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Variation in Biochemical estimation in different
population of R.emodi and R.moorcroftianum

from Garhwal Himalaya
Dr. U.C. Maithani

Assistant Professor Botany

Govt. Degree College Narendra Nagar (Tehri)

Abstract :

Biochemical analysis of seeds of both the species showed high soluble protein content in
R.moorcroftianum in comparison to R.emodi. Among the different populations, highest total soluble
protein was observed in the seeds of R.moorcroftianum collected from madhyamashwar whereas it
was lowest in the tungnath population. In seeds of R.emodi, highest soluble protein content was
observed in the Valley of Flowers and lowest in the Tungnath population.

Keyword : TN, Tungnath, HKD,Harkeedun, VF: Valley of flower, HK:Hemkund, KN,Kedarnath,
MD,Madhyamaheswar.
Introduction -

The starch content in the plants various being dependent on many factors leading to a decrease
in the concentration of the soluble carbohydrate during the period of chill and is regarded as a factors
increasing the chilling toleranGe of plants. (Ashworth et al 1993 ). Levitt (1980) has reviewed the
role of increased sugars in freezing tolerance. The sugar concentration raises at low temperature and
the magnitude of conversion of starch to soluble carbohydrate with increasing temperatures various
from species to species. It has been reported that temperature also accelerates the conversion of
starch into sugars and decrease hemicelluloses and pectin during fruit ripening (Chandler 1993).

In higher plants and in other organism the induction of unique proteins in response to high
temperature is a feature common to all species studied to date. These normal proteins are termed
heat shock proteins (Booz and Traris 1980).

Material and method : Soluble sugars and starch content in the seeds of both the species

ABH AR - @R 2025 (8)



from all population was estimated by hemogonizing seeds in 80% cold ethanol in mortar and pistle.
The Homogenates were centrifuged at 3000rpm for 15inin (model REME C-30 ) the supernatants
obtained after centrifugation were used for estimation of soluble sugars. The pellet left behind was
dissolved with 52% perchloric acid and left overnight in the next morning this mixture was centrifuged
at 3500rpm for I5Smin. The supernatants was used for starch estimation. Both soluble sugar and starch
were estimated using the anthrone method (MCC Ready etal 1966)

Result and Discussion : - The soluble sugar content in the fresh seeds of R.emodi was
recorded highest in V{(61.923.15), followed by HK(52.69= 3.76), KN (45-21) z2.22) (36.58 +
5.79) and lowest in TN (30.56 z 0.13) where as in R. moororoftianum the maximum total sugar
content (22.14 4.25) was recorded in MD followed by HK (21.74 0.61) and minimum in TN (17.61
+ 1.12). Among different population of both the Rheum species the maximum total sugar content
(61.94 +3.15) was observed in VF population of Rheum emodi while minimum soluble sugar content
(17.61+2.12) was recorded in TN population of Rheum moorcroftianum. Soluble sugars content of
seeds also affects the germination of seeds. Biochemical estimation of seeds of both the Rheum
species in seeds of the flowering plants starch in considered chief organic reserve. The sugar and
search were considered active components of total carbohydrates in alpine plants (fonda and Bliss,
1966) .

Maximum starch content (121.22) was absorved in the seeds of HK population of R.emodi
whereas minimum (41.30) in MD population R.moocroftianum. In R.emodi maximum starch content
(121.22z12.46) were absorved in HK population followed by HKD (87.5622.26) KN(66.01z4.51),
VF (58.8022.89) and minimum (51.72z2.97) in TN population. Whereas in R.moocroftianum
maximum starch content was absorved HK (90.67z0.86) followed by TN (85.03a0.72) and minimum
(41.30z1.11) in MD population fig.The total soluble protein content was recorded heighest 7.92 in
the seeds of KN population R.emodi followed by HK (7.252),VF (6.288), HKD (5.254) and lowest
in TN (3.934). Where as in R. moocroftianum the total soluble protein content was absorbed maximum
(8.215) in MD and minimum (7.892) in HK population. In both the Rheum species heighest protein
content (8.21)was absorved in MD while lowest (3.93) in TN population Fig.

References :
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T HRTIfore JAWedfch ATH Y8 AT o | BYE &) §og & UTalq | IR 1241 Tlea] T bl Dblel
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# o wes ferdr g, foeeg foeft Sy ar dwr & forg T8 afews e IorgARt & forg vy
g

I8 ERAAT RS HAd9LH UgH $d dddsdie aRd H Ml & | SHhT A9 ugdl
IR |1ed YoluTel T JHATG MR 1049 §. & | daxaR QI8 Hdl YIRS T fAffad wy
A gfauifad $9 9 & AJAR Vel BT HeR BRI & o7y aRrs & gRT 311g gdd WR by Y
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Abstract :

This study examines how technology-driven commerce platforms such as Online Travel
Agencies (OTAs), Customer Relationship Management (CRM) systems, and digital payment solutions
influence guest satisfaction and loyalty in budget hotels. As digitalization reshapes the hospitality
landscape, budget properties are leveraging these tools to enhance efficiency and personalization.
The research highlights that technology integration not only simplifies operations but also builds
trust and repeat patronage.

Keywords : Budget Hotel ,Revenue Management, OTA , Booking , Front office.
Introduction :

Technology has revolutionized the hospitality landscape, transforming how budget hotels
connect with and serve their guests. The integration of digital platforms like OTAs, CRM systems,
and online payments has redefined convenience, trust, and guest engagement. In this competitive era,
technology is not a luxury but a necessity for sustaining guest loyalty and operational excellence.
Budget hotels are increasingly using data-driven tools to personalize experiences and strengthen
long-term relationships. This study explores how technology-driven commerce synergies are reshaping
guest satisfaction and loyalty in the evolving budget hotel sector.

History of Budget Hotels :
The concept of budget hotels originated in the 1950s when global travel became more accessible

to the middle class, creating a demand for affordable yet comfortable lodging. Early pioneers such as
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Holiday Inn (USA) and Premier Inn (UK) introduced standardized rooms with limited services to
meet the needs of cost-conscious travelers (Buttle, 1996). During the 1970s—1990s, the model
expanded across Europe and Asia as air travel increased and business tourism grew rapidly. In India,
the organized budget hotel sector began to take shape in the early 2000s with the emergence of
Ginger Hotels, followed by Treebo and OYO Rooms, which revolutionized affordable hospitality
through standardization and technology (Samy, 2016; KPMG, 2025).

Initially, loyalty among guests in budget hotels was driven mainly by low prices and convenience,
not by brand connection or emotional engagement. However, as competition intensified, hotels began
focusing on service quality, cleanliness, and reliability to retain repeat guests (Rahimi et al., 2017).
With the rise of Online Travel Agencies (OTAs) and Customer Relationship Management (CRM)
systems in the 2010s, The budget hotel concept in India gained momentum in the early 2000s with
the launch of Ginger Hotels by the Tata Group, offering standardized, affordable stays for business
and leisure travelers. Soon after, brands like Lemon Tree Hotels and Sarovar Portico entered the mid-
scale segment, bridging comfort and value. The real transformation came after 2013, when tech-
based aggregators such as OYO Rooms, Treebo Hotels, and FabHotels revolutionized the market
through digital booking and brand standardization. These chains made quality accommodation accessible
to India’s growing middle-class and millennial travelers. Today, budget hotel brands dominate the
domestic hospitality sector, combining technology, affordability, and consistent guest experience
(KPMG, 2025).

LITERATURE REVIEW :

Recent studies emphasize that OTAs have become essential intermediaries in the hotel business,
improving visibility and occupancy levels for budget properties. O’Connor et al. (2025) observed
that OTA participation positively affects a hotel’s financial performance by increasing RevPAR.

However, excessive dependence on OTAs often reduces direct bookings and compresses profit
margins. Balanced partnerships, data sharing, and dynamic pricing models are key to optimizing OTA
benefits. Thus, the literature suggests that effective OTA management enhances both sales performance
and customer reach.

Digital platforms have significantly influenced how guests perceive service quality and
satisfaction. Phillips et al. (2017) found that online reviews and manager responses directly impact
booking intentions and trust. In the budget hotel segment, even small service inconsistencies can lead
to negative reviews, emphasizing the role of digital feedback management. Positive e-reputation not
only drives sales but also strengthens guest confidence.

Therefore, digital transparency has become a cornerstone of modern guest satisfaction
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trategies.

CRM systems are increasingly recognized as strategic tools to build guest loyalty in competitive
markets. Wu and Lu (2012) highlighted that CRM integration allows hotels to personalize offers,
predict guest behavior, and increase retention rates. Rahimi et al. (2017) concluded that CRM enhances
service consistency by aligning marketing, sales, and operations. In budget hotels, CRM bridges the
emotional gap caused by low-price positioning through personalized engagement. As a result, CRM
adoption fosters sustainable customer loyalty beyond transactional interactions.

The rise of mobile and online payments has transformed hotel operations and guest convenience.
Wang et al. (2025) noted that secure, instant, and transparent payment options elevate guest satisfaction
levels. In India, platforms like UPI, Paytm, and Google Pay have become trusted tools for both
domestic and international travelers. Seamless payment integration reduces checkin delays and
improves customer confidence. Hence, cashless transactions are now a critical component of digital
hospitality excellence.

Current Scenario in Budgets Hotels :

The hospitality industry is undergoing a paradigm shift driven by the growing influence of
technology and digital commerce. Over the past decade, budget hotels—once considered
limitedservice accommodations—have embraced technology as a strategic tool to enhance guest
experiences, operational efficiency, and long-term profitability. In the contemporary era, the
convergence of digital platforms such as Online Travel Agencies (OTAs), Customer Relationship
Management (CRM) systems, and online payment solutions has transformed how hotels interact
with guests and manage business operations. These innovations are not merely convenience tools but
have evolved into essential components of competitive advantage, shaping customer perceptions and
loyalty in the budget segment.

In India, the post-pandemic resurgence of domestic travel and the rapid rise of price-sensitive
millennial and Gen Z travelers have fueled the expansion of budget hotels. These travelers demand
personalization, speed, and seamless digital experiences from booking to checkout. As a result, hotels
are increasingly leveraging technology-driven commerce synergies—integrating online distribution,
data analytics, and mobile-based services—to deliver consistent and valuedriven experiences.
According to recent reports by KPMG (2025) and STR Global, over 60% of Indian budget hotels
now depend on OTAs for bookings, while more than half have adopted cloud-based management
systems. This digital momentum signifies a deep transformation from manual operations toward
automated, data-informed decision-making.

The collaboration between hotels and OTAs has revolutionized the visibility and reach of smaller
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properties, allowing them to compete on a national and global scale. However, heavy reliance on
OTAs introduces challenges such as high commission rates, limited control over pricing, and brand
dilution. Consequently, budget hotels are seeking to balance third-party partnerships with direct
relationship-building strategies through CRM tools. By collecting and analyzing guest data, CRM
systems enable hoteliers to design personalized communication, reward programs, and post-stay
engagement—strengthening emotional connection and repeat patronage. The integration of CRM
data with OTA analytics thus creates a synergistic ecosystem that enhances both guest satisfaction
and loyalty.

Moreover, the increasing penetration of digital payment systems such as UPI, Paytm, and
Google Pay has further simplified the guest journey, promoting transparency, trust, and convenience.
These payment innovations, coupled with automated check-in technologies, have minimized friction
in service delivery while ensuring contactless, secure transactions. Such advancements resonate deeply
with modern travelers who prioritize time efficiency, digital access, and safety. Hence, the digitalization
of hotel commerce has shifted from being a back-end operational function to a front-line driver of
guest delight.

In today’s competitive market, where customer expectations evolve rapidly, technology acts
as both a differentiator and a unifier. For budget hotels in smaller cities like Jind, Haryana, technology
adoption is bridging the gap between affordability and quality service. The present scenario underscores
the growing necessity for hotels to not only adopt digital tools but to integrate them cohesively for
maximum impact. The interplay between technology-driven commerce and guest loyalty represents a
new dimension of hospitality excellence—where data intelligence, personalization, and service
automation converge to create memorable guest experiences. This study, therefore, aims to explore
how the effective use of OTAs, CRM systems, and digital payments collectively influence guest
satisfaction, operational success, and brand loyalty in the dynamic landscape of budget hotels.
Conclusion :

The study of technology-driven commerce synergies reveals that the future of budget hospitality
depends on digital adaptability and guest-centric innovation. The integration of OTAs, CRM systems,
and digital payment solutions has evolved from being operational add-ons to strategic assets that
directly influence guest loyalty and satisfaction. Hotels that effectively synchronize these technologies
can achieve stronger brand equity, improved service efficiency, and long-term profitability Ultimately,
technology and loyalty are no longer parallel goals but interconnected pillars of success. The synergy
between data intelligence, personalized service, and seamless digital interaction is reshaping hospitality

into a more efficient, customer-driven ecosystem. For India’s rapidly evolving budget hotel sector,
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the path forward lies in embracing technology not just as an operational necessity but as a catalyst for

memorable guest experiences and enduring relationships.
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Abstract: This paper presents the development of the theory of ((m, n))-semirings, extending
the fundamental concepts of semiring structures. In particular, it focuses on the study and
characterization of ideals and primary ideals within ((m, n))-semirings, exploring their
properties and relationships to enhance the understanding of this generalized algebraic
framework.

