of l ife.  Gandhi repeatedly
affirmed that “Truth is God”  —  an inversion of Vedantic formulations that sti l l  retained

the core metaphysical insight.

By drawing from these diverse schools,  Gandhi exemplif ies 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 Ramayaṇa ’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 f igure of strength,  sacrif ice,

and purity of intention. Gandhi interpreted their l ives al legorically:  dharma was not r itual

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 Kurukṣetra war not as l iteral 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 fol lowers that even the epic,  f i l led with bloodshed, contains

passages condemning violence and celebrating compassion. Thus, Gandhi used the epics

not as texts frozen in antiquity but as l iving 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 polit ical independence but moral and social regeneration. The constructive
program included:

Khadi and Vil lage Industries :  Gandhi made spinning a moral duty,  not only for economic

self-rel iance but also for cult ivating 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 ,  l i teracy,  and moral training. Unlike colonial

education, which alienated students from their communities,  Nai Talim sought to root
knowledge in l ived experience.

Communal Harmony :  Gandhi saw inter-rel igious unity as essential  to swaraj.  Drawing on

IKT ’s pluralism, he emphasized that al l  rel igions 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 l iberation is incomplete without a

transformation of daily l ife.  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.  explicit ly acknowledged Gandhi ’s influence on the American Civi l

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-apar theid 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 par t 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 polit ics,

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 tradit ion 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 —  i t  is rooted in position,  circumstance,
and the larger telos of one’s l ife.  This f luidity al lowed Gandhi to emphasize moral

responsibil ity 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 cer tain Hindu strands, but across tradit ions it  is l inked with compassion

and the recognition of intrinsic worth in al l  beings. Importantly,  tradit ional 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 polit ical 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 verif ication

through the l ife of the knower. Gandhi emphasized truth as experiential :  the truth one
discovers by l iving and testing one’s convictions in the world.

4. Epics and Moral Exemplars
The epics —  the Ramayaṇa and Mahabharata (including the Bhagavad Gita) —  function as

vast reservoirs of ethical di lemmas, models of action, and narrative instruction. Rather

than read as l iteral 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 identif ies multiple paths to realization: jnana

(knowledge/wisdom), karma (action),  and bhakti  (devotion).  IKT emphasizes that ult imate
understanding is not merely speculative but emerges in the l ived 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,  vi l lage assemblies,  craft guilds —  embed

learning within social l ife.  Knowledge is transmitted through apprenticeship,  r itual ,  and
shared labor. This communal aspect of knowledge underpinned Gandhi ’s esteem for

vi l lage 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 polit ics?
2. Satyagraha as IKT-Inspired Practice

Satyagraha a central innovation of Gandhi is commonly translated as “truth-force”  or
“soul-force.”  I t  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 l ineage is evident in the stress on
moral exemplarity and the sacrif icial  dynamics of tapas.

3. Reinterpretation of the Bhagavad G ītā

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  tradit ions ’  emphasis on surrender and
love became a resource for cult ivating humility and openness- psychological conditions

essential  for nonviolent persuasion.
5. Constructive Program and Village Swaraj

Gandhi ’s constructive program-vil lage self-sufficiency,  khadi ,  sanitation, basic education,

and communal harmony-reflects the IKT insistence on situated knowledge and embodied
practices. Knowledge is carried by craft ,  r itual ,  and local institutions; thus, social change

requires rebuilding centers of l ife 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 civi l  disobedience in
India - i l lustrate his method of turning moral conviction into polit ical leverage. The

satyagrahi ’s wil l ingness 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 l ife and the sacredness of the person.
2. Khadi and Economic Ethics

The khadi movement sought to reorient economic l ife from commodity-driven
industrial ism to vi l lage-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 crit ique of industrial  modernity:  a preference for



E-5

ISSN: 2456–4397 RNI No.  UPBIL/2016/68067 VOL.- X , ISSUE- VIII November  - 2025

Anthology The Research
human-scale production, ecological prudence, and dignity of labor.

3. Education: Nai Talim (Basic Education)
Gandhi proposed Nai Talim, an education integrating handicraft and l iteracy,  to form self-

rel iant persons. The approach echoes IKT pedagogies that value embodied skil l ,  oral
transmission, and moral formation through daily tasks. Education was not primari ly

vocational but aimed at shaping character,  inculcating communal responsibil ity,  and

fostering crit ical self-rel iance.
4. Fasting and Moral Persuasion

Gandhi ’s strategic fasting demonstrates an IKT-inflected method: ascetic practices as
forms of ethical witness. In many Indian tradit ions, fasting is a disciplining technique to

purify wil l  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 rel igious pluralism. He treated rel igions as distinct yet

complementary search-l ights 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 intel lectual assent is insufficient:  truth must be tested in

experience. This echoes Indian epistemic emphases on pratyakṣa (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, Responsibil ity,  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 legit imacy derives from ascetic

discipline and moral integrity rather than bureaucratic power. This al igns 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 inseparabil ity of means and ends. Drawing from
IKT ’s moral holism, Gandhi argued that unjust means cannot produce just ends; therefore

polit ical action must itself be a moral instrument. This crit ique stands in tension with

cer tain modern realpolit ik tendencies and challenges uti l i tarian justif ications for
violence.

4. Tensions and Critiques
Gandhi ’s use of IKT was not without tension. Crit ics argue he romanticized vi l lage l ife,

undervalued industrial  modernization’s potential  benefits,  or was ambiguous on caste

issues earl ier in his career.  Moreover,  some classical IKT strands (e.g. ,  caste r itualism)
confl icted with Gandhi ’s egalitarian impulses; he selectively crit icized and sought reform

within tradit ion. The dialectic between preservation and crit ique l ies at the hear t 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-crit ical
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

sustainabil ity movements. IKT ’s emphasis on harmony with nature and l imits provides
philosophical underpinnings for ecological ethics that priorit ize sufficiency over l imitless

growth.
3. Nonviolent Resistance in Global Contexts

Gandhi ’s synthesis of spiritual discipline and polit ical 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 Skil l

The Nai Talim model reappears in contemporary proposals for craft-centered, community-

oriented education that fosters employabil ity,  civic responsibil ity,  and ethical sensibil ity.
IKT ’s pedagogical forms emphasize mentoring, contextual learning, and integration of

work and values.

Conclusion Mahatma Gandhi ’s intel lectual and polit ical 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 polit ical 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 tradit ions, he forged an ethic that spoke both to vi l lagers spinning
khadi and to global leaders confronting racism and imperial ism. Gandhi transformed IKT

from a cultural inheritance into a l iving praxis of polit ics and spirituality.
In our t ime of ecological crisis,  violent confl icts,  and epistemic domination by Western

models,  Gandhi ’s method remains relevant.  His call  for simplicity resonates with

sustainabil ity movements; his emphasis on nonviolence addresses the escalating cycles
of global confl ict ;  and his insistence that knowledge must be embodied in action

challenges academic and polit ical institutions alike. Thus, Gandhi is neither an
antiquarian tradit ionalist nor a utopian dreamer. He is,  instead, a thinker who

demonstrates how rooted tradit ions can be crit ically reimagined for contemporary

l iberation. His l ife shows that the Indian Knowledge Tradition is not merely a museum of
the past but a l iving reservoir of wisdom for global futures.Gandhi ’s legacy suggests a

constructive path for contemporary societies: engage indigenous knowledge crit ically,
retrieve ethical resources suited to present challenges, and design polit ical means that

reflect the ends desired. Whether one accepts al l  of Gandhi ’s prescriptions, his method a 

dialogic,  experiential ,  ethically r igorous engagement between tradit ion and modernity  
remains instructive. It  invites scholars and practit ioners 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. 
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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 

resolved management zones. Data analytics then convert 

these measurements into prescriptions through models and 

decision rules that run on farm management platforms, with 

AI methods increasingly applied to classify stress, predict 

growth stages, and optimize input timing from IoT data 

streams (Raj et al., 2021) [10]. 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) [10]. 

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, 

AI-driven classification, and IoT networks moved decision-

making from periodic mapping toward continual, in-season 

adjustment (Zaman, 2023) [15]. 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) [15]. 

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) [5]. 

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) [5]. 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) [1]. 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) [1]. 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) [12]. As a result, 

baseline efficiency metrics under legacy methods frequently 

lag behind benchmarks achievable with site-specific 

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) [14]. 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) [14]. 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) [9]. 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. et al., 2025) 
[9]. 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, AI-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) [9]. 

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) [3]. 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 
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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) [3]. 

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) [2]. 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) [2]. 

 

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) [13]. 

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 

measurable harvest improvements (Karunathilake et al., 

2023) [6]. 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) [6]. 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) [4]. 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) [4]. 

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) [7]. 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) [7]. 

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) [8]. 

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) [14]. 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) [14]. 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 

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) [13]. 

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 AI- and 

machine learning–enabled decision systems that fuse 

heterogeneous data streams from IoT-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) [9]. 

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) [9]. 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) [12]. 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) [12]. 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) [6]. 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 AI 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) [6]. 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 AI, 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, 16]. 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 

inoculants such as mycorrhizae and nitrogen-fixing bacteria 

that improve acquisition and cycling (Kushwah et al., 2024) 
[10]. 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) [10]. 

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) [11]. 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) [4]. 

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) [4]. 

 

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 et al., 

2023) [12]. 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) [6, 7]. 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) [6, 7]. 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) [12]. 

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) [10]. 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) [10]. 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, 

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) [10]. 

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) [2, 3]. 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) [2, 3]. 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) [6, 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 et al., 

2019) [6, 7]. 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) [6, 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) [17]. 

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) [15, 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) [6, 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) [6, 7]. 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, 16]. 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) [12]. 

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) 
[12]. 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 

degradation by improving aggregation and cation exchange 

capacity, which curtails crusting, compaction, and surface 

sealing that precede erosive losses (Panta & Parajulee, 

2021) [11]. 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) [11]. 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) [10]. 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) [10]. 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) [18]. 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) [18]. 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) [2, 3]. These adjustments 

support ecosystem services by improving soil carbon stocks, 

water infiltration, and microbial functioning that regulate 

nutrient cycling (Chejara et al., 2021) [2, 3]. 

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) [9]. 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) [9]. 

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) [15, 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) [15, 16]. 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) [13]. These biophysical changes 

complement adaptation by improving water-holding 

capacity, aggregation, and root-zone nutrient buffering, 

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) [13]. 

 

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) [14]. 

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) [8]. 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) [14]. 

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) [5]. 

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) [5]. 

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) [1]. 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) [1]. 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) [17]. 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 validated INM packages (Tiemann & 

Douxchamps, 2023) [17]. 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 

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 GA1 on 
growth and yield of Tomato (Lycopersicon esc11/e11t11m Mill.) cv. K.ashi 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 ie. T 1: GA3 ( SOppm), 
T2: GA3 (l00ppm), TJ: ZnSO4 (0.5%), T4: ZnSO4 (1%), Ts: Boric acid (5Oppm), T6: Boric acid 
( l OOppm) and T1: Control. Significantly, differences were found for plant growth parameters vi=. plant 
height (cm), number of branches planr1, number of flower cluster1, J1Umber of cluster plant1• was 
recorded highest in T2: GAJ (l00ppm). The treatment T2: GAJ (lOOppm) was also found best in early 
days to 50% flowering, days to first fruit set and yield attributes t-'i:., no. of fruit per cluster, no. of fruit 
planr1, average fruit weight (g). fruit length (cm), fruit width (cm), fruit yield per plant (kg) and fruit 
yield (q/ha) in tomato cv. Kashi Chayan. It is revealed that the use of GAJ at the concentration of 
lOOppm, considerably increased the vegetative growth parameters and significantly increased growth 
and yield of tomato. 

Keywords: Micronutrients, GA3, Growth and Yield 

IDtroductlon 
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) t4l_ The top tomato-producing countries include 
China, the United States, India, Egypt, Turkey, Iran. Mexico, Brazil, and Indonesia [F AO, 
2022]. Tomato is a warm-season crop that is sensitive to cold temperatures (Afshari ~t al., 
2014) £11. 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 planl 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) r21 by boosting the photosynthetic activity in green plants (Singh and Tiwari, 2013) C13l. 
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.3 on the growth and yield of 
tomato. 

Materials and Methods 
A field experiment entitled " The effect of micronutrients and GA3 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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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 tetraethylammonium superoxide.

Keywords: tetrahydropyranyl ethers, deprotection, tetraethylammonium superoxide.

AIMS AND BACKGROUND

Tetrahydropyranyl (THP) ethers are widely used as protecting groups for alcohols 
in synthetic chemistry1–3

. THP ether can be easily synthesised from a variety of hy-
droxyl- compounds by acid catalysed reaction with 3,4-dihydro-2H-pyran4. Moreover, 
THP ethers are insensitive to various reagents and conditions such as base, oxidative 
agents, Grignard reagent, alkylating agents and many more5. 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 available5–10.

In light of the above and as a part of the ongoing research on superoxide 
chemistry11, we describe herein our result on the reactivity of in situ generated tetra-
ethylammonium superoxide (Et4NO2) with different tetrahydropyranyl ethers under 
nonaqueous conditions at room temperature, affording the corresponding carbonyl 
compounds (Scheme 1).
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S c h e m e  1

EXPERIMENTAL

Potassium superoxide and tetraethylammonium bromide were procured from E. Merck 
and were used as received. Dry DMF of Aldrich, was stored over molecular sieves (4 
Å) prior to use. The other reagents and solvents were of A.R. grade. Tetrahydropyranyl 
ethers were prepared according to a literature procedure12. IR spectra were recorded 
on a Perkin Elmer FT-IR spectrometer. 1H NMR spectra were recorded on a JEOL 
ECZ 500R FT-NMR spectrometer and the chemical shifts are expressed as δ (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 × 20 ml). The combined organic extract 
was washed with water, dried over anhydrous Na2SO4, filtered, and evaporated to 
give the product (2a–2i).

RESULTS AND DISCUSSION

In the present study, Et4NO2 has been generated in situ by the phase transfer reaction of 
KO2 and Et4NBr in DMF at room temperature and subsequently allowed to react with 
a number 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 KO2 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 situ generated tetraethylam-
monium superoxide
Substrate 1 Product 2 Yield (%)
Ph2CHOTHP (1a) Benzophenone (2a) 82
PhCH(Me)OTHP (1b) Acetophenone (2b) 87
c-C6H11OTHP (1c) Cyclohexanone (2c) 85
PhCH2OTHP (1d) PhCHO (2d) 82
2-MeOC6H4CH2OTHP (1e) 2-MeOC6H4CHO (2e) 80
3-MeOC6H4CH2OTHP (1f) 3-MeOC6H4CHO (2f) 78
4-MeOC6H4CH2OTHP (1g) 4-MeOC6H4CHO (2g) 78
2-NO2C6H4CH2OTHP (1h) 2-NO2C6H4CHO (2h) 70
3-NO2C6H4CH2OTHP (1i) 3-NO2C6H4CHO (2i) 75

CONCLUSIONS

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

surveys and recent field collections conducted during 
the present study. A total of 32 species belonging to 
multiple genera under the family Phlaeothripidae 
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

Sl. 
No.

Name of Species Distribution Host (s) References

1. Aesthesiothrips jatrophae 
Ananthakrishnan, 1961

Dehradun 
(Uttarakhand)

Jatropha curcus 
flowers

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

2. Androthrips ramachandrai 
Karny, 1926

Pantnagar, U.S. 
Nagar (Uttarakhand)

Flowers of 
Cascabela thevetia

Present report*

3. Androthrips flavitibia Moulton, 
1933

Dehradun 
(Uttarakhand)

Galls of Mallotus 
philippinensis

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

4. Apelaunothrips bhowalii 
(Ananthakrishnan, 1971)

Bhowali 
(Uttarakhand)

Dry sal leaves Ananthkrishnan and Sen, 
1980

5. Apterygothrips hispanicus 
(Bagnall, 1916)

Kulhara, Garhwal 
(Uttarakhand)

Rhododendron 
flower

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

6. Azaleothrips bhattii Vijay Veer 
& Chauhan, 1990

(Uttarakhand) - Tyagi et al., 2024

7. Bactrothrips idolomorphus 
(Kamy, 1919)

Bhowali 
(Uttarakhand)

Dry & decaying 
leaves of wild tree
& sal

Ananthkrishnan and Sen, 
1980

8. Bactrothrips luteus 
Ananthakrishnan, 1973

Bhowali 
(Uttarakhand)

Dry Sal leaves Ananthkrishnan and Sen, 
1980

9. Bamboosiella varia 
(Ananthakrishnan and Jagadish, 
1969)

Dehradun 
(Uttarakhand)

Palm sheaths; dry 
twigs

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

10. Dinothrips spinosus (Schmutz, 
1913)

Kumaon, Dehradun 
(Uttarakhand)

Log of M. 
philippinensis

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

11. Elaphrothrips insiginis 
Ananthakrishnan, 1973

Almora 
(Uttarakhand)

Dry twigs Ananthkrishnan and Sen, 
1980

12. Elaphrothrips spiniceps Bagnall, 
1932

Kathgodam 
(Uttarakhand)

Dry twigs Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

13. Ethirothrips beesoni (Moulton, 
1928)

Dehradun 
(Uttarakhand)

Twigs of  
Ficus religiosa

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

14. Ethirothrips indicus (Bagnall, 
1921)

Dehradun 
(Uttarakhand)

Bark of half dead 
sal tree

Ananthkrishnan and Sen, 
1980; Tyagi et al. 2024

15. Ethirothrips obscurus (Schmutz 
1913)

(Uttarakhand) - Tyagi et al., 2024

16. Gigantothrips
gardneri Ananthakrishnan, 1960

Mussoorie 
(Uttarakhand)

Leaves of an 
unidentified plant

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

17. Gigantothrips tibialis (Bagnall 
1921)

(Uttarakhand) - Tyagi et al., 2024

(contd.)
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18. Gynaikothrips uzeli 
Zimmerman, 1900

Pantnagar 
(Uttarakhand)

Ficus benjamina Present report*

19. Hoplandrothrips corticis 
Ananthakrishnan, 1972

Bhowali  
(Uttarakhand)

Dry Pine twigs Ananthkrishnan and Sen, 
1980

20. Haplothrips (Haplothrips) 
fungulus Ananthakrishnan, 1973

Bhowali 
(Uttarakhand)

Decaying wood and 
twigs

Ananthkrishnan and Sen, 
1980

21. Haplothrips (Haplothrips) 
reuteri (Karny, 1907

(Uttarakhand) - Tyagi et al., 2024

22. Haplothrips (Haplothrips) 
andresi Priesner, 1931

Pantnagar, U.S. 
Nagar
(Uttarakhand)

Momordica 
charatia

Present report*

23. Haplothrips (Haplothrips) 
ganglbaueri Schmutz, 1913

Haldwani
(Uttarakhand)

Sorghum bicolor Present report*

24. Haplothrips (Haplothrips) 
gowdeyi (Franklin, 1908)

Pantnagar, U.S. 
Nagar
(Uttarakhand)

Citrus sp. Present report*

25. Holothrips fumidus
(Ananthakrishnan, 1972)

Mukteswar 
(Uttarakhand)

Dry twigs Ananthkrishnan and Sen, 
1980

26. Liothrips (Liothrips)  bosei 
Moulton, 1928

Dehradun 
(Uttarakhand)

Galls of M. 
philippinensis

Ananthkrishnan and Sen, 
1980; Tyagi et al., 2024

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

(Uttarakhand) - Tyagi et al., 2024

28. Mesothrips malloti Moulton, 
1929

Dehradun 
(Uttarakhand)

Galls of M. 
philippinensis

Tyagi et al., 2024

29. Malacothrips natalensis 
(Trybom, 1912)

(Uttarakhand) - Tyagi et al., 2024

30. Psephenothrips 
uttarakhandensis Patidar, 
Singha, Kumar & Tyagi, 2022

Nainital 
(Uttarakhand)

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

31. Stephanothrips adnatus 
Ananthakrishnan, 1972

Mukteswar 
(Uttarakhand)

Dry twigs Ananthkrishnan and Sen, 
1980

32. Urothrips tarai (Stannard, 1970) Nainital 
(Uttarakhand)

- Ananthkrishnan and Sen, 
1980

*New Record for Uttarakhand

(contd. Table 1)

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 III 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 IX, 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: 2♀: 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 
et al., 2024).

1. Gynaikothrips uzeli Zimmerman, 1900 (Fig. 1B)

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 setae 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 setae 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 IX, 
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 IX, short and stout. Sternite VIII lacks 
glandular areas (Mound and Tree, 2016; Mound and Ng, 

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

Material examined: 4♀: India, Uttarakhand, 
Pantnagar, G.B. Pant University of Agriculture and 
Technology, Pantnagar, 243.84 MSL, 13.xii.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, III 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: 2♀: India, Uttarakhand, 
Pantnagar, Vegetable Research Centre, Pantnagar, 
243.84 MSL, 02.x.2022, Momordica charantia, 
collection by S. Saran.

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
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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 III-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: 3♀: 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 

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 II-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: 5♀: India, Uttarakhand, 
Pantnagar, Horticulture Research Centre, Pantnagar, 
244 MSL, 12.ii.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 A. 
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 -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 million 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 (Saudi Arabia), 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 “yoğurmak”
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

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:
T0- Yoghurt mix with 12% sugar and inoculated with 2.0%

yoghurt culture. It is Control setup, i.e. without addition
of strawberry juice.

T1- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 5 per cent.

T2- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 10 per cent.

T3- Yoghurt mix with 12% sugar and inoculated with 2.0%
yoghurt culture. The strawberry fruit pulp/juice was added
at 15 per cent.

T4- 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 (S1, S2, S3, S4 and S5) 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 (S1, S2,
S3, S4 and S5) 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

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

Fig 2: Strawberry flavoured yoghurt.
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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 (H0) 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 (T0, T1, T2, T3
and T4) 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
(T0) 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).

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
(T0, T1, T2, T3 and T4) 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%,

Table 3: Analysis of Variance (ANOVA) for the acidity, fat, protein and lactose content in five different samples of cow milk (S1, S2, S3,
S4 and S5).

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

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
(S1, S2, S3, S4 and S5) Cow milk Fat 4.306 3.91 - 4.54

Protein 3.866 3.33 - 4.93
Lactose 4.302 3.23 - 5.05

*mean values, n=3.

Table 1: Physical qualities of milk samples.

Type of milk Colour Flavour Taste

Cow milk Light yellowish Pleasant Slightly sweet
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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 o ther
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.

Average of different physicochemical properties of the
control and strawberry fruit juice/pulp yoghurt
The highest mean value for moisture percentage was found
in T4 (71.96) followed by T3 (71.94), T2 (71.86), T1 (71.84)
and T0 (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 T0 (28.22) followed by
T1 (28.18), T2 (28.16), T3 (28.08) and T4 (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 T0 (4.73) followed by T1 (4.36), T2 (4.12), T3 (4.08)
and T4 (4.01). There were no significant differences found
among the treatments. and the highest mean value for
protein percentage was found in T4 (4.41) followed by T3
(4.34), T2 (4.24), T1 (4.15) and T0 (3.87). There were no
significant differences found among the treatments. The
highest mean value for fat percentage was found in T0
(0.79) followed by T1 (0.76), T2 (0.73), T3 (0.70) and T4 (0.69).
There were no significant differences found among the

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

Table 5: Chemical quality of yoghurt.

Parameters*
Control and strawberry fruit juice yoghurt

Range (%)
  T0 (0%)    T1 (5%)   T2 (10%)   T3 (15%)  T4 (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 4: Physical qualities of yoghurt evaluated by panel.

Sample no. Treatments Types of yoghurt Colour Body and texture Flavour and taste

1. T0 (Control yoghurt) Cow milk yoghurt White Smooth thin waxy Pleasant sour
2. T1 (addition of 5% Cow milk yoghurt Light  pink Smooth compact Pleasant sour

strawberry juice/pulp)
3. T2 (addition of 10% Cow milk yoghurt Light pink Smooth compact Pleasant sour

strawberry juice/pulp)
4. T3 (addition of 15% Cow milk yoghurt Light pink Smooth compact Pleasant sour

strawberry juice/pulp)
5. T4 (addition of 20% Cow milk yoghurt Light  pink Smooth compact Pleasant sour

strawberry juice/pulp)
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treatments and the highest mean value for acidity percentage
was found in T4 (1.02) followed by T3 (1.00), T2 (0.9), T1 (0.9)
and T0 (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
(T0, T1, T2, T3 and T4) using different levels 0% (control
yoghurt), 5%, 10%, 15% and 20% (with addition of strawberry
juice) as shown in Table 5.