Keywords: (i, n)-semiring, primary ideal, subtractive ideal
1. Introduction to (m, n)-semirings

The notion of a semiring was introduced by Vandiver in 1934 [19]. Semirings are studied by many
authors in various directions. One of the main directions of such studies is investigation of properties of
ideals, for example see [3, 4, 5, 8, 10, 18]. Crombez [6] in 1972 generalized rings and named it as (n, m)-
rings. It was further studied by Crombez and Timm [7]. Leeson and Butson [11, 12], Dudek [9].
Mirvakili and Davvaz [13, 14, 15]. Alam, Rao and B. Davvaz [1] proposed a new class of mathematical
structures called (m, n)-semirings (which generalize the usual semirings) and described their basic
properties. They gave the definition of partial ordering and initiated the generalization of congruence and
homomorphism for (m, n)-semirings. Also, see , Pop [16], Pop and Lauran [17], Asadi et al. [2].

Let R be a non-empty set and /' : R~ R be a map, that is, f'is an m-ary operation. A nonempty set R
with an m-ary operation f is called an m-ary groupoid and is denoted by (R, f). We use the following
general convention. The sequence xj, xi+1, . . ., xm 1S denoted by x:# where 1 <i <j <m. Forall 1 <i <j
< m, the following term f{x1, x2, . . ., xi, yi+1, .. ., I, Z+1, . . ., =m) is represented as f{x+;, y:7.4, =;%). In the
case when yi+1 = y2=. .. =y =y, the term is expressed as f{x, y¢-9, z;=,). An m-ary groupoid (R, f) is
called an m-ary semigroup if f'is associative, that is, if f (x32, f (x:==7), 22m:0) = f(x5 7, flae=7), xm3t),
forall x1, x2, ..., x2m-1 € R where 1 <i <j <m. We say f is commutative if

f(xl, -rzy AR xl"") :f(x-’.'(l)l Y"'(:)J s -T-".'(f'))

for every permutation 5 of {1, 2, . . ., m}, x1, x2, . . ., xm € R. Let R be a non-empty set and f g be m-ary
and n-ary operations on R, respectively. The n-ary operation g is distributive with respect to the m-ary
operation fif

g(xi 7 fAlam)x:mg) = fF(g(xi, a1, x:%), ..., g(xi, am, x:2)),
for every @®, x» in R and 1 <7 < n. An m-ary semigroup (R, f) is called a semi-abelian or (1, m)-
commutative if
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fxa....a,)=fa...,.a,x).

m-2 m-2

foralla, x, v € R.
Definition 1.1. Let R be a non-empty set and f, g be m-ary and n-ary operations on R, respectively.
Then (R, f; g) is called an (m, n)-semiring if the following conditions hold:
(1) (R, /) is anm-ary semigroup;
(2) (R, g) is an n-ary semigroup;
(3) The n-ary operation g is distributive with respect to the m-ary operation f .

One can find many examples of (m, n)-semirings in [1].
Let (R, 1, g) be an (m, n)-semiring. Then, m-ary semigroup (R, f) has an identity element 0 if
5 et 6 P § . 4 | SRS | ) |

i-1 m-i
forallx € Rand 1 <i <m. We call 0 as an identity
element of (m, n)-semiring (R, f, g). Similarly, n-ary semigroup (R, g) has an identity element 1 if

i MO (T PR | |
J-1 nj

forally e Rand 1 <j <n.

2. Ideals of (m, n)-semirings

In this paper fis an addition m-ary operation and g is a multiplication n-ary operation. Definition 2.1.
Let I be a non-empty subset of an (m, n)-semiring (R, f g)and 1 <i <n.
We call I an i-ideal of R if
(1) [I1s asubsemigroup of m-ary semigroup (R, f);
(2) Foreveryay a2, ...,an€ R, g(avraz, ..., aiLLail, ..., an) €L
1 1s called an ideal of R if for every 1 <i <n, I is an i-ideal.
Lemma 2.1. If A1, . . ., An are ideals of (m, n)-semiring (S, f, g), then
(1) A1N...NAnis anideal of (S, £ g);
(2) fl4y,...,Am) is an ideal of (S,f,2);
(3) g(A1, ..., An)is anideal of (S, £ g).
Definition 2.2.
(1) A proper ideal  of an (m, n)-semiring (R, f, g) is said to be prime if for any ideals 41, . . ., An of
R, g(41, ..., An) &1 1mmplies 4i & for some 1 <i <n.
(2) A proper ideal I of an (m, n)-semiring (R, f, g) is said to be weakly prime if for any ideals 41, . . .
, An of R, {0} 6= g(A4y, .. ., An) € Iimplies 4i € [forsome 1 <i <n.
(3) Anideal 7 of an (m, n)-semiring (R, f; g) is called subtractive or k-ideal if for any elements a1, . .
.,ax1 €ETand a-€ R, g(at, ..., as) € I then a.€ I

Theorem 2.1. An ideal of an (m, n)-semiring (S, f, g) is weakly prime if and only if for any ideals A1, A2, .
.., Anof S, we have:
either g(41, A2, . .., An) =Aior ...org(dy, A2, ..., An)=Anor g(A1, A2, ..., An) =0.
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Proof. Suppose that every ideal of S is weakly prime. Let 41, 42, ..., An be ideals of S. If
g(A1, A2, . .., An) 6= S, then g(41, 42, . . ., An) is weakly prime. If {0} 6= g(41, A2, . . ., 4An) <
g(A41, A2, . .., An), then we have 4i € g(A41, 42, .. ., An) for some 7 (since g(A1, A2, . .., An) 18
weakly prime ideal of S). Hence, 4i = g(A1, 42, .. ., 4n) for some i. If g(41, 42, ..., An) =S, then 41= A2
=...=4x=8.

Conversely, let 7 be any proper ideal of S and suppose that {0} 6= g(A41, 42, . . ., An) €I for ideals 41,
A2, ..., Anof S. Then, we have 4i = g(A1, A2, . .., An) €I for some i.

Lemma 2.2. Let P be a subtractive ideal of (m, n)-semiring (S, f, g). Let P be a weakly prime ideal but
not a prime ideal of S. If g(a1, a2, .. ., an) = 0 for some a1, a2, ..., an 6€ P, then g(a1, P=b)=g(P,az, P=-
»)=...=g(P=ban)={0}.

Proof. Suppose that g(a1, p=-b) 6= 0 for some p1, p2, . . ., pn-1 € P . Then, we obtain

0 6=gl(at, f(g(1, a2, a3, .. . ,an), (g(1,pLp2, ... pnt))=D) 1) € P,
Since P is a weakly prime ideal of S, it follows that a1 € P or

fe(l, a2, a3, ... ,an), (g(1,prp2, ... pn1))=D) € P,
that is, ai € P for some 1 <i <n, a contradiction. Therefore, g(a1, P=-1) = {0}. Similarly, we can show
that g(P, a2, P=2)=. .. =g(Pe, an) = {0}

Theorem 2.2. Let P be a subtractive ideal of an (m, n)-semiring (S, f, g). If P is a weekly prime ideal but
not prime, then P= = {0}.

Proof. Suppose that g(p1, p2, . . ., pn) 6= 0 for some pi1, p2, . .., pn € P and g(a1, a2, . . ., an) = 0 for
some at, a2, . .., an 6€ P, where P is not a prime ideal of S. Then, by Lemma 2.5,

0 6= g(flar,p=1) Ap2,a2,po=2), . . . flanpD)) € P.

Hence, either fla1, pt=¥) € P or f (p2, a2, pv*>) € Por. .. or flan, pn=?) € P, and so ai € P for some 1
< i <n, a contradiction. Hence, P== {0/.

Corollary 2.1. Let P be a weakly prime ideal of (m, n)-semiring (S, f, g). If P is not a prime ideal of S,
then P € Nil S.

A subtractive ideal in a commutative (m, n)-semiring (S, f, g), satisfying P~ = {0} may not be weakly
prime.

Lemma 2.3. Let 1 be a homomorphism from (m, n)-semiring (51, f, g) onto (m, n)-semiring (S2, f°, g?).
Then, each of the following statements is true;
(1) If7is anideal (subtractive ideal) in S1, then A(J) is an 1deal (subtractive ideal) in S2.
(2) IfJ1s anideal (subtractive ideal) in S2, then A-'(J) 1s an ideal (subtractive ideal) in S1.

Theorem 2.3. If'h : S1-— S2is a homomorphism of (m, n)-semirings and P is a prime ideal of S2, then h-
(P) is a prime ideal of S1.

Proof. By the previous lemma /4-1(P) is an ideal of (S1, f g). Let g(ay, a2, . . ., an) € h=(P). Then, h(g(ai,
az, ..., an)) € Pimplies g?(h(a1), h(a2), . . ., h(an)) € P. Since P is a prime ideal of §2, it follows that
h(ai) € Pfor some 1 <i <n. Thus, ai € h-'(P) for some 1 <i <n. Hence, #-'(P) is a prime ideal of S1.

Theorem 2.4. Let (S, f; g) be an (m, n)-semiring such that S = hai, a2, . . ., aki for k= max{n, m} is a
finitely generated ideal of S. Then, each proper k-ideal A of S is contained in a maximal k-ideal of S .

Proof. Let f be the set of all k-ideals B of S satisfying 4 € B < § . partially ordered by inclusion.
Consider a chain {Bi | i € I} in /. One easily checks that B = Bi is a k-ideal of S, because if a1, a2, . . .,
an-1, fla1, a2, . . ., an) € Bthen as defined B, there is i1, 72, .. ., in-1,j € Isuchthata1 € Bi, a2 € By, . . .,
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an-1 € Bi, flal, a2, . . ., an) € By, as Bi partially ordered by inclusion, then Bj € Bior Bi & B;. Without
loss of generality assuming that Bi, Bs, . . ., BwC Bj, then a1, a2, . . ., an-1, flay, a2, . . ., an) € Bj
because Bj is a k-ideal. Therefore, an € Bj and Bj € B; so an € B which means B is a k-ideal, and S = ha;,
az, ..., aki implies B 6= S, and hence B € . By Zorn’s lemma, /£ has a maximal element as we were to
show.

Corollary 2.2. Let (S, f, g) be an (m, n)-semiring with identity 1. Then, each proper k-ideal of S is
contained in a maximal k-ideal of S.

Proof. The proof is immediate by S = hli.
Lemma 2.4. If 4, B are two k-ideals of an (m, n)-semiring (S, £, g). then 4 1 B is a k-ideal.

Proof. Suppose that 4, B are two k-ideals of S . Then, 4 (1 B is an ideal. Now, let x € S such that f'(a,",
x) EANBforsomeal, a2,...,am1 € ANB. Thenal, a2, ..., am1 € 4,a1, az, . .., am1 € B, f(a,™,
x) € Bandf(ai=, x) € 4. So,x € Aandx € B as A, B are k-ideals. Hence, x € A 1 B.

Definition 2.3. An equivalence relation p on an (m, n)-semiring (S, £ g) is called a congruence on S if
for any a1, ..., am b1, ..., bn € Ssuch that apb, then

(1) Afla,a2")pflb,az);
() gla, br)pg(b, br);
(3) g(b:= a)pg(b:s b).
Let p be a congruence on an (m, n)-semiring (S, £, g). Then, the congruence class of x € § is denoted
by xp and is defined by xp = {¥ € S| (x, ) € p}. The set of all congruence classes of S is denoted by S/p.
Now, we define two operations on S/p as follows:

Aaip, . .., amp)=fa)p and g(bip, . . . ,bnp) = g(b:7)p,
forallai, ..., as b1, ..., bo€ S.

Theorem 2.5. Let (S, f; g) be an (m, n)-semiring. Then, (S/p, f; g) is an (i, n)-semiring under the above
operations.

Proof. Suppose that aip, azp, . . ., amp are elements of S/p. Then, for every permutation # at {1, 2, . . .,
m},

Raip,azp,. ..amp) =fay,.. . ,am)p = f(an), an2),. .., anim)p
=f(a:0p, a:0)p, . . ., a)p).

50, S/p i1s commutative under addition.
For each 1 <i <j <m, we have

f(ap, azp, ..., ailp, f(aip, ai+ip, . .., @x+ilp), AxHp, Ax+it1p, A2510)
=f(awp, azp, . .., ajip, f(ajp, ai+1p, . . ., AxH1P), Qi p, QuHfH1p, . . ., A251P).

So, addition is associative on S/p. Similarly, multiplication is associative.
Finally, we have the distributive law,

glaip, azp, . . ., aip, f(bip, b2p, . . ., bmp), ai+ip, ai+2p, . . ., anp)
=flglaip,azp, . . ., ai-1p, bip, ai+1p, . . ., anp), g(aip, azp, . .., ai-1p, b2p, ai+1p, . . . ,anp), . . ., glaip,
ap, . .., ailp, byp, air1p, .. ., ap)).

Therefore, S/p is an (m, n)-semiring.
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Lemma 2.5. Let (R, f, g) be an (m, n)-semiring with 1 6= 0. Then, R has at least one k-maximal ideal.

Proof. Since {0} i1s a proper k-1deal of R, it follows that the set A of all proper i-ideals of R is not empty.
Of course, the relation of inclusion, <, is a partial order on A, and by using Zorn’s lemma, a maximal k-
ideal of R is just a maximal member of the partially ordered set (A, €).

3. Primary ideal

Definition 3.1. Let (R, f, 2) be an (m, n)-semiring and / be an ideal of R. The union of all ideals B such
that B=< I for some positive integer / where s = /(2n - 1) or s =[(2n + 1) is an ideal of R and is called the
radical of I which we shall denote by M(J).

Definition 3.2. Let (R, f, g) be an (m, n)-semiring and 7 an ideal of R. The set of all elements x € R
such that x=€ I for some positive integer / where s = /(2n - 1) or s = /(2n + 1) is said to be the nil-radical
of 7 which we shall denote by P (J).

If 7 is 0 in the previous definitions we use the symbols N and P for the radicals (radical and nil-
radical) of 0.

From the above preliminary discussion and definitions, we introduce the following definition.

Definition 3.3. A proper ideal I of an (m, n)-semiring (R, f, g) is called i-N -primary provided a1, a, . .
., an € Rwithg(ai. .. an) € I 1mplies ai € I or j 6= i and
JE{L2,.. .n}.aqieN().

The ideal 7 is said to be N -primary provided it is i-N -primary for alli € {1, 2, ..., n}.

If we substitute the symbol P for IV in the definition, we have the definitions of i-P -primary and P -
primary.

Remark 3.1. It is clear that prime ideal in an (m, n)-semiring (R, f, g) is N -primary, but the converse is
not true in general (similarly, for P -primary).

Definition 3.4. A proper ideal 7 of an (m, n)-semiring (R, f, g) is called weakly i-N -primary provided
ai, az, . .., an € Rwith 0 6= g(a1, a2, . . . , an) € I''mpliesai € Torj6=iandj € {1,2,...,n},aqj €
N().

The 1deal 7 is called weakly N -primary provided it 1s weakly i-V -primary for alli € {1,2, .. ., n}.

If we substitute the symbol P for N in the definition, we have the definitions of weakly i-P -primary
and weakly P -primary.

Remark 3.2. It is easy to see N -primary ideal is weakly N -primary, but the converse is not true,
because 0 is always weakly N -primary ideal (by definition) but not necessarily N -primary. So, weakly
N -primary ideal need not to be V -primary (similarly, for P -primary ideal).

Remark 3.3. It is clear that every weakly prime ideal of an (m, n)-semiring (R, f, g) is weakly N -
primary, but the converse is not true in general (similarly, for weakly P -primary ideal).

Lemma 3.1. Let / be a weakly P -primary subtractive ideal of an (m, n)-semiring (R, f g). If /is not a
P -primary ideal, then I = {g(a1, a2, ..., an) |a, a2, ..., an € [} = 0.

Proof. Suppose that I76= 0. We show that 7 is a P -primary ideal of R. Suppose that g(a1, a2, ..., an) €1
where a1, a2, ..., an ER. I g(ay, a2, . . ., an) 6= 0, then there existi € {1, 2, .. ., n}, ai € I or ai € P(J).
Assume that g(a1, a2, ..., an)=0.1{0 6= g(a1, a2, . . ., an-1, I) €I, then there is an element dn of  such

that g(at, a2, . . ., an-1, dn) 6= 0. Hence,

0 6=g(a1, az, . .. ,an-1, dn) = g(ay, a2, . . . ,an-1, f(dn, a'#V) € L
Then, either @i € Ifori € {1,2,...,n- 1} or f(dn, an=v) € P(I). Thus,aieIfori € {1,2,...,n-1}
or an € P(I). Therefore, /1s a P -primary ideal.

Suppose that g(a1, a2, .. ., an-1, N=0.If g(a1, a2, . . ., an2, I, an) 6=0, then there exists
d-1 € Isuch that g(ay, a2, .. ., a=2, d.1, a:) 6= 0. Now, we have
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0 6=g(ﬂl, 6‘2, s e an_‘z,f(ar,l, dn.l ), a_r:) EI

So, weobtain ai € Ifori € {1,2,...,n-2 n}oran1€& P(I), andhence 1 is aP -primary
1deal. Thus, we assume that

glar, a2, ..., ax2,1, a:)=0.
Also, we can prove that g(Z, a2, . . ., an-2, an-1, an) = 0. Since I=6= 0, it follows that there are elements c1,

c2,...,cn € Isuchthat g(cy, c2, .. ., en) 6= 0. Then, 0 6=g(cy, c2, . . ., cn) = g(flav™, c1), f(aw D, c2), .
., flawD, cn) € I,soeitherai € Torai€ P(I) fori € {1, 2, ..., n}, and hence 7 is a P -primary ideal.

Theorem 3.1. Let I be a proper subtractive ideal of an (m, n)-semiring (R, f, g). If for ideals A1, A2, . . .,
Anof R with 0 6= g(A1, A2, . .., An) € Iimplies Ai < I or for some positive integer k, s =k(2n - 1) or s =
k(2n + 1), A:s= {a:€ R| ai € Ai} €1, then Iis a weakly P -primary ideal of R.

Proof. Suppose that I is a proper subtractive ideal of an (m, n)-semiring (R, £, g) and let 0 6= g(a1, a2, . ..
an) € I, where a1, a2, . . ., an € R. Then, 0 6= g(ha1i, hazi, . . ., hani) € I. Hence, haii €1 or ha:si € I for
some positive integer &k, where s = k&(2n - 1) or s =k(2n + 1). So, a:i € I or a:=€ I for some positive integer
k, where s = k(2n - 1) or s = k(2n + 1). This implies that ai € P (). Therefore, 7/ is a weakly P -primary
ideal of R.

Lemma 3.2. If I is a weakly P -primary subtractive ideal that is not a P -primary over a semiring R,
then P(J) = P.

Proof. Assume that I is a weakly P -primary subtractive ideal that is not a P -primary over an (m, n)-
semiring (R, f, g). Then, it is clear that P € P(J). Now, by Lemma 3.5, I = 0 gives I € P, and hence P(J)
€ P. Therefore, P(I) = P.

4. Conclusions

Semirings constitute a natural generalization of rings with broad applications in the mathematical
foundation. The class of (m, n)-semirings is a generalization of semirings.

For future research, one may consider (m, n)-semihyperrings and related algebraic structures and
study their properties.
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SAIREATAT 3TR HpIcIh Uge™ WeH B DI S D AHA BHL I X5 2 |

HIerds SIel o1 Bl RISl 1T feell’ gaarid 3R Jafasl & A1 UR YRR gIRT Bl Sff
BT SRl BT A ATl © | I8 el Udb IR Al e Aromsil & aiadbal bl qr- Tl
2 3R TR 3R T8 URIRAA AR ISl §RT TRId Hiet—HTel fha—anfearRl & |rer f&d S
ITel SHTER DI | F5F THAT BT ‘I’ TR IASidl THM a8 Bl GO iR ARTHR RIS B
2, SYI ST Bl SHAI—8Udl gd¥ IR arast &I MR uH & forg I77ab Ui als+1 usdl 2 | “§al
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MR g a1, B9dl, HEMI T ST IR Bic] dedicl BRI 3R Jaid & SRR & 41 W
QM Xz Al 7T & Fhel—ARER o Farg &l fdb J e Io1er=l Sirax f99rT & /301 9 e o, Icnra
RgeRT 81 STEmge a7 H | alRurmd g8l §idl € S ST 3iR BIe] P | g3l | A1 S 7 BIRT
TR SR QHI Dl aradd aller AT | S fdedel AR 3R 8dT™r 999 dlie 1Y o, §d o
A St 7 I g[8 ATl ©
foreenf

B9 I QU © [ AMQaTRIAT B rardl AHRIT (U AR 3R R BT WISl BRAT
3R IHD! TR & HRAT © | FAINY AT AR DHellcid QT TRl TR Al Hids & fafdy wuf
q FEvEiIer ARl 81 Sl & difs 7S &1 g B UihaT Siad: sFa 91 & g dey
& A1 ST B8 © | 37U JARHAAT 3R Jh BT A1 & Uil FRAR STk 81 I SMMQari & |y,
IS YT 3R HfCraE & @R Pl FHBIelA fgal Bl aegdl A B I8! © | Arfeard] Fare
DI SlEa & YD Ale R IIE AN & Scdled T RIPR BT Uedl © | 3idd: T IdR I a8
Ao Al | Ufciag © Al el & JgwiRId FHY, DI Ge] [IET BRaT § 3R AHBTAT Bal]
U 9 YU H fdes 9hd 81 R B |
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AT eae & frenfFat o e Iuela ue Iaa
arafore e Rafd & geof 3 goarore e

et HaATe, e
7 Ty s, T
Tl gy faeafdened, SHRIRER, SRS |

X :

g g HeEfle TR & fAuffal o1 Afée Iuats = amfie
3nffer fRUfT & THTT BT fIRayUr HdT1 2 15T MY BT 322 Ig Udl T ¢ b
faftm wmifoie @t siffer gyyfty arat faenfial o e Suafs # @ s
gial &1 39 forg =nemeff =1 100 faenfial w sreaem o fomenT =om agfes®
ygfa ¥ foear man faenfial o aiftfe ulien & 3w &1 Iualss &1 A
T 9T grTfoTe U e fRufd usmach @ At 15 | sticve! &1 fazayor sirad
O faga Ud 3=1a1 gR1 fopan | ufors ¥ g wuy giar § fo 3= amteie
e fRIfd arel faemlf &1 e Iuafsr A fRufa gt fFekial &1 smen
34 B § 9P 3MYR WR Ig e Resren mar fos amafore ue e fRufa
faenfial & Afere Iuate R agayul gHE STeci 6 |

q@i fog -
H1eAte TR, Qi Suatss e fRufa anfie fRufa |
UXATdAT :

forer frdlt +ft TS & I &1 o YR giar 71 e Ama g @
YR IGH BIdT g I 7 hdd AfGd & dllgd R Afde [de™ & Ggrae glar g
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Sfcsh TH 3R AP HF yifa A off Agayul gireE <ar 31 e Iuatsy fosd
W} faemeff ot ufvem, Iue! atvaar iR emar &1 Udie AT a8 | I8 Sudisd
faemifal & safeara warg &1 &t ufvomm T8 sfcw 59 &g a8t &t it Hgayut
YT AU 81 39 SRS § ¥ gt 3R s Rufd e &R ©,
faemeif ot QAfere Iuatsy 1 uHTfad FRd g | IrTiores Rufa | Sifa 8k enfde
fRufq wfvarie sma enfiar gia g1

ST foh g9 o1 8 gHR WRd o H fafaudrget amfsie ud siffe s
& AN G ¢ | THS & $S all & UTY YA Gared JiaeT 3R euR Suas
gId ¢ SIdfh $B aTl Bl HAHd Maxgdhdrsii o forg o Fod w1 ysarg|

Teale TR (Par 9) el & Sitae &1 e 3dd Hdgaeid 3R
Ui =R g1 1 39 TR R 399! Alde Iy« & Hiaw & anf &
Ryl a=dt 81 39 TR § foanfial & fde Iuafsr &1 yuildd w1 ad
PR Tfe fTuRId yyTE STerd § al 39 U & Wt 91471 30 Iohdt g

g Yo o 39U 3uud ¥ Ig U &1 uaN fhar mar § b fafi
i ud enfde gmufiral @ o ard Arefie wWR & faenfial @t A
I § T SR B
Tifeea gHtar