The null hypothesis (H0) 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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lkjka'k % fo|kfFkZ;ksa esa c<+rh vijkèk çòfÙk] pkgs og
fdlh Hkh Lrj ¼çkFkfed] ekè;fed ;k mPp f'k{kk½ dk
fo|kFkhZ gks] orZeku oSpkfjd txr dh lcls fopkj.kh;
leL;kvksa esa ls ,d gSA dgha dksbZ fo|kFkhZ viuh ek¡ dks
dsoy ̂eksckby ij ohfM;ks xse [ksyus ls euk djus ij*
ekj nsrk gS] rks dgha dksbZ fo|kFkhZ vè;kid ds MkaVus ek=
ls] rks dgha dksbZ fo|kFkhZ fdlh vU; dkj.k ls xyr jkLrksa
ij fudy iM+rk gSA lkekftd&lkaLd`frd :i ls
vLohdkj] mÙksftr vkSj HkM+dkÅ vkWuykbu lkexzh rd
vklku igqap Hkh blesa òf) dj jgk gSA Hkkjr tSls lcls
vfèkd ;qokvksa okys ns'k esa
l k s ' ky e h fM; k v k S j
ltZukRed df̀=e cqf)eÙkk
¼th,vkbZ½ ds c<+rs çHkko
ds bl nkSj esa ;g leL;k
vkSj vfèkd fodjky :i
èkkj.k djrh tk jgh gSA
vc loky ;g mBrk gS fd
fo|kfFkZ;ksa ds vkijkfèkd ço`fÙk dk ftEesnkj dkSu gS\
fo|kfFkZ;ksa esa lkekftd& lkaLd̀frd fodkl gsrq ftEesnkj
dkSu gS\ orZeku ltZukRed df̀=e cqf)eÙkk vkSj lks'ky
ehfM;k ds c<+rs çHkko ds nkSj esa D;k ifjokj@fo|ky;@cká
lekt vdsys Js"B O;fDrRo dk fodkl djus esa leFkZ gSa\
;k orZeku oSf'od t:jrksa dks ifjiw.kZ djus yk;d Js"B
O;fDrÙo okys lkekftd& laLdkfjr ;qok ds fuekZ.k esa
ifjokj] fo|ky; vkSj cká lekt dh lk>k Hkwfedk gSA
blh egÙoiw.kZ ljksdkj dks dsaæ esa j[kdj ikY;ks a

¼fo|kfFkZ;ksa½ dh f'k{kk vkSj laLdkj ds iks"k.k esa ifjokj]
fo|ky; vkSj cká lekt dh lk>k Hkwfedk dh foospuk

dks bl vkys[k esa çLrqr fd;k x;k gSA
ewy ys[k % ,d f'k'kq] tks bl lalkj esa lcls mÙke

fny&fnekx ysdj iSnk gksrk gSA og viuh fdydkjh ek=
ls gh vius vkl&ikl mifLFkr lHkh ds psgjkas ij eqLdku
fc[ksj nsrk gSA mlds eu esa lHkh ds fy, I;kj gh I;kj
gksrk gSA og bZ";kZ&}s"k] oSeuL;] ?k`.kk vkfn ls iw.kZr%
vifjfpr gksrk gSA og fdlh ds çfr fdlh Hkh rjg dh
iwoZ&èkkj.kk ls xzflr ugha gksrk gSA vkf[kj vpkud ls og
,d vijkèkh tSlk O;ogkj dSls dj cSBrk gS\ ;k ;wa dgsa
fd ,d LoLFk lekt dh uSfrd ijkdk"Bk ds brj jph

xbZ vijkèk rFkk vuSfrd d̀R;ksa
dh ifjHkk"kk es a lfEefyr
O;ogkj dSls djus yxrk gS\
t+jk lksfp, fd D;k blds
fy, og vdsys ftEesnkj gS ;k
ge&lc Hkh\ ;gka ge lc ls
gekjk rkRi;Z vfHkHkkod]
i f j o k j & f j ' r s n k j  , o a

ikl&iM+ksl ds yksxksa rFkk mlds fo|ky; ds vè;kid vkfn
ls gSA njvly okLrfod loky ;g gS fd ̂D;k
fo|kfFkZ;ksa ds vkijkfèkd ,oa vuSfrd dk;Z&O;ogkj esa
ge&lc dh dksbZ Hkwfedk* gS\ ;g ,d xaHkhj loky gSA
bl loky ds fo'ys"k.k ls gh f'k{kk ,oa laLdkj dh iks"k.k
çfØ;k dks laiw.kZrk esa le>k tk ldrk gSA ;g loky vius
vki esa gh mÙkj dk foLrkj lekfgr fd, gq, gSA okLro
esa mDr loky dk lVhd fo'ys"k.k fd, fcuk fo|kfFkZ;ksa
ds f'k{kk ,oa laLdkj dh iks"k.k çfØ;k dks le>uk vklku
ugha gS] vkSj fo|kfFkZ;ksa ds f'k{kk ,oa laLdkj dh iks"k.k
çfØ;k dks le>s fcuk mudh vuSfrd ,oa vkijkfèkd çòfÙk

'kks/k ys[k
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ds ihNs dh lS)kafrdh ds okLrfod lR; dks mtkxj dj
ikuk laHko ugha gksxkA rks igys fo|kfFkZ;ksa ds f'k{kk ,oa
laLdkj dh iks"k.k çfØ;k dks le>rs gSaA ge lHkh bl ckr
ls lger gksaxs fd ,d f'k'kq 'kS'okoLFkk ls ysdj ns'k dk
ftEesnkj laoSèkkfud ukxfjd cuus ds vius fodklØe esa
nks lkekftd&'kSf{kd laLFkkvksa ¼ifjokj vkSj fo|ky;½ esa
lcls vfèkd le; O;rhr djrk gSA
ifjokj ikyu&iks"k.k djus ds lkFk gh lkFk f'k{kk ,oa

laLdkj ds iks"k.k dk Hkh çFke dsaæ gksrk gS vkSj ekrk igyh
f'kf{kdkA ekrk ds lkFk gh lkFk firk] ifjokj ds vU;
lnL;] ikl&iM+ksl] fe= ,oa fj'rsnkj lHkh feydj vius
ikY; ¼cPpk½ dh òf) ,oa fodkl çfØ;k esa ;ksxnku djrs
gSaAçR;{k vkSj vçR;{k :i ls mi;ZqDr lHkh ikY; ds
lkekftd&lkaLd̀frd fodkl dks çHkkfor djrs gSaA dgus
dk vk'k; ek= bruk gS fd f'k'kq vius thou dh 'kq:vkr
mijksDr lHkh yksxksa ds laidZ esa jgrs gq, djrk gS vkSj
vkxs Hkh buds laidZ esa jgrs gq, cká lekt rFkk vU;
laLFkkvksa ls tqM+rk tkrk gSA bl çdkj mldk lkekftd
nk;jk c<+us yxrk gSA yxHkx ikap&N% o"kZ dh voLFkk
esa og fo|ky; tkuk çkjEHk djrk gS rFkk mlds thou
esa f'k{kd uked lkekftd :i ls cgqr lEekfur vkSj
vknj.kh; O;fDrRo dk inkiZ.k gksrk gSA blds mijkar
vfHkHkkod ¼ifjokj lfgr½] vè;kid ¼fo|ky; ifjokj½
vkSj cká&lekt ¼leqnk;½ rhuksa feydj cPpksa ds oSf'od
ukxfjd fuekZ.k dh leqfpr O;oLFkk gsrq ,d vf}rh;
lkekftd rkus&ckus okys f=Hkqt dk fuekZ.k djrs gSaA bls
ge ̂oSf'od vko';drk ds fy, f'k{kk vkSj laLdkj ds
iks"k.k dk f=Hkqt ¼Triangle of Nurturing Education and Values

for Global Needs½* dg ldrs gSaA bl f=Hkqt ds dsaæ esa
fo|kFkhZ ds :i esa ogh f'k'kq gksrk gSA f=Hkqt dh rhu Hkqtk,a
Øe'k% ifjokj] fo|ky; vkSj cká lekt dks lanfHkZr djrs
gSaA mDr f=Hkqt ds dsaæ esa jgrs gq, vFkkZr~ vfHkHkkod]
vè;kid ,o a le qnk; ds lkfuè; e s a jgdj og
thou&dkS'ky lh[kuk çkjEHk djrk gSA fo|kFkhZ ij vius
vfHkHkkod vkSj vè;kid dk lcls vfèkd çHkko iM+rk
gSA mls fdlds lkFk dSlk O;ogkj djuk gS] fdldks D;k
dgdj lEcksfèkr djuk gS] fdlds lkFk fdl rjg is'k
vkuk gS] fdlds ikao Nwuk gS] fdlls gkFk feykuk gS]
fdlds lkFk mBuk&cSBuk gS] fdlds lkFk ugha bR;kfn dks
og vius ?kj&ifjokj ls lh[krk gSA vFkkZr~ fo|kFkhZ
lkekftd&lkaLdf̀rd rkSj&rjhds ?kj&ifjokj ls lh[krk
gSA gkykafd mls ;g lc dqN fl[kkus esa fo|ky; dh

dk;Z&laLd`fr Hkh egÙoiw.k Z Hk w fedk fuHkkrh gSA
dHkh&dHkh ,slk ns[kus dks feyrk gS fd fo|kFkhZ ?kj esa
viuh eEeh dks crkrk gS fd esjh eSae us dgk gS ̂dHkh
>wB er cksyuk*A ;g rks dsoy ,d çlax ek= gSA okLro
es a fo|kFkhZ ds lkekftd ,oa uSfrd laLdkj cksèk esa
vfHkHkkod ,oa vè;kid nksuksa cgqr egÙoiw.kZ ;ksxnku nsrs
gSaA ,sls esa ,d vè;kid gksdj ge lkekftd iru] c<+rs
HksnHkko ds ekeys] lkekftd lekos'ku dh leL;k] 'kSf{kd
laLFkkuksa esa vad ,oa xzsM çnku djus esa fyax] jax&:i] tkfr]
èkeZ ,oa {ks= ds vkèkkj ij HksnHkko tSlh leL;kvksa esa viuh
tokcnsgh ls dSls budkj dj ldrs gSaA tc oSf'od
ukxfjd fuekZ.k çfØ;k :ih f=Hkqt dh rhuksa Hkqtk,a vFkkZr~
ifjokj] leqnk; ,oa fo|ky; vius&vius Lrj ij
viuh&viuh ft+Eesnkjh&tokcnsgh ds çfr iw.kZr% ltx ugha
gksaxs rks fo|kfFkZ;ks a dh vkijkfèkd mUeq[krk ds fy,
tokcnsgh fdldh gksxh\ bl ij Bgjdj xaHkhjrkiwoZd
fopkj djus dh t:jr gSA
tc ,d fo|kFkhZ fdlh çkarh;@ jk"Vªh;@ varjjk"Vªh;

Lrj dh lQyrk çkIr djrk gS] rks mldh lQyrk ds
fy, mldh esgur ds lkFk gh lkFk ifjokj] fo|ky; vkSj
cká lekt lHkh vius&vius Lrj ls [kqn dks ftEesnkj
crykus esa dksbZ dksj&dlj ugha NksM+rs gSaA ;gka rd fd
çpkfjr&çlkfjr djrs gq, xkSjokfUor Hkh eglwl djrs gSaA
ysfdu tc dksbZ fo|kFkhZ rkRdkfyd lkekftd&laoSèkkfud
vkn'kks±@ekunaMksa] uSfrd ewY;ksa vkSj çpfyr dkuwuksa dh
vogsyuk djrk gS ¼ftls ge vkijkfèkd d̀R; dgrs gSa½]
rks ifjokj] fo|ky; vkSj cká lekt viuh tokcnsgh ls
ihNs D;ksa gks tkrs gSa\ D;ksa ugha vkxs c<+dj ;g Lohdkj
djrs gSa fd mlds vkijkfèkd dR̀; esa tkus&vutkus ge
lHkh Hkh 'kkfey gSaA tks fo|kFkhZ us vkt vijkèk fd;k gS]
D;k og vkt igyh ckj vijkèk fd;k gS\ D;k og Lo;a
ls vijkèk ds fy, mUeq[k gks x;k\ D;k mls mlds vijkèk
ds ifj.kke igys ls leqfpr :i esa irk Fks\ ;fn mDr
lokyksa dk xgjkbZ ls fo'ys"k.k djsaxs rks ik,axs fd mlds
,sls d`R;ksa dh 'kq:vkr ds fy, f'k{kk vkSj laLdkj ds
iks"k.k okys f=Hkqt ds rhuksa 'kh"kks± ij fojkteku ifjokj]
fo|ky; vkSj lekt lHkh ftEesnkj gSaA njvly ge dsoy
vkSj dsoy bruk dguk pkg jgs gSa fd ftl çdkj ,d
fo|kFkh Z dh lQyrk ¼lkekftd&laoSèkkfud :i ls
ldkjkRed dk;Z½ ds fy, f'k{kk vkSj laLdkj ds iks"k.k
okys f=Hkqt ds rhuksa 'kh"kks± ij fojkteku ifjokj] fo|ky;
vkSj lekt lHkh ftEesnkj gksrs gSa mlh çdkj fdlh vU;
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fo|kFkhZ ds vkijkfèkd mUeq[krk ds fy, Hkh f'k{kk vkSj
laLdkj ds iks"k.k okys f=Hkqt ds rhuksa 'kh"kks± ij fojkteku
ifjokj] fo|ky; vkSj lekt lHkh ftEesnkj gksrs gSaA bls
è;ku esa j[kdj gh fo|kfFkZ;ksa ds vijkèk dk ewY;kadu
fd;k tkuk pkfg,A vDlj ge vkijkfèkd d̀R;ksa dk fcuk
leqfpr vkykspukRed fo'ys"k.k fd, fdlh vU; dkjd
tSls lks'ky ehfM;k] if'peh çHkko] tyok;q ifjorZu]
lkaLd̀frd laØe.k] èkkfeZd mUekn] laxr bR;kfn dks dkj.k
fxukdj Lo;a dks cgqr pkykdh ls cpk ysrs gSaA viuh
Hkwfedk vkSj tokcnsgh ij ppkZ rd ugha djrs gSaA D;k
irk ifjokj] fo|ky; ;k lekt dh gh fdlh fØ;kdyki
vFkok xfrfofèk dk ml fo|kFkhZ ds vUr%dj.k ij dksbZ
cqjk çHkko iM+k gks] tks vkt vkijkfèkd d̀R; ds :i esa
ge lc ds lkeus çLrqr gqvk gks ;k Hkfo"; esa fdlh Hkh
çdkj ds vkijkfèkd dR̀;
ds :i esa çLrqr gks ldrk
gSA
t+jk Bgjdj ,d xgjh

lkal yhft, fQj 'kkar eu
ls lksfp, fd cPpks a es a
l ke k ftd ,o a u S frd
laLdkjksa] ewY;ksa ,oa vkn'kks±
;Fkk& U;k;] lekurk]
rVLF kr k ] r k fd Zdr k ]
o S K k f ud n ` f " Vd k s . k ]
bZekunkjh] ykyp u djuk]
viuh esgur ij Hkjkslk j[kuk] lR; Hkk"k.k] ijksidkj]
lfg".kqrk] çse&yxko] cM+ks a dk vknj djuk] lHkh ls
çseiwoZd ckr djuk] fdlh ls >xM+k u djuk] vkil esa
fey&tqydj ,d lkFk jguk] lq[k&nq%[k esa ,d nwljs dk
lkFk nsuk] nwljksa dh enn djuk] Åap&uhp dh Hkkouk u
j[kuk] lHkh dk lEeku djuk] mÙke vkpj.k djuk]
euekuh u djuk tSls ekuoh; xq.kksa dk chtkjksi.k djus
dh ft+Eesnkjh fdldh gS\ ;k nwljs vFkks± esa ;g dgsa fd
rFkkdfFkr lkekftd cqjkb;ksa ;Fkk& bZ";kZ&}s"k] Åap&uhp
dh Hkkouk] jax&:i& fyax&tkfr&èkeZ&{ks= vkèkkfjr vge
vkSj mDr lacafèkr iwokZxzg ,oa i{kikr] vU;k;] vaèkfo'okl
rFkk lkearh lksp bR;kfn ls cPpksa dks cpkus dh ft+Eesnkjh
fdldh gS\ D;k lkekftd&laoSèkkfud :i ls Js"B
O;fDrRo okys ;qokvksa ¼ftuesa mi;ZqDr lkekftd cqjkb;ksa
vkSj vuSfrdrk dk vHkko gks½ dk fuekZ.k dsoy ifjokj
;k fo|ky; ;k lekt vdsys dj ldrk gS\ esjh rjg

D;k vki dks Hkh vc ;gh yxus yxk gS fd ifjokj]
fo|ky; vkSj leqnk; f'k{kk vkSj laLdkj ds iks"k.k okys
f=Hkqt dh rhu Hkqtkvksa dh rjg tc dsaæd :ih cPps dks
?ksjs gq, gSa vkSj mUgha rhuksa dk lk>k çHkko cPps dks
,sfPNd&vuSfPNd :i ls yxHkx 'kr&çfr'kr çHkkfor
dj jgk g S ] rc mDr lokyk s a  d s vkyk sd e s a
lkekftd&laoSèkkfud laLdkj ds chtkjksi.k rFkk lkekftd
cqjkb;ksa ls cpko gsrq fu%Llansg :i ls tokcnsg ifjokj]
fo|ky; ,oa cká lekt rhuksa gh gSaA blhfy, dksBkjh
vk;ksx dks ;g dguk iM+k Fkk fd lekt dk fuekZ.k
d{kkvksa esa gksrk gSA
ge lHkh vè;kidksa dks è;ku j[kuk pkfg, fd ,d

mÙke lekt ¼fdlh Hkh rjg ds HksnHkko ls jfgr½ dk
fuekZ.k ,d lerkewyd] lekos'kh vkSj okLrfod&

O;kogkfjd :i ls fo|kFkhZ
dsfUær d{kk ¼ftlesa fdlh Hkh
leqnk; ls lacafèkr] dksbZ Hkh
Hkk"kk cksyus okys rFkk fdlh
Hkh tsaMj ds fo|kFkhZ ds fy,
lerkiw.kZ okrkoj.k½ ls gh gks
ldrk gSA f'k{kk uhfr&1986
esa fo|ky;ksa dks lkeqnkf;d
lg;ksx ,oa layXurk c<+kus gsrq
ç;kl djus dh ckr dgh xbZ
ysfdu dke cuk ugha ;k ;g
dg ys a fd fo|ky;k s a u s

leqnk; ls tqM+us dh iqjtksj dksf'k'k ugha dhA fygkt+k
leqnk; }kjk lEiw.kZ tokcnsgh vdsys fo|ky; ij e<+ nh
xbZ] tcfd cPpksa ds Hkkoh lkekftd ukxfjd cukus dh
çfØ;k esa ifjokj vkSj leqnk; Hkh cjkcj ds Hkkxhnkj gksrs
gSaA
lkekU; vFkks± esa cPpksa ds cuus ;k fcxM+us dh tks

'kCnkoyh ç;qDr gksrh gS] mlds rhu vkèkkj& ifjokj]
fo|ky; vkSj lekt gksrs gSaA ;gh rhuksa vkèkkj feydj
cPps dks Hkkoh ukxfjd ds :i esa rCnhy djrs gSaA dgus
dk vk'k; ek= bruk gS fd rhuksa vkèkkjksa esa lkeatL;]
leUo; ,oa vkilh rkyesy ds lkFk lg;ksx ds fcuk cPpksa
dks Js"B lkekftd ukxfjd cuk ikuk vlaHko gSA blhfy,
jk"Vªh; f'k{kk uhfr&2020 esa lkeqnkf;d lgHkkfxrk dks
'kSf{kd fØ;kfofèk dk vfuok;Z vax ds :i esa Lohdkj
fd;k x;k gSA orZeku le; esa laLdkj foghu f'k{kk dk
dksbZ vkSfpR; ugha gSA f'k{kk vkSj laLdkj ls gh fo|kfFkZ;ksa
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esa uSfrd ewY;ksa dk fodkl gksrk gSA mÙke vkpj.k ,oa
pfj= ds fodkl gsrq fo|ky;ksa esa ̂uSfrd f'k{kk* dks vyx
ls ,d fo"k; ds :i esa i<+k;k tkrk gSA vè;kidx.k
fu;fer f'k{k.k&vfèkxe çfØ;k ds lkFk gh uSfrd
vkpkj&fopkj dks O;ogkj esa 'kkfey djus dh çsj.kk nsrs
jgrs gSaA jk"Vªh; R;ksgkjksa ;Fkk& x.krU= fnol] LorU=rk
fnol ,oa xkaèkh t;arh] cky fnol] f'k{kd fnol] fgUnh
fnol rFkk vU; fo'ks"k voljksa ij fo|ky;ksa esa fofHkUu
çdkj ds 'kSf{kd&lkaLd̀frd dk;ZØeksa dk vk;kstu fd;k
tkrk jgrk g SA buds vfrfjDr fopkj xk s "Bh ]
laLdkj'kkyk] okn&fookn ,oa iksLVj çfr;ksfxrk vkfn dk
Hkh vk;kstu fd;k tkrk gSA vko';drk bl ckr dh gS
fd mDr dk;ZØeksa dks lkekftd&laoSèkkfud ewY;ksa ls
tksM+dj uSfrd ewY;ksa dk fodkl djus gsrq O;fDrÙo
fodkl vkSj dkS'ky fodkl ij vfèkd è;ku fn;k tk;sA
rkfd fo|kFkhZx.k u dsoy lkekftd&laoSèkkfud ewY;ksa dks
le>sa cfYd jk"Vªfgr esa ldkjkRed Hkkoukvksa ls vksrçksr
gks ldsaA blds ekè;e ls fo|kFkhZo`an uSfrd O;ogkj&
vkpj.k ,oa fofHkUu çdkj ds laLdkj Hkh lh[ks axsA
dHkh&dHkh dqN lkekftd laxBuksa }kjk cky f'kfoj dk
vk;kstu Hkh fd;k tkrk gS] ftuesa ge lHkh vius&vius
ikY;ksa dks lkFk esa ys tkdj çfrHkkx dj ldrs gSaA ;g
lkekftd laxBuksa dk orZeku ifjçs{; esa cgqr gh lkFkZd
ç;kl gSA D;ksafd ckydksa ds cuus&fcxM+us esa lekt dk
Hkh ;ksxnku gksrk gSA blfy, gesa vius lkekftd nkf;Roksa
dk Hkh Js"Bre fuoZgu djuk pkfg,A vDlj ;g ns[kk
tkrk gS fd ge vius cPpksa&fo|kfFkZ;ksa ds lkFk rks cgqr
'kkyhu O;ogkj djrs gSa ysfdu nwljksa ds lkFk ge tYnh
gh viuk vkik [kks& cSBrs gSa rFkk uSfrd] laLdkfjr]
vkn'kZ ,oa ewY;;qDr O;ogkj okys iFk ls fopfyr gks tkrs
gSaA irk ugha D;wa ge&lHkh lc dqN tkurs&le>rs gq, Hkh]
vius ,oa nwljs cPpksa ds chp ,d leku O;ogkj ugha dj
ikrs gSa] tcfd gesa ekywe gS fd bldk nksuksa cPpksa ¼gekjs
,oa vU;½ ij ,d leku dqçHkko iM+ jgk gSA D;ksafd cPps
gekjs&vki ds O;ogkj&laxr vkpj.k ls Lor% lh[krs jgrs
gSa vkSj bldk gesa irk Hkh ugha pyrk gSA blfy, ge lHkh
dks vU; cPpksa ds lkFk Hkh oSlk gh O;ogkj djus dh egrh
vko';drk gS] tSlk fd ge vius ikY;ksa&fo|kfFkZ;ksa ds
lkFk djrs gSaA D;ksafd ns'k ,oa lekt dh mUufr esa lHkh
cPps viuk&viuk ;ksxnku nsaxsA ;fn ,d Hkh cPpk
vuSfrd O;ogkj lh[k x;k rks laHko gS fd mldk çHkko
gekjs ikY;ksa ij Hkh iM+s] tSlk fd orZeku le; esa fn[kkbZ

iM+ jgk gSA vr% ge lHkh dks ?kj] ikl&iM+ksl] dk;Z&LFky]
lkoZtfud LFkkuksa ij vFkkZr~ çR;sd txg tgka dgha Hkh]
ftl Hkh :i esa jgsa] gekjh dksf'k'k vius vkn'kZ O;ogkj
ds ekè;e ls ges'kk ,d ldkjkRed mnkgj.k is'k djus
dh gksuh pkfg,A rHkh ge lHkh vius fofHkUu Hkwfedkvksa
¼vfHkHkkod] vè;kid ,oa lkekftd lnL; ds :i esa½
dk mÙke fuoZgu djrs gq,] vius ns'k ds Hkfo"; ¼cPpksa½
dks laLdkjoku cuk ldrs gSaA
ysfdu D;k ge lHkh mu laLdkjksa] ewY;ksa ,oa vkn'kks±

dks vius nSfud thou esa Lo;a ds O;ogkj esa ykrs gSa\ D;k
ge lHkh vius ?kj&ifjokj] dk;kZy;] fo|ky; tSls futh
,oa lkoZtfud txgksa ij bZekunkjhiwoZd uSfrd vkpj.k djrs
gSa\ ftu laLdkjksa] ewY;ksa ,oa vkn'kks± dks ge nwljksa ds
O;ogkj esa ns[kuk pkgrs gSa] D;k mUgsa ge lHkh Lo;a ds
vkpj.k esa ykdj vius O;ogkj ls ifjyf{kr ugha djk
ldrs gSa\ ;s dqN ,sls fof'k"V loky gSa] ftudk mÙkj <wa<us
gsrq gesa fdlh cM+s xzaFk ;k xq# dh 'kj.k esa tkus dh
vko';drk ugha gSA mDr lokyksa ds mÙkj ds fy, ;fn
dqN vko';d gS] rks dsoy viuh ̂vkRek dh vkokt*
lquuk rFkk mlh ds vuqlkj vius O;ogkj dks la;fer djus
dhA D;ks afd esjk ;g Li"V ekuuk gS fd ge&lHkh
vfHkHkkod ,oa vè;kidòan fey&djds Hkh] vius ikY;ksa
¼fo|kfFkZ;ksa½ dks tks laLdkj] uSfrd ewY; ,oa vkn'kZ ugha
lh[kk ikrs gSa] mUgsa Hkh ge egt Lo;a ds O;ogkj esa 'kkfey
djds vius cPpksa dks lh[kk ldrs gSaA D;ksafd vkpj.k
dk çHkko cgqr xqIr ysfdu xgjk iM+rk gSA tc ge lHkh]
tks dqN Hkh vius cPpksa dks fl[kkuk pkgrs gSa] og vius
O;ogkj esa yk;saxs rks os ¼cPps½ gekjs O;ogkj dks ns[kdj
Lor% oSlk O;ogkj djuk lh[k ysaxsA vr% gesa cPpksa dks
uSfrd ewY; fl[kkus ds ctk; vius nSuafnu dk;Z&O;ogkj
esa uSfrd vkpj.k djus dh vko';drk gSA ge Lo;a ;fn
vius dk;Z&nkf;Ro ds fuoZgu esa uSfrd ewY;ksa dk ikyu
djsaxs rks mls cPpksa dks fl[kkus dh t+:jr gh ugha iM+sxh]
os Lo;a lh[k ysaxs vkSj ;fn ge vius thou esa uSfrd
vkpj.k dk fuoZgu ugha dj ldrs rks gesa cPpksa dks ;k
;wa dgsa fd fdlh dks Hkh uSfrd vkpj.k dk fuoZgu ,oa
uSfrd ewY;ksa dk ikyu gsrq dgus&fl[kkus dk dksbZ vfèkdkj
ugha gSA vc eq>s xkaèkh ;kn vkrs gSaA xkaèkh th us vius thou
esa dHkh dksbZ ,slk mins'k ugha fn;k] ftldk os Lo;a ikyu
u djrs gksaA ,d ckj ,d efgyk vius ikY; ¼tks xqM+ cgqr
[kkrk Fkk½ ds lkFk xkaèkh th ds ikl vkdkj dgrh gS fd
egkRek th gekjk csVk xqM+ cgqr [kkrk gS] d̀i;k dqN mik;
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crk,aA xkaèkh th us dgk fd vki 15 fnu ckn vk;saA tc
15 fnu ckn xkaèkh th us ml efgyk ds lkFk vk, cPps
ls dsoy bruk dgk fd ̂csVk vfèkd xqM+ ugha [kkuk pkfg,(
;g LokLF; ds fy; gkfudkjd gksrk gS*A rc og efgyk
vk'p;Zpfdr gksdj ckiw ls iwNrh gS& egkRek th ;g rks
vki ml fnu Hkh crk ldrs Fks ysfdu 15 fnu dk varjky
D;wa\ xkaèkh th us tks tokc fn;k] og dsoy mUgha ds tSlk
egku O;fDrRo ns ldrk gSA xkaèkh th us dgk fd rc ¼15
fnu igys½ eSa] Lo;a cgqr xqM+ [kkrk FkkA tks O;ogkj eSa
Lo;a djrk Fkk] mls NksM+us dk nwljksa dks mins'k dSls ns
ldrk FkkA blfy, eSaus 15 fnu dk le; fy;k] viuh ml
vknr dks lqèkkjk fQj vkt fo|kFkhZ dks mins'k nsus esa l{ke
gqvkA bl lalkj dh reke cqjkb;ksa dks nwj djus esa xkaèkh
th dk thou&n'kZu ,d felky gSA xkaèkh th Hkkjrh; f'k{kk
,oa laLdkj ds ltho mnkgj.k gSaA vko';drk dsoy bl
ckr dh gS fd ge lHkh xkaèkh th ds thou&n'kZu ls
uSfrd&ewY;ksa] vkn'kks± ,oa laLdkjksa dks lh[kdj mls Lo;a
ds drZO;&O;ogkj esa vuqç;qDr djsaA ifj.kkeLo:i ge
lHkh ns'k ds Hkfo"; ¼ukSfugkyksa½ dks f'kf{kr ,oa laLdkjoku
cukus esa l{ke gks ldsaxsA blhfy, Hkkjrh; Kku ijaijk dks
vaxhdkj djrs gq, jk"Vªh; f'k{kk uhfr&2020 esa f'k{kk ,oa
laLdkj ds iks"k.k gsrq fo|ky; dks ifjokj vkSj cká lekt
ls tqM+us gsrq çksRlkfgr fd;k x;k gSA
fu"d"kZ % viuh ,d cgqewY; lkjxfHkZr tSfod igpku