FHAR U9 T (2017)- 3= H 3514 I & amfore &R+ e
Iualed Pt gHIfad HRar g1 I Sfd 3R Sierta & faenf = Suafs
I ot & foenfda &t ga | o1 U T IS9P g HRUT HIS
ey, fR1em & Ul fuTa®! &1 Serdl 3R SawR] &1 HHI ST T

Wiferd Te 37 2016 7 “HIANS TR W v il fRufd ik sl
Pl IS WHR: T Tgus g Fg” Bl AT fobar| Tione ¥ udr Iar
& Ora-ar o1 3y 3R 3E1 B Iuaied T R, ATdl-far & e TR IR S
P IUAY WR, FALG F TIET AR BHEI B VP WR O
JHRIHD Ja¢ U1 T g |
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MY FHAT BT HY :

Teafie WR & faemdf &1 Afere Iuarss H1amiee ug e fRufa &
e o gaTeTs sreaaA|
EEACE

o TrHA® TR & [Fenfiyl o) Afére Iuafer ) 376 amivie Rufad
TUTd BT T |
o TrAfiie TR & faenfial &t Afére Iuafey i I9e snfdfes fRUfd & guma

Cagtspel
tlﬁT("FlT:
Hol- 3TeH &1 PR & faenfial & Qe Iudis Td I Jrarfore avlt & e
R I1ds A8 g
Ho2- ATeafie TR & faenfial & fere Iuafs vd 37 snfdfe fRufa & wea
IR ard® T gl
MY gAHT -

T 2ty =emeff T 3= =iy S & Hifia wH, o5 ud golt & s o
3Gd gU ARV S T & 3icifa gdf Jrar forerr o Areafies el & o e &
FHE&T9 & BEA D ol SIHd fBAT T B |

ey fafdr

Teqa Ty H et gRT guiATere <y fafer w5t gderor ufafe o1 w
fparmar g

YTey

Tgd Y | el 7 < & 3T O IRwe Isg & sfarta ydf
Rigyw i & A foenmaal d Ie9a-Rd O ai &1 Hall 9 & $d 100
fental ot 9afa fear g
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MYy =grg- g3 fafdr .

[ e
Yiglyh THATD |

SUDPIT .

39 Ty o Tl 3 Aftre Iualsr o g & o e of aftfe
U8 & 37k T IUANT a1 g | graifore e fRUfT S & forw uyrac 1
g far T g

Tifereg fafimi
aiferent 1: faenfial &t e Iuafsy iR grrfore fRufa

A MY T | fihs! & faawor & forw wemadf 3 varor fazawo &1
T fear g

SIEISERE SEel] THAH S fade
JraT= i 67 243.48 60.04
3= fussTatl 13 245.92 68.75
ST ST 5 197 45.56
S I SIS 15 219.4 62.31
Fd 100 226.45

diferer # 1

RIS dTfereT BT ST et &t Qe Iuars 3R I oD
I & T SR J1d B & 74 {71 SR & IR} a7 & 71 SR AF®
e &1 Tt g1 67 I, 13 3 fUSST a¥, 5 YT Sfd qur 15
T SO g | AT a¥f &1 {18 243.48 TUT HHS (dda 60.04, 3
TUBST ¥ &1 AT 245.92 TUT AFS (qaa 68.75, ATH(od ST &1 AT 197
qYUT A faded 45.56, S SHSd T AT 219. 4 TYT HHED fdde
62.45 UTWd gaT |
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THIGT QRIS ATferepT

Source DF SS MS F-Stat P-Value
Between 3 29437.61 9812.54 2.64 0.05
Groups
Within 96 357271.59 37.21.58
Groups
Total 99 386709.2

F-statistic = 2.64

P-value = 0.05

DF (Between) = 3, DF (Within) = 96
AT (Interpretation)

AT H T TS| Bl YiRege g favawur v & forg et = g
TRI&UT 1 YN ot fagesur o R £ 3UTd &1 T 2.647YT p BT HH 0.05
T BT | UROMAl & YR WR HgT o Johdl g b AT fRUfd & SuR
faenfial &1 A Juafe H 31ifres U ¥ ggayul 3faR IR g |

T, T8 TYTET (p = 0.05) B b Tg! & o9 < T SR iy g =
HeayUi g |

3: X URGE Bl ifRIF U W REHR fora S g1 e gr
IR B T3 0 IRSGeq I ol o MR R foenfal & e Suafe
& T 3R i 51 § “3HifP T Y SRR (GaT Sa1 g | Aol d St
T W ot § guft gmise o @ T J9E AP e, T
ST PR o1 35 o Aferes Iuaisar & oick & Bt o Jobat ¢ | e o
YHerd] BT AR SAIGTR SAdaTd URYH 3ieqg= T 3fy 3R fioRon iR AR
F gl
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HEIHT

250
200
150
100

50

0

AT T e ToEr 39 HggEg aa‘qﬁ‘x?-r

STPI # 1

Tpfa # 1 O faf amrfore ol o faenfial @t e Iuafsl &1 siwd =i
7|

ol ¥ Wy gefl f o fUseT avf (oBe) & faenffal &1 ofd 3w
JaT® 245.92UTd1 4T, S&fds I Sfd (5¢) & Tl &1 sfid g=ad
197%8T| TTHTT I (243.48) 3R I SIS (ST) A (219.4) & faenfai &1
ST T FHH TR WR U1 IT| 399 3l &1 59 fRUfq o Jobd fiearg fe
osc T & faemif srdemepd dgaR UGRH FR 35 ¢ | SUHT HRU I8 8l 9Hhdl g
% 59 a7t & fqenflal ot o 3ife e SR, TRBRT TSI BT AT quT
fR1em & Tfd <t SIFTE T UT 81 Xg1 811 QORI 3R, s & &1 3iad &H
I8 BT HRU Grafoe AR e Hfeargar, Rer & Jareml ot Bl qut
UTRaTR® g &1 =Ld1 81 Tahd! g | I 3R ST v & SRTd AU FHH
UTT 71T, TR ST a7 | 3idh| &1 4fie faae g8 g2nidr ¢ fob 39 a7 & faenfai o
FS HAID ST UG R Ig ¢ 96D $S 9gd Ule g, ol GaTel o SaH
IUASIdl & HRUT g1 Gl gl 3Ha: A9d H1ed Al ¥ I8 WY giam ¢ &
AT aiTl & &g AP Iudisl § & 3R 3@ g, fohq I8 3R 9gd 931
BIREL RERE
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e -

AT 7 3R Qe Iuaied & HeT ey TR 3 AP Ud SRITH
MY fpT 17 B | U MY & IRUMH St qrdear & o $& el &1 Iea fan
T 8-

IEAT 331 3R FHR (2024) & HRA H ST & YR R e Iuafas
3R W WA &1 go-TdHS - § U 1 & ergfd oifa, sryfd
SeTT SR 3 U S ol & ol B 11T IR §iF aTd oReL @l 4 I 3R
g1 SdIdT & YR R e Iuaisd & iR g 3R 8! urg 15 gl 39
THR HIS 3R AH ST (2022) & T AU THH U4 Yaiug o faenfial o
3TEH-ORUT 3R feres Iuyafed W) yya & ran ma fos faenfy erom vl & wad
D1 YrHE 3THMH 3R TahE ¥ SR I8M J Y& § | HTId avll & 3R
R s AG@YUl 3R g1 U Tl 39 [Judld, 3Rt SR (2022) 4 YR |
STt Semia e Sudted & uc gU Ufawd SR ¢F Tod IR 39d WHIG &
3T b | Sieqg © 1 gl 1 e wft Sinfoa & fore qrmferes wia=iterd
3R 3mffes ifey o1 Trem g R off st Sifa e & fore fRren o1 snfiew
Y 3 G &1 Ja1 H HH g | T UHR I5ad 3R UId (2021) F AT
g &3 § ST WA iR Hieaftie farag &t Iudsar & faeiial @
e Iualss IR yyrg & uran a1 & fom widt | oryfea wnfa | srgfd
ST Bt SReT 31 § agt Hreafties faeeg &Y Iudsdr $H § 3auR]
D1 HH B! WdE Iuaf® R diem THT STA |1 JUEETT (2020) H
IR Wifd iR Sy SHona ot # [ Iuafsr wd gmie
Tireierar &1 3ieqa | I8 I1d gofl o S Smifd / SrHgfd et i o
Qe Iuafel & A1 T granore faRfied sedt g1 Ry g8 <wifd § f
e aTl &1 fde IuAf TR $is Hedyul YT g1 gsdl g1 Il
3 U AT & U H 8| $S TIiecd THIE 3 1 &1 [davur U
HRA! ¢ Ol UK 31T & URUMH & fauRid g1 39 3eqg-l & uRunyg ¥ Wy

giar © T Sirdiigan fgenfifal & fére Iuafss o uuifad sl g1
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arferept 2 - faenfefal #t e Suafsr sz snfde Rufa

ST IR dTferepT
3T TG T e pnet O foaeq
10000-20000 63 238.71 55.64
21000-30000 18 226.78 67.97
31000-40000 11 254.91 84.48
41000-50000 8 232.63 61.18
Fd 100 732 B3

qTieTRT # 2

SURI dlfeishT e 9 o faenfial & o1 3k g faaad &1 gxidl
21 grRaTive A1 3T 210000-20000 a1 63 faenfial &1 Trem 238 7191

O fa=ei9 55.64 %21000-30000 HIIYH (T dra1s faenfial o1 ars

226.7804T A& fI9a 67.97 %31000-40000 TR 3T arat 11fdenfial &1
I 254.9104T AM® fdda- 84.48 TG X41000-50000 HINI® 3T dTd 8
faenfial w1018 232.63 TUT A faTT 61.18 UTE g3l

TG ORI difereT

Source DF SS MS F-Stat P-Value
Between 3 5689.05 1896.35 0.5 0.68
Groups
Within 96 368017.04 3833.51
Groups
Total 99 373706.09

F-statistic = 0.50

P-value = 0.68

DF (Between) = 3, DF (Within) = 96

T (Interpretation)

IWRIFd difereT | wemdf 3 efiwst & faxaww, Are aur 7aFe foaeT &
TEAdl | TR GRI&(0r fafd 1 START faT| 39 sfidha! & [a=Rau0r & gRT F

ADH

AR - @R 2025
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3{UTd &1 A 0.50 TUT P BT A 0.68 UTK §3T | UK F3UT T TiRSAH T AT
(0.50), F & ifd® A (2.67) ¥ HH 5| iws! & fazaryor o1 gRomy gg g2iiar
g, & faenfiial & uivarie oitre oma &1 faenfdl & Qfée Iuarss R ol
foRv yyg Tgi usar gl

foenfial & e Iuatsy aur 37 fafia enfde amt | ®ig Ag@yy
gigeg 3R =gl uran Tl 3d: Merdlf gRT dAR #T 8 YIRS
giikaRe Afie omg & myR W foenffal o Qe Suafss & ger siar Ifw
T8l 8, WieR fparsrargl

3T d ATed OH U8 22Td § 6 221,000 ¥ 230,000 BT THT 31T YU &
faenf¥ial &1 U= oy 3ma ol &1 ga § SUeTdhd dgaR ¢ | IUTil, ANOVA
fazeror ¥ v uforms g8 39 ovd § 6 98 oick wikeae 1 = & "gayu
T8I B, 31UTq T8 3R aRafdd UHI & Toid TGO I g3 Udid giar g |
Y YR R Bl ol Iohdl ¢ & faeniial o1 Qfére Suafss daa uifkams
3 R R 78 o=t afew, Afére amamexun, sifivaes! &1 yrier, e
D1 TA, IUAS T T T SYINT TT TG RyH oY 9g SarH!
HRD S| U DI 3P JUTH TY F THIIAT FRA G |

HEIHTA

255
250

25
245 23
240 53
235
230 -
225
220
215

210

10000-20000 21000-30000 31000-40000 41000-50000

TP #2
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ATHid # 2 W WY g1 ¢ for faenfial 0t Afére Iyafer 39 aikafies
R 31 T & TR S 3R g1 X31,000-30,000 3T G & faenfdat &t
3NTd At (254.91) UTAT T, STafd 21,000-30,000 T ¥t & f=iiay o1
3 gAdH (226.78) ITI 10,000-20,000 3T T (238.71) 3fR X41,000—
50,000 3T T (232.63) & A=} &1 T U A IR TOH TR W)
T 14T 39 PR I=dH 3R gAd9 d & sid TTHIT 14.65 D] BT 3R
PR AT g1 HeHH 3T I (x21,000-30,000) & faemeff sruenpa dgar
SR Pd ¢, TP 39 3T TR IR IRARI & Ui e 3 maxags Iare
3R TgalT Iua iaT §, IIU g1 it faariyan a1 granfore sdarsii &1
aa1d el gidTl 39 fauRld, S T 319 a7 (X21,000—30,000) & fa=mmffal o
3T gaH Ui T, e FRU I8 B I&whdl § [ i Mg & HRUI
A TR STl HH g1 oirdl & a1 faemdf et & gid gu ot 3971 2Afdrs
IUGHT YHIET @71 T T8t = urd | 9 3ma a7t & fa=nedf (x10,000-20,000) Tt
3= 1 T (%41,000-50,000) HOH IR WR I, Ol Ig S9idl g fob dare=f ot
TS HH AT AP ITARIT GIHI of (ATl e Iuaied &I dgfad U
T gyTad =gl B g |

faa=Er -

39 3oy & uRunyg ¥ Tefd yatR | 9gd 9R oy fou U §1- 91,
TWd, Taylor (2022) & 3qa UMHI0T &A1 T Aot iR IReRT Areafires faameal
o o, amTore-snfie fRufd SR fére Iuafs &1 qaes siega= | arT
a1 o artor e o Aol mreafie faemeal & i e iR I o
fufd & 3nuR R faenfial &1 faursm g1 afe TR} faareat 7 faenfial ot
Aférd ITAfS TR Dl THRIAD UHTT Tl UsSdl gl 37d: 3eag— § fAwd g1a
BT foh féres Iualeds 3R Mg avl | dis Wik 1 & ¥0 H 3R T8 urar T
| 9T d (2020) A HTATHS TR & faanay & o & Afeie Iuafs = JraTfores -
nfde fRufa & uurg &1 sreggH o siemgd & fAssy ¥ ug 3a gon s
e U 3R e Iualies &1 HaY Hg@qul 81 ¢, S aRIAT g 1 TRPRI
Trorrafl 3R T Qe gwRi = 3 nurikd fasmar & &4 foar s ga
I & AU ¢ | U UHR S (2020) A foarmadt s 1 Afére Iuafes or
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IS a7 3R 3T T & JaTdS UHId HT e foar my ¥ urn fh
Qe ITAR W ATHINTS G BT YU T a7 D a1 | dal Mfd o7 |
3% TR Had AYS 31T ¥ BHE &I IUil BT YA gl i ol
| 37c: BHEI B Afed Iuaisy AR I7d 3w T & &g Bis Agaqut
e 781 UTg Y | SURIG 31e09 Ud 37e0g- & URUMH & Y& H |

Safeh gd 3R IGAURTT (2019) 7 aRT A1eafHe B & Al Iyafa
R gre-3nfde AT & Ty &1 g fear uomg ¥ 39 siar € &
g e fRUfT iR Qfére Iudfsr & S TERIAS BT &Y § 3R
faftrs grfoie-snffes ol & e Wy sfar 3@ 7Tu| 3 U R <M (2017) &
g graTore-3iie fRUfT iR o &1 e Iuafss & &= Jay o1
g § I graTie-3ifie fRufa aret faenfiat onir aramg aranfsie-anfdfe
fufa ara faenfial & &g e Iuafer # agayul iR umr T St Uqd
3T & R & fIuid g1 3fa: SWITd eqa UKd 31099 & e o gl
gl

ﬁ'ﬁﬂf(Conclusion)

JAHM g “HIHANe TR & fquiial o e Iuafsr R 398
g1 -3 e RUfa & Teu | qards sieaas” W 3memia o1 59 &g
&1 I Ig J1d BT U7 fob gramfore-anffes Rufa faenfial ot 2fére Suafss
3! forg Har g yuifiad »eat gl

I ¥ U bl & [ARAW0 T g Wy ganl for faeniial o e
IUATS FHINS-AMS TR & T SRS TU T Fafd g1 S AH1Sd-
e gRHE & 3= arel faenfial @1 siaa ue=i= smemepa sifte g1, wiafe
e sima ot & faenfiat &1 ve=f $o w0 urr T

TR faRAW0T (ANOVA) & TRUMAT & gUR 9Hg! & §id AW
it =fd ¥ diaid Tu S ggayul ura T4 (p = 0.05) | 3d: YT GRGT
HiRIF U Y 3RdlHd o1 715 | 39Y I8 Aepd Readr g fos faenfial 1 Qe
IUdfsl dhad e RUfy &1 aRomm g1 g, e s9H uikaiRe gan,
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Siféfe raTavul, faeerg &1 Tura, URUM TR 3R G URYH oY HRB| B
fiareH gl

mﬁﬁﬁmdﬂducational Implications)

HPHE & T E ¥ I8 W g1 ¢ & fqaiial o e Suarsy o
grTfore-2nffe sRe! &1 uve faemm g1 39 uRueg o Fufaftea ofée
fAfgard Uqd fore o 9ehd 8-

T D aw) oI orawT
gt gmfSie-enfie ant & foenfial o quaaul Rem o &3 89

HHT 3T YT PRI W%I

nfife 0 T Hae faenfial & fore gemaar:

g oma ol & faenffal & fore smgfv, Fixes e, Tivo HriwH Td
SICING T TgTadT o gIoHT ar) &1 ST 91 |

fHTas-fagmaa ggaiT -

faenfial ot yifa & o fagme SR sifiuTae! & &= gHTd! Fare auT
FE U ! Urfed foar ST Anfgu|

T[UTGTYUl fR1&[0T JTaTaRor -

faemeral © SwyAl &t wuiE Iudsydr, IR e Ifemt ik gumH
FIER HT AIdTax Ul [ddb ud [T ST Mg U]
ATATSTS SRS dT Ud U ;

AT § 187 & A8 3R 99 3HTRI & Ufd SFRedhdl bl dfd
I H 3T & Ufd S I DI ST QT
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fRrem Hifa & T2 uray™ et ST <Y grafoe U ¥ fUss T & Afée
RRIECARIRIIRGERY
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Abstract:

The rapid evolution of Artificial Intelligence (Al) has generated unprecedented opportunities
for innovation, productivity, and global development. However, it also raises profound ethical,
governance, and regulatory challenges. Issues such as algorithmic bias, lack of transparency, data
privacy, accountability, and the potential for misuse necessitate robust frameworks to ensure
responsible Al deployment. This paper examines the ethical foundations of Al, explores the sources
and consequences of algorithmic bias, and evaluates existing and emerging governance and regulatory
frameworks. Drawing upon global case studies and current policy developments, the paper argues for
amulti-stakeholder, principle-based approach to Al governance that balances innovation with social
justice, human rights, and global equity.

1. Introduction :

Artificial Intelligence (Al) has become a transformative force across all sectors—healthcare,
finance, education, transportation, and public administration. The integration of Al technologies into
daily life raises complex ethical and governance challenges that extend beyond technical considerations.
While AT offers remarkable benefits in efficiency and decision-making, it also introduces risks of
discrimination, surveillance, loss of privacy, and erosion of human autonomy (Floridi & Cowls, 2019).
The ethical and regulatory questions surrounding Al have moved from academic discussions to policy
imperatives. Governments, corporations, and international organizations are developing frameworks

to govern Al responsibly. This paper seeks to analyze the interconnected themes of ethics, governance,
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bias, and regulation of Al, highlighting both the theoretical underpinnings and practical pathways
toward equitable Al systems.
2. Ethical Dimensions of Artificial Intelligence :

Al ethics refers to the application of moral principles to the design, development, deployment,
and use of intelligent systems. Central ethical principles in Al include beneficence, non-maleficence,
autonomy, justice, and explicability (Floridi et al., 2018).

2.1  Autonomy and Human Agency :

Al systems can augment human capabilities but may also diminish human control. Autonomous
decision-making systems in healthcare or autonomous vehicles, for example, challenge traditional
notions of accountability and moral responsibility. Ensuring that human oversight remains integral to
Al systems is a key ethical mandate.

2.2 Transparency and Explainability :

The “black box™ problem—wherein Al algorithms produce outcomes that are not easily
interpretable—undermines trust and accountability. Ethical Al requires explainable models that provide
insight into how decisions are made, particularly in critical applications such as law enforcement or
credit scoring.

2.3  Data Privacy and Surveillance :

Al systems rely heavily on vast datasets, often including personal and sensitive information.
Without robust data governance, Al can facilitate intrusive surveillance and manipulation. Privacy-
preserving technologies, such as federated learning and differential privacy, are increasingly essential
to uphold ethical standards.

3. Algorithmic Bias and Fairness :

Algorithmic bias refers to systematic and unfair discrimination embedded within Al systems,
often reflecting historical inequities or biased training data (O’Neil, 2016). Bias can manifest in
various forms—racial, gender-based, socioeconomic, or cultural.

3.1  Sources of Bias :

Bias arises from multiple sources :

. Data bias : Unrepresentative or skewed datasets.
. Algorithmic bias : Design choices that amplify disparities.
. Societal bias : Existing inequalities reflected in data collection and labeling.

3.2  Consequences of Bias :
Biased Al can perpetuate and exacerbate social injustices. For instance, facial recognition

systems have demonstrated lower accuracy for darker-skinned individuals and women (Buolamwini
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& Gebru, 2018). Similarly, predictive policing algorithms have been criticized for reinforcing racial
profiling.
3.3 Mitigating Bias :
Mitigation requires a multi-pronged approach :
. Inclusive dataset curation.
. Regular algorithmic audits.
. Ethical Al design education.
. Transparency in model development.
. Al fairness should be viewed as both a technical and socio-political problem requiring
cross-disciplinary collaboration.
4. Governance of Artificial Intelligence :

Al governance refers to the structures, policies, and processes designed to guide the responsible
development and deployment of Al technologies. Effective governance must balance innovation with
ethical and societal safeguards.

4.1 Corporate Governance and Self-Regulation :

Tech companies have increasingly established internal Al ethics boards and guidelines (e.g.,
Google’s Al Principles, Microsoft’s Responsible Al). However, self-regulation often lacks
enforceability and can be undermined by commercial pressures.

4.2  Multi-Stakeholder Governance :

Al governance should involve governments, civil society, academia, and industry. Organizations
such as the OECD, UNESCO, and the World Economic Forum have proposed frameworks emphasizing
inclusivity, accountability, and transparency.

4.3  Global Governance Challenges :

Al is a transnational technology, but governance mechanisms are often national or regional.
Divergent standards—such as between the European Union’s GDPR and the United States’ sectoral
approach—create regulatory fragmentation. Global cooperation is essential to prevent “Al nationalism”
and ensure equitable technological benefits.

5. Regulation of Artificial Intelligence :

Regulation provides the legal backbone for ensuring AI’s ethical deployment. Emerging
regulatory frameworks reflect differing philosophical and political priorities.
5.1 The European Union : Al Act:

The EU’s Artificial Intelligence Act (2024) represents the most comprehensive Al regulation
globally. It adopts a risk-based approach, classifying Al systems as unacceptable, high-risk, limited-
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risk, or minimal-risk. The Act mandates transparency, data governance, and human oversight for high-
risk applications.
5.2  The United States : Sectoral and Voluntary Frameworks :

The U.S. approach remains decentralized, emphasizing innovation and voluntary compliance.
The NIST AI Risk Management Framework (2023) offers non-binding guidelines for trustworthy
Al but lacks enforceable obligations.

5.3 Asia-Pacific and Global South :

Countries like Singapore, Japan, and India are developing context-specific Al governance
strategies. However, the Global South faces challenges including limited regulatory capacity, data
colonialism, and unequal access to Al benefits.

5.4 Emerging Issues: Liability and Enforcement :

Determining liability in Al-related harms remains complex. Questions arise about whether
responsibility lies with developers, deployers, or end-users. Regulatory regimes must adapt to address
these grey areas through adaptive and anticipatory governance.

6. Towards Responsible and Inclusive Artificial Intelligence :

The future of Al governance lies in creating responsible, transparent, and inclusive

ecosystems. This requires :

. Embedding ethics from design through deployment (“ethics by design™).

. Strengthening interdisciplinary research on Al fairness and accountability.
. Establishing international coordination mechanisms akin to climate governance.
. Encouraging public participation in shaping Al policies.

Ethical AI must not only prevent harm but also actively promote social good—reducing
inequality, enhancing accessibility, and supporting sustainability.
7. Conclusion :

The ethics, governance, bias, and regulation of Al represent interconnected dimensions of a
single global challenge: how to ensure that intelligent technologies serve humanity rather than
undermine it. Addressing these concerns demands collaboration across disciplines, sectors, and
borders. Robust ethical principles, inclusive governance, and adaptive regulation must evolve alongside
technological progress. As Al becomes increasingly embedded in decision-making and infrastructure,
ensuring its alignment with human values and rights will determine not only its legitimacy but also its
long-term sustainability.
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Abstract

The Unfinished War on Online Piracy explores the ongoing challenge of unauthorized
sharing and downloading of digital content. What started with the simple file-sharing
networks in the early 2000s has now evolved much into streaming platforms, torrent sites,
and even hidden corners of the internet and social media. This constant evolution makes it
difficult for laws and legislation to keep up. Piracy clearly affects creative industries, costing
billions, but it also raises bigger questions about access, affordability, legality, and fairness in
the digital age.