ds lkFk iSnk gqvk cPpk] ifjokj :ih laLFkk esa jgdj
ekrk&firk] vU; ifjokjtu vkSj fj'rsnkjksa&ifjfprksa ds
lkFk Hkk"kk;h vkSj xSj&Hkk"kk;h var%fØ;k djrs gq, viuh
lkekftd&lkaLd̀frd igpku dk fodkl djrk gSA cpiu
esa ifjokj :ih laLFkk] cPps dk lkekftd vkSj lkaLd̀frd
fodkl djus esa lokZfèkd egÙoiw.kZ Hkwfedk dk fuoZgu
djrk gSA ,d fuf'pr vk;q ds ckn ogh cPpk fo|kFkhZ
ds :i esa fo|ky; :ih laLFkk esa ços'k djrk gS vkSj vius
lkekftd&lkaLd̀frd lanHkZ lfgr] viuh vk;q oxZ ds vU;
lgikfB;ksa ds lkFk vUr%fØ;k djrs gq, fo|ky;h ifjokj
ds lnL;ks a ¼vè;kidks a bR;kfn½ ds usr`Ro es a vius
lkekftd&lkaLd̀frd lanHkZ dk vxzrj fodkl vkSj et+cwr
djrs gq, ,d laoSèkkfud ukxfjd cuus dh vksj mUeq[k
gksrk gSA bl çdkj ikY;ksa dk ,d laoSèkkfud ukxfjd cuus
dh çfØ;k esa ?kj&ifjokj vkSj fo|ky; ds lkFk gh lkFk
cká lekt dh Hkh egÙoiw.kZ Hkwfedk gksrh gSA fo|kfFkZ;ksa
ds f'k{kk ,oa laLdkj dk iks"k.k bUgha rhuksa laLFkkuksa ds lk>k
ç;kl }kjk lqfuf'pr gksrk gSA D;ksafd ifjokj] fo|ky;

vk S j cká lekt rhuk s a feydj fo|kfF k Z; k s a d s
e u k s & l a K k u k R ed fod kl d s l k F k g h  l k F k
lkekftd&lkaLd̀frd vkSj oSf'od ukxfjdrk fodkl dks
Hkh çHkkfor djrs gSaA ifjokj] fo|ky; vkSj cká lekt
feydj ,d ,sls f=Hkqt dk fuekZ.k djrs gSa] ftlds dsaæ
esa fo|kFkhZ gksrk gS vkSj ifjokj] fo|ky; vkSj cká lekt
f=Hkqt dh rhuksa Hkqtkvksa ds :i esa mls ?ksjs jgrs gSaA ;gh
?ksjko f'k{kk ,oa laLdkj ds iks"k.k gsrq csgrj okrkoj.k
dk fuekZ.k djrk gSA bl f=Hkqt :ih ikfjfLFkfrdh ra=
esa fo|kFkhZ var%fØ;k djrs gq, f'k{kk vkSj laLdkj ds iks"k.k
dks lqfuf'pr djrk gSA vr% ;fn ge viuh vkus okyh
ih<+h dks f'kf{kr vkSj laLdkjoku cukuk pkgrs gSa rks gesa
;g le>uk gksxk fd leHkko vkSj lerkewyd lkekftd
U;k; dk ǹf"Vdks.k viukdj gh ge ,d csgrj lekt dk
fuekZ.k dj ldrs gSaA blds fy, t:jh gS fd cPps ds
lkekthdj.k vkSj f'k{kk ,oa laLdkj ds iks"k.k lacaèkh
xfrfofèk;ksa dk fØ;kUo;u ifjokj] fo|ky; vkSj cká
lekt rhuksa laLFkk,a ml f=Hkqt dh rhuksa Hkqtkvksa dh rjg
feydj ,d lkjxfHkZr laoSèkkfud y{; dh çkfIr gsrq lk>k
ç;kl lqfuf'pr djsa] ftlds dsaæ esa jgdj cPpk viuk
lokZsÙke lok±xh.k fodkl lqfuf'pr djrs gq, viuk
lkekftd&lkaLd̀frd igpku fufeZr djus esa l{ke gks ldsaA
lanHk Z %
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eqlgj leqnk; dh lkekftd&vkfFkZd 

vfLerk vkSj vkthfodk dk loky

 

lqeu iky

 

eqlgj leqnk;] tks eq[; :i ls fcgkj] mÙkj çns'k vkSj usiky ds dqN fgLlksa esa ik;k 

tkrk gS(Hkkjr ds lcls vfèkd gkf'k, ij jgus okys leqnk;ksa esa ls ,d gSA ;g 'kksèk 

i= Hkkjr esa eqlgj leqnk; dh lkekftd&vkfFkZd vfLerk vkSj mudh vkthfodk 

ds lkèku vFkkZr thou&

bl ys[k esa 'kksèkkFkÊ }kjk mÙkj çns'k ds Hknksgh ftys ds xzke iapk;r& ersFkq ds eqlgj 

leqnk; dk fd, x, u`tkrh; vè;;u lacafèkr 

ifj.kke ls Li"V gS fd eqlgj lekt dh viuh

vkSj mudh yksd ijaijk

:i ls fiNM+s jgs bl leqnk; dks lkekftd cfg"dkj]

pqukSfr;ksa dk lkeuk djuk iM+k gSA

Åap&uhp dh Hkkouk vkèkkfjr O;oLFkk ds dkj.k vDlj HksnHkko dk f'kdkj gksuk 
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lkekftd foKku 'kks/k laLFkku dk lehf{kr v)Zokf"kZd tuZy½ 

¼o"kZ 22] vad 2] fnlEcj 2024] i`- 122&135½ 

 

eqlgj leqnk; dh lkekftd&vkfFkZd 

vfLerk vkSj vkthfodk dk loky 

 

lqeu iky

*

] xksiky —".k Bkdqj

†

 ,oa fouksn dqekj

‡

 

eqlgj leqnk;] tks eq[; :i ls fcgkj] mÙkj çns'k vkSj usiky ds dqN fgLlksa esa ik;k 

tkrk gS(Hkkjr ds lcls vfèkd gkf'k, ij jgus okys leqnk;ksa esa ls ,d gSA ;g 'kksèk 

i= Hkkjr esa eqlgj leqnk; dh lkekftd&vkfFkZd vfLerk vkSj mudh vkthfodk 

ds lkèku vFkkZr thou&;kiu ds rkSj&rjhdksa dh xgjh iM+rky dks çLrqr djrk gSA 

bl ys[k esa 'kksèkkFkÊ }kjk mÙkj çns'k ds Hknksgh ftys ds xzke iapk;r& ersFkq ds eqlgj 

leqnk; dk fd, x, u`tkrh; vè;;u lacafèkr vUrnZ̀f"V Hkh lfEefyr gSaA 'kksèk 

ifj.kke ls Li"V gS fd eqlgj lekt dh viuh [kku&iku] jgu&lgu dh fLFkfr 

vkSj mudh yksd ijaijk,¡ mUgsa fof'k"V cukrh gSaA lfn;ksa ls lkekftd vkSj vkfFkZd 

:i ls fiNM+s jgs bl leqnk; dks lkekftd cfg"dkj] xjhch vkSj vf'k{kk tSlh dbZ 

pqukSfr;ksa dk lkeuk djuk iM+k gSA eqlgj leqnk; dks vius ifjos'k esa tkfr vkSj 

Åap&uhp dh Hkkouk vkèkkfjr O;oLFkk ds dkj.k vDlj HksnHkko dk f'kdkj gksuk 

                                                           

] f'k{kk fo|kihB] egkRek xkaèkh varjjk"Vªh; fgUnh fo'ofo|ky;] oèkkZ ¼egkjk"Vª½ 

sumanpal.prayagraj777@gmail.com 

çksQslj ,oa vè;{k] f'k{kk fo|kihB] egkRek xkaèkh varjjk"Vªh; fgUnh fo'ofo|ky;] oèkkZ ¼egkjk"Vª½ 

lgk;d çksQslj] vè;kid f'k{kk foHkkx] mn; çrki d‚yst] okjk.klh ¼m-iz-½ 
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iM+rk gSA dbZ vU; tkrh; leqnk;ksa dh rjg mUgsa Hkh vNwr ekuk tkrk gSA muds fy, 

f'k{kk] jkstxkj] lkekftd U;k; vkSj cqfu;knh lqfoèkkvksa rd igqap vklku ugha gSA 

mUgsa vDlj xkaoksa ds fdukjs] eq[; cfLr;ksa ls vyx cfLr;ksa esa jgus ds fy, etcwj 

fd;k tkrk gSA os iÙky cukus rFkk feêh dkVus esa csgn dq'ky gksrs gSaA mUgsa [ksrksa] 

Hkëksa] fcfYMax eVsfj;y dh nqdkuksa vkSj laHkzkar yksxksa ds ?kjksa esa nSfud etnwjh djds 

thou&;kiu djuk iM+rk gSA mÙkj çns'k esa eqlgj leqnk; dh lkekftd&vkfFkZd 

ifjfLFkfr;ka vuqlwfpr tkfr oxZ dh vU; tkfr;ksa dh rqyuk esa cgqr gh fuEu Lrj 

dh gSaA mudk lkekftd&vkfFkZd lekos'ku Hkh cgqr gh de gqvk gSA volj] èku 

vkSj vk; esa Hkkjh vlekurk gSA vkt Hkh eqlgj leqnk; ds lkFk lkekftd 

vLi`';rk vkSj eq[; lekt ls cfg"dj.k dh fLFkfr cuh gqbZ gSA 

 

cht 'kCn & eqlgj leqnk;] lkekftd&vkfFkZd vfLerk] vkthfodk ,oa thou& 

;kiu dkS'kyA 

 

 

çLrkouk 

 Hkkjr esa vuqlwfpr tkfr dh ladYiuk vktknh ls igys dh gSA o"kZ&1931 dh 

tux.kuk ds vkèkkj ij lkbeu deh'ku us lHkh vNwr tkfr;ksa ;k lekt esa lcls fupys 

ik;nku ij jg jgh tkfr;ksa ds lewg dks 1935 esa vuqlwfpr tkfr uke fn;k FkkA vktknh ds 

ckn Hkkjrh; lafoèkku vuqPNsn&341 ds varxZr vuqlwfpr tkfr dh lwph ls ubZ tkfr;ksa dks 

tksM+us ;k iqjkuh tkfr dks gVkus dh 'kfä jk"Vªifr dks çnku djrk gS ¼çlkn ,oa ;kno] 

2021½A lkekftd U;k; ,oa vf/kdkfjrk ea=ky;] Hkkjr ljdkj dh fjiksVZ& gSaMcqd v‚u 

lks'ky osyQs;j LVsfVfLVDl&2021 ds vuqlkj 26 vDVwcj] 2017 rd Hkkjrh; lafoèkku 

ds vuqPNsn&341 esa vuqlwfpr tkfr ds varxZr lfEefyr leLr tkfr;ksa dh la[;k dqy 

1284 gSA mUgha 1284 vuqlwfpr tkfr;ksa ds lewg dks egkRek xkaèkh th us ^gfjtu* uke fn;k 

FkkA Hkkjrh; o.kZ O;oLFkk esa vuqlwfpr tkfr;ksa dks 'kwæ ,oa vfr 'kwæ Hkh dgk x;k gSA 

vuqlwfpr tfr;ksa ds fy, ,d cgqr gh çpfyr 'kCnkoyh gS & nfyrA nfyr 'kCn dk 

ç;ksx Hkkjrh; lekt esa ncs&dqpys] oafpr vkSj gkf'k, ij jgus okyh tkfr;ksa ds fy, 

fd;k tkrk gSA njvly nfyr tkfr;k¡ lkekftd lajpuk] deZ vkèkkfjr o.kZ&O;oLFkk dk 

tkfr vkèkkfjr gks tkus vkSj 'kSf{kd&vkfFkZd fLFkfr bR;kfn dkj.kksa ls HksnHkko dh f'kdkj 

jgh gSa vkSj mUgsa iwoZ esa vNwr dgk tkrk FkkA orZeku le; esa Hkh vuqlwfpr tkfr;ksa dh 

fLFkfr esa cgqr lqèkkj ugha gks ik;k gSA mUgha 1284 vuqlwfpr tkfr;ksa esa ls ,d vR;fèkd 

nch&dqpyh vkSj eq[; lekt ls dVh gqbZ tkfr gS&eqlgjA eqlgj leqnk; lkekftd lajpuk 

ds vkèkkj ij ,d ,sls lewg dk fuekZ.k djrh gS] tks vU; lekt ls dVk gqvk gkf'k;s ij 

gSA ;fn Hkkjr ds lanHkZ esa ns[kk tk;s rks eqlgj leqnk; dk fuokl vfèkdka'kr% mÙkj Hkkjr esa 

ik;k tkrk gSA ^eqlgjksa dks lnk] eka>h] eaMy] HkqbZ;k] fjD;klu] _f"knso] cykdqequh] 

nS;rkfu;k] dlesVk] ouekuq"k tSls fofHkUu ukeksa ls Hkh lacksfèkr fd;k tkrk gS* ¼dqekj] 
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2017½A eqlgjksa dks mÙkj çns'k ds ç;kxjkt] Hknksgh] tkSuiqj tSls ftyksa esa] o#.kk unh ds 

rVh; bykdksa esa vkSj bu ftyksa ds eè;e vkSj nf{k.kh Hkkxksa esa ouoklh ,oa ouksa dk jktk 

Hkh dgk tkrk gSA eqlgj lekt dh viuh [kkuiku] jgu&lgu dh fLFkfr vkSj mudh yksd 

ijaijk,¡ Hkh mUgsa fof'k"V cukrh gSaA eqlgjksa dh lkekftd&vkfFkZd fLFkfr dks le>us ds 

fy, cgqr de tkudkjh miyCèk gSA eqlgjksa dk dksbZ viuk fyf[kr èkeZ xzaFk ugha gSA mudh 

ijaijk,¡ Hkh dsoy ekSf[kd vfHkO;fä ek= gSa] tks lfn;ksa ls ih<+h nj ih<+h dsoy lqudj 

vkSj vuqdj.k ds ekè;e ls pyh vk jgh gSaA eqlgj leqnk; dh lkekftd&vkfFkZd 

ifjfLFkfr;ka vuqlwfpr tkfr oxZ dh vU; tkfr;ksa dh rqyuk esa cgqr gh fuEu Lrj dh gSA 

vkt Hkh eqlgj leqnk; ds lkFk vLi`';rk tSlh Hkkouk cuh gqbZ gSA vU; tkfr;ksa dh rqyuk 

esa eqlgj leqnk; dk lkekftd lekos'ku cgqr de gSA çLrqr 'kksèk i= esa mÙkj çns'k ds 

eqlgj leqnk; dh lkekftd&vkfFkZd vfLerk vkSj mudh vkthfodk ds lkèku vFkkZr 

thou&;kiu ds rkSj&rjhdksa dk fo'ys"k.kkRed o.kZu çLrqr fd;k x;k gSA 

 

Hkkjr esa eqlgj leqnk; dh tukafddh 

 varjjk"Vªh; :i ls eqlgj leqnk; eq[;r% Hkkjr vkSj usiky esa fuokl djrk gSA 

usiky ds rjkbZ bykdksa esa budh vPNh&[k+klh tula[;k fuokl djrh gSA Hkkjr esa eqlgj 

leqnk; eq[;r% mÙkj vkSj eè;&iwoÊ jkT;ksa ;Fkk& mÙkjk[kaM] mÙkj çns'k] eè; çns'k] fcgkj] 

>kj[kaM] mM+hlk] caxky vkSj f=iqjk esa ik;k tkrk gSA ^mÙkj çns'k ds eè; vkSj iwoÊ ftyksa esa 

QSys eqlgj iÙky cukus rFkk feêh dkVus esa csgn dq'ky gksrs gSa ¼tks'kh ,oa dqekj] 

2022½*A eqlgjksa dh lcls vfèkd la[;k fcgkj jkT; esa gS vkSj nwljs LFkku ij budh la[;k 

mÙkj çns'k esa gSA fcgkj jkT; esa rks eqlgj leqnk; dks egknfyr dh Js.kh esa j[kk gS( tcfd 

mÙkj çns'k esa eqlgj leqnk; vkt Hkh vuqlwfpr tkfr lewg esa gh lfEefyr gSA fofHkUu 

jkT;ksa esa lEiw.kZ ,oa vuqlwfpr tkfr ds lkis{k eqlgjksa dh tula[;k dks ckj rkfydk 1 esa 

çLrqr fd;k x;k gS& 

 

rkfydk 1 

lEiw.kZ] vuqlwfpr tkfr oxZ ,oa eqlgj leqnk; dh tula[;k 

  fcgkj >kj[kaM mM+hlk f=iqjk mÙkj izns'k mÙkjk[kaM caxky Hkkjr 

eqlgj leqnk; 

dh tula[;k 

2725114 53096 57 327 257135 718 20949 3057396 

vuqlwfpr tkfr  

dh tula[;k 

16567325 3985644 7188463 654918 41357608 1892516 21463270 201378372 

dqy tula[;k 104099452 32988134 419742178 3673917 199812341 10086292 91276115 1210854977 

lzksr% gSaMcqd v‚Q lks'ky osyQs;j LVsfVfLVDl 2021] lkekftd U;k; ea=ky;] Hkkjr ljdkj i`"B % 29 

o 61&114 ij miyCèk çnÙkksa dh lgk;rk ls ,e-,l- ,Dlsy&2021 l‚¶Vos;j dk mi;ksx djds 'kksèkkFkÊ 

}kjk fufeZr 
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 rkfydk 1 ds voyksdu ls Li"V gS fd Hkkjr esa eqlgj leqnk; dh dqy la[;k 

yxHkx 30 yk[k 60 gtkj ¼30]57]396½ gSA jkT;ksa esa eqlgj leqnk; dh lokZfèkd la[;k] 

yxHkx 27 yk[k 25 gtkj ¼27]25]114½ fcgkj esa gS] tks fd dqy eqlgj vkcknh 

¼30]57]396½ dk yxHkx 89 izfr'kr gSA ;|fi eqlgj leqnk; dh tula[;k ds vkèkkj ij 

fcgkj ds ckn mÙkj çns'k nwljs ik;nku ij gS] ftlesa yxHkx 2 yk[k 57 gtkj ¼2]57]135½ 

eqlgj fuokl djrs gSa] tks fd dqy eqlgj vkcknh ¼30]57]396½ dk yxHkx 8 izfr'kr gS 

rFkkfi dqy tula[;k ds vkèkkj ij mÙkj çns'k çFke ik;nku ij gSA eqlgj leqnk; dh 

tula[;k ds vkèkkj ij jkT;ksa dk c<+rk Øe mM+hlk ¼0-002 izfr'kr½] f=iqjk ¼0-011 

izfr'kr½] mÙkjk[kaM ¼0-023 izfr'kr½] if'pe caxky ¼0-685 izfr'kr½] >kj[kaM ¼1-737 

izfr'kr½] mÙkj çns'k ¼8-410 izfr'kr½ vkSj fcgkj ¼89-132 izfr'kr½ gSA eqlgj leqnk; dh 

lcls de tula[;k mM+hlk ¼57½] f=iqjk ¼327½ vkSj mÙkjk[kaM ¼718½ gSA ^o"kZ 1981 dh 

tux.kuk ds vuqlkj mÙkj çns'k esa eqlgj leqnk; dh vkcknh 126088 Fkh]tks fd 2011 

rd 257135 gks xbZ gS( ftUgsa ouekuql] catkjk vkSj xksukjs Hkh dgk tkrk FkkA mÙkj çns'k esa 

o"kZ 1981 dh eqlgj vkcknh dh rqyuk esa 2011 rd eqlgjksa dh tula[;k esa yxHkx 104 

çfr'kr dh o`f) gqbZ gS* ¼ukjk;.k]2018½A eqlgj leqnk; dh xzkeh.k ,oa 'kgjh ifjos'k esa 

tu&lkaf[;dh dks efgyk&iq#"k ds vkèkkj ij Øe'k% rkfydk f}rh; ,oa r`rh; esa çLrqr 

fd;k x;k gS & 

rkfydk 2 

eqlgj leqnk; dh xzkeh.k tu&lkaf[;dh 

  fcgkj >kj[kaM mM+hlk f=iqjk mÙkj izns'k mÙkjk[kaM caxky ;ksx 

xzkeh.k tula[;k 2631683 45814 24 225 249234 521 17432 2944929 

xzkeh.k tula[;k 1272284 22362 4 99 120205 235 8513 1423698 

xzkeh.k tula[;k 1359399 23452 20 126 129029 286 8919 1521231 

lzksr % gSaMcqd v‚Q lks'ky osyQs;j LVsfVfLVDl 2021] lkekftd U;k; ea=ky;] Hkkjr ljdkj i`"B % 

115&168 rd miyCèk vko';d çnÙkksa dh lgk;rk ls ,e-,l- ,Dlsy&2021 l‚¶Vos;j dk mi;ksx 

djds 'kksèkkFkÊ }kjk fufeZr 

rkfydk 3 

eqlgj leqnk; dh 'kgjh tu&lkaf[;dh 

 fcgkj >kj[kaM mM+hlk f=iqjk mÙkj izns'k mÙkjk[kaM caxky ;ksx 

'kgjh tula[;k 93431 7282 33 102 7901 197 3517 112463 

'kgjh tula[;k 45273 3483 16 50 3781 86 1728 54417 

'kgjh tula[;k 48158 3799 17 52 4120 111 1789 58046 

lzksr % gSaMcqd v‚Q lks'ky osyQs;j LVsfVfLVDl 2021] lkekftd U;k; ea=ky;] Hkkjr ljdkj i`"B % 

169&222 rd miyCèk vko';d çnÙkksa dh lgk;rk ls ,e-,l- ,Dlsy&2021 l‚¶Vos;j dk mi;ksx 

djds 'kksèkkFkÊ }kjk fufeZr 

 

 mi;Zqä rkfydk 2 ,oa 3 ds voyksdu ls Li"V gS fd eqlgj leqnk; dh dqy 

xzkeh.k tula[;k yxHkx 29 yk[k 45 gtkj ¼2944929½ gS] tks fd eqlgj leqnk; dh 
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dqy tula[;k ¼30]57]396½ dk 96 izfr'kr gSA blesa iq#"k yxHkx 15 yk[k 21 gtkj 

¼1521231½ vFkkZr 52 izfr'kr vkSj efgyk yxHkx 14 yk[k 24 gtkj ¼1423698½ vFkkZr 

48 izfr'kr gSaA blh çdkj dqy 'kgjh tula[;k yxHkx ,d yk[k 12 gtkj ¼112463½ gS] 

tks fd eqlgj leqnk; dh dqy tula[;k ¼30]57]396½ dk dsoy 4 izfr'kr gSA blesa 

iq#"k yxHkx 58 gtkj ¼58046½ vFkkZr 52 izfr'kr rFkk efgyk yxHkx 54 gtkj ¼54417½ 

vFkkZr 48 izfr'kr gSaA eqlgj leqnk; dh 'kgjh tula[;k dh rqyuk esa xzkeh.k tula[;k 

cgqr vfèkd gSA mM+hlk dks NksM+dj vU; lHkh jkT;ksa esa eqlgj leqnk; dh xzkeh.k 

tula[;k mudh 'kgjh tula[;k ls vfèkd gSA mM+hlk esa bldk myV gSA mM+hlk ,d ek= 

,slk jkT; gS] tgk¡ eqlgj leqnk; dh xzkeh.k tula[;k ¼24½ mudh 'kgjh tula[;k ¼33½ 

ls 27-27 izfr'kr de gSA  

 

eqlgj leqnk; vkSj fyaxkuqikr 

 fdlh Hkh lekt ds csgrjh dks ekius ds iSekus dk ,d egÙoiw.kZ ?kVd 

efgyk&iq#"k dh la[;k dk vuqikr gksrk gSA bls lS)kfUrd :i ls çfr ,d gtkj iq#"k ij 

efgykvksa dh la[;k ds vkèkkj ij ekik tkrk gSA blls lekt esa gks jgs ySafxd HksnHkko vkSj 

ySafxd iwokZxzg dk vanktk yxk;k tkrk gSA blls ;g Hkh irk pyrk gS fd lacafèkr lekt 

ySafxd nqjkxzg ls fdruk eqä gS vkSj ml lekt esa efgykvksa dh fLFkfr dSlh gSA ;fn ;g 

vuqikr vfèkd gS rks lkekU;r% ;g eku fy;k tkrk gS fd efgykvksa dh fLFkfr csgrj 

gksxhA gkykafd efgykvksa dh csgrj fLFkfr ds vkdyu ds vU; ?kVd Hkh gSaA lkekU;r% 

eqlgj leqnk; esa fyaxkuqikr vPNk gSA vU; leqnk;ksa dh rqyuk esa ^eqlgj leqnk; esa 

fyaxkuqikr dh fLFkfr Bhd gS* ¼dqekjh] 2020½A eqlgj leqnk; esa efgykvksa dks yxHkx 

cjkcjh dk ntkZ çkIr gSA os ?kj&ifjokj ds lkFk&lkFk ckgj Hkh vius iq#"k lkFkh [k+kldj 

ifr ds lkFk ges'kk jgrh gSaA eqlgj leqnk; esa ifr&iRuh dk lacaèk cgqr xgjk gksrk gSA os 

dke ij Hkh tkrs gSa] rks lkFk&lkFkA blds ifj.kkeLo:i muesa ckyd&ckfydk ds tUe ij 

dksbZ fo'ks"k varj ugha iM+rk gSA  

 

rkfydk 4 

eqlgj leqnk; dk jkT;okj fyaxkuqikr 

 fcgkj >kj[kaM mM+hlk f=iqjk mÙkj izns'k mÙkjk[kaM caxky Hkkjr 

eqlgj fyaxkuqikr 936 936 200 786 932 822 955 936 

eqlgj fyaxkuqikr 940 917 941 962 918 775 966 938 

eqlgj fyaxkuqikr 936 949 541 837 932 809 957 936 

lEiw.kZ fyaxkuqikr 921 949 989 960 918 1000 953 949 

lzksr % gSaMcqd v‚Q lks'ky osyQs;j LVsfVfLVDl 2021] lkekftd U;k; ea=ky;] Hkkjr ljdkj i`"B % 