Countries and international organizations have attempted to address the issue of Online
Piracy. Treaties like TRIPS (1994) and the WIPO Internet Treaties (1996), alongside national
laws such as the Indian Copyright Act (1957, amended 2012), and many more, show how the
judiciary has tried to respond to new digital challenges. Reports from the events and the
Motion Picture Association highlight the significant financial impact of piracy mternationally.

This research argues that the fight against piracy is still far from being over. The problem
isn’t just about breaking the law, but it’s about how people access content and whether legal
options are ecasy and affordable. To truly make a difference, countries need better
international cooperation, smarter technology, public awareness campaigns, and more
accessible legal content to find the solutions that the nations are lacking.

Keywords- Copyright, Anti-Piracy Laws, Digital Age, Online Piracy, Intellectual property.
Introduction

Online piracy, the unauthorized copying, distribution, or consumption of copyrighted digital
content, has become a major challenge m the 20-21st century. What began a simple manner
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that, file sharing m the early 2000s has now evolved into sophisticated streaming platforms,
torrent sites, and darknet operations, making enforcement harder to take a safer place in
society.! Piracy is affecting industries such as music, film, software, and publishing,” which
cause billions of dollars in economic losses globally while also raising wider concerns or
questions about access, affordability, and the fairness of intellectual property laws and
further.?

The legal response to online piracy exists at both national and intentional levels. International
agreements such as the TRIPS Agreement (1994) and the WIPO Internet Treaties (1996) set
standards for copyright protection, while national legislations, mcluding the Indian Copyright
Act, 1957 (amended 2012), the U.S. Digital Millennium Copyright Act, 1998, and the EU
InfoSec Directive (2001/29/EC), provide mechanisms for enforcement.* Landmark judicial
decisions, including A&M Records v. Napster (U.S., 2001)°, Capitol Records v. ReDigi (U.S.,
2018)°, and UTV Software Communication Ltd. v. 1337x.to (India, 2019), illustrate the
evolving challenges courts face i keeping pace with digital innovation. Apart from these
measures, piracy continues to grow or develop vigorously, due to technological
advancements, cross-border jurisdictional issues, and limited access to affordable lawful
content.® The study stated that preventing online piracy requires many different approaches,
which include combining legal and social enforcement, technological enhancement, public
awareness / social awareness, and more reachable lawful ways. By examining piracy at
worldwide levels, the research stated to provide a complete understanding of its causes,
impacts, outcomes, and possible solutions.

Research Problem

e What are the primary challenges in combating online piracy, and how do national and
international laws attempt to address them?

e How do national laws, like the U.S. Digital Millennium Copyright Act and the Indian
Copyright Act, address online piracy, and what are their limitations?

e What are the shortcomings of global agreements, such as the TRIPS Agreement and
the WIPO Internet Treaties, in preventing cross-border piracy?

e Why 1s online piracy considered a socio-economic issue in addition to a legal one?

1 witt, S. (2015). How Music Got Free. Penguin.

2 IFPI. (2023). Global Music Report. https://ifpi.org/what-we-do/global-music-report/

2 IFPI. (2023). Global Music Report. https://ifpi.org/what-we-do/global-music-report/

4 WIPO. (2020). Copyright and the Digital Economy. https://www.wipo.int/copyright/en/

5> A& M Records v. Napster, 239 F.3d 1004 (9th Cir. 2001).

8 capitol Records v. ReDigi, 910 F.3d 649 (2d Cir. 2018).

7 UTV Software Communication Ltd. v. 133 7x.to, Delhi High Court, 2019.

& Danaher, B., Smith, M., & Telang, R. (2013). Piracy and Copyright Enforcement Mechanisms. NBER Working
Paper No. 19150.
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Objectives of the Study

The ultimate objective of this research paper is to provide a complete understanding
of onlme piracy, its kinds, mmpact, and legal responses towards the socio-economic
measures.

The study primarily focuses on defining and clarifymmg the numerous kinds or forms
of onlme piracy, including decentralized networking (Peer to Peer) file sharing,
torrenting (a decentralized networking that does not contain any central server
directly), streaming platforms, and darknet (networks that can only be accessed with
special software) operations®.

Understanding these kinds and forms 1s important for calculating the effectiveness of
existing lawful and technological measures. Another objective is to analyse the
economic, social, and cultural impact of piracy at both national and global levels, with
concern to losses m creative mdustries such as music, film, publishing, and software,
across technological points™®.

This includes sudden changes i consumer behaviours, industry revenues and
expenses, and the broader suggestion of piracy on cultural and economic accessibility.
The study also finds to critically examine existing legal provisions governing online
piracy. Which includes national laws such as the Indian Copyright Act, 1957
(amended 2012)!!, the U.S. Digital Millennium Copyright Act, 1998'% and the EU
InfoSec Directive (2001/29/EC)*®, as well as international treaties like TRIPS, 1994*
and the WIPO Internet Treaties, 1996'°. Approaching judicial aspects and key points
is also an objective. Landmark cases such as India’s “John Doe” orders in UTV
Software Communication Ltd. v. 1337x.to (Delhi HC, 2019)'° and U.S. precedents
like Capitol Records v. ReDigi (910 F.3d 649, 2d Cir. 2018)!7 stated that the court
addressed the technological and internet challenges.

Finally, the study focus to show the balanced reforms and provisions, giving more
importance strategies that add laws and enforcement with public access, digital and
technological solutions, and affordable legal ways'®. These objectives together
provide a structured path for understanding and addressing the major problem of
online piracy.

? Cory Doctorow, Information Doesn’t Want to Be Free (McSweeney’s, 2014).

19 1FPI. (2023). Global Music Report. https://ifpi.org/what-we-do/global-music-report/

11 Indian Copyright Act, 1957 (as amended 2012).

12 y.s. Digital Millennium Copyright Act, 1998.

12 EU Directive 2001/29/EC (InfoSec Directive).

14 RIPS Agreement, 1994. https://www.wto.org/english/docs e/legal e/27-trips 01 e.htm

15 WIPO Internet Treaties, 1996. https://www.wipo.int/copyright/en/activities/internet treaties/
18 UTV Software Communication Ltd. v. 1337x.to, Delhi High Court, 2019.

17 Ccapitol Records v. ReDigi, 910 F.3d 649 (2d Cir. 2018).

12 Doctorow, Cory. (2014). Information Doesn’t Want to Be Free. McSweeney’s.
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Hypothesis

e The issues of online piracy are not primarily a result of the absence of copyright laws
in nation, but rather due to ineffective and no implementation enforcement
mechanisms are useless, digital mequality, and jurisdictional gaps that prevent
coordinated action across nation to nation!®. Even though statutes like the Indian
Copyright Act (1957), the U.S. DMCA (1998), and the EU Directive 2001/29/EC
provide strong legal protection for intellectual property, their enforcement has failed
to deter large-scale piracy networks.

e This 1s because piracy thrives m an ecosystem where affordability, accessibility, and
consumer demand outweigh the deterrent effect of punitive measures, people need an
alternative that will not harm thewr daily life expenses or basic expenses so they look
out to some decentralised measure where they can access the entertainment so utmost
issue make is make it reachable and affordable.?°

e Studies suggest that mternational cooperation and ensuring affordable legal access to
digital content may be more effective m abjuring piracy than the imposition of stricter
criminal penalties*!. The Hudson Institute (2023) emphasizes that online piracy is a
global policy challenge, and impulsive national enforcement creates opportunities for
cross-border or nation to nation piracy networks weaken the judiciary?>. Therefore,
the hypothesis of this research is that combating piracy requires a balanced approach
of enforcement, access, and global cooperation, rather than relying solely on non-
impactable frameworks.

Scope and Limitations

e The scope of this research 1s himited or restricted to digital piracy, specifically the
piracy of music, films, software, and e-books, while excluding physical counterfeiting
and offline piracy markets® The focus is on post-2000s internet piracy, which
coincides with the growth of broadband mternet, torrenting platforms, and illegal
streaming websites??.

e By limiting the scope to digital platforms, the study ensures a focused mquiry into the
evolving challenges posed by online piwracy m the globalized digital economy.

19 octorow, C. (2014). Information Doesn’t Want to Be Free.

20 Hudson Inst., What the Online Piracy Data Tells Us About Copyright Policymaking (2023).

’1 Brett Danaher, Michael D. Smith & Rahul Telang, The Impact of Digital Piracy on Content Markets, Nat’|
Bureau of Econ. Research, Working Paper No. 19191 (2013).

22 CORY DOCTOROW, INFORMATION DOESN’T WANT TO BE FREE: LAWS FOR THE INTERNET AGE (McSweeney’s
2014).

23 |FPI. (2023). Global Music Report.

24 Motion Picture Association. (2022). Piracy Trends Report.
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Geographically, the research draws from three regions India, the United States, and
the European Union to highlight comparative approaches and case studies. For
instance, India’s experience with John Doe orders and challenges in DRM
enforcement (Looney Tunes Study, Arxiv, 2021) provides insight into developing
country perspectives, while the U.S. and EU illustrate how advanced economies
tackle piracy through judicial and regulatory frameworks®.

e However, the study is limited by the dynamic nature of technology. Piracy platforms
evolve rapidly, and legal responses often lag behind. Moreover, the research does not
provide a quantitative econometric analysis of piracy losses but relies on secondary
studies and industry estimates.

Significance of the Study

e The study is important in manner of academic, policy, and practical, the three levels.
From an academic perspective, it contributes to intellectual property law and digital
rights scholarship, building on works such as Witt’s How Music Got Free (2015) and
Yu’s writings on cross-border enforcement?.

e [t situates piracy not only as a legal i1ssue but also as a socio-economic and cultural
phenomenon. At the policy level, the research highlights the enforcement gaps in
national and international frameworks, callimg for reforms that balance enforcement
with access. Organizations like WIPO (2020) and WTO debates on TRIPS highlight
the urgent need for stronger cooperation mechanisms”’.

e The study’s comparative approach offers lessons for Indian policymakers by
contextualizing its challenges within global debates. Practically, the study is relevant for
creative industries, including music, film, publishing, and software, which collectively
lose billions due to piracy. Reports from IFPI (2023) and the Motion Picture Association
underline how piracy affects revenue, employment, and innovation in these industries®.
By proposing consumer-focused and technologically adaptive solutions, the research
provides strategies for industries and regulators to tackle piracy effectively.

Socio-Economic Impact

The socio-economic outcomes of online piracy are one of its most well-known
effects. Piracy causes direct financial losses to industries and the entire digital and
internet economy, diminishes the motivation for innovation or upstanding, and hinders

2 Arxiv (2021). Looney Tunes Study: DRM Vulnerabilities in India.
26 Bohannon, J. (2016). “Who’s Downloading Pirated Papers? Everyone.” Science Magazine.

27 WIPO. (2020). Copyright and the Digital Economy.
28|Fp| & MPA Reports (2023).

ABH AR - @R 2025 (89)




its effectiveness in sustaining or creating creative sectors. According to the Motion
Picture Association (MPA), nationwide or Worldwide piracy of films, mternet content,
and television leads to whole year annual losses exceeding $40 billion®®. This figure
includes abating the box-office returns as in profits, subsidizing the subscription
revenues for streaming and presenting platforms, and reducing licensing fees or
payments. The major concern of illegal streaming websites such as 1337x, put locker,
and Popcorn Time highlights how piracy has suddenly taken all the attention of
consumers' demand for content and technology. The music industry faces a similar
challenge as aforesaid. In spite of licensed platforms like Spotify, Apple Music, and
Amazon Music that have accessible music consumption by consumers, piracy still
continues to follow the decentralized manner of acknowledging the networkmg and
sharing market, which includes P2P peer-to-peer sharing networks. The IFPI Global
Music Report (2023) highlights that nearly 30% of mternet users still access music
illegally, which shows a continued threat or concern to industry revenues®®. Software
piracy has for a very long become a major tension for both corporations and
government, both private and public. The Business Software Alliance (BSA) reports
that nearly 57% of software mstallations that became a part of the economy are 1illegal
or decentralized®!. This not only results in financial losses and lost revenue but also
removes the curtams of the people using heightened cybersecurity risks, ncluding
malware, ransomware, and data theft. For example, duped versions of productivity
software or video games often contain harmful code designed to gather personal and
financial information.