13] 115&168 o 169&222 rd miyCèk vko';d çnÙkksa dh lgk;rk ls ,e-,l- ,Dlsy&2021 l‚¶Vos;j 

dk mi;ksx djds 'kksèkkFkÊ }kjk fufeZr 
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 rkfydk 4 ds voyksdu ls Li"V gS fd Hkkjr ds xzkeh.k ¼949½] 'kgjh ¼929½ 

vkSj lEiw.kZ ¼943½ fyaxkuqikr ds lkis{k eqlgj leqnk; dk fyaxkuqikr Øe'k% xzkeh.k 

¼936½] 'kgjh ¼938½ vkSj lEiw.kZ ¼936½ gS( tksfd jk"Vªh; fyaxkuqikr dh rqyuk esa xzkeh.k 

vkSj lEiw.kZ Lrj ij de gS tcfd 'kgjh Lrj ij vfèkd gSA jkT;ksa dh ckr djsa rks fcgkj] 

mÙkj çns'k vkSj if'pe caxky esa xzkeh.k] 'kgjh vkSj lEiw.kZ Lrj ij eqlgj leqnk; dk 

fyaxkuqikr jkT; ds fyaxkuqikr ls vfèkd gSA mÙkjk[k.M esa xzkeh.k] 'kgjh vkSj lEiw.kZ Lrj 

ij eqlgj leqnk; dk fyaxkuqikr jkT; ds fyaxkuqikr ls de gSA mM+hlk vkSj f=iqjk esa 

xzkeh.k vkSj lEiw.kZ Lrj ij eqlgj leqnk; dk fyaxkuqikr jkT; ds fyaxkuqikr ls de gS 

tcfd 'kgjh Lrj ij vfèkdA eqlgj leqnk; dh lEiw.kZ Lrj ij jkT;okj fyaxkuqikr dk 

VªsaM ykbu ns[kus ls Li"V gS fd eqlgj leqnk; dk fyaxkuqikr jkT; ds lEiw.kZ Lrj ds 

fyaxkuqikr ds vkl&ikl gh gSA R
2

 dk eku 0-0378 gSA blls irk pyrk gS fd eqlgj 

leqnk; dk fyaxkuqikr vkSj lacafèkr jkT;ksa ds fyaxkuqikr esa vfèkd fopyu ugha gSA  

 

eqlgj leqnk; dk lkekftd&vkfFkZd ifj–'; 

 eqlgj leqnk; dh lkekftd&vkfFkZd fLFkfr vU; vuqlwfpr tkfr;ksa dh rqyuk 

esa vkt Hkh cgqr fuEurj Lrj dh gSA eqlgj leqnk; vius vkl&ikl ds ifjos'k esa jgus 

okys vU; leqnk;ksa ls dVdj jgrk gSA vDlj ;g ns[kk tkrk gS fd eqlgj leqnk; xk¡o ds 

fdukjs eq[; lekt ls vyx fuokl djrk gSA eqlgj leqnk; gkf'k, ij jgrk gSA eq[; 

lekt ds fofHkUu lkekftd fØ;k&dykiksa] jhfr&fjoktksa ls gVdj eqlgj leqnk; vius 

fof'k"V fØ;k&dykiksa ,oa jhfr&fjoktksa ds lkFk thou ;kiu djrk gSA dqekj ¼2006½ us 

eqlgjksa dh n;uh; lkekftd fLFkfr dk fo'ys"k.k djrs gq;s crk;k gS fd ^LFkkuh; 

vfHktkr oxZ vkSj iwoZ tehankjksa ds usr`Ro esa jkT; lapkfyr fodkl çfrekuksa dh Hkwfedk] 

eqlgjksa dh n;uh; voLFkk ds fy, vfèkd ftEesnkj jgh gSA vfHktkr oxZ us nfyrksa dks 

vkSj vfèkd nfyr cukus dk dke fd;k gSA bls Li"V :i ls mtkxj djus dh vko';drk 

gS] D;ksafd nfyr lewg dh dqN ,d tkfr;ksa dks NksM+ fn;k tk, rks 'ks"k dk gky vkSj cqjk 

gksrk tk jgk gSA eqlgjksa dh fLFkfr vfHktkr oxZ vkSj tehankjksa dh O;oLFkk ds dkj.k caèkqvk 

etnwj tSlh gh cuh gqbZ gSA mudh lkekftd&vkfFkZd fLFkfr esa dqN fo'ks"k ifjorZu ugha 

gqvk gS rFkk os vkt Hkh nfyrksa ds chp esa nfyr gksdj thou fuoZgu djus gsrq etcwj gks 

jgs gSa*A fQj Hkh vktknh ds ckn fodkl dk;ZØeksa dk voyksdu djus ij Kkr gksrk gS fd 

eqlgjksa ds fy, dsaæ ,oa jkT; ljdkjksa] lkekftd dk;ZdrkZvksa] fofHkUu laxBuksa rFkk 

xSj&ljdkjh laxBuksa }kjk pyk, tk jgs fofHkUu lkekftd dk;ZØe ,oa ;kstuk,¡ eqlgjksa dh 

lkekftd vfLerk dks ldkjkRed :i ls çHkkfor dj jgh gSaA eqlgj leqnk; Hkh èkhjs&èkhjs 

viuh lhekarrk dh lhekvksa dks ikj djrs gq, ykHk ds fofoèk fØ;k&dykiksa esa çfrHkkx 

dj jgk gSA blds ifj.kkeLo:i mudh lhekarrk dh èkkj.kk cny cny jgh gS ¼flag] 
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2013½A gkykafd bl cnyko dh xfr cgqr èkheh gSA fofHkUu ljdkjh laLFkkuksa }kjk fd, tk 

jgs ç;klksa dk eqlgjksa ds thou ij lkFkZd çHkko iM+ jgk gSA muds lkFk jkT; u dsoy ,d 

çeq[k laokn ,tsalh ds :i esa dk;Z dj jgk gS cfYd mudh vkfFkZd fLFkfr vkSj lkekftd 

ifjfLFkfr dks cnyus esa egRoiw.kZ Hkwfedk dk fuoZgu Hkh dj jgk gS ¼eqdqy]1999½A  

 

Hkkstu] LokLF; vkSj ySafxd rVLFkrk  

 eqlgj leqnk; dh cgqr vfèkd fiNM+h lkekftd&vkfFkZd fLFkfr ds dkj.k 

mudk thou&;kiu vR;fèkd fuEurj Lrj dk gksrk gSA os lkewfgd :i ls vius 

lkekftd lewg esa thou fuoZgu djrs gSaA mudh lkewfgd ,drk cgqr gh deky dh gksrh 

gSA os vius leqnk; dh igpku ls [kqn dks :c: djkus esa tjk Hkh ladksp ugha djrs gSaA 

mudk thou lqcg ls 'kke rd ds O;Lrre etnwjh okys dk;ZØeksa esa caVk jgrk gSA mUgsa 

U;wure vko';d ikSf"Vd Hkkstu dh Hkh vkiwfrZ ugha gks ikrh gSA dHkh&dHkh Qk¡dk ij gh 

fnu dkVuk iM+rk gSA gkykafd dksfoM&19 ds nkSjku 'kq: dh xbZ çèkkuea=h xjhc dY;k.k 

vUu ;kstuk ls eqlgj leqnk; dks [kk|kUu miyCèkrk esa fo'ks"k Qk;nk gqvk gSA ysfdu 

orZeku dejrksM+ egaxkbZ ds nkSj esa tc lkekU; ukSdjh okyksa dk gky cgqr [k+Lrk gksrk tk 

jgk gS rks eqlgj leqnk; ds nSfud thou fuoZgu foo'krk dks ns[k&le>dj dsoy jksuk gh 

vkrk gSA mudh okLrfod nSfud fLFkfr dks 'kCnksa esa vfHkO;ä djuk cgqr gh eqf'dy gSA 

mudh Fkkyh esa dHkh Hkh lkekU; Fkkyh dk Hkkstu] tSls& nky] pkoy] jksVh] lCth bR;kfn 

Hkh ,d lkFk ugha feyrk gSA  

 iks[kjy ¼2020½ ds vuqlkj ^eqlgj leqnk; ds vfèkdka'k yksx ,d lkFk pkoy 

nky vkSj lCth ugha idkrs gSaA ;fn os nky cukrs gSa rks lCth ugha cukrsA bldk dkj.k 

iwNus ij os yksx crkrs gSa fd gekjs ikl bruk le; ugha gksrk gS vkSj u gh bruh O;oLFkk 

gksrh gS fd ge ,d lkFk nky vkSj lCth nksuksa cuk ldsa*A eqlgj leqnk; dk LokLF; 

lkekU;r% Bhd jgrk gSA os tYnh chekj ugha iM+rs gSaA D;ksafd os thrksM+ esgur djrs gSa 

vkSj muds 'kjhj esa LQwfrZ cuh jgrh gSA ysfdu lkekU; yksxksa dh rqyuk esa LokLF;xr 

lqfoèkkvksa rd mudh igq¡p derj gSA ,slk ns[kk tkrk gS fd os vius LokLF; ds çfr mrus 

ltx ugha jgrs] ftruk fd vU; yksx ltx fn[kk;h iM+rs gSaA ljdkj }kjk xzkeh.k {ks=ksa esa 

çkFkfed LokLF; dsaæ] vk'kk cgw] vkaxuckM+h dsaæ bR;kfn ds ekè;e ls ewyHkwr LokLF;xr 

lqfoèkkvksa vkSj lalkèkuksa rd lHkh dh igq¡p lqfuf'pr dh tk jgh gSA gj ?kj 'kkSpky; 

;kstuk ds varxZr 'kkSpky; cukus gsrq 12 gtkj #i;s ¼N%&N% gtkj dh nks fdLr esa½ dh 

vkfFkZd lgk;rk Hkh ljdkj }kjk çnku dh tk jgk gSA blls xzkeh.k eqlgj cfLr;ksa esa Hkh 

'kkSpky; cus gSaA ysfdu lgk;rk jkf'k ds de gksus ds dkj.k Bhd ls fuekZ.k u gksuk vkSj 

fu;fer j[k&j[kko u gksus ds dkj.k mi;ksx yk;d ugha cps gSaA eqlgj leqnk; [kqys esa 

'kkSp djuk vfèkd ilan djrk gSA blesa mudh LokLF;xr tkx:drk dh deh vkSj [kqys 
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esa 'kkSp ls gksus okyh LokLF;xr vkSj i;kZoj.kh; uqdlku dh tkudkjh dk vHkko lg;ksx 

djrk gSA vHkh Hkh 38-5 izfr'kr eqlgj leqnk; [kqys esa 'kkSp dj jgs gSaA ftls l[rh ls 

çfrcafèkr fd;k tkuk pkfg, D;ksafd ;g LokLF; vkSj i;kZoj.k ds fy, [krjukd gS 

¼ikSMsy ,aM dêsy] 2019½A ^eqlgj] cPpksa dk tUe] bZ'oj dh bPNk vkSj vk'khokZn dk 

çrhd ekurs gSaA yM+dh ;k yM+dk gksus ls mUgsa dksbZ fo'ks"k QdZ ugha iM+rkA eqlgj leqnk; 

esa ySafxd HksnHkko ux.; gksrk gS* ¼iks[kjsy] 2020½A eqlgj leqnk; esa ySafxd HksnHkko cgqr 

gh de ek=k esa ik;k tkrk gSA eqlgj viuh larku dks iq#"k vkSj efgyk dh utj ls ugha 

ns[krs gSaA os vius cPpksa ds fyax ds çfr p;ukRed Hkh ugha gksrs gSaA muds fy, cPps cM+s 

gksdj dke esa enn djus okys lg;ksxh ds :i esa gksrs gSaA mUgsa bl ckr ls Hkh dksbZ QdZ 

ugha iM+rk gS fd mudh nks ;k rhu ;k mlls Hkh vfèkd larkus dsoy ckfydk ;k dsoy 

ckyd gSaA mUgsa bl ckr ls Hkh dksbZ QdZ ugha iM+rk gS fd muds ikl dksbZ csVk D;ksa ugha gSA 

os vius cPpksa ds lkFk [kq'kh&[kq'kh viuk nq[k&nnZ lk>k djrs gSaA eqlgj leqnk; esa 

O;oLFkk vkSj izsefookg nksuksa dh /kkj.kk gSA eqlgj vius thou dks cgqr [kqys vankt esa 

thuk ilan djrs gSaA mUgsa dy ds fy, cgqr fpark ugha gksrh gSA os vkt vkSj vHkh esa thuk 

ilan djrs gSaA ysfdu os vius cPpksa dh f'k{kk ds çfr mrus tkx:d ugha gSa] ftruk fd 

gksuk pkfg,A blhfy, muds leqnk; esa vkSipkfjd f'k{kk ds çfr #>ku Hkh cgqr gh de gSA 

mudh LokLFkxr fLFkfr Hkh cgqr [kjkc gSA os cPpksa dks Vhdk yxokus ls Hkh Mjrs gSa] 

drjkrs gSaA ^eqlgj leqnk; esa fyaxkuqikr dh fLFkfr Bhd gS ijUrq lk{kjrk nj vR;ar fuEu 

Lrj dk gSA bl leqnk; dk mPp f'k{kk esa iw.kZr% vHkko gS* ¼dqekjh] 2020½A eqlgj 

leqnk; esa efgyk ,oa iq#"k lkFk&lkFk jgrs gSa] lkFk&lkFk cktkj tkrs gSa] lkFk&lkFk dke ij 

Hkh tkrs gSaA ysfdu ?kj ds dke esa iq#"k cgqr de gkFk cVkrs gSaA jlksbZ ds dke rks efgykvksa 

ds fy, vfuok;Z gSA eqlgj efgykvksa dk thou ySafxd rFkk tkfr vkèkkfjr igpku ds 

vkèkkj ij O;rhr gksrk gS ¼pUn ,aM cutÊ] 2019½A ftl rjg ls eqlgj lekt lkekftd 

:i ls nck dqpyk gS] mlh rjg ls eqlgj tkfr dh efgyk,¡ Hkh eqlgj leqnk; esa nch 

dqpyh gSa vkSj 'kfä&lacaèkksa ds fuèkkZj.k esa ;k 'kfä ds fuèkkZj.k esa muds lkFk efgyk gksus 

ds ukrs HksnHkko fd;k tkrk gSA eqlgj efgykvksa dh fLFkfr lekt vkSj muds ?kj nksuksa txg 

cgqr gh detksj gSA D;ksafd lekt esa oks caèkqvk etnwj dh rjg dke rks dj gh jgh gSa lkFk 

gh lkFk ?kj esa Hkh yxHkx lHkh dke mUgha ds ftEes gksrk gSA cPpksa dh ns[kHkky] diM+s 

èkksuk] [kkuk idkuk] iq#"k dh lsok djuk rFkk jksth&jksVh dh Hkh O;oLFkk djuk tSls 

fnu&çfrfnu ds la?k"kZ muds nSfud thou lalkj dk vfHkUu fgLlk gksrs gSaA eqlgj vkSjrsa 

xjhch vkSj cngkyh esa vius thou dks O;rhr djus ds fy, etcwj gksrh gSa ¼pk¡n ,oa 

cutÊ] 2019½A 
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eqlgj leqnk; dh vkthfodk vkSj jgu&lgu 

 vfèkdka'k eqlgj —f"k vkSj rRlacafèkr {ks=ksa esa lcls fupys Lrj ij etnwj dk 

dke djrs gSaA eujsxk ds rgr Hkh mUgsa dqN dke fey tkrk gSA os ekSleh csjkstxkjh ds 

f'kdkj gksdj thou O;rhr djrs gSaA xzkeh.k {ks=ksa esa eujsxk] etnwjh dk;Z] caèkqvk etnwjh 

bR;kfn ds ekè;e ls viuk thou&;kiu djrs gSaA ^caèkqvk etnwjksa dks rks [kkus&ihus dh 

oLrq,¡] iguus gsrq lkQ&LoPN diM+s] mfpr vkjke ,oa fpfdRldh; lqfoèkk Hkh Bhd ls 

çkIr ugha gksrh gSA ckfydkvksa&efgykvksa ds lkFk ySafxd xkyh&xykSt ,oa ;kSu vijkèk 

tSlh çrkM+uk vke ckr gSA caèkqvk etnwjh izfrcfU/kr gksus ds ckotwn Hkh tkjh gS* ¼fxfj] 

2012½A lkekftd –f"Vdks.k ls] LoPN is;ty vkSj [kkuk idkus ds fy, mi;ksx fd;s 

tkus okys LoPN bZU/ku rd mudh igq¡p lhfer gSA eqlgj ewy :i ls —f"k nSfud etnwjh 

djus okys etnwj gSaA eqlgj leqnk; viuh vkthfodk gsrq —f"k Jfed ¼28 izfr'kr½] 

nSfud etnwjh ¼42 izfr'kr½] O;kikj ¼14 izfr'kr½] fons'kh çs"k.k ¼8 izfr'kr½ vkSj Mªkboj 

¼8 izfr'kr½ tSls is'kksa esa 'kkfey gSA ^fcgkj esa iq#"k eqlgj —f"k etnwjh esa 76-22 izfr'kr 

rFkk efgyk eqlgj 68-00 izfr'kr yxh gqbZ gSaA dsoy 19-83 izfr'kr ?kjksa esa ihus dk ikuh] 

fctyh vkSj 'kkSpky; dh lqfoèkk miyCèk gSA 56 izfr'kr eqlgj vkt Hkh xjhch js[kk ls 

uhps thou&;kiu djus ds fy, etcwj gSaA çkphu dky ls mUgksaus vius Lo;a ds 

jhfr&fjoktksa] dykvksa] vkpkj&fopkjksa] fo'oklksa vkSj lkekftd&vkfFkZd laLFkkvksa dk 

fodkl fd;k gS* ¼jk.kk] 2017½A vc eqlgj vius Lo;a ds R;ksgkjksa tSls ^QYxq* vkSj 

^'kaØkfUr;ksa* ds ctk; nkfgu vkSj rsgj tSls fganw R;ksgkjksa dks vfèkd çkFkfedrk nsrs gSaA 

eqlgjksa dk xzke nsorkvksa dh iwtk djus dk rjhdk] vkRekvksa esa fo'okl] fof'k"V iks'kkd 

iSVuZ vkSj lewg çdkj dh cfLr;ksa dk iSVuZ vU; tkrh; lewgksa ls vyx gS ¼çlkn] 

2007½A eqlgj leqnk; ds fdlh Hkh ,d ifjokj dk iath—r Hkwfe ij dCtk ugha gSA os 

iw.kZr% ljdkjh ;k iês dh tehu ij >ksiM+h cukdj jgrs gSaA ^fofHkUu vkthfodk lalkèku 

tSls —f"k] ty] ou vkSj lkoZtfud LokLF; rFkk cfLr;k¡ tyok;q ifjorZu ds çfr 

laosnu'khy gksrs gSa ¼'kekZ] 2010½*A vkSlr rkieku esa o`f)] ck<+] 'khr ygj] chekjh] 

i'kqèku jksx vkfn ds :i esa vkthfodk ds fofHkUu igyqvksa ds fy, eqlgj leqnk; dh 

vkthfodk esa vkSj vfèkd pqukSrh iSnk dj jgs gSaA xzhu gkml xSlksa dk mRiknu c<+us ls 

tyok;q ifjorZu ds fofHkUu ifj.kke mu lalkèkuksa ij ncko Mky jgs gSa] ftu ij xjhc yksx 

viuh vkthfodk ds fy, vfèkd fuHkZj gSaA blls vU; leqnk;ksa ds lkFk gh eqlgj leqnk; 

dh fnup;kZ] jgu&lgu vkSj vkthfodk Hkh çHkkfor gks jgh gSA blds vfrfjä çk—frd 

lalkèkuksa rd igq¡p ckfèkr gksuk vkSj volj dh miyCèkrk dh deh Hkh eqlgj leqnk; dh 

vkthfodk dks cqjh rjg ls çHkkfor dj jgk gSA ^eqlgjksa ds ikl vfèkdka'k lzksrksa rd igq¡p 

ugha ds cjkcj gS vkSj muds ikl lzksrksa rd igq¡p ds i;kZIr volj Hkh ugha gSA Hkwfe] ikuh] 

ikyrw tkuoj] vPNh etnwjh okys dke bR;kfn rd mudh igq¡p vklku ugha gS* ¼Fk‚el 
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,aM vkjk] 2018½A nwljh ckr ;g gS fd os lHkh ljdkjh ;kstukvksa dk ykHk ysus okys ik=ksa 

dh lwph esa lcls vUr esa gksrs gSaA D;ksafd iapk;rh jkt laLFkku dh lcls fupyh bdkbZ 

xzke lHkk esa Hkh mudh igq¡p uk ds cjkcj gSA blfy, muls lacafèkr fofHkUu çdkj ds 

ljdkjh ;kstukvksa dk ykHk Hkh mu rd lcls var esa vkSj lcls de ek=k esa igq¡p ikrk gSA 

fodkl ,tsafl;ksa vkSj lalkèkuksa ds c<+rs çokg ds ckotwn] leqnk; dh vkthfodk ij vHkh 

Hkh lhfer çHkko gh iM+ jgk gSA vr% eqlgj leqnk; dh csgrjh gsrq vko';d gS fd 

fofHkUu çdkj ds pyk, tk jgs ljdkjh dk;ZØeksa tSls & eujsxk] lkoZtfud forj.k 

iz.kkyh] jk"Vªh; xzkeh.k LFokLF; fe'ku bR;kfn esa Hkz"Vkpkj dks lekIr djds mldk 

fØ;kUo;u lgh rjhds ls fd;k tk;sA muds fy, f'k{kk vkSj tkx:drk dk;ZØe dh 

fo'ks"k vko';drk gSA lkeqnkf;d lkSgknZ] lejlrk vkSj lerk dks c<+kok fn;k tkuk 

pkfg,A vU; tkfr;ksa vkSj leqnk;ksa dks vkxs c<+dj eqlgj leqnk; dks eq[; lekt esa 

'kkfey djus dh dksf'k'k djuh pkfg,A ^eqlgj leqnk; dh vkthfodk lqj{kk dks c<+kus ds 

fy, yf{kr gLr{ksiksa dk tokc nsus ds fy, ,d etcwr laLFkkxr vkèkkj ds lkFk&lkFk 

lkeqnkf;d rS;kjh Hkh vko';d gS ¼ikSMsy ,ao vU;] 2023½A  

 

'kSf{kd fufgrkFkZ  

• Hkkjrh; lafoèkku ds vuqPNsn &341 vkSj 342 ds çkoèkkuksa ds vuqlkj vuqlwfpr 

tkfr vkSj vuqlwfpr tutkfr oxZ dh lwph esa fdlh Hkh jkT;@dsaæ 'kkflr çns'k 

dh fdlh Hkh tkfr@oxZ dks lfEefyr djus vkSj lwph ls ckgj djus dh 'kfä 

dsoy jk"Vªifr dks fn;k x;k gSA eqlgj leqnk; dks mÙkj çns'k esa vuqlwfpr tkfr 

oxZ esa j[kk x;k gSA eqlgj leqnk; dh vR;fèkd fiNM+h lkekftd&vkfFkZd fLFkfr 

vkSj eq[; lekt ls vyxko dks è;ku esa j[krs gq;s mUgsa vuqlwfpr tutkfr oxZ 

esa j[kk tkuk pkfg,A rkfd mu ij ljdkjksa dk fo'ks"k è;ku tk;s vkSj muds fy, 

fo'ks"k ç;kl fd, tk ldsaA  

• orZeku le; esa eqlgj leqnk; vuqlwfpr tkfr oxZ esa lkekftd&vkfFkZd vkèkkj 

ij lcls vfèkd fiNM+s gq;s gSaA viuh fof'k"V lkekftd&lkaL—frd fo'ks"krk ds 

dkj.k os eq[;/kkjk ds lekt ls Hkh dVs gq, gSaA mudk lkekftd&vkfFkZd fodkl 

cgqr èkheh xfr ls gks jgk gSA blfy, ljdkj vkSj xSj ljdkjh laxBuksa }kjk eqlgj 

leqnk; ds fy, tehuh Lrj ij fo'ks"k çkoèkku fd;k tkuk pkfg, gSA rkfd 

ek=kRed vkadM+ksa ds lkFk&lkFk muds thou esa xq.kkRed ifjektZu lqfuf'pr gks 

ldsA  

• eqlgj leqnk; ds lkFk lkekftd&vkfFkZd Lrj ij rks HksnHkko lkekU; ckr gSA 

egÙoiw.kZ ckr ;g gS fd muds lkekftd&vkfFkZd fiNM+siu dk Qk;nk mBkdj 

ljdkjh ;kstukvksa] dk;ZØeksa vkSj uhfr;ksa ds fØ;kUo;u esa Hkh HksnHkko fd;k 
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tkrk gSA pwafd mudh fLFkfr lekt ds vkf[k+jh ik;nku ij gS vkSj os jgrs Hkh 

eq[; lekt ls vyx gSa] blfy, ljdkjh ;kstuk,¡ vkSj ljdkjh ç;kl mu rd 

lcls vkf[kj esa gh cps&[kqps Lo:i esa igq¡prs gSaA vr% lq>ko gS fd ljdkjh 

;kstukvksa] fu;eksa&dkuwuksa dk dM+kbZ ls le;c) ikyu vfuok;Z gksuk pkfg,A  

• eqlgj leqnk; lcls vfèkd vHkkoksa okyk leqnk; gS vkSj muds fy, jksVh] 

diM+k] edku] f'k{kk] jkstxkj vkSj lkekftd lekos'ku dh vko';drk Hkh 

lcls vfèkd gSA vr% eqlgj leqnk; rd lHkh ljdkjh ;kstukvksa&ç;klksa dh 

igq¡p leqfpr ek=k esa vkSj lcls igys gksuh pkfg,A  

• eqlgj leqnk; rd ljdkjh ;kstukvksa&ç;klksa dh igq¡p lqfuf'pr djus gsrq ;g 

vko';d gS fd yksd ç'kklu dh Åij ls uhps ¼jkT;] e.My] ftyk] rglhy] 

fodkl[kaM gksrs gq;s xk¡o½ rd dh e'khujh vkSj iapk;rh jkt dh lcls fupyh 

bdkbZ vFkkZr xzke iapk;r dh dk;Z&ç.kkyh dk ewy ea= ^lcls vfèkd 

t:jreUn& lcls igys ykHkkfUor gks* gksuk pkfg,A ;g j.kuhfr dsoy Qkbyksa esa 

u gksdj okLrfod tehuh fØ;kUo;u esa gksuh pkfg,A  

• eqlgj leqnk; xzkeh.k vkSj 'kgjh nksuksa ifjra= esa eq[;&èkkjk okys lekt ls dVk 

gqvk gSA blfy, eqlgj leqnk; ds lkFk lkekftd Lrj ij cgqr vfèkd HksnHkko 

fd;k tkrk gSA mUgsa eq[; lekt esa lfEefyr djus gsrq dsoy ljdkjh ç;kl 

i;kZIr ugha gksaxsA eqlgj leqnk; dks eq[; lekt esa ykus gsrq eq[; lekt dks 

viuh lkearh lksp] tkrh; tdM+u] èku&lEink&in dh Js"Brk bR;kfn dks 

R;kxdj eqlgj leqnk; ds lkFk Hkh vkReh; crkZo djrs gq;s leqnk; dks Hkh eq[; 

lekt dk fgLlk cukdj lkekftd lejlrk vkSj ln~Hkko dk fuekZ.k djuk 

pkfg,A  

• eqlgj leqnk; rd LFkk;h vkokl] fu%'kqYd f'k{kk] dkS'ky] [ksy] fu;fer 

jkstxkj vkSj csgrj LokLF;xr lqfoèkkvksa dh igq¡p lqfuf'pr dh tkuh pkfg,A 

rkfd os Hkh viuh ewyHkwr t:jrksa dks iw.kZ djrs gq;s viuh deZBrk] bZekunkjh 

vkSj tq>k:iu dk mi;ksx dj ns'k dh rjDdh esa viuk iw.kZ ;ksxnku dj ldsaA  

• eqlgj leqnk; dh thou n'kk dks lqèkkjus gsrq jk"Vªh; vkSj jkT; Lrj ,d fof'k"V 

'kksèk lsy dk fuekZ.k fd;k tkuk pkfg,A ;g 'kksèk lsy le;&le; ij fu;fer 

:i ls eqlgj leqnk; dh okLrfod tehuh gd+hd+r dks 'kksèk fjiksVZ ds :i esa 

ljdkjksa ds le{k çLrqr djs rkfd fjiksVZ ds vkèkkj ij eqlgj leqnk; gsrq 

fof'k"V uhfr dk fuekZ.k vkSj leqfpr fØ;kUo;u djds eqlgj leqnk; dk 

lkekftd&vkfFkZd fodkl lqfuf'pr fd;k tk ldsA  
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fu"d"kZ 

 fu"d"kZr% ;g dgk tk ldrk gS fd eqlgj leqnk; ewy :i ls rVh; vkSj taxyh 

bykdksa esa fuokl djrk FkkA os taxy esa iSnk gksus okys Qy&Qwy] ydM+h] ekal bR;kfn ij 

fuHkZj FksA ysfdu èkhjs&èkhjs os Hkwfeghu vkSj taxy foghu gksrs x, vkSj vius vfLrRo dks 

cuk, j[kus gsrq etnwj cu x,A orZeku le; esa eqlgj leqnk; vius lkekftd&vkfFkZd 

fiNM+siu ds dkj.k vuqlwfpr tkfroxZ ds lcls fupys ik;nku ij eq[; lekt ls dVdj 

thou&;kiu dj jgk gSA eqlgj leqnk; Hkwr&çsr] >kM+&Qwad vkSj Vksuk&VksVdk tSls 

vaèkfo'oklh mipkjksa ij vkt Hkh fuHkZj gSA ysfdu tSls&tSls çkFkfed LokLF; lqfoèkkvksa dk 

xzkeh.k {ks=ksa esa lkekU; yksxksa rd igq¡p c<+ jgh gS oSls&oSls bldk lkFkZd çHkko muds 