Piracy also has cultural and developmental stages. While piracy puts the legitimate
industries as of now down to earth, it continuously shows consumer demand for
budget-friendly access. In contemporary countries, high subscription costs, himited
and restricted payment infrastructure, and delayed releases often drive people toward
illegal platforms®. Scholars like Yu argue that piracy, though unlawful, can
sometimes act as a "shadow distribution system", giving consumers access to content
otherwise unavailable due to pricing or geographic restrictions®®. Thus, the socio-
economic impact of piracy is not one-sided. While it undoubtedly causes financial
losses and dismcentivizes creativity, it also highlights gaps in content accessibility,
pricing strategies, and global digital inclusion.

29 Motion Picture Ass’n, Piracy Trends Report (2023).

30 |FPI, Global Music Report (2023).

31 Business Software Alliance, Global Software Survey (2018).

32 https://en.wikipedia.org/wiki/Online_piracy

# yu, P. K. (2018). "The Quest for a Global Response to Online Piracy." Fordham IPLJ, 28(1).
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Legal Framework on Piracy

The method to combating online mfringement and digital piracy is comprehensive,
encompassing legal, technological, and instructional mtiatives. With the help of
international cooperation, legislative efforts are concentrated on enacting anti-
piracy measures and modernizing copyright laws, combining lower-level legislation,
regional directives, and international treaties. So, the effectiveness of these provisions
depends heavily on advancement. In India, the Copyright Act, 1957 (amended in
2012) crmminalizes copyright mfrmgement, mcluding digital piracy, and empowers
courts to issue an order to block such infringing and illegal sites**.

The amendments also introduced provisions for technological protection measures
(TPMs) and cleared the liability of technological compulsion. India has increasmgly
relied on John Doe (Ashok Kumar) orders to pre emotively restrain mfringers from
distributing pirated content during film releases. John Doe injunctions, known as
‘Ashok Kumar orders’ in India, were meant to stop piracy, but are now being
weaponised to silence journalists, publishers, and activists. John Doe injunctions are
increasingly being used by powerful actors in India to censor the media. The goal is to
communicate clearly and directly so that the reader or listener can easily understand
the message the first time they encounter it. It means avoiding complicated words,
long sentences, and unnecessary technical jargon. Clear and concise: It gets straight to
the point without adding extra words or complex phrasing. Accessible to all: It is not
about "dumbing down" the information but about making it accessible to a wider
audience, including those with less expertise on a topic or lower reading skills. Uses
everyday words: It Favors common, familiar words over complex or technical ones. If
a technical term must be used, it is explained simply.*> 7 Focuses on the audience: The
writer always considers who they are talking to and tailors the message to that
person's level of understanding. Active voice: It uses an active voice, which makes
sentences more direct and easier to follow. For example, instead of "The report was
written by me," a simple language approach would be "I wrote the report".

In the European Union, the InfoSec Directive (2001/29/EC) harmonized copyright
protections by addressing the reproduction, communication, and distribution rights of
authors®®. More recently, the Digital Single Market (DSM) Directive (2019)
introduced stronger obligations for online platforms, requiring them to obtain licenses
or prevent infringing uploads proactively.

3 The Copyright Act, 1957 (India), as amended in 2012.
% Digital Millennium Copyright Act (DMCA), 1998 (U.S.).
35 EU Directive 2001/29/EC (InfoSec Directive).
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At the international level, the TRIPS Agreement (1994) set mmimum standards of
copyright protection for all WTO members®’. Similarly, the WIPO Internet Treaties
(1996) extended copyright protections to the digital environment, recognizing rights
for online distribution and communication®®. However, critics argue that these treaties
lack robust enforcement mechanisms, leaving compliance to national governments>°.
This patchwork of laws creates fragmentation. For example, while the DMCA’s safe
harbour provisions allow YouTube to operate under notice-and-takedown, the EU’s
DSM Directive mmposes proactive filtering obligations on smmilar platforms. Such
divergence complicates global enforcement and creates loopholes for piracy to
flourish.

Judicial Response and Case Studies

Courts have often acted as first responders to the challenges posed by online piracy,
filling gaps left by legislation.

In the United States, the landmark case A&M Records v. Napster (2001) found
Napster liable for contributory and vicarious copyright mfringement, effectively
shutting down one of the first large-scale file-sharing networks*. This case set the
precedent that platforms enabling mass copyright infringement could be held
accountable. Later, in Capitol Records v. ReDigi (2018), the Second Circuit ruled that
digital resale of copyrighted music was unlawful, reinforcing that the “first-sale
doctrine” did not apply in the digital context*!. Indian courts have shown remarkable
adaptability. In UTV Software Communication Ltd. v. 1337x.to (Delhi HC, 2019), the
court issued dynamic injunctions to block mfringing websites and their mirror sites,
empowering plamtiffs to take action without returning to court for every new
domain*’. These “dynamic John Doe orders” have become a key tool in combating
piracy during film releases. Similarly, the UK. courts in Twentieth Century Fox Film
Corp. v. British Telecommunications (2011) ordered ISPs to block access to the
Newzbin2 file-sharing site, setting a precedent for site-blocking injunctions in
Europe®. Despite these interventions, judicial remedies face criticism. While effective
in curbing piracy, they sometimes risk over blocking legitimate websites, restricting

37 TRIPS Agreement, 1994.

38 WIPO Internet Treaties, 1996.

* Frosio, G. (2020). Oxford Handbook of Online Intermediary Liability. Oxford University Press.
40 A& M Records, Inc. v. Napster, Inc., 239 F.3d 1004 (9th Cir. 2001).

41 Ccapitol Records, LLC v. ReDigi Inc., 910 F.3d 649 (2d Cir. 2018)

42 UTV Software Communication Ltd. v. 1337x.to, Delhi High Court, 2019.

43 Twentieth Century Fox Film Corp. v. British Telecommunications pic, [2011] EWHC 1981 (Ch).
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free speech, and raising concerns over due process**. For instance, overly broad site-
blocking orders have occasionally led to collateral damage, affecting websites that
host both infringing and legitimate content.

Technology, Enforcement, and Challenges

Technological measures form the frontline defence agamst piracy. Digital Rights
Management (DRM) systems use encryption, license verification, and access controls
to restrict unauthorized copyng. Platforms like Netflix and Amazon Prime deploy
DRM to ensure that only authorized users can access their content*. Similarly,
YouTube’s Content ID system scans billions of uploads, automatically detecting
copyrighted material and either blocking it or monetizing it for rights-holders. Newer
solutions mclude blockcham-based copyright registries, which create immutable
records of ownership, and Al-powered recognition tools, which enhance detection
accuracy™®.

However, pirates often respond with countermeasures such as VPNs, proxy servers,
and mirror sites, making enforcement a cat-and-mouse game. A major challenge lies
in ISP liability. The U.S. system relies on notice-and-takedown, which critics say is
reactive and easily cimcumvented. By contrast, the EU DSM Directive imposes
proactive obligations on platforms, leading to concerns about over-censorship®’.
cross-border enforcement 1s another major hurdle. Many piracy websites are hosted in
countries with weak copyright laws or limited enforcement capacity, making it
difficult for rights-holders to take action. Even when courts issue injunctions,
infringers often shift operations to new domains, creating an endless cycle*®,

Policy Recommendations and the Way Forward

Given the overview of online piracy, policymakers and industry leaders must adopt
compulsive approach. Primarily, legal provisions shall be more focused to harmonise
the world wise or international copyright standard. Prioritising enforcement under
TRIPS and WIPO might help to address the outside nation challenges™.

# yu, P. K. (2021). Intellectual Property and Human Rights. Cambridge University Press.

% Doctorow, C. (2014). Information Doesn’t Want to Be Free. McSweeney’s.

8 Tapscott, D., & Tapscott, A. (2018). Blockchain Revolution. Penguin.

# European Commission. (2020). Guidance on Article 17 of the DSM Directive.

*sandvine. (2022). Global Internet Phenomena Report.

49 Abbott, F. M. (2017). "Strengthening Multilateral Enforcement of Intellectual Property." Journal of World
Trade, 51(3).
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o Establishing specialized international bodies or arbitration aspects for piracy conflicts
may provide more consistent outcomes. Secondly, technological aspects should have
evolved in a continuous manner to prevent outcomes. Blockchain can enhance
transparency in ownership, with the points Al can review certain changes to
centralized the mechanisms.

e However, safeguards must ensure that technological enforcement does not
compromise digital rights or new innovations by government. Third, consumer
awareness campaigns are critical to enlighten the pomts and concerns that should be
raised at the right time in a right way. Many users engage in piracy without
understanding its economic and cultural impact to their life.

e Public education combmed with budget friendly legal alternatives can reduce demand
for decentralized content®. The success of platforms like Netflix and Spotify
demonstrates that when content is budget friendly and reasonably priced, piracy rates
declne significantly. Finally, international cooperation remains indispensable.

e Piracy 1s a borderless or not indulged with mternational crime, and it is not a matter
that affects only one side such measures are msufficient. Forums such as WIPO and
WTO should prioritize building cooperative frameworks, enabling shared
enforcement protocols and joint investigations>!.

e Ultimately, the battle agamnst piracy cannot be won solely through small measures. A
sustainable solution lies i balancing enforcement with digital inclusion, ensuring that
copyright law supports both innovation and accessibility>?.

0 Hilty, R., & Liu, K. (2021). Artificial Intelligence and Intellectual Property. Springer.
SLIFPI. (2021). Music Consumer Insight Report.
2 WIPO. (2021). intellectual Property and Global Challenges.
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ABSTRACT :

Jaggu Alvar Iyengar with the pen-name Jaggu Vakulabhuisana, born in 1902 in
Chatrogosha (near Melkote) emerged as a highly respected Sanskrit poet, playwright and
scholar.

Over his long literary career, he composed a prolific body of work — poems, plays,
commentaries and devotional literature in Sanskrit as well as writings in Kannada.

Vakulabhtisana’s erudition and creative talent were recognised with several
honours: he recetved the Sahitya Academi Award for the Sanskrit literary work Jayantika. His
plays are especially noteworthy — he contributed more than twenty dramas, many of which
are dialogues with or continuations of classical Sanskrit plays, serving as prologues or
epilogues to them.

One of Vakulabhuisana’s distinguished works/plays i1s Nighnatapasam - the
overcoming of austerity — written m two acts. The play 1s not explicitly described as a
continuation of any single classical play, but 1s placed among original dramatic creations and
reinterpretations.

The play centers around the theme of Risyasmga being transcended to
householdership by getting him released from severe austerities and dry bachelorhood that
denied him aesthetic and sensual pleasures.
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INTRODUCTION :

Drama 1s the rt of actualising mute feelings and the nascent joy emanating therefrom,
through concrete situations involving happenings to men and women. A story, a plot structure
and some characterization appropriate to it are the means to the realization of this joy,
through the sentiments that yield it. Very rightly has this form of art been acclaimed as the
approximation to perfection in art. It employs lyrical poetry, conversation, action, serene
scenic beauty, music and dance — it 1s a composite art par excellence. No wonder it’s said
“THTUY ATCh T

Indian tradition attributes divine origin to the Sanskrit drama, giving it a religious and
secular origin as well. The vedic rituals contained all the matenials necessary for the
development of the drama. The epics and the short narratives provided the dramas with the
lyrical elements which dominates the Sanskrit dramas. The following stanza aptly reflects
this 1dea:

SAFTHGHEATT G79: I Bg dIeuH
SAUIGHHATP dATTH Wit f[ayad fgeT |

FUargadd diead AHRY €ad
Ared s ds-T SgUTd YHRIYAH |1

The greatness of literature doesn’t depend on “great materials” from life; especially

for poets, the greatness is what the mind may invest any episode in life with, depending on its
rich potentiality for literary joy which only they can discover or smell. The dramatic

representation consists in the imitation of a condition or state in life (Gﬁ@-l'lﬁﬁ:lm) or

of an occurrence happening in the world (Qﬁq)([dljcb 0| JIRIH). Really great things may
fall into insignificance i the hands of mcompetent poets, ill-equipped for the task of

producing joy out of appropriate contexts, however trivial it may look. Without the mercy of
the poets, that joy is not available even to the aesthetically blessed.

THE SUBJECT :

Sri Jaggu Alvar Iyengar (1902-1994), with the pen-name Sri Jaggu Vakulabhuisana, is
considered the doyen of modern Sanskrit creative authors and has left behind him nearly
sixty-five or more delectable masterpieces across all genres of literature, showing him on par
with excellencies achieved by such great poets as Bhasa and Kalidasa.