LokLF; ij Hkh iM+ jgk gSA lhfer vko';drkvksa ds lkFk os viuk thou thus ds fy, 

etcwj Fks] ysfdu vc fofHkUu ljdkjh ;kstukvksa ;Fkk& eujsxk] çèkkuea=h vkokl ;kstuk] 

gj ?kj ty ;kstuk tSls dk;ZØeksa dh igq¡p lqnwj cfLr;ksa rd gksus ds dkj.k mudk thou 

Lrj] [kku&iku] jgu&lgu bR;kfn esa lqèkkj gks jgk gSA eqxÊ ikyu] lqvj ikyu] iÙky vkSj 

nksuk cukuk] ydM+h dkVuk] [ksrksa&Hkëksa ij etnwjh djuk] VªSDVj pykuk bR;kfn muds 

vkthfodk ds egÙoiw.kZ lkèku gSa gkykafd eqlgj leqnk; rd jksVh] diM+k] vkokl] 

f'k{kk] dkS'ky] jkstxkj vkSj lkekftd lekos'ku rFkk lkekftd lejlrk&ln~Hkko dh 

leqfpr igq¡p vkt Hkh ugha gSA eqlgj leqnk; dh lkekftd&vkfFkZd vkSj vkthfodk 

lacafèkr U;wure vko';drkvksa rd dh iwfrZ gsrq ljdkjh vkSj xSj&ljdkjh 

;kstukvksa&dk;ZØeksa ds lkFk gh lkFk lkekftd lekurk ds Lrj ij ykus ds fy, muds 

lkFk gks jgs HksnHkko dks nwj djus ds fy, eq[; lekt dks Lo;a çsfjr gksdj vkxs vkuk 

gksxkA rHkh lkekftd vyxko dh [kkbZ ikVh tk ldsxh vkSj lkekftd vyxko dh [kkbZ 

ikVs fcuk eqlgj leqnk; dk eq[; lekt esa lekos'ku ugha gks ldsxkA fcuk lkekftd 

lekos'ku ds ljdkjh ç;kl gksus ds ckotwn eqlgj leqnk; dk yf{;r fodkl laHko ugha 

gSA 
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सारांश

	 परिवर्तनशील शिक्षण-अधिगम प्रक्रिया के साथ ही आकलन संबंधी नई समस्याए,ँ समाधान और संप्रत्यय 
भी पैदा हुए हैं। इस शोधपत्र का मखु्य सरोकार शैक्षिक आकलन से सम्बंधित प्रकाशित अनसुंधानों का ग्रंथमितीय 
विश्लेषण और वैज्ञानिक दृश्यीकरण करना था, जिसके अतंर्गत इस संदर्भ से जड़ुा सर्वाधिक अनसुन्धान प्रकाशित 
करनेवाला देश, सर्वाधिक उद्धरणों (साईटेशन) वाले शोधकर्ता, लोकप्रिय मखु्य शब्द (ट्रेंडिग कीवरड्स) और 
सर्वाधिक अनसुंधान प्रकाशित करने वाली पत्रिकाओ ं(स्रोतों) का मात्रात्मक विश्लेषण और मैपिग की गई ह।ै इसके 
लिए लेखक द्वारा ‘लेंस डेटाबेस’ से शैक्षिक आकलन संबंधी 1451 प्रकाशनों (2010-2024 तक) का एमएस 
एक्सेल एवं वोसव्युवर सॉफ्टवेयर की सहायता से ग्रंथमितीय विश्लेषण किया गया ह।ै विश्लेषणोपरांत प्राप्त हुआ कि 
शैक्षिक आकलन संबंधित सबसे अधिक प्रकाशन (136) वर्ष 2023 में तथा सबसे कम प्रकाशन (42) वर्ष 2012 
में प्रकाशित हुए हैं। सर्वाधिक प्रकाशन (97%) शोध लेख के रूप में हुए हैं। कुल 435 और 409 प्रकाशनों के साथ 
सभी 61 देशों में संयकु्त राज्य अमरेिका (34%) और यकेू (32%) क्रमशः प्रथम और द्वितीय स्थान पर शीर्ष देश हैं, 
जिन्होंने शैक्षिक आकलन पर अनसुन्धान पत्र प्रकाशित किए। कुल 5272 लेखकों के शैक्षिक आकलन संबंधित 
1451 प्रकाशन 919 स्रोतों में प्रकाशित हुए हैं। उक्त प्रकाशनों में कुल 1395 अन्य मखु्य शब्द प्रयकु्त किए गए हैं। 
एजकुेश न और असेसमेंट शीर्ष मखु्य शब्द हैं। ब्रूखार्ट (2011) द्वारा लिखित ‘एजकुेश नल असेसमेंट: नॉलेज एडं 
स्किल्स फॉर टीचर्स’ सर्वश्रेष्ठ शोधपत्र ह,ै जिसे कुल 275 उद्धरण प्राप्त हुए हैं। यह शोधपत्र वैश्विक वैज्ञानिक समदुाय 
के साथ-साथ शैक्षिक आकलन के क्षेत्र में शोध करने वाले नवीन शोधार्थियों के लिए भी बहुत उपयोगी होगा। इस 
शोधपत्र की सहायता से शिक्षण और अनसुंधान कार्य करने वाले लोग वैश्विक स्तर पर शैक्षिक आकलन के संबंध में 
अभी तक प्रकाशित श्रेष्ठतम शोध प्रकाशनों, स्रोतों और लेखकों तक आसानी से पहुचँकर आवश्यक शोध एवं अन्य 
कार्य  उत्तम ढंग से सम्पन्न कर सकते हैं।   

मुख्य शब्द: शैक्षिक आकलन, ग्रंथमितीय विश्लेषण, वोसव्युवर सॉफ्टवेयर, नेटवर्क  दृश्यीकरण और सघनता 
मानचित्रण।  
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पषृ्ठभूमि

	 आकलन, “जानकारी एकत्र करने के लिए एक व्यवस्थित प्रक्रिया ह,ै जिसका उपयोग लोगों या वस्तुओ ं
की विशेषताओ ंके बारे में अनमुान लगाने के लिए किया जा सकता ह”ै (एरा,1999)। आकलन को साक्ष्य एकत्र 
करने और परिणामों से संबंधित निर्णय लेने की प्रक्रिया के रूप में जाना जाता ह।ै ऑक्सफोर्ड शब्दकोश के अनसुार 
आकलन शब्द कॉमर्स और इकोनोमिक्स, जैसे विषयों में 15वीं शताब्दी के मध्य से प्रयकु्त होता रहा ह,ै लेकिन 
शिक्षाशास्त्र विषय में यह 1950 से प्रयोग होना शरुु हुआ ह।ै यह डेटा एकत्र करने और उन्हें एक व्याख्यात्मक रूप 
दनेे की प्रक्रिया ह,ै जिसके आधार पर एक सारगर्भित निष्कर्ष तक पहुचंा जा सकता ह।ै यदि कक्षागत आकलन 
की बात करें तो हम कह सकते हैं कि जब कोई शिक्षक कक्षा में शिक्षण-अधिगम की चलायमान प्रक्रिया के दौरान  
विद्यार्थियों की अधिगम प्रक्रिया का अवलोकन करता ह,ै प्रत्येक विद्यार्थी की अधिगम स्थिति और प्रक्रिया संबंधी 
प्रतिक्रिया एकत्र करता ह ै और अधिकतम अधिगम हते ु सवुिधाए ं प्रदान करने के लिए अपनी शिक्षण-अधिगम 
रणनीति में सधुार करता ह,ै तो वह आकलन कर रहा ह।ै ‘अधिगम का आकलन, अधिगम के लिए आकलन और 
अधिगम के रूप में आकलन’ के आधार पर आकलन की अवधारणा को तीन स्वरूप में स्पष्ट किया जाता ह।ै वास्तव 
में कक्षागत आकलन के लिए बहुत अधिक निपणुता और धैर्य की जरूरत पड़ती ह।ै आकलन के पहले दो स्वरूप 
में आकलनकर्त्ता के रूप में अध्यापक को अपनी भमूिका का निर्वहन करना पड़ता ह,ै जबकि तीसरे स्वरूप, जिसे 
हम सभी ‘अधिगम के रूप में आकलन’ से जानते हैं; में विद्यार्थी स्वयं अपना आकलन करता ह।ै इसे विशेष रूप से 
कनाडा और ऑस्ट्रेलिया के संदर्भ में, हेवर्ड (2015) द्वारा विद्यार्थियों के शैक्षिक प्रगति की दखेरेख और निर्देशन में 
उनकी भमूिका को चित्रित करने के लिए अधिक सटीक तरीके से नियोजित किया गया था। प्रामाणिक कार्यों से छात्र-
उपलब्धि संबंधी अनमुान प्राप्त करने हते ुआकलन के लिए पर्याप्त समय की आवश्यकता होती ह ै(लिन, 1994)। यदि 
आकलन अभ्यासों में भाग लेकर भी विद्यार्थी सीखने संबंधी कोई विशेष लाभ प्राप्त नहीं कर रह ेहैं, तब आकलन 
को तर्क संगत बनाना चनुौतीपरू्ण हो जाता ह ैएवं ऐसी स्थिति में  रचनात्मक आकलन की भमूिका महत्त्वपरू्ण हो जाती 
ह,ै जिसे बेनेट (2011) द्वारा भी स्वीकार किया गया ह।ै  ‘सीखने के लिए आकलन’ का उपयोग शिक्षक द्वारा अपनी 
निर्देशात्मक प्रविधियों को परिवर्तित करने के लिए किया जाता ह,ै जबकि ‘सीखने का आकलन’ यह निर्धारित 
करता ह ैकि विद्यार्थियों ने परू्व-निर्धारित अधिगम उद्देश्यों के सापेक्ष कितना सीखा ह।ै वस्तुतः  शैक्षिक आकलन 
अपने समस्त स्वरूपों में विद्यार्थियों के अधिगम के संबंध में सारगर्भित अनमुान लगाने की एक प्रक्रिया ह।ै विद्यार्थी, 
अधिगम क्रियाओ ंके साथ-साथ आकलन क्रियाओ ंमें भी सक्रिय प्रतिभाग करते हैं, जिससे आकलन संबंधी प्रदत्त 
उत्पन्न होता ह।ै शिक्षक उन प्रदत्तों का कई और विविध स्रोतों से संकलन करके विश्लेषणोपरांत सारगर्भित अनमुान 
का निर्माण करते हैं। अतं में उन अनमुानों की सहायता से अपनी शिक्षण कार्यनीति में आवश्यक परिमार्जन करके 
विद्यार्थियों को बेहतर अधिगम हते ुसवुिधा प्रदान करते हैं। 

साइटंोमेट्रिक्स को “वैज्ञानिक संचार और विज्ञान एवं प्रौद्योगिकी के मात्रात्मक पहलओु ंका अध्ययन”  के रूप में 
परिभाषित किया जा सकता ह।ै यह विशेषतः कंप्यूटर भडंारण की बढ़ी हुई क्षमताओ ंऔर वैज्ञानिक संचार संबंधी 
सचूना की पनुर्प्राप्ति (यथा- उद्धरण विश्लेषण) से सम्बंधित ह ै(लेडेसडॉर्फ , 2001)। ग्रंथमितीय विश्लेषण (साइटंोमेट्रिक 
या बिब्लियोमेट्रिक तकनीक) यथा, सह-उद्धरण विश्लेषण, सह-लेखकत्व विश्लेषण और ग्रंथ-सचूी यगु्मन में किसी 
वैज्ञानिक संप्रत्यय का संरचनात्मक प्रतिनिधित्व तैयार करने के लिए उससे संबंधित प्रकाशित डॉक्यूमेंट्स को किसी 
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डेटाबेस यथा- स्कोपस, डायमेंशन, लेंस, पबमेड, गगूल स्कालर, वेब ऑफ साइसं इत्यादि से ग्रंथ-सचूी के रूप में 
लिया गया (एक्सट्रैक्टेड) डेटासेट का उपयोग करते हैं। वैज्ञानिक विश्लेषण की यह  पद्धति विद्वानों को विषय विशेष 
में अनसुंधानरत शोधार्थियों द्वारा प्रयकु्त समेकित ग्रंथ- सचूी को आधार बनाने में सक्षम बनाती ह,ै जो उद्धरण के 
माध्यम से अपने दृष्टिकोण को स्पष्ट करते हैं। ग्रंथमितीय विश्लेषण का उपयोग तेजी से बढ़ रहा ह ै(चेंग एट अल., 
2023)।  ग्रंथमितीय विश्लेषण एक उभरता हुआ क्षेत्र ह,ै जिसमें विद्वानों के बीच अनसुंधान और विभिन्न चरों के 
अतंर्संबंधों की प्रगति को मौजदूा दस्तावेजों का उपयोग करके मात्रात्मक पद्धतियों के प्रयोग से सफलतापरू्वक  चित्रित 
किया जाता ह ै(वांग एट आल., 2021)। यह दृष्टिकोण प्रासंगिक विद्वानों के प्रकाशित साहित्य का विश्लेषण करके 
उसकी  उत्पादकता और अतंरराष्ट्रीय सहयोग की जांच के लिए एक मजबतू रूपरेखा प्रदान करता ह।ै ग्रंथमितीय 
विश्लेषण मात्रात्मक विश्लेषण पर आधारित, स्थापित और प्रभावी  सांख्यिकीय पद्धति ह,ै जो शोधकर्ताओ ंको 
वैश्विक दृष्टिकोण से समग्र परिप्रेक्ष्य का अनावरण करने की महत्त्वपरू्ण क्षमता प्रदान करती ह ै (जिया एट अल., 
2024)। ब्राडौस (1987) का मानना ह ैकि साइटंोमेट्रिक्स को “मरू्त प्रकाशित संस्थाओ,ं ग्रंथ-सचूी  इकाइयों और/ या 
उनके संबंधित सरोगेट्स की मात्रात्मक विश्लेषण” के रूप में वर्णित किया जा सकता ह।ै एक विश्लेषणात्मक उपकरण 
के रूप में, साइटंोमेट्रिक्स बौद्धिक, सामाजिक और वैचारिक ढांच े (जपुिक एडं केटर, 2015) के अनसुंधान परिणाम 
का विश्लेषण करता ह,ै जिसमें खोजे गए विषयों, उपयोग की जाने वाली पद्धतियों, प्रयकु्त प्रतिचयन, पिछले विद्वानों 
के योगदान यथा: मोनोग्राफ, सम्मेलन की कार्यवाही और सहकर्मी-समीक्षा पत्रिकाओ ंका विश्लेषण सम्मिलित 
होता ह ै(कोबो एट अल., 2011; मकैबर्नी और नोवाक, 2002)। बेंकेनड्वर्फ  एवं जेहरर (2013) ने दो प्रकार की 
साइटंोमेट्रिक पद्धतियों: (1) मलू्यांकन तकनीक और (2) संबंधपरक तकनीक का वर्णन किया ह,ै जो मलू्यांकन 
तकनीक उत्पादकता मेट्रिक्स, प्रभाव संकेतक और हाइब्रिड उपायों  के प्रयोग पर बल दतेी ह ै (हाल, 2011)। 
संबंधपरक तकनीक उद्धरणों, लेखकों, संबद्धताओ ंऔर खोज-शब्दों का विश्लेषण करके प्रकाशित शोधपत्रों के बीच 
अतंर्संबंधों की जांच करती ह।ै इस तरह की पद्धतियां शोधकर्ताओ ंऔर पाठकों को विषयों के बौद्धिक प्रतिमानों, 
क्षेत्रों की सामाजिक संरचनाओ ंऔर नवीन अनसुंधान विषयों की उत्पत्ति को स्पष्ट करने में सहायता करती हैं (नेरुर 
एट अल., 2016; रोंडा-पपुो और गएुरास-मार्टिन, 2012; टैन एवं डिंग, 2015)। ग्रंथमितीय विश्लेषण का एक 
महत्त्वपरू्ण भाग सह-लेखकत्व (Co-authorship) विश्लेषण उन नेटवर्कों की जांच करता ह,ै जो शोधकर्ता द्वारा 
वैश्विक स्तर पर अन्य लेखकों के साथ मिलकर संयकु्त प्रकाशनों के माध्यम से निर्मित किया गया ह ै(एसीडो एट अल., 
2006)। सह-लेखकत्व विश्लेषण से यह स्पष्ट होता ह ैकि लेखक ने अपनी अनसुंधान रुचि के क्षेत्रों में किन-किन 
लेखकों के साथ अकादमिक सम्बन्ध  निर्मित किया ह।ै इसके द्वारा लेखक की दलगत भावना और आपसी सहयोग  
का भी वैज्ञानिक अनमुान लगाया जा सकता ह।ै 

शोध उद्देश्य  

इस शोध अध्ययन का उद्देश्य शैक्षिक आकलन के विभिन्न आयामों के संदर्भ में किए जा चकेु प्रकाशनों का 
मात्रात्मक विश्लेषण और वैज्ञानिक दृश्यीकरण करते हुए शैक्षिक आकलन संबंधित अध्ययनों के अकादमिक विकास 
और अनसुंधान प्रवृत्तियों का विवरण प्रस्तुत करना एवं शैक्षिक आकलन के क्षेत्र में शीर्ष उत्पादक देशों, लेखकों, 
स्रोतों और लोकप्रिय मखु्य शब्दों (ट्रेंडिंग कीवरड्स) का पता लगाना ह।ै 
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शोध योजना एवं प्रविधि 

इस शोध अध्ययन को परू्ण करने के लिए इसकी मात्रात्मक प्रकृति  को ध्यान में रखते हुए मात्रात्मक शोध उपागम का 
प्रयोग किया गया। इस अध्ययन को ग्रंथमितीय विश्लेषण विधि द्वारा परू्ण किया गया ह।ै इस अध्ययन में वर्ष 2010 से 
लेकर 2024 (16/09/2024, अपराह्न 23:30) तक शैक्षिक आकलन संबंधित प्रकाशित प्रकाशनों का ही उपयोग 
किया गया ह।ै प्रदत्त संकलन के लिए लेंस डेटाबेस (https://www.lens.org) पर ‘‘शैक्षिक आकलन’’ सर्च करके 
वर्ष 2010-2024 तक उपलब्ध प्रकाशनों को सीएसवी फ़ाइल के रूप में संकलित किया गया। संकलित  फ़ाइल की 
एम.एस. एक्सेल (2021) सॉफ्टवेयर की सहायता से प्रदत्तों की सफाई (डेटा क्लीनिग) की गई। इसके लिए एक्सेल 
में विभिन्न फिल्टर लगाकर अधरूी सचूनाओ ं(प्रकाशन वर्ष, देश, अनसुंधानकर्त्ता इत्यादि से संबंधित स्पष्ट सचूना 
का अभाव) वाले प्रकाशनों को हटा दिया गया। इस प्रकार अतंिम रूप से कुल 1451 प्रकाशनों को सीएसवी फ़ाइल 
के रूप में संकलित किया गया। संकलित कुल 1451 प्रकाशनों का वोसव्युवर (1.6.20 संस्करण) सॉफ्टवेयर की 
सहायता से विश्लेषण किया गया। वैज्ञानिक मानचित्रण के क्षेत्र में वोसव्युवर एक बेहतरीन सॉफ्टवेयर ह।ै वोसव्युवर 
सॉफ्टवेयर का अद्यतन संस्करण (Version 1.6.20) एमएस विंडोज, मकै ओएस और अन्य ऑपरेटिग सिस्टम्स के 
लिए 31 अक्तू बर,  2023 से किसी भी उद्देश्य से प्रयोग करने के लिए मफु्त में उपलब्ध ह,ै जिसे वेबसाइट (https://
www.vosviewer.com/download) से डाउनलोड किया जा सकता ह।ै शोधार्थी ने इस अध्ययन हते ुसंकलित 
प्रकाशनों को प्राप्त करने के लिए प्रिज्मा (PRISMA) गाइडलाइन (पेज एट अल., 2021) का प्रयोग किया गया ह,ै 
जिसका विवरण चित्र-1 में प्रस्तुत किया गया ह:ै-

चित्र-1: शैक्षिक आकलन सबंंधित प्रकाशनों की पहचान एवं डेटासेट सकंलित करना

लेंस डेटाबेस पर संबंधित प्रकाशनों की संख्या  
(N = 5787)

स्क्रींड डॉक्यूमेंट्स 
(N = 5787)

रिट्राइवल हते ुरिपोर्टें 
(N = 5787)

योग्यता हते ुआकलित रिपोर्टें
(N = 5787)

अध्ययन में सम्मिलित रिपोर्टें 
(N = 1451)

एक्सक्लूडेड डॉक्यूमेंट्स (N = 0)

नॉट रिट्रीवड रिपोर्टें (N = 0)

एक्सक्लूडेड रिपोर्टें:
1. देश संबंधित विवरण उपलब्ध नहीं  (N = 4299)
2. दोहराव (Duplicate) वाले डॉक्यूमेंट्स (N = 37)

परिसीमांकन:
1. वर्ष 2010 से 2024 तक. 
2. केवल   अगं्रेजी भाषा में प्रकाशित डॉक्यूमेंट्स 
3. केवल  शीर्षक. 
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स्रोत: पेज एट आल (2021) द्वारा प्रस्तुत प्रारूप को लेखक द्वारा संशोधित करके उपयोग किया गया ह।ै  
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प्रिज्मा (2021) दिशानिर्देश का प्रयोग करते हुए लेखक द्वारा अतंिम रूप से कुल 1451 डॉक्यूमेंट्स की सीएसवी 
फ़ाइल लेंस डेटाबेस से डाउनलोड की गई। उक्त डाउनलोड फ़ाइल का एक्सेल सॉफ्टवेयर की सहायता से डॉक्यूमेंट्स 
टाइप-वार विश्लेषण किया गया। समस्त फ़ाइल का डॉक्यूमेंट्स टाइप-वार विवरण चित्र-2 में पाई चार्ट के रूप में 
प्रस्तुत किया गया ह:ै 

चित्र-2: डाउनलोड किए गए समस्त डॉक्यूमेंट्स का डॉक य्ूमेट टाइप-वार विवरण

स्रोत: एम.एस. एक्सेल- 2021 सॉफ्टवेयर की सहायता से लेखक द्वारा निर्मित 

शोध परिणाम 

शैक्षिक आकलन सबंंधित वैश्विक अनुसधंान प्रकाशन ट्रेंड एवं देश

वैश्विक स्तर पर शैक्षिक आकलन हमेशा से लेखकों के लिए महत्त्वपरू्ण विषय रहा ह,ै क्योंकि अलग-अलग भौगोलिक 
परिस्थिति में अधिगमकर्त्ताओ ंकी अधिगम प्रक्रिया अलग-अलग होती ह।ै अधिगमकर्त्ताओ ंकी शारीरिक और 
मानसिक स्थिति भी बहुत हद तक उनके भौगोलिक अवस्थिति से प्रभावित होती ह,ै क्योंकि किसी भी स्थान की 
भौगोलिक स्थिति के सापेक्षतया ही सामाजिक-सांस क्ृ तिक वातावरण का निर्माण होता ह।ै इसके साथ ही बदलती 
प्रौद्योगिकी भी अधिगम प्रक्रिया को अपने साथ-साथ बदलती रहती ह।ै इसीलिए बदलती भौगोलिक, सामाजिक 
और प्रौद्योगिक वातावरण में शैक्षिक आकलनकर्त्ताओ ंके समक्ष नवीन समस्याए ँउत्पन्न होती रही हैं। इन समस्याओ ं
पर अनसुंधान करके वैश्विक लेखकों ने महत्त्वपरू्ण शोध कार्य प्रकाशित किया ह।ै वर्ष 2010-2024 तक शैक्षिक 
आकलन के विभिन्न आयामों से संबंधित कुल 1451 प्रकाशन अभी तक किए गए हैं। चित्र-2 में वर्ष 2010 से 2024 
तक प्रकाशित कुल प्रकाशन ट्रेंड को वार्षिक आधार पर प्रस्तुत किया गया ह:ै
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चित्र-2: शैक्षिक आकलन सबंंधित प्रकाशन ट्रेंड (वर्ष 2010 से 2024 तक)

स्रोत: एम.एस. एक्सेल- 2021 सॉफ्टवेयर की सहायता से लेखक द्वारा निर्मित 

उपर्युक्त चित्र-2 के अवलोकन से स्पष्ट ह ैकि वर्ष 2010-2024 के दौरान वैश्विक स्तर पर शैक्षिक आकलन संबंधी 
कुल 1451 प्रकाशन हुए हैं। सर्वाधिक प्रकाशन (136) वर्ष 2023 में हुए हैं, जबकि सबसे कम प्रकाशन (42) वर्ष 
2012 में हुए हैं। इसी प्रकार अन्य वर्षों में प्रकाशित प्रकाशनों की कुल संख्या को चित्र-2 में दखेा जा सकता ह।ै  

वोसव्युवर सॉफ्टवेयर की सहायता से कुल संकलित 1451 प्रकाशनों का विश्लेषण करने से पता चलता ह ैकि ये 
प्रकाशन कुल 61 देशों के लेखकों द्वारा किए गए हैं। उक्त देशों द्वारा प्रकाशित कुल प्रकाशनों का एक्सेल सॉफ्टवेयर 
की सहायता से विश्लेषण करने पर ज्ञात हुआ कि कुल 61 देशों में से सर्वाधिक (N = 435, लगभग 34%) प्रकाशन 
अकेले  संयकु्त राज्य अमरेिका ने किया ह।ै शैक्षिक आकलन संबंधित सर्वाधिक प्रकाशन करने वाले शीर्ष 10 देशों 
का विवरण चित्र-3 में प्रस्तुत ह:ै

चित्र-3: शैक्षिक आकलन सबंंधी अनुसधंान उत्पादक शीर्ष 10 देश

 
स्रोत: एम.एस. एक्सेल- 2021 सॉफ्टवेयर की सहायता से लेखक द्वारा निर्मित 
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उपर्यक्त चित्र-3 के अवलोकन से स्पष्ट ह ैकि शैक्षिक आकलन संबंधित अनसुंधान प्रकाशन करने वाले 61 देशों में से 
सर्वाधिक उत्पादन करने वाले शीर्ष 10 देशों की सचूी में कुल 435 (34%) प्रकाशन के साथ संयकु्त राज्य अमरेिका 
प्रथम स्थान पर ह।ै अमरेिका के बाद यकेू 409 (32%) प्रकाशनों के साथ द्वितीय स्थान पर ह।ै इसी प्रकार शीर्ष 10 
उत्पादक देशों की सचूी में अन्य 8 देश क्रमशः नीदरलैंड (10%), जर्मनी (8%),  स्विट्ज़रलैंड (5%), कनाडा (3%) 
भारत (3%), रूस (2%), इगं्लैंड (2%) और पोलैंड (1%) हैं। शीर्ष 10 उत्पादक देशों की सचूी में दक्षिण एशिया 
का एकमात्र देश,  भारत ह।ै शैक्षिक आकलन के संदर्भ में वर्ष 2010 से 2024 के मध्य भारत ने 39 (कुल प्रकाशनों 
का लगभग 3%) प्रकाशन उत्पादित किया ह।ै उक्त शीर्ष 10 देशों को उनकी प्रकाशन सघनता के आधार पर उनका 
मानचित्र चित्र-4 में दखेा जा सकता ह।ै  

चित्र-4: शीर्ष 10 उत्पादक देशों का मानचित्र 

स्रोत: एम.एस. एक्सेल- 2021 सॉफ्टवेयर की सहायता से लेखक द्वारा निर्मित 

शैक्षिक आकलन सबंंधित प्रकाशन और को-ऑथरशिप विश्लेषण

वोसव्युवर मफ़ु्त में उपलब्ध एक कंप्यूटर सॉफ्टवेयर ह,ै जिसकी सहायता से ग्रंथमितीय मानचित्र का निर्माण एवं 
दृश्यांकन किया जाता ह ै(वान एक एवं वाल्टमन, 2010)। वास्तव में वोस (VOS) ‘समानता का दृश्यांकन’ (Visu-
alization Of Similarities) का संक्षिप्त रूप ह,ै जो ऑब्जेक्ट्स के मध्य समानता को प्रदर्शित करता ह ै (वान एक 
एवं वाल्टमन, 2007)। यह सॉफ्टवेयर अपने को-ऑथरशिप विकल्प की सहायता से विश्लेषित की जा रही ग्रंथ-सचूी 
से संबंधित प्रकाशन करने वाले लेखकों के नेटवर्क , दृश्यीकरण मानचित्र, ओवरले दृश्यीकरण मानचित्र और सघनता 
दृश्यीकरण मानचित्र को उत्पादित करता ह ै( (वान एक एवं वाल्टमन,  2011)। नेटवर्क  दृश्यीकरण मानचित्र में गोले 
का आकार संबंधित अनसुंधानकर्त्ता के प्रकाशनों की संख्या को प्रस्तुत करता ह;ै अर्थात जो गोला जितना अधिक 
बड़ा होगा, उस अनसुंधानकर्त्ता के पास उतने ही अधिक प्रकाशन होंगे। इससे लेखकों के आपसी जड़ुाव (लिक्स) 
और कुल लिक स्ट्रेंथ सहित विवरण की समझ आसानी से आ जाती ह।ै इसी प्रकार सघनता दृश्यीकरण मानचित्र 
में जिस अनसुंधानकर्त्ता का रंग जितना अधिक गहरा दिखाई दतेा ह,ै उस अनसुंधानकर्त्ता के पास अन्य लेखकों 
की तलुना में अधिक प्रकाशन होते हैं।। शैक्षिक आकलन संबंधित कुल 1451 प्रकाशनों की सीएसवी फ़ाइल को 
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वोसव्युवर सॉफ्टवेयर के ‘को-ऑथरशिप’ विकल्प को चलाने पर कुल 5372 लेखकों का विवरण प्राप्त हुआ। 5372 
लेखकों में से सर्वाधिक लिक्स का सजृन करने वाले 1000 लेखकों का विश्लेषण वोसव्युवर सॉफ्टवेयर की सहायता 
से करने पर प्राप्त हुआ कि केवल  38 लेखक ही आपस में जड़ुे हुए हैं। 38  जड़ुे हुए लेखक 3 क्लस्टर्स और 236 
लिक्स का निर्माण करते हैं। उक्त 38 लेखकों का कुल लिक स्ट्रेंथ 278 ह।ै इससे स्पष्ट ह ैकि इन लेखकों का आपस 
में बहुत मजबतू अकादमिक नेटवर्क  ह।ै उक्त लेखकों का वैज्ञानिक नेटवर्क  दृश्यीकरण मैपिग चित्र-5 की सहायता से 
दखेा जा सकता ह।ै

चित्र-5:  कुल लेखकों का नेटवर्क  दृश्यीकरण मानचित्र

 

विवरण: 38 परस्पर जड़ेु हुए (कनेक्टेड) लेखकों का सघनता दृश्यीकरण मानचित्र 

शीर्ष 15 उत्पादक अनुसधंानकर्त्ता

शीर्ष उत्पादक लेखकों का विश्लेषण करने के लिए को-ऑथरशिप विकल्प में कम से कम 4  प्रकाशन और कम 
से कम 1 उद्धरण (साइटेशन) मानदडं को निर्धारित करने पर कुल 15 शीर्ष अनसुंधानकर्त्ता प्राप्त हुए। उक्त शीर्ष 15 
उत्पादक लेखकों का विवरण तालिका-1 में प्रस्तुत किया गया ह:ै
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तालिका-1: शीर्ष 10 उत्पादक लेखकों का विवरण

क्र. सं. अनसुंधानकर्त्ता कुल प्रकाशन कुल उद्धरण 
(साइटेशसं)

उद्धरण (साइटेशसं)/ 
प्रकाशन 

1 मिदमी, न्दोसी 11 175 15.90

2 पैट्रिस, लाज़ुर 6 78 13.00

3 डेविड ए. कुक 5 681 136.20

4 थेरेसी एन. होपफेनबेक 5 72 14.40 

5 अली, महेदी 5 1 0.20

6 जॉर्जेस, नखौल 5 1 0.20

7 एस. बेथ बियरर 5 1 0.20 

8 ससुाना, एरिगैन 5 1 0.20 

9 रोज, हटाला 4 571 142.75 

10 जेसी डी. शोल्ड 4 1 0.25 

स्रोत: लेखक द्वारा निर्मित 

उपर्युक्त तालिका-1 के अवलोकन से स्पष्ट ह ै कि सर्वाधिक उत्पादक लेखक मिदमी, न्दोसी हैं। न्दोसी ने शैक्षिक 
आकलन के संदर्भ में कुल 11 प्रकाशन किए हैं; जिस पर उन्हें कुल 175 उद्धरण प्राप्त हुए हैं; और उनका प्रति प्रकाशन 
उद्धरण दर 15.90 ह।ै सर्वाधिक उत्पादक लेखकों में दसूरे स्थान पर पैट्रिस, लाज़ुर हैं। पैट्रिस के प्रकाशनों की कुल 
संख्या 6 ह,ै जिन पर उन्हें कुल 78 उद्धरण प्राप्त हुए हैं। पैट्रिस का प्रति प्रकाशन उद्धरण दर 13.00 ह।ै इसी तरह शीर्ष 
10 उत्पादक लेखकों में से अन्य 8 लेखकों के प्रकाशन और उद्धरणों की संख्या एवं प्रति प्रकाशन उद्धरण की दर 
संबंधी विवरण उपर्युक्त तालिका-1 में दखेा जा सकता ह।ै को-ऑथरशिप विश्लेषण से स्पष्ट ह ैकि शैक्षिक आकलन 
संबंधी शीर्ष 10 अनसुंधान उत्पादक लेखकों में भारत का एक भी लेखक नहीं ह।ै 

शैक्षिक आकलन सबंंधित प्रकाशन में मुख्य शब्दों की आवतृ्ति (कीवरड्स ऑकरेंस)  

वैश्विक स्तर पर शैक्षिक आकलन के विभिन्न आयामों के संदर्भ में किए जा चकेु प्रकाशनों में प्रयकु्त किए गए मखु्य 
शब्द (कीवरड्स)  का अधिक सारगर्भित विश्लेषण करने के लिए वोसव्युवर सॉफ्टवेयर की सहायता से को-आकरेंस 
विद अदर कीवरड्स ऑप्शन को चलाया गया। उत्पाद के रूप में 1451 प्रकाशनों में प्रयकु्त कुल 1395 मखु्य शब्द 
प्राप्त हुए; उनमें से 804 मखु्य शब्द आपस में जड़ुकर (लिक्ड होकर) कुल 45 क्लस्टर्स और 3052 लिक्स का निर्माण 
करते हैं। उक्त 804 मखु्य शब्दों का कुल लिक स्ट्रेंथ 3127 ह।ै इससे स्पष्ट ह ैकि शैक्षिक आकलन वैश्विक स्तर पर 
ज्ञान के विविध अनशुासनों एवं आयामों के लिए कितना अधिक महत्त्वपरू्ण और उपयोगी ह।ै मखु्य शब्दों के विश्लेषण 
का दृश्यीकरण करने हते ुवोसव्युवर सॉफ्टवेयर की सघनता दृश्यीकरण मानचित्र फीचर का प्रयोग किया गया ह।ै उक्त 
लिक्ड मखु्य शब्दों की सघनता दृश्यीकरण मानचित्र को चित्र-6 में प्रस्तुत किया गया ह:ै 
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चित्र-6: मुख्य शब्दों की आवतृ्ति (कीवरड्स ऑकरेंस) का नेटवर्क  दृश्यीकरण मानचित्र 

विवरण: कीवरड्स ऑकरेंस का सघनता दृश्यीकरण मानचित्र

शीर्ष 10 मुख्य शब्द (कीवरड्स)

चित्र-6 में प्रस्तुत कीवरड्स सघनता मानचित्र का अवलोकन करने से यह तो स्पष्ट ह ैकि शैक्षिक आकलन का वैश्विक 
स्तर के विभिन्न ज्ञानानशुासनों से बहुत गहरा संबंध ह।ै कुल 1451 प्रकाशनों में कुल 1395 मखु्य शब्द प्रयकु्त हुए हैं। 
वैश्विक स्तर पर ट्रेंड करने वाले महत्त्वपरू्ण मखु्य शब्दों पता लगाने के लिए उनकी आवृत्ति के बढ़ते क्रम में वोसव्युवर 
सॉफ्टवेयर की सहायता से चके किया गया। कम से कम 7 आवृत्ति वाले मानदडं पर शीर्ष 10 मखु्य शब्द प्राप्त हुए। 
उक्त शीर्ष 10 मखु्य शब्द आपस में जड़ुकर कुल 4 क्लस्टर्स और 15 लिक्स का निर्माण करते हैं और उनका कुल 
लिक स्ट्रेंथ 26 ह।ै सर्वाधिक आवृत्ति वाले उक्त शीर्ष 10 मखु्य शब्द को उनकी आवृत्ति संख्या और कुल लिक स्ट्रेंथ 
के साथ तालिका-2 में प्रस्तुत किया गया ह-ै 

तालिका-2: शीर्ष 15 मुख्य शब्द (कीवरड्स) का विवरण 

क्रम सं. मखु्य शब्द (कीवरड्स) आवृत्ति (ऑकरेंस) कुल लिक स्ट्रेंथ (कुल लिक सामर्थ्य)

1 एजकुेश न 51 11 

2 नीडस एसेसमेंट 20 9 

3 मेडिकल एजकुेश न 19 5 

4 एसेसमेंट 18 7
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5 पेटेंट एजकुेश न 18 3

6 नॉलेज 16 8

7 एजकुेश नल नीडस 10 4 

8 कोविड-19 9 3 

9 हले्थ एजकुेश न 9 1 

10 यट्ूयबू 7 1 

स्रोत: लेखक द्वारा निर्मित 

उपर्युक्त तालिका-2 से स्पष्ट ह ै कि शैक्षिक आकलन संबंधी वैश्विक अनसुंधान प्रकाशनों में प्रयकु्त जिन शीर्ष 10 
मखु्य शब्दों की आवृत्ति सर्वाधिक बार हुई ह,ै उनमें  सर्वाधिक (N = 51) आवृत्ति वाला मखु्य शब्द एजकुेश न 
ह।ै इसका कुल लिक स्ट्रेन्थ 11 ह।ै इसी तरह अन्य मखु्य शब्द- नीडस एसेसमेंट (20), मेडिकल एजकुेश न (19), 
असेसमेंट (18), पेटेंट एजकुेश न (18), नॉलेज (16), एजकुेश नल नीडस (10), कोविड-19 (9), हले्थ एजकुेश न 
(9) और यट्ूयबू (7) हैं। उक्त शीर्ष 10 मखु्य शब्द आपस में जड़ुकर 4 क्लस्टर्स का निर्माण करते हैं। प्रथम क्लस्टर 
को लाल, द्वितीय क्लस्टर को हरा, ततृीय क्लस्टर को नीला और चतरु्थ क्लस्टर को पीले रंग से दिखाया गया ह।ै 
प्रथम क्लस्टर में 3 मखु्य शब्द (नॉलेज, एजकुेश नल नीडस और कोविड-19), द्वितीय क्लस्टर में भी 3 मखु्य शब्द 
(मेडिकल एजकुेश न, एसेसमेंट और यट्ूयबू), ततृीय क्लस्टर में 2 मखु्य शब्द (एजकुेश न और हले्थ एजकुेश न) और 
चतरु्थ  क्लस्टर में 2 मखु्य शब्द (नीडस एसेसमेंट और पेटेंट एजकुेश न) हैं। उक्त 4 क्लस्टर्स में सम्मिलित शीर्ष 10 
मखु्य शब्दों का नेटवर्क  दृश्यीकरण मानचित्र को चित्र-7 की सहायता से दखेा जा सकता ह।ै

चित्र-7: शीर्ष 15 मुख्य शब्द (कीवरड्स) का नेटवर्क  दृश्यीकरण मानचित्र

 
स्रोत: वोसव्युवर सॉफ्टवेयर द्वारा शीर्ष मखु्य शब्दों (कीवरड्स) के नेटवर्क  दृश्यीकरण मानचित्र आउटपटु का स्क्रीनशॉट 
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शैक्षिक आकलन एवं सर्वाधिक उत्पादक स्रोत

शैक्षिक आकलन संबंधी कुल 1451 प्रकाशन वैश्विक स्तर पर कुल 919  स्रोतों (पत्रिकाओ)ं द्वारा प्रकाशित किए 
गए हैं। उक्त 919 पत्रिकाए,ँ 831 क्लस्टर्स और 133 लिक्स का निर्माण करती हैं, जिनका कुल लिक स्ट्रेंथ 140 ह।ै 
इससे स्पष्ट ह ैकि ये स्रोत आपस में बहुत कम जड़ुे हुए हैं। इनके सघनता दृश्यीकरण मानचित्र को चित्र-8 में प्रस्तुत 
किया गया ह:ै 

चित्र-8: सभी प्रकाशन स्रोतों का सघनता दृश्यीकरण मानचित्र

 

स्रोत: स्वनिर्मित 

शीर्ष 10 स्रोत

कुल 919 स्रोतों में से सर्वाधिक संख्या में प्रकाशन करने वाले स्रोतों का विश्लेषण करने हते ुवोसव्युवर सॉफ्टवेयर के 
‘टाइप ऑफ एनालिसिस- साइटेशन विथ यनूिट ऑफ एनालिसिस- सोर्सेस’ विकल्प को चलाया गया। कम से कम 9 
डॉक्यूमेंट्स और कम से कम 24 साइटेशन उपयकु्त मानदडं पर पाए जाने पर शीर्ष 10  स्रोत प्राप्त हुए, जिनका विवरण 
तालिका-3 में प्रस्तुत किया गया ह:ै

तालिका-3: शीर्ष 10 अनुसधंान उत्पादक स्रोत

क्रम सं. पत्रिका डॉक्यूमेंट्स उद्धरण 
(साइटेशसं)

उद्धरण (साइटेशसं)/ 
डॉक्यूमेंट्स

1 एसेसमेंट इन एजकुेश न: प्रिंसिपल्स, 
पॉलिसी एडं प्रैक्टिस 

22 317 14.41
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2 एजकूेश नल मजेरमेंट: इशजू एडं प्रैक्टिस 19 403 21.21

3 लेक्चर नोट्स इन कंप्यूटर साइसं 18 86 4.78

4 बीएमसी मेडिकल एजकुेश न 14 219 15.64

5 एकेडमि क मेडिसिन: जर्नल ऑफ द 
एसोसिएशन ऑफ अमरेिकन मेडिकल 
कालेजेस 

11 674 61.27

6 एजकुेश नल साइकोलोजी इन प्रैक्टिस 11 74 6.72

7 जर्नल ऑफ एजकुेश न एडं हले्थ 
प्रोमोशन 

11 48 4.36

8 सस्टेनेबिलिटी 11 215 19.54

9 एजकुेश न एडं इन्फोर्मेशन टेक्नॉलॉजी 9 66 7.33

10 हाइजीन एडं सेनिटेशन 9 24 2.67

स्रोत: लेखक द्वारा निर्मित 

उपर्युक्त तालिका-3 के अवलोकन से स्पष्ट ह ैकि वैश्विक स्तर पर शैक्षिक आकलन संबंधी सर्वाधिक प्रकाशन करने 
वाले शीर्ष 10 स्रोत- एसेसमेंट इन एजकुेश न: प्रिंसिपल्स, पॉलिसी एडं प्रैक्टिस (22 प्रकाशन, 317 साइटेशन), 
एजकुेश नल मजेरमेंट: इश ूएडं प्रैक्टिस (19 प्र. 403 सा.), लेक्चर नोट्स इन कंप्यूटर साइसं (18 प्र. 86 सा.),  
बीएमसी मेडिकल एजकुेश न (14 प्र. 219 सा.), एकेडमि क मेडिसिन: जर्नल ऑफ द एसोसिएशन ऑफ अमरेिकन 
मेडिकल कालेजेस (11 प्र. 676 सा.), एजकुेश नल साइकोलोजी इन प्रैक्टिस (11 प्र. 74 सा.), जर्नल ऑफ एजकुेश न 
एडं हले्थ प्रोमोशन (11  प्र. 48 सा.), सस्टेनेबिलिटी (11 प्र. 215 सा.), एजकुेश न एडं इन्फोर्मेशन टेक्नॉलॉजी (9 
प्र. 66 सा.) और हाइजीन एडं सेनिटेशन (9 प्र. 24 सा.)  हैं। उक्त सभी शीर्ष 10 स्रोतों का प्रति  डॉक्यूमेंट साइटेशन 
दर क्रमशः 14.41, 21.21, 4.78, 15.64, 61.27, 6.72, 4.36, 19.54, 7.33 और 2.67 ह।ै 

शीर्ष 10 डॉक य्ूमेंट्स 

कुल 1451 प्रकाशनों में से सर्वाधिक संख्या में उद्धरण प्राप्त करने वाले शीर्ष 10 प्रकाशनों का विश्लेषण करने हते ु
वोसव्युवर सॉफ्टवेयर के ‘टाइप ऑफ एनालिसिस- साइटेशन विद यनूिट ऑफ एनालिसिस- डॉक्यूमेंट्स’ विकल्प 
को चलाया गया। डॉक्यूमेंट्स को प्राप्त उद्धरणों की संख्या के बढ़ते क्रम में जांचा गया। अतंतः कम से कम 135 
साइटेशसं के मापदडं पर शीर्ष 10 डॉक्यूमेंट्स प्राप्त हुए, जिनका विवरण तालिका- 4 में प्रस्तुत किया गया ह:ै  
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तालिका-4: शीर्ष 10 शोध पत्र 

क्रम सं. लेखक शीर्षक उद्धरण 
(साइटेशसं)

पत्रिका व प्रकाशक

1 (ब्रूखार्ट, 2011) एजकुेश नल असेसमेंट: नॉलेज एडं 
स्किल्स फॉर टीचर्स 

275 स्पेशल मजेरमेंट: इशजू एडं 
प्रैक्टिसेस (विले पब्लिकेश न्स)

2 (रेली एट अल., 
2019)

जेंडर डिफरेंसेस इन रीडिंग एडं 
राइटिग अचीवमेंट: एविडेंस फ्रॉम द 
नेशनल असेसमेंट ऑफ एजकुेश नल 
प्रोग्रेस (एनएईपी)

272 द अमरेिकन साइकोलॉजिस्ट 
(अमरेिकन साइकोलॉजिकल 
एसोसिएशन)

3 (कुक व हटला, 
2016)

वैलिडेशन ऑफ एजकुेश नल 
असेसमेंट्स: ए प्रीमायर फॉर 
सिमलुेशन एडं बियॉन्ड 

242 एडवांसेज इन सिमलुेशन 
(बीएमसी, स्प्रिंगर नेचर इगं्लैंड)

4 (कामने्स व 
मकैनीली, 2010)

ग्लोबलाइज़ेशन एडं द ग्रोथ ऑफ 
इटंरनेशनल एजकुेश नल टेस्टिंग एडं 
नेशनल असेसमेंट 

222 कम्परेटिव एजकुेश न रिव्यु 
(यनूिवर्सिटी ऑफ शिकागो प्रेस)

5 (ब्राइजेस एट 
अल., 2015)

लिकिग सिमलुेशन बेस्ट एजकुेश नल 
असेसमेंट्स एडं पेटेंट रिलेटेड 
आउटकम्स: ए सिस्टेमैटिक रिव्यु एडं 
मटेा-एनालिसिस 

207 ऐकेडमि क मेडिसिन: जर्नल ऑफ 
द एसोसिएशन ऑफ अमरेिकन 
मेडिकल कॉलेजेज (लिपिनकॉट 
विलियम्स एडं विलकिस)

6 (मकुैलॉ एट 
अल., 2011)

असेसमेंट ऑफ द 
फार्माकोजेनोमिक्स  एजकुेश नल 
नीडस ऑफ फार्मासिस्ट 

168 अमरेिकन जर्नल ऑफ 
फार्मास्यूटिकल एजकुेश न 
(एलजेवियर बीवी) 

7 (गोबर्ट एट अल., 
2013)

फ्रॉम लॉग फाइल्स टू असेसमेंट 
मैट्रिक्स: मीजरिंग स्टूडेंट्स 
साइसं इन्क्वायरी स्किल्स यजूिंग 
एजकुेश नल डेटा माइनिग 

164 जर्नल ऑफ द लर्निंग साइसंेज

(इनफार्मा यकेू लिमिटेड)

8 (रेली एट अल., 
2014)

सेक्स डिफरेंसेस इन मैथमेटिक्स 
एडं साइसं अचीवमेंट: ए मटेा-
एनालिसिस ऑफ नेशनल असेसमेंट 
ऑफ एजकुेश नल प्रोग्रेस असेसमेंट

144 जर्नल ऑफ एजकुेश नल 
साइकोलॉजी 

(अमरेिकन साइकोलॉजिकल 
एसोसिएशन)
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9 (वोगेल-वालकट 
एट अल., 2012)

द डिफिनिशन, असेसमेंट, एडं 
मिटिगेशन ऑफ स्टेट बोरेडम विदिन 
एजकुेश नल सेटिग्स: ए कॉम्प्रिहेंसिव 
रिव्यु 

136 एजकुेश नल साइकोलॉजी रिव्यु

(स्प्रिंगर साइसं एडं बिज़नेस 
मीडिया, एलएलसी)

10 (ग्रीफ एट अल., 
2013)

कॉम्प्लेक्स प्रॉब्लम सॉल्विंग इन 
एजकुेश नल कॉन्टेक्ट्स- समथिग 
बियॉन्ड जी: कॉन्सेप्ट, एसेसमेंट, 
मजेरमेंट इन्वैरियन्स एडं कंस्ट्रक्ट 
वैलिडिटी 

135 जर्नल ऑफ एजकुेश नल 
साइकोलॉजी 

(अमरेिकन साइकोलॉजिकल 
एसोसिएशन)

स्रोत: लेखक द्वारा निर्मित 

निष्कर्ष

इस शोधपत्र में शैक्षिक आकलन संबंधी वैश्विक अनसुंधान ट्रेंड का ग्रंथमितीय विश्लेषण प्रस्तुत किया गया ह।ै इस 
अध्ययन में वर्ष 2010 से लेकर 16 सितंबर, 2024 तक शैक्षिक आकलन के संदर्भ में संपरू्ण विश्व में प्रकाशित किए 
जा चकेु शोध अध्ययनों का ग्रंथमितीय विश्लेषण करने के लिए ‘लेंस डेटाबेस’ से सीएसवी फाइल एक्सट्रैक्ट किया 
गया और एक्सेल सॉफ्टवेयर की सहायता से डेटा साफ़ (डेटा क्लीनिग) करते हुए शैक्षिक आकलन संबंधी अनसुंधान 
कार्यों का वार्षिक विवरण और देश के आधार पर प्रकाशनों की संख्या तथा सर्वाधिक उत्पादक देशों के मानचित्र 
को तैयार किया गया। इसके अतिरिक्त सर्वाधिक उत्पादन करने वाले लेखकों, पत्रिकाओ ंइत्यादि का विश्लेषण 
वोसव्युअर सॉफ्टवेयर की सहायता से किया गया। साथ ही वोसव्युवर सॉफ्टवेयर की सहायता से ही मखु्य शब्दों 
की आवृत्ति का विश्लेषण करते हुए विभिन्न प्रकार के अकादमिक लिक्स का वैज्ञानिक मानचित्रण भी किया गया। 
शैक्षिक आकलन संबंधित सबसे अधिक प्रकाशन वर्ष 2023 में तथा सबसे कम  प्रकाशन वर्ष 2012 में प्रकाशित हुए 
हैं। शैक्षिक आकलन संबंधी अनसुंधान उत्पादक देशों में संयकु्त राज्य अमरेिका और यकेू क्रमशः प्रथम और द्वितीय 
शीर्ष अनसुंधान उत्पादक देश हैं। भारत शीर्ष उत्पादक देशों की सचूी में सातवें स्थान पर ह।ै कुल 5272 लेखकों ने 
1395 अन्य मखु्य शब्दों का प्रयोग करते हुए कुल 1451 डॉक्यूमेंट्स, 919 स्रोतों की सहायता से प्रकाशित किए 
हैं। इस अध्ययन की सबसे बड़ी सीमा यह ह ैकि इसमें केवल  अगं्रेजी भाषा में प्रकाशित और केवल  लेंस डेटाबेस 
पर उपलब्ध डॉक्यूमेंट्स का विश्लेषण किया गया ह।ै यह शोध कार्य शैक्षिक आकलन के क्षेत्र में अनसुंधान करने 
वाले शोधार्थियों के लिए बहुत महत्त्वपरू्ण ह।ै इस शोधपत्र की सहायता से नवीन शोधार्थी एवं अध्यापक, शैक्षिक 
आकलन से संबंधित सबसे अधिक उत्पादन करने वाले देशों, लेखकों, स्रोतों, शोधपत्रों और लोकप्रिय मखु्य शब्दों 
को आसानी से एक्सेस कर सकते हैं।  
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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 
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This study analyzes the trends and cropping patterns of major crops in Baghpat District, Uttar 
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 
study applies quadratic regression models to examine temporal changes in the area under 
cultivation for these crops. The analysis reveals that sugarcane remains the dominant crop in 
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. 
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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 + cT2 
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 
 c : Quadratic coefficient (controls curvature) 

 
2.4 Model Selection Metrics: 
 

 
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, R², 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 R² MSE 
Sugarcan
e 

y=−151.3x2+1930.8x+72250 y = -151.3x^2 + 1930.8x + 72250 
y=−151.3x2+1930.8x+72250 

0.784
1 

875,04
5 

Wheat y=−121.5x2+350.2x+55900 y = -121.5x^2 + 350.2x + 55900 
y=−121.5x2+350.2x+55900 

0.837
6 

144,41
5 
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Paddy y=−12.7x2+150.5x+4900 y = -12.7x^2 + 150.5x + 4900 
y=−12.7x2+150.5x+4900 

0.854
5 

13,156 

Oilseeds y=−7.8x2+110.2x+1500 y = -7.8x^2 + 110.2x +
 1500 y=−7.8x2+110.2x+1500 

0.933
4 

3,745 

 
Sugarcane: 

 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. 

 Model Fit: An R² of 0.7841 indicates a moderate to strong fit, with an MSE of 875,045 reflecting 
reasonable accuracy given the large area values. 

 Interpretation: The negative x² 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. 

 

 

Wheat: 
 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). 
 Model Fit: An R² of 0.8376 indicates a strong fit, with an MSE of 144,415. 
 Interpretation: The negative x² 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. 

 

 

Paddy:  
 Trend: The area fluctuated, peaking at 5,468 ha in 2014-15, then stabilizing (Figure 3.3). 
 Model Fit: An R² of 0.8545 indicates a strong fit, with a low MSE of 13,156, reflecting high accuracy for 

the smaller area values. 
 Interpretation: The negative x² 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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Oilseeds: 

 Trend: The area increased from 1,489 ha in 2010-11 to 1,986 ha in 2013-14, then stabilized at 1,963 ha 
(Figure 3.4). 

 Model Fit: An R² of 0.9334, the highest among all crops, indicates an excellent fit, with a low MSE of 
3,745. 

 Interpretation: The strong upward trend, moderated by a negative x² coefficient (- 7.8), reflects 
growing market demand, introduction of improved seed varieties, and favorable climatic conditions. 
Oilseeds show significant potential for expansion in Baghpat. 

 
 

 

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). 

 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. 

 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. 

 Oilseeds demonstrate the strongest growth, stabilizing at 1,963 ha, with a high R² (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 

Sl. 

No. 

Differences in 

Categories 

Difference in Knowledge ('t' value) 

PP M/F PPM I/I PHT Total 

1. 

a. 

b. 

c. 

Age 

Young Vs Middle 

Young Vs Old 

Middle Vs Old 

 

0.301 

0.700 

0.650 

 

0.900 

0.550 

2.279* 

 

0.700 

0.400 

0.600 

 

1.131 

0.717 

1.006 

 

1.000 

1.000 

1.000 

 

1.098 

0.342 

1.255 

2. 

a. 

b. 

c. 

Caste 

SC Vs OBC 

SC Vs Gen. 

Gen. Vs OBC 

 

-2.412* 

-2.800* 

0.402 

 

1.018 

2.635* 

1.947 

 

1.921 

3.101* 

0.702 

 

1.909 

2.744* 

0.526 

 

1.000 

1.000 

1.000 

 

1.962 

3.002* 

1.005 

3. 

a. 

b. 

c. 

d. 

e. 

f. 

Education 

Illi. Vs JHS 

Illi. Vs HS 

Illi. Vs Inter & above 

JHS Vs HS 

JHS Vs Inter & above 

HS Vs Inter & above 

 

1.363 

0.465 

0.667 

0.356 

3.465* 

1.102 

 

1.041 

0.043 

0.698 

0.941 

3.415* 

0.724 

 

0.539 

0.147 

0.009 

0.932 

1.391 

0.212 

 

0.179 

0.126 

0.369 

0.037 

0.299 

0.667 

 

1.000 

0.655 

0.655 

0.100 

1.000 

6.513* 

 

0.713 

0.125 

0.419 

0.636 

2.242* 

0.600 

4. 

a. 

b. 

c. 

Social Status 

Low Vs Medium 

Medium Vs High 

Low Vs High 

 

1.116 

1.223 

0.561 

 

0.662 

1.919 

1.807 

 

0.994 

0.703 

0.606 

 

0.607 

1.002 

0.687 

 

1.000 

0.655 

1.000 

 

0.746 

1.395 

1.052 

5. 

a. 

b. 

c. 

Economic Status 

Low Vs Medium 

Low Vs High 

Medium Vs High 

 

0.049 

0.433 

1.115 

 

1.378 

0.871 

0.550 

 

0.204 

0.614 

0.748 

 

1.677 

3.373* 

1.377 

 

0.655 

1.000 

1.000 

 

0.646 

0.700 

0.143 
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6. 

 

a. 

b. 

c. 

SocioEconomic 

Status 

Low Vs Medium 

Low Vs High 

Medium Vs High 

 

 

0.605 

0.788 

1.081 

 

 

0.166 

0.515 

1.682 

 

 

0.378 

0.736 

0.446 

 

 

1.921 

1.470 

1.269 

 

 

0.015 

1.000 

1.000 

 

 

1.386 

1.508 

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 

Sl. 

No. 

Differences in 

Categories 

Difference in Knowledge ('t' value) 

PP M/F PPM I/I PHT Total 

1. 

a. 

b. 

c. 

Age 

Young Vs Middle 

Young Vs Old 

Middle Vs Old 

 

1.475 

3.195* 

3.522* 

 

1.845 

4.076* 

3.748* 

 

1.139 

3.835* 

3.960* 

 

1.678 

3.672* 

2.337* 

 

1.435 

0.655 

1.435 

 

1.751 

4.057* 

4.237* 

2. 

a. 

b. 

c. 

Caste 

SC Vs OBC 

SC Vs Gen. 

Gen. Vs OBC 

 

1.974 

3.452* 

1.070 

 

0.287 

2.862* 

2.752* 

 

3.527* 

6.758* 

4.337* 

 

2.605* 

5.438* 

2.828* 

 

1.200 

0.359 

1.300 

 

2.137* 

5.012* 

2.883* 
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3. 

a. 

b. 

c. 

d. 

e. 

f. 

Education 

Illi. Vs JHS 

Illi. Vs HS 

Illi. Vs Inter & above 

JHS Vs HS 

JHS Vs Inter & above 

HS Vs Inter & above 

 

2.500* 

1.494 

5.317* 

0.901 

2.985* 

3.782* 

 

1.562 

1.712 

5.488* 

0.367 

3.953* 

3.194* 

 

4.181* 

4.459* 

8.192* 

1.445 

4.188* 

2.006* 

 

2.475* 

2.521* 

6.507* 

0.078 

3.145* 

3.017* 

 

1.100 

1.800 

0.033 

0.655 

1.230 

1.400 

 

3.253* 

3.026* 

7.717* 

0.274 

4.094* 

3.425* 

4. 

a. 

b. 

c. 

Social Status 

Low Vs Medium 

Medium Vs High 

Low Vs High 

 

5.951* 

0.741 

0.079 

 

0.982 

1.347 

1.149 

 

1.948 

0.832 

0.615 

 

1.675 

0.101 

0.410 

 

1.430 

1.210 

0.064 

 

0.009 

0.868 

0.878 

5. 

a. 

b. 

c. 

Economic Status 

Low Vs Medium 

Low Vs High 

Medium Vs High 

 

0.913 

3.984* 

4.076* 

 

0.358 

3.212* 

3.624* 

 

1.365 

3.389* 

3.619* 

 

1.067 

3.025* 

2.969* 

 

1.800 

1.200 

0.415 

 

1.332 

4.155* 

4.037* 

6. 

 

a. 

b. 

c. 

Socio-Economic 

Status 

Low Vs Medium 

Low Vs High 

Medium Vs High 

 

 

2.714* 

5.114* 

3.506* 

 

 

0.581 

4.210* 

3.827* 

 

 

4.699* 

8.347* 

4.517* 

 

 

4.769* 

6.156* 

2.238* 

 

 

1.400 

0.140 

1.500 

 

 

3.835* 

6.949* 

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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o:.kk unh % Þd`f’k eRL; ikyu vkSj yksxksa ds vkthfodk ds fy, 

ojnkuß 

MkWå eukst dqekj flag 

vflLVsaV izksQslj 

Hkwxksy foHkkx 

mn; izrki Loki”kkj.kh dkyst 

okjk.klh 

 

lkjka”k % 

 Hkkjr tSls m’.k vkSj ekSleh o’kkZ okys ns”k esa ufn;ksa dk fo”ks’k egRo gSA bUgh ufn;ksa ds fdukjs Hkkjrh; lH;rk dk fodkl 

gqvk gS vkt Hkh ns”k dh le`f) esa budk fof”k’V ;ksxnku gSA unh ty ds laj{k.k ,oa lnqi;ksx ls dsoy ck<+ lw[kk vkfn i zkdf̀rd 

vkinkvksa dk LFkkbZ lek/kku <w<k tk ldrk gSA Rofjr laHkkfor ty ladV ls cpk tk ldrk gSA orZeku esa lEiw.kZ Hkkjr esa 14 cMh 

ufn;k¡ 200 e/; Lrj dh ufn;k¡ rFkk 20 gtkj NksVh ufn;ksa dk ty iwjs Hkkjr ds viokg rU= esa egRoiw.kZ Hkwfedk dk fuokZg djrh gSA 

lafpr ty Hkkx ds }kjk Hkwfe dh lef̀) esa o`f) gksrh gSA  

1- ufn;ksa ls ikuh ihus ds fy,A 

2- [ksrh ds fy, mitkÅ feV~Vh dh Qlyksa dks lafpr djus ds fy,A 

3- unh ls ty izkIr gksrk gSA 

4- volkn dh ufn;ksa dk bLrseky ty ifjogu ds fy, fd;k tkrk gSA 

5- ufn;k¡ Ik;kZoj.k fuLrkj.k esa Hkh enn djrh gSA 

 vusd ufn;k¡ /kkfeZd vkSj lkaLdf̀rd egRo dh gSA mlh ufn;ksa es a mŸkj Hkkjr ds thou dh lH;rk] lkaLd`fr;ksa] vkfFkZd mUufr 

ds fy, igpku j[kus okyh unh xaxk dh lgk;d ,d NksVh unh o:.kk unh dk izHkko egRo iw.kZ gSaA orZeku esa o:.kk unh thou 

nkf;uh ls eqfDrnk;uh ufn;ksa ds :Ik esa Hkh viuh igpku j[krh gSA vusd xk¡o o:.kk unh ds nksuksa rVksa ij cls gq, gSA lHkh xk¡o esa 

d`f’k mRiknu vkSj eRL; mRiknu ,oa ihus ds ikuh dh miyc/krk i;kZIr ek=k esa unh miyC/k djrk gSA lkFk gh lkFk ty lap;u dh 

izòfŸk Hkh bl unh }kjk gksrk jgrk gSA tks {ks= fo”ks’k ds eSnkuh Hkkxksa esa vkfFkZd mUufr] df̀’k mRiknu] flafpr {ks= ds fy,] lkaLd`frd 

fojklr] eRL; mRikn ds fy, egRoiw.kZ jgh gSA 

 

izLrkouk % 

  Hkkjr dh LkaLd`fr] d`f’k vkSj LFkkuh; yksxksa dh vkthfodk esa ufn;ksa dk fo”ks’k ;ksxnku gSA 

o:.kk unh dh HkkSfrd laink ds lkFk&lkFk fo”kky eSnku ds fuekZ.k esa lgk;d jgh gSA dHkh&dHkh 

ufn;ksa }kjk {ks= esa lkezkT; dh lhek dk fu/kkZj.k gqvk gSA o:.kk unh Hkkjr dh ifo= unh xaxk dh 

lgk;d NksVh lh forfjdk unh ds :Ik esa ¼iz;kxjkt½ ds Qwyiqj rglhy dh lhek ij tum> rky 

ds eSygu >hy 2503*29** ls 25019*46** mŸkjh v{kka”k ls 830 ls 8302*40** iwohZ ns”kkarj ds e/; ls 

fudyrh gS ftldh dqy yEckbZ 202 fdehå gSA tks vius VsM&esMs jkLrs cukrh gSA bl unh ds nksuks 

rjQ xk¡o dk v/;kol vfr izkphu dky ls gSA o:.kk unh ds {ks= esa vusd xk¡o fpjkxh ,oa xSj 

fpjkxh xk¡o gSA tks fo”ks’k vkink ds dkj.k vius {ks= esa ifjokfrZr gksrs jgrs gSA o:.kk unh okjk.klh 

tkSuiqj lhek ij ljk;k xk¡o ds ikl okjk.klh tuin esa feyrh gSA tgka Hknzdkyh eafnj izfl) gSA 

ogkW lezkV foØefnR; ds lSU; Nkouh ¼fdyk ds ikl½ gSA okjk.klh ds fi.Mjk] cMkxkao] gjgqvk] 

lsokiqjh] vkjkth ykbu ,oa dk'kh fo|kihB fodkl [k.M okjk.klh lnj ds Hkw&Hkkx esa 102 fdehå 
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cgrh gSA o:.kk dh lgk;d unh clqgh unh okjk.klh o tkSuiqj dh tuin lhek cukrh gqbZ o:.kk 

esa fey tkrh gSA 

 

viokg ra= % okjk.klh tuin esa o:.kk unh ds izos”k ekxZ ds ckn ck;sa fdukjs ij fodkl[k.M % 

cM+kxk¡o] fi.Mjk] gjgqvk rFkk nk;sa fdukjs ij lsokiqjh] vkjkth ykbu] dk”kh fo|kihB] dqy N% 

fodkl[k.M ds fy, vf/kd egRoiw.kZ gSA ftlesa LFkkuh; NksVh&NksVh ty forfjdk,a unh esa feyrh 

gSA 
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HkkSxksfyd fo”ks’krk,¡ 

HkkSxksfyd {ks=Qy ¼oxZ fdehå½ 1535 

milaHkkxks dh la[;k 3 

xk¡o dh la[;k 1258 

xk¡o iapk;rksa dh la[;k 702 

fodkl [k.Mksa dh la[;k    8 

1535
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1258
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d`f’k & okjk.klh tuin dk d`f’k Qly ds mRiknu esa egRoiw.kZ LFkku gSA vUu ,oa ekulwuh tyok;q 

ds dkj.k d`f’k Qlyksa dks [kjhQ] joh ,oa tk;n esa foHkkftr fd;k tkrk gSA ftlesa fefJr d`f’k dh 

O;oLFkk ik;h tkrh gSA o:.kk unh dk eSnkuh {ks= vius mitkÅiu ds fy, izfl) gS bl {ks= dh 

feV~Vh lkekU;r% fpduh] gYdh nkseV] ikV esa ukbVªkstu ;qDr feV~Vh ikbZ tkrh gSA ckaxj] [kknj 

;qDr feV~Vh dh fo”ks’krk gSA ftlesa [kk|ku dh Qlyksa&xsgw¡] /kku] Tokj] cktjk] tkS eDdk vkfn 

Qlyksa dh d`f’k djrs gSA nygu dh Qly esa vjgj] ewax] ÅnZ] puk eVj] elwj] frygu dh Qly 

esa ljlksa] rhlh] fry] lw;Zeq[kha d`f’k ds udnh Qlyksa es xUuk] lubZ] iVlu] Qwy dh d`f’k] lCth dh 

d`f’k esa&vkyw] I;kt] yglqu vkfn ,oa gjh lCth dh d`f’k cMs iSekus ij fd;k tkrk gSA pkjk dh 

Qly & okluhu ctMk ,oa yksfo;k ?kkl dh cqvkbZ dh tkrh gSA d`f’k esa Qly mRiknu ,oa Ik”kq/ku 

dh fo”ks’krk gksrh gSA tks LosPNk ls vius lkeF;Z ds vuqlkj d`’kd }kjk fd;k tkrk gSA izk;% lHkh 

xk¡oksa esa Ik”kqikyu] cdjh ,oa HksM ikyu fd;k tkrk gSA izR;sd xk¡o esa nqX/k mRiknu NksVs ls cMs Lrj 

ij ¼xks”kkyk ,oa Ms;jh m|ksx½ ds :Ik esa fd;k tkrk gSA ftlls nqX/k mRiknu “kgj dh vko”;drk 

dh iwfrZ ds fy, djrs gSA HkkSxksfyd {ks= 152678 gs0 ds 62-32% Hkw&Hkkx ij [ksrh dh tkrh gSA “kq) 

cksbZ tkus okyh Qly 95164 gsDV;j Hkwfe esa ls 79983 gsDVs;j Hkwfe flafpr gSA ftys esa [kjhQ dh 
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e/; Qlyksa esa /kku] Tokj] cktjk] fry o vjgj rFkk joh dh izeq[k Qlyksa xsgw¡] tkS] puk] 

jkbZ@ljlksa rhlh gS bl tuin dk tksrs dk vkdkj NksVk gksus rFkk flpkbZ ds lk/kuksa ds dkj.k 

fdlku rhu Qly dh d`f’k djrs gSA ysfdu d`f’k mRikndrk de gSA tuin esa eq[; :Ik ls efV;kj 

ikB] nkseV ,oa cyqbZ nkseV feV~Vh ds dkj.k {ks= dk fodkl gqvk gSA tks vkthfodk ds eq[; lk/ku 

gSA 

o:.kk unh ds izokg ekxZ esa fodkl [k.M ¼okjk.klh½ ds lEiw.kZ {ks=Qy o xk¡o %& 

Ø-

l- 

fodkl 

[k.M 

xk¡oks 

dh 

la- 

{ks=Qy 

fdeh-  
{ks=Qy 

gsDVs;j 
dqy tu 

la- 

tu la- 

iq:’k 

efgyk d`f’kd 

dqy 

d`’kd 

Ikq:’k Efgyk 

ok- okjk.klh 1258 1535 152678 3676841 1921857 1754984 151854 116682 35172 

1- fi.Mjk 190 221-91 2219126 275679 139511 136168 24529 17722 6807 

2- cM+kxkao 138 172-43 17221-68 232754 116704 116055 18315 13724 4591 

3- gjgqvk 186 137-12 13712-00 271005 141518 129487 14816 11235 3581 

4- Lksokiqjh 204 169-16 16916-12 239392 121016 113876 17546 14209 3337 

5- vk- yk- 184 223-86 22305-70 361482 189054 172428 23917 18336 5581 

6- dk- fo- 163 163-47 16347-07 456326 240403 215923 12500 9918 2682 

  1065 108715 108714-

83 

1831643 948206 883937 111623 85144 26579 

 

lzksr & lkaf[;dh; if=dk ¼m0iz0½ ds okjk.klh 2000 & 2011 

Hkwfe dk mi;ksx ¼gsDV;j½ 

dqy {ks=Qy 152678 

ou Hkwfe 46 

Hkw&{ks= tks [ksrh ds fy, miyC/k ugha gS   27954 

LFkkbZ pkjkxkg      24 

fofo/k ouLifr     2458 

[ksrh ;ksX; catj Hkwfe     2274 

orZeku ijrh Hkwfe      20316 

vU; ijrh        4471 

“kq) cqvkbZ {ks=      95164 

dqy ;k ldy Qly {ks=    157817 

Hkw&{ks= ftlij ,d ckj ls vf/kd [ksrh dh  62653 

Qly l/kurk     1.66 
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0%

ou Hkwfe

Hkw&{ks= tks [ksrh ds fy, miyC/k ugha gS

LFkkbZ pkjkxkg

fofo/k ouLifr

[ksrh ;ksX; catj Hkwfe

orZeku ijrh Hkwfe

vU; ijrh

“kq) cqvkbZ {ks= 

dqy ;k ldy Qly {ks=

Hkw&{ks= ftlij ,d ckj ls vf/kd [ksrh

dh

Qly l/kurk

 

o:.kk ds izokg {ks= fodkl [k.M esa Qly dk {ks= ,oa mRiknu &  

Qly {ks=Qy ¼gsDVs;j½ mRiknu ¼fe0Vu½ vkSlr mit ¼fdxzk- 

izfr- gs-½ 

/kku 48018 117612 22.49 

xsg¡w 69428 212729 30.79 

tkS 413 808 17.63 

cktjk 5470 8671 12.73 

eDdk 2958 4321 18.82 

nygu 11872 11556 9.79 

eDdk 3983 205816 516.74 

vkyw 3265 58628 170.86 
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48018

69428

413 5470 2958
11872

3983 3265

117612

212729

808
8671 4321

11556

205816

58628

/kku xsg¡w tkS cktjk eDdk nygu eDdk vkyw

{ks=Qy ¼gsDVs;j½ mRiknu ¼fe0Vu½

 

 izkphu d`f’k dyk ekuo thou ds vkfFkZd fodkl ds eq[; lks= gSA o:.kk unh vius mn~xe 

LFkku ls eSnkuh Hkkxksa ds Hkwfe fuekZ.k ls Qly {ks= ds fy, igpku j[krh gSA ftlesa [kjhQ] jch o 

tk;n Qly ds {ks= lfefr gSA o:.kk unh ekuo ds fofo/k fØ;kdyki laLd`frd mRlo] esyk] d`f’k] 

eRL;] vkfFkZd le`f) ds fy, vko”;d volj iznku djrh gSA ftlls nksuksa rVksa ij fLFkfr xk¡oksa esa 

fi.Mjk] cM+kxk¡o] gjgqvk] lsokiqjh] vkjkth ykbu] dk'kh fo|kihB fodkl [k.M esa [kjhQ] joh o 

tk;n fefJr d`f’k dh tkrh gSA tyh; d`f’k ¼vknzZ Qly½ esa fla?kkMk doyxV~Vk ¼frfUu dk pkoy½ 

dqeqnuh ds Qy cht dk mRiknu fd;k tkrk gSA ftlesa izeq[;r% xk¡o bZljokj fHkVdqVh] cyqvk gjsgq] 

dqM+h] lÙkuiqj banjiqj uosn] xn~nksiqj] j[kh] rsUnqbZ [k.Mk /kqjkiqj] Llwyiqj] lfyokguijq] [kfy;k] 

txkiV~Vh] ijlhiqj] jes”oj] yPNhiqj] pDdk] ghjeiqj] ikMsiqj] volkuiqj] erlkj] [ksoyh] xk¡oksa esa 

Qly dk lefUor :i feyrk gSA o:.kk unh o’kkZdky esa vius ty lap;u ,oa iokg ekxZ esa iM+us 

okys lHkh xk¡oksa ds rky] >hy iks[kjksa ds [ksr] xk¡o ds vf/kd ty dks vius lkFk izokg ekxZ ysdj 

pyh vkrh gS vkSj vius rVksa ds vkSj izokg {ks= esa feV~Vh dks NksM+dj mitkÅ eSnku dk fuekZ.k 

djrh gSA o:.kk vius izHkko ekxZ esa mitkÅ feV~Vh dk fuekZ.k djrh gSA tks feV~Vh [kjhQ dh 

Qly ds fy, vko”;d gksrh gSA ftlesa ukbVªkstu] QklQksjl iksjl dh ek=k dh vf/kdrk gksrh gSA  

eRL; mRiknu % o:.kk unh ds nksuksa fdukjs ij fLFkr xk¡o esa tkfr leqnk; dk ,dhdj.k ik;k tkrk 

gSA gekjs tkfr O;oLFkk dk;Z fuiq.krk ds vk/kkj O;olk; dks fu/kkZfjr djrk gSA mlh esa fgUnw leqnk; 

ds tkfr eYykg ¼dsoV½ gSA ftldks unh ty ds lkFk ØhMk djus] vFkkZr ¼rSjkdh½ uko pykus o 

tyh; thoksa dh igpku dk tUetkr ,dkf/kdkj izkIr gSA bu lHkh yksxksa ds vkthfodk dk eq[; 

lk/ku eRL; ikyu] ,oa eNyh idMus dk gSA Hkkjrh; lekt esa eNyh dk mi;ksx “kqHk dk;Z ds izHkko 

ls ekuk tkrk gSA yxkrkj eNyh ds miHkksDrk esa o`f) ds dkj.k ekax dh iwfrZ ugha gks ikrhA orZeku 

mŸkj izns'k eNyh ds miHkksDrk jkT;ksa esa ls ,d gS vkSj mRiknu de ds gksus ds dkj.k vkU/kz izns”k 
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dh eNyh mRikn m|ksx dk m0iz0 cktkj gS o:.kk unh LFkkuh; yksxksa ds fy, eNyh mRiknu dk 

eq[; lzksr gSA unh ls eNyh idMus ds fy, yksx NksVh&NksVh uko ,oa tky dk iz;ksx djrs gSA 

o:.kk unh {ks= esa eRL; mRiknd rkykcksa ,o Jfedks dh la[;k 

fodkl [k.M Rkkykc dqy tula[;k  iq:’k  

tula[;k  

efgyk 

tula[;k  

fi.Mjk 94 280 218 40 

cM+kxkao 70 260 225 35 

gjgqvk 86 207 280 27 

lsokiqjh 104 370 350 20 

vkjkthykbu 40 40 75 15 

dk”kh fo|kihB 45 140 170 30 

dqy ;ksx 439 1347 1240 167 
 

lzksr % xzkeokfl;ksa] iapk;r lnL;ksa ds }kjk losZ{k.k ,oa lkaf[;dh if=dk&2011 

94 70 86 104
40 45

439

280 260
207

370

40

140

1347

fi.Mjk cM+kxkao gjgqvk lsokiqjh vkjkthykbu dk”kh fo|kihB dqy ;ksx

Rkkykc dqy tula[;k
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 lkFk gh mijh Hkkxksa ds ty ds lap;;u ds dk;Z izo`fr esa o’kkZ dky ds le; izk;% lHkh xk¡oksa 

esa ikuh lap;u ds fy, ous izkd`frd lalk/ku&rky] ckSyh] iks[kjh] iks[kjk] lksfr;k] okWgk] ukyk vkfn 

esa ty dk lap;;u djrs gSA ftlesa ty d`f"k lalk/ku esa eNyh;k¡ o tyh; Qlyksa dk mRiknu 

djrs gSA tks dk;Z O;fDrxr ;k lkoZtfud nks :iksa esa ik;s tkrs gSA lHkh tyh; Hkkx esa eNyh ikyu 

fd;k tkrk gS m0iz0 ljdkj ds }kjk eRL; ikyu ds fy, ;kstuk cukdj yksxksa dks izksRlkfgr fd;k 

tkrk gS vkSj O;fDrxr Hkw&Hkkx ds eNyh mRiknu ds fy, rkykc cukdj eRL; ikyu ds fy, 

lfClMh ds ek/;e ls c<+kok fn;k tk jgk gSA izk;% lHkh xk¡oksa ds d`’kdksa }kjk vk; esa o`f) ds fy, 

eRL; ikyu fd;k tk jgk gSA 

vkfFkZd fodkl esa o:.kk unh dk egRo % 

o:.kk unh ds izokg {ks= esa lkekftd] vkfFkZd fØ;kvksa esa o:.kk laLd`fr dk izHkko gSA yksxksa ds }kjk 

vius lkaLd`frd mRlo dks unh dh vkKk o vk'khZokn ls izkjEHk djuk vkSj o:.kk unh dh iwtk 

vpZuk lss eaxy dkeuk dks izkIr djuk egRoiw.kZ gks tkrk gSA blds rVh; {ks=ksa ds xk¡oksa ds ty 

lap;u Ik”kq&i{kh ds fy, ihus ds ikuh] flapkbZ ds fy, ty dks [ksrks rd igq¡pkukA o:.kk unh izokg 
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ekxZ esa iM+us okys lHkh xk¡oksa dks ty lek;ksftr djrh gS LkHkh fodkl [k.M fi.Mkjk 190 xk¡o] 

cM+kxk¡o 138 xk¡o] gjgqvk 186 lsokiqjh 204] vkjkth ykbu 184] dk'kh fo|kihB 163 xk¡oks vFkkZr 

1065 xk¡o esa ty lap;u ds izkd`frd LFkku gSA tks eRL; ikyu ,oa eRL; O;olk;&tyh; ouLifr 

dh d`f"k dk;Z ds fy, miyC/k gSA unh }kjk feV~Vh esa ifjorZu fØ;k gksrh gSA 

o:.kk unh ds }kjk LFkkuh; yksxksa dh vkthfodk % 

eRL; ,oa d`f’k ¼Qly o Ik”kqikyu½ ds }kjk 1065 xk¡oksa dh vFkZO;oLFkk esa vkfFkZd o`f) gksrh gSA 

YkxHkx 108745 gs0 {ks=Qy d`f’k mRikn ls d`"kdks dh vk; esa o`f) gksrh gSA orZeku esa d`’kd 

mUufr“khy d`f’k mRiknu ds fy, dk;Z”khy gSA tks vf/kd ls vf/kd ykHk ds fy, O;kikfjd d`f’k 

Qlyksa dk mRiknu djrs gSA tks muds vkfFkZd vk; ds eq[; lzksr gSA 

fu’d’kZ %  

o:.kk unh ds {ks= ds 6 fodkl[k.Mksa esa xk¡oks dh d`"kdksa dh la[;k esa 111623 d`’kd ifjokj 

fofo/krkiw.kZ d`f’k Qly dk mRiknu] lCth dh Qly dk mRiknu dj cktkj esa igq¡pkdj vk; ds 

lzksr dk l`tu djrs gSA ftlesa izR;{k ,oa vizR;{k :Ik ls dqy Jfed iq:’k 85144 efgyk, a 26579 

d`f’k dk;Z esa yxs gS tks lhekUr ,oa y?kq d`’kd gS ftudh vkthfodk ds lk/ku ds :Ik esa dsoy 

o:.kk unh gSA  

o:.kk unh mitkÅ feV~Vh fuekZ.k esa lgk;d gSA bl {ks= esa d`f’k mRiknu o d`f’k vk/kkfjr 

m|ksx o dqVhj m|ksx d`f’k dh fo”ks’krk gSA ouLifr] Ik”kqikyu o Ik”kq mRiknu vk/kkfjr m|ksxksa dh 

izeq[krk gSa] eRL; ikyu ,oa tyh; vknzZ d`f’k dh fo”ks’krk,a d`’kdkas o etnwjksa dks viuh rjQ 

vkdf’kZr fd;k gSA ogha o:.kk unh vius {ks= esa feV~Vh ds fuekZ.k ds lkFk vius {ks= ds vkfFkZd 

fodkl esa ekuo thou ds fy, ojnku gSA 

lUnHkZ xzFk 

1- frokjh vkj-lh- & Hkkjr dk Hkwxksy] viokg] ist 90&92A 

2- lkaf[;dh; if=dk tuin okjk.klh 2011 

3- b.VjusaV 

4- “kks/k i= & ISG o:.kk unh osflu Vol vad 10 vizSy 2016 i`’B 48 
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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 (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 GA3 and micronutrients with control i.e. T1: GA3 (50ppm), 

T2: GA3 (100ppm), T3: ZnSO4 (0.5%), T4: ZnSO4 (1%), T5: Boric acid (50ppm), T6: Boric acid 

(100ppm) and T7: Control. Significantly, differences were found for plant growth parameters viz. plant 

height (cm), number of branches plant-1, number of flower cluster-1, number of cluster plant-1, was 

recorded highest in T2: GA3 (100ppm). The treatment T2: GA3 (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-1, average fruit weight (g), fruit length (cm), fruit width (cm), fruit yield per plant (kg) and fruit 

yield (q/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, GA3, 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) [4]. 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) [1]. 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 et al., 

2012) [2] by boosting the photosynthetic activity in green plants (Singh and Tiwari, 2013) [13]. 

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 GA3 on the growth and yield of 

tomato. 

 

Materials and Methods 

A field experiment entitled " The effect of micronutrients and GA3 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 

https://www.hortijournal.com/
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block design (RBD) with seven treatments replicated three 

times comprising GA3 and micronutrients with control i.e. 

T1: GA3 (50ppm), T2: GA3 (100ppm), T3: ZnSO4 (0.5%), T4: 

ZnSO4 (1%), T5: Boric acid (50ppm), T6: Boric acid 

(100ppm) and T7: Control. The collected data includes plant 

height (cm), number of branches plant-1, number of flower 

cluster-1, number of cluster plant-1, early days to 50% 

flowering, days to first fruit set and yield attributes viz., no. 

of fruit per cluster, no. of fruit plant-1, average fruit weight 

(g), fruit length (cm), fruit width (cm), fruit yield per plant 

(kg) and fruit yield (q/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 (GA3 @ 100 ppm. The minimum plant height 

was noted 92.40 cm at the time of harvesting in treatment T7 

(Control). The data on the effects of various micronutrients 

and GA3 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 T2 (GA3 @ 100 ppm). 

The lowest no. of branches was noted 7.10 at the time of 

harvesting in treatment T7 (Control). 

 The shortest duration to reach 50% flowering in tomato 

plants was observed in treatment T2 (GA3 @ 100 ppm), 

requiring just 62.34 days. This was followed by treatment T1 

(GA3 @ 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 T7. Onofeghara (1981) 

[8] reported similar findings, attributing them to the role of 

GA3 in regulating flower initiation and development. GA3 is 

crucial for both male and female fertility (Griffiths et al., 

2006) [5]. The data on the effects of various micronutrients 

and GA3 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 T2 (GA3 @ 100 ppm). This was followed by T1 

(GA3 @ 50 ppm) and T6 (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 T2 (GA3 @ 100 ppm), followed by T1 (GA3 @ 

50 ppm). Both micronutrients and GA3 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 (GA3 @100 ppm), followed by T1 

(GA3 @ 50 ppm). Both micronutrients and GA3 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 T2 (GA3 

@100 ppm), followed by T1 (GA3 @50 ppm) at 88.35 days. 

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, T2 (GA3 @ 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 T1 (GA3 @ 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 (GA3 @ 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 T7. The results 

of various levels of micronutrients and GA3 across different 

treatment combinations are shown in Table 2. The greatest 

fruit width, measuring 5.14 cm, was observed in treatment 

T2 (GA3 at 100 ppm), followed by T1 (GA3 at 50 ppm) at 

4.98 cm. The results of various levels of micronutrients and 

GA3 across different treatment combinations are shown in 

Table 2. The weight of individual tomato fruits varied 

significantly with the application of different levels of GA3 

and micronutrient. The highest average fruit weight 

(104.46g), was recorded in treatment T2 (GA3 @ 100 ppm), 

followed by T1 (101.73g) and T4 (98.40g). The lowest 

average fruit weight, 82.32g, was observed in the control 

(T7). These findings are reported by Lilov and Donchev 

(1984) [7] Naeem et al. (2001) [9]. 

The results of various levels of micronutrients and GA3 

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 GA3 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 GA3, while the lowest yield, 1.56 kg per 

plant, was observed under control conditions.The results of 

various levels of micronutrients and GA3 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 GA3 significantly affected the fruit yield per 

hectare. The highest yield, 437.35 q/ha, was obtained with 

T2 (GA3 @ 100 ppm), followed by T1 (GA3 @ 50 ppm) at 

407.87 q/ha whereas the lowest yield, 240.56 q/ha, was 

recorded in the control (T7). 

 

Conclusion 

The results of the present study indicate that the application 

of GA3 (50 ppm and 100 ppm) and micronutrients such as 

ZnSO4 (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 GA3 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 GA3 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 
 

Tr. No.  
Treatment 

details 

Plant height 

(cm) 

No. of 

branches 

Days to 50% 

flowering 

No. of flower 

per cluster 

No. of cluster 

per plant 

Days to first 

fruit set 

Days to first fruit 

picking 

T1  GA3 (50ppm) 115.75 11.03 64.29 6.47 4.37 73.51 88.35 

T2  GA3 (100ppm) 118.23  11.95  62.34 6.86 5.86 72.77 87.20 

T3  ZnSO4 (0.5%) 107.47  10.25 72.31 5.12 3.98 77.15 91.92 

T4  ZnSO4 (1%) 109.32 10.98 71.03 5.26 4.32 76.87 89.99 

T5  
Boric Acid 

(50ppm) 
110.87 9.33 68.01  5.28 4.28 77.67 92.85 

T6  
Boric Acid 

(100ppm) 
112.17  9.98 67.20 5.38 4.08 76.37 90.98 

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 

CD at 

5% 
 6.02 0.41 4.44 0.17 0.13 4.47 4.19 

 
 Table 2: Effect of Micronutrients and GA3 on no. of fruits per plants, fruit length (cm), fruit width (cm), fruit weight (g), fruit yield 

(kg/plant) and fruit yield (q/ha) 
 

Tr. No.  Treatment details 
No. of fruits per 

plant 

Fruit length 

(cm) 

Fruit width 

(cm) 

Fruit weight 

(g) 

Fruit yield 

(Kg/plant) 

Fruit yield 

(q/ha) 

T1  GA3 (50ppm) 44.60 5.98 4.98 101.73 3.27 407.87 

T2  GA3 (100ppm) 47.80 6.10 5.14 104.46 3.33 437.35 

T3  ZnSO4 (0.5%) 37.47 4.93 4.18 97.07 2.89 304.76 

T4  ZnSO4 (1%) 39.38 5.05 4.25 98.40 2.93 321.02 

T5  Boric Acid (50ppm) 34.06 4.79 4.04 91.29 2.31 337.10 

T6  
Boric Acid 

(100ppm) 
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 

5% 
 2.18 0.22 0.20 3.11 0.09 19.81 
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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



2247Chandra et al., Orient. J. Chem., Vol. 41(6), 2246-2261 (2025)

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.1 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.2,3 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. SI 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.4,5 
It is 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 SI 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 

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.6,7 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.8,9

	 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.10,11,12 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.13,14 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.15,16

	 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.17,18 
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 

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.19,20

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.21,22 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.23

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; 	 PA manages in-field variability via sensors 
		  blanket application of inputs	 & VRT; applies inputs site-specifically.
	 Resource Efficiency	 High waste, pollution, and cost	 Precise application reduces waste, lowers
		  due to over-application.	 environmental footprint, and optimizes ROI.
	 Yield Optimization	 Approaches physiological plateau; 	 Proactive priming with bioactives; real-time
		  reactive stress management.	 stress mitigation via PA sensors & models.
	 Quality Focus	 Neglected or diluted; emphasis on	 Active elicitation of secondary metabolites
		  tonnage over nutritional density.	 via precision horticulture & bioactives.
	Soil & Ecosystem Health	 Degradation through tillage, erosion, 	 Reduced chemical load; potential for enhanced
		  and chemical overuse.	 soil biology via targeted biostimulants.
	 Decision Basis	 Schedule-based, reactive, and empirical.	 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).24,25 
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.27 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 IoT 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 

variations in crop crops not only spatially, but also 
in real time.28,29

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.30 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 inter twined 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.[31 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.32,33 

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.34,35 
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.36,37 

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, 	 Antioxidants, UV protection, 	 Elicited to enhance antioxidant capacity, color, 
Lignans, Stilbenes)	 structural components, defense.	 and stress resistance in fruits/vegetables.
Alkaloids (Caffeine, Capsaicin)	 Defense against herbivores, allelopathy.	 Targeted boosting for medicinal/spice crops; 
		  potential role in induced pest resistance.	
Terpenoids (Carotenoids,	 Pigmentation, aroma, defense, 	 Managed to improve color (lycopene), flavor/
Essential oils)	 photosynthesis.	 aroma, and abiotic stress tolerance.
Glucosinolates	 Defense compounds (e.g., in Brassicas).	 Elicited for enhanced nutritional (anticancer) 
		  properties in vegetables like broccoli.	
Plant Growth Regulators & Hormones	 Internal signaling for growth, development, 	Exogenous application to prime defense
(Jasmonates, Salicylates)	 and stress response.	 systems, modulate growth, and improve fruit set.
Biostimulants (Seaweed extracts, 	 Enhance nutrient uptake, vigor, and stress	 Precision application to improve fertilizer use
Humic substances)	 tolerance.	 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.38,39  
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.40,41 Fig. 1. Biosynthesis of Caffine by xanthine enzyme
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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 respo42 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.43 

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, AI) 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.44,45 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 

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 IoT 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 IoT 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.46,47 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.48,49 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.50

map, comprehend and treat this heterogeneity as 
an asset, but not a liability.51,52

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.53,54 Detailed canopy 
reflectance data are obtained by hyperspectral 
and multispectral sensors on UAVs, 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.55,56,57 
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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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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habitat with comparable forecasted phytochemical 
rates into separate management groups.58 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.g. 
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 hor ticulture 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 

exposures to positive gases (e.g. ozone, CO
2 

enrichment) directed by sensor networks.59

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, 



2254Chandra et al., Orient. J. Chem., Vol. 41(6), 2246-2261 (2025)

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). 

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 

Fig. 3. Chemical Compound and its Active Ingredients
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	 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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(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 

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 AI 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 in61 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.62,63 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 

disease occurrence.64,65 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),66 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	 High cost/complexity of sensor-metabolomics platforms; 	Develop low-cost, real-time phytochemical sensors; 
	 data fusion & interoperability issues.	 establish open data standards and APIs.
Biological & Agronomic	Complex GxExM interactions; managing yield-quality	 Build large-scale multi-location datasets; advance
	 trade-offs.	 AI for multi-objective optimization.
Technological Delivery	 Inefficient delivery and degradation of elicitors; 	 Engineer nano-delivery systems for protected, 
	 non-targeted application.	 controlled release of elicitors.
Systemic Integration	 Disconnect from broader bioeconomy; energy footprint	 Integrate with circular bioeconomy models
	 of high-tech systems.	 (waste-to-value); conduct full Lifecycle 
		  Assessments (LCA).		
Policy & Adoption	 Gap between agri-tech and nutraceutical industries; 	 Foster public-private consortia; create certification
	 need for skilled labor.	 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.67,68 
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 
AI 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 

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 AI 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.69,70 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, it is 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 AI 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 AI 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 
result in 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 

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 AI-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 T7(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 cm2), 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

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-

hance crop yields. This reliance has sparked a need
to explore alternatives to chemical-based farming, a
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

(RDF 100% ) with three replications. The observa-
tions were recorded i.e. Plant height (cm), Number
of branch (cm), Leaf area index (cm2), 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 T6 (Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5 t/
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 T7 (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 T6 (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
(cm2)

T1 FYM 20 t/ha + PSB 1.5 kg/ha 24.32 39.86 50.85 5.25  7.44 9.25 32.15
T2 Azo 15 kg/ha + FYM 20 t/ha 24.40 40.29 52.75 5.27 7.55 10.65 34.25
T3 Azo 15 kg /ha + PSB 1.5 kg /ha + FYM 20 t/ha 24.44 41.21 53.00 6.22 8.75 11.17 35.82
T4 VC 5 t/ha+ FYM10 t/ha 25.25 42.21 56.75 6.32 9.25 11.29 37.50
T5 Azo 10 kg/ha + PSB 1.5 kg/ha + VC 10 t/ha 27.42 42.29 57.00 7.12 9.78 11.59 38.59
T6 Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5 t/ha + 29.41 44.27 58.46 7.95 11.25 12.00 38.62

FYM 10 t/ha
T7 Control (RDF100%) 23.21 39.86 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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by T5 (10 kg Azo+ 1.5 kg PSB+10 t/ha Vermi) at 90
DAT (11.59) While, minimum number of branches
were recorded from T7 (RDF100%) at 90 DAT (8.55).
Similar results were also obtained by Sharma (1995)
and Joshi et al. (2015). The best treatment was T 6

which recorded maximum leaf (38.62 cm2). This was
closely followed by T5 having (Azo 10 kg/ha + PSB
1.5 kg/ha + VC 10 t/ha) (38.59 cm2). T4 having (VC
5 t/ha+ FYM10 t/ha, 37.50 cm2) and then T 3 having
(35.82 cm2).  While, the lowest leaf area only 30.56
cm2 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 T6

(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 T3, T4, and T5 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 (T7) treatment. The mean data are
exhibited in Table 2 revealed that the maximum no.
of cluster per/branch (4.29) With T6  (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 T7. 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 T5 (10.75/cluster). Whereas the signifi-

cantly minimum number of flowers (7.86/cluster)
was obtained from the control (T 7) 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 T7 (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 T6 followed by T5 and this was closely
followed by T4, T3 and T2 whereas, the minimum
number of fruit per plant was observed in T7. 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 T6
(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 T7 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.

Table 2.

Tr. Treatments Days Number of Number Fruit Number Yield/
No. to 50%  clusters/of flowers/ weight of fruit/ ha

flowering  branch   clusters  (g)  plant

T1 FYM 20 t/ha + PSB 1.5 kg/ha 59.0 2.58 8.75 41.01 19.89 302.11
T2 Azo 15 kg/ha + FYM 20 t/ha 61.7 2.69 9.11 42.12  20.16 314.50
T3 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
T4 VC 5 t/ha+ FYM10 t/ha 62.8 3.05 10.65 43.64  20.88 337.48
T5 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
T6 Azo 7.5 kg /ha + PSB 1.5 kg/ha + VC 2.5 t/ha + 63.2 4.29  11.10 44.25 21.37 350.23

FYM 10 t/ha
T7 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
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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 

(10.73), 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 cm2) 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) [3, 10, 11]. 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) [18]. 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) 
[1]. 

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.  

www.hortijournal.com
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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, T2 Pusa Chetki, T3 Pusa Himani, T4 Pusa Reshmi, T5 

Japanese White, T6 Kashi Mooli 40, T7 Kashi Lohit, T8 

Kashi Sweta, T9 Kashi Hans, and T10 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 Varanasi. 

The land was brought to a fine tilth by ploughing, clod 

crushing, and two cross harrowing. An area was marked in 

30 plots having 2.00×1.75 m2sizes. The distances of 0.5 m 

was kept between two plots & 1.0 between two replications. 

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) [14], Rabbani et al. (1998) [16] and 

Pujari et al. (1977) [15] 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) [17], Dixit et al. (1980) 
[9], 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 

T1 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 

T5 Japanese White 4.21 5.32 7.20 2.63 4.90 6.23 30.24 412.21 932.28 45.00 

T6 Kashi Mooli-40 3.72 6.52 10.73 2.83 3.95 5.72 24.52 352.21 915.51 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 

T8 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 2.42 3.70 5.93 30.48 357.44 660.22 43.33 

T10 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) 

T1 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 

T5 Japanese white 150.41 59.81 2.52 26.80 

T6 Kashi Mooli-40 147.62 60.75 2.43 31.65 

T7 Kashi Lohit 141.15 60.32 2.34 28.47 

T8 Kashi Sweta 155.45 58.02 2.68 24.30 

T9 Kashi Hans 160.46 64.85 2.47 29.89 

T10 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 

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 GA3 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 GA3 and micronutrients with control i.e. T1: GA3 (50ppm), 

T2: GA3 (100ppm), T3: ZnSO4 (0.5%), T4: ZnSO4 (1%), T5: Boric acid (50ppm), T6: Boric acid 

(100ppm) and T7: Control. Significantly, differences were found for plant growth parameters viz. plant 

height (cm), number of branches plant-1, number of flower cluster-1, number of cluster plant-1, was 

recorded highest in T2: GA3 (100ppm). The treatment T2: GA3 (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-1, average fruit weight (g), fruit length (cm), fruit width (cm), fruit yield per plant (kg) and fruit 

yield (q/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, GA3, 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) [4]. 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) [1]. 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 et al., 

2012) [2] by boosting the photosynthetic activity in green plants (Singh and Tiwari, 2013) [13]. 

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 GA3 on the growth and yield of 

tomato. 

 

Materials and Methods 

A field experiment entitled " The effect of micronutrients and GA3 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 

https://www.hortijournal.com/
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block design (RBD) with seven treatments replicated three 

times comprising GA3 and micronutrients with control i.e. 

T1: GA3 (50ppm), T2: GA3 (100ppm), T3: ZnSO4 (0.5%), T4: 

ZnSO4 (1%), T5: Boric acid (50ppm), T6: Boric acid 

(100ppm) and T7: Control. The collected data includes plant 

height (cm), number of branches plant-1, number of flower 

cluster-1, number of cluster plant-1, early days to 50% 

flowering, days to first fruit set and yield attributes viz., no. 

of fruit per cluster, no. of fruit plant-1, average fruit weight 

(g), fruit length (cm), fruit width (cm), fruit yield per plant 

(kg) and fruit yield (q/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 (GA3 @ 100 ppm. The minimum plant height 

was noted 92.40 cm at the time of harvesting in treatment T7 

(Control). The data on the effects of various micronutrients 

and GA3 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 T2 (GA3 @ 100 ppm). 

The lowest no. of branches was noted 7.10 at the time of 

harvesting in treatment T7 (Control). 

 The shortest duration to reach 50% flowering in tomato 

plants was observed in treatment T2 (GA3 @ 100 ppm), 

requiring just 62.34 days. This was followed by treatment T1 

(GA3 @ 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 T7. Onofeghara (1981) 

[8] reported similar findings, attributing them to the role of 

GA3 in regulating flower initiation and development. GA3 is 

crucial for both male and female fertility (Griffiths et al., 

2006) [5]. The data on the effects of various micronutrients 

and GA3 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 T2 (GA3 @ 100 ppm). This was followed by T1 

(GA3 @ 50 ppm) and T6 (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 T2 (GA3 @ 100 ppm), followed by T1 (GA3 @ 

50 ppm). Both micronutrients and GA3 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 (GA3 @100 ppm), followed by T1 

(GA3 @ 50 ppm). Both micronutrients and GA3 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 T2 (GA3 

@100 ppm), followed by T1 (GA3 @50 ppm) at 88.35 days. 

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, T2 (GA3 @ 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 T1 (GA3 @ 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 (GA3 @ 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 T7. The results 

of various levels of micronutrients and GA3 across different 

treatment combinations are shown in Table 2. The greatest 

fruit width, measuring 5.14 cm, was observed in treatment 

T2 (GA3 at 100 ppm), followed by T1 (GA3 at 50 ppm) at 

4.98 cm. The results of various levels of micronutrients and 

GA3 across different treatment combinations are shown in 

Table 2. The weight of individual tomato fruits varied 

significantly with the application of different levels of GA3 

and micronutrient. The highest average fruit weight 

(104.46g), was recorded in treatment T2 (GA3 @ 100 ppm), 

followed by T1 (101.73g) and T4 (98.40g). The lowest 

average fruit weight, 82.32g, was observed in the control 

(T7). These findings are reported by Lilov and Donchev 

(1984) [7] Naeem et al. (2001) [9]. 

The results of various levels of micronutrients and GA3 

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 GA3 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 GA3, while the lowest yield, 1.56 kg per 

plant, was observed under control conditions.The results of 

various levels of micronutrients and GA3 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 GA3 significantly affected the fruit yield per 

hectare. The highest yield, 437.35 q/ha, was obtained with 

T2 (GA3 @ 100 ppm), followed by T1 (GA3 @ 50 ppm) at 

407.87 q/ha whereas the lowest yield, 240.56 q/ha, was 

recorded in the control (T7). 

 

Conclusion 

The results of the present study indicate that the application 

of GA3 (50 ppm and 100 ppm) and micronutrients such as 

ZnSO4 (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 GA3 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 GA3 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 
 

Tr. No.  
Treatment 

details 

Plant height 

(cm) 

No. of 

branches 

Days to 50% 

flowering 

No. of flower 

per cluster 

No. of cluster 

per plant 

Days to first 

fruit set 

Days to first fruit 

picking 

T1  GA3 (50ppm) 115.75 11.03 64.29 6.47 4.37 73.51 88.35 

T2  GA3 (100ppm) 118.23  11.95  62.34 6.86 5.86 72.77 87.20 

T3  ZnSO4 (0.5%) 107.47  10.25 72.31 5.12 3.98 77.15 91.92 

T4  ZnSO4 (1%) 109.32 10.98 71.03 5.26 4.32 76.87 89.99 

T5  
Boric Acid 

(50ppm) 
110.87 9.33 68.01  5.28 4.28 77.67 92.85 

T6  
Boric Acid 

(100ppm) 
112.17  9.98 67.20 5.38 4.08 76.37 90.98 

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 

CD at 

5% 
 6.02 0.41 4.44 0.17 0.13 4.47 4.19 

 
 Table 2: Effect of Micronutrients and GA3 on no. of fruits per plants, fruit length (cm), fruit width (cm), fruit weight (g), fruit yield 

(kg/plant) and fruit yield (q/ha) 
 

Tr. No.  Treatment details 
No. of fruits per 

plant 

Fruit length 

(cm) 

Fruit width 

(cm) 

Fruit weight 

(g) 

Fruit yield 

(Kg/plant) 

Fruit yield 

(q/ha) 

T1  GA3 (50ppm) 44.60 5.98 4.98 101.73 3.27 407.87 

T2  GA3 (100ppm) 47.80 6.10 5.14 104.46 3.33 437.35 

T3  ZnSO4 (0.5%) 37.47 4.93 4.18 97.07 2.89 304.76 

T4  ZnSO4 (1%) 39.38 5.05 4.25 98.40 2.93 321.02 

T5  Boric Acid (50ppm) 34.06 4.79 4.04 91.29 2.31 337.10 

T6  
Boric Acid 

(100ppm) 
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 

5% 
 2.18 0.22 0.20 3.11 0.09 19.81 
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