One of the rupakas by him 1s the remarkable play “Nighnatapasam” n two acts, which
centres around the theme of “Risyasmga” being forayed into proper house-holdership by
getting him released from severe austerities and dry bachelorhood.

1 Malavikagnimitra I-4
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The well-meaning father, rish1 Vibhandaka, had raised him with excessive discipline
and austerities without exposing him to the outer world at all. He has not seen women at all
and has no idea of sex; the mmpulse being lying dormant in him waiting for someone to
stimulate 1t. He has no 1dea of a city, of crowds, of royalty, of grandeur and this other side of
life. The King of Anga, Romapada, has a foster daughter Santa (adopted from King
Dasaratha of Ayodhya) of marrageable age. When his kingdom 1s afflicted by severe famine
it 1s suggested that only Risyasmga could save his kingdom from this calamity. But how to
get him to the kingdom, away from his temperamentally sanguine father, easily wuritable,
stands as a problem. A plan is hatched to kidnap the youth through the agency of royal
courtesans. They entice him in the absence of his father through sensual inducements to
accepting of pleasures denied to him all these years. The youth falls prey — he arrives in the
kingdom and just as he lands there, there i1s heavy rainfall. All ends well in the deserved
marriage of the princess with the ascetic boy.

This roughly 1s the frame of the story.
Slight changes in the play :

1. The poet replaces the ships and megaboats disguised as naukasrams in the origimnal
Mahabharata story with gold-plated chariots.

2. Vibhandaka 1s not picturised here as the possessive, jealous, uritable and primitive
mindset recluse that he 1s made out to be in the original- on the contrary, he 1s
characterised as liberal, foresighted and progressive-minded maharish1 who wishes
well of Anga desa also willing to part from his son for that cause:

SR JTarew Iy |
37 YT AHTE Uei-At avig g |

This ennobling of the rishi 1s an original inmovation which brings color and meaning
to the eventful parting, the affection of the rishi for his son not slackening a bat.

3. The duration of the plan, the ambush, the abduction takes place mn just two days here
unlike several unspecified number of days m the original.

4. The encounter n the original between the hermit youth and the courtesans evokes fun
(8T¥:) almost bordering on the farcical element whereas in the play it evokes a sense
of romantic feeling, the adventure of love which is for the better taste of the situation
and more natural. The King Romapada and princess Santa have just nominal roles.

5. Risyasmga doesn’t appear here as a buffoon, even though he isn’t exposed to the
outside world. The verses describing him 1is evident of this fact —

PO DHIUH: HYHAHIRTIETS: |

! Nighnatapasam Il-4
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Ryfeqaiadarg: THRT U AR $4 11!
eI T IoTd AT edeT eI U |
SRS W URTdIeR SaeRaaH |12
AT IR Jfacdon favd wRiggEa |
eUsd H<gd Hiedl TaeUea AR RHNT: |13

He 1s shown as covering his male parts with a piece of deer skin, with moustache
hair just begmmning to appear on his face like rising mecrements of moonlight; with well-
developed muscles and prominent chest; he 1s the embodiment of Cupid stealing the hearts of
the courtesans, far from provoking any fun in them.

He 1s praised by them as pure hearted by penance, splendorous as the sun, averse to
sensuality, accustomed to fruits, roots and shoots for food, full of mnnocence and unaware of
senses. This makes him a dignified hero at once supplymg the play with its due centre of
attraction.

The unnamed courtesans have colourful and meaningful roles through their clever
dialogues and seem very resourceful.

Dialogues :

The chief interest of the play lies mn its scintillating dialogues — mostly i short,
pointed and pregnant sentences, reminding one of Bhasa’s styles more than that of Kalidasa
or Bhavabhuiti. The dramatist reserves all his skill and interspaces his lovely verses
appropriately — one time describing the sun and the moon and then the deer listening to
music, the lovely personalities of the courtesans and then to the condition of the hermit boy
separated from them.

Scenic beauties :

The scene where the father and son talk to each other in Act II, where the son refers to
the courtesans as “hermits from another ashram”™ and the father knowing them for what they
must be i truth, 1s full of humour touching romance gently. It would easily have degenerated
mto something vulgar in the hands of a lesser poet.

The end :

There 1s no kidnapping by allurement here. The boy is made to go in search of the
courtesans when the father realises that there is no point in keeping him away in isolation

Y Ibid I-7
: Nighnatapasam |-8
’ Ibid 1-9
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once he knows a girl from a boy, thus putting an end to his celibacy. The boy for his part
does not blame his father but says cruel fate has deceived him-

Tdaah ATy argdrsi faftmr gasgeari faRuHesmuesdd HoR SR
s 1

He knows that his penance i1s now at an end, that he i1s tamed, as it were, liberated
from the recluse’s way of life- eNsf&y A9 Yad: I° But the king 1s all the happier to

meet such a hermit boy who has renounced his celibacy — AT ERHA =T g’ 1
Hence the title of the play.

Memorable verses :

The opening prayer dedicated to Lord Krishna is perhaps the most memorable of the
verses employed here for its lilt, alliteration, devotion, brevity, musicality and its picturesque
sum-up of the entire avatar-

B TARIIR] TeH<aHha! |

FERPIRAGRI ARl Ui A gR: 114
“He moves about in the forests of Brindavan, the lion who has brought joy to Nanda

(his father). But he 1s the destroyer of the enemies of God wearing mandara flowers; may he
protect me.”

The bharatavakya in the end contains the theme of the usual WIRTATID: recited at the
end of daily renditions of Holy works, but saturated with rasa.

It 1s amazing that so much can be done in just two acts, which can better be called two
scenes, but the delineating hand is that of a master craftsman - Jaggu Alvar Iyengar.

Ph: 9962982929

Email: kannanpriyamvada@gmail.com

1 Nighnatapasam Act Il — spoken by Risyasrnga
? Ibid Act 11— spoken by Risyasrnga

? Ibid Act 11— spoken by Maharaja

* Ibid Shloka I-1
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Abstract :

During the winter crop season of 2024-25 at the Crop Research Farm, Department
of Agronomy, Hariom Saraswati Post Graduate College Dhanuri, Haridwar, Uttarakhand,
India, the growth and yield of lentil were investigated in a field trial using various organic
and inorganic nutrient sources in sandy loam soil in Haridwar, Uttarakhand. The
experiment used a Randomised Block Design with three replications per treatment, and
the lentil seeds were sown at a rate of 20 kg ha'. Data was collected before and after
harvest and analysed statistically. During the experiment's year, the best organic and
morganic treatments were M, (75% RDF ha') and O; (5t ha™ Vermicompost), which
improved plant height, dry matter accumulation, and leaf area index. M, (75% RDF ha™)
demonstrated the highest yield features and yield in inorganic nuftrient management.
Among organics, O3 (Vermicompost 5t ha™) performed the best in terms of plant height,
dry matter accumulation, leaf area index, pods plant’ and seed pod™, test weight, grain
yield, stover yield, and harvest index during the experiment year. Nonetheless, O, (5t ha™
poultry manure) was shown to be comparable to O; (5t ha vermicompost) in the
research year.

Keywords : Lentil, organic, inorganic, poultry manure, vermicompost, Lens culinaris

Introduction :

Agricultural production is a difficult business connected with increasing crop
yields and higher quality products, which result in higher market value according to
consumer preferences. High-quality products, particularly organic options, can have a
considerable impact on the manufacturing process. Lentil (Lens culineris L.) 1s a major
grain legume crop in India, with 2n = 14 chromosomes. During the Rabi season, lentil
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crops are frequently grown in India. As a leguminous crop, it takes nitrogen from the air
to meet some of its nitrogen requirements, making it an important component of crop
rotation in many parts of the country. Lentils are farmed on around 1.38 million hectares
of land in the country, with a total production of 0.95 million tonnes and an average yield
of 688 kg/hectare. The frequent usage of soil nutrients has resulted in the development of
numerous nutritional deficits. This happens because soil nutrients deplete faster with
mcreasing output levels, resulting in widespread nitrogen deficit in Indian soils. Later,
phosphorus deficiency arose, affecting around 65 to 70 percent of Indian soil. The
emphasis on NPK application has resulted in secondary and micronutrient deficit in soil
and crops throughout the world.

The widespread use of chemical fertilisers and other chemicals has generated
environmental problems and increased manufacturing costs. Concerns about the
environment have led to an emphasis on sustainable agriculture practices that are both
environmentally benign and cost effective. Thus, maintaining a balance in nutrient
management 1s critical for maximising output in lentil crops throughout India (Shanker ez
al. 2002). Evidence suggests that using only chemical fertiliser does not increase
production in a continuous cropping system. However, using farmyard manure,
vermicompost, and poultry manure can improve crop output, soil quality, and physical
condition (Edwards and Arancon, 2004). The primary purpose is to identify the most
basic substrate formulations for successful lentil cultivation, and this study was carried
out to determine the optimal combination of organic and inorganic nutrient sources to
mcrease lentil crop output.

Materials and procedures :

A study named "Impact of organic and inorganic nutrient sources combined with
bio fertilisers on the growth and yield of lentil (Lens culinaris)" was undertaken from
2024 to 2025 at Crop Research Farm, Department of Agronomy, Hariom Saraswati Post
Graduate College Dhanuri, Haridwar, Uttarakhand, India. The research farm is situated
near Hraidwar. It is located in the lower Himalayan region in latitude 30.010 North and
longitude 31.200 East, with an elevation of 450 meters above mean sea level. The study
was conducted using a Randomised Block Design with two variables. One factor consists
of inorganic nutrient sources, and another comprises of organic nutrient sources. Nine
freatment combinations, each reproduced three times, are created by combining three
organic resources. The treatments were distributed at random within each replication,
with twenty-seven plots assigned to various treatments. In addition, one plot was set aside
for the absolute control treatment, bringing the total number of plots in the experiment to
thirty. Growth attributes were plant height, dry matter accumulation, number of branches
plant™, number of nodules plant, crop growth rate, and relative growth rate, while yield
attributes comprised number of pods plant™, number of seeds pod ', and test weight. The
crop's overall production was measured in terms of grain yield and stover yield.
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To amrive at a credible conclusion, the data gathered during the investigation was
organised and analysed statistically. The data was analysed using the standard approach
for "Analysis of Variance" (ANOVA) described by Gomez and Gomez (1984). An 'F' test
(variance ratio) was used to determine the significance of treatments. The standard
deviation of the mean was determined in each case. The Critical Difference (CD) was
employed to examine the variation in treatment means at a 5% level of significance, and
the 'F' test revealed significant differences among means.

Results and Discussion :

Characteristics of growth :

Plant height, dry matter accumulation, the number of branches and nodules per
plant, crop growth rate, and relative growth rate all increased steadily as the crop
matured. An study of the data revealed that organic and morganic nutrient sources had a
significant impact on plant height, dry matter accumulation, number of branches plant-1,
number of nodules plant-1, crop growth rate, and relative growth rate, with no changes in
their combined impacts. A comparison of the mean data in tables 4.1 and 4.2 revealed
significant differences in plant height, dry matter accumulation, number of branches
plant™, number of nodules plant™, crop growth rate, and relative growth rate at the pre-
harvest stage among various inorganic nuftrient sources during the experiment. The tallest
plant height was measured using M, and 75% RDF per ha'. M; had the lowest growth
attribute performance, with 50% RDF ha'. This could be linked to the fact that lentil
crops use less fertiliser, especially nitrogen-based fertilisers. Streeter and Wong (1988)
had comparable results. However, overuse of nitrogen fertilisers and high residual levels
impede nodule growth and N, fixation. Xuan er al. (2017) reported similar findings in
beans. O; (Vermicompost 5t/ha) in organic treatment outperformed all other treatments
during the experiment year in terms of plant height, dry matter accumulation, branches
plant'l, nodules plant'l, crop growth rate, and relative growth rate. O, (5t/ha poultry
manure) was equivalent to O3 (5t/ha vermicompost) in terms of plant height, dry matter
accumulation, number of branches plant-1, nodules plant-1, crop growth rate, and relative
growth rate. TO (absolute control) had the lowest values for the above parameters. O3
(Vermicompost 5t ha™) had higher values for these parameters due to improved nutrient
uptake and slow decomposition of organic manures such as vermicompost, which made
nutrients available to the plant throughout its growth, resulting in maximal growth
potential. The results were congruent with those reported by Mookherjee and Malik
(2009), Keivanrad and Zandi (2012), Rakesh Kumar (2015), and Druw ez al. (2014). An
examination of the average data reveals that the combined impact of organic and
immorganic nutrient sources remained constant on lentil plant height, dry matter
accumulation, number of branches plant” and nodules plant”, crop growth rate, and
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relative growth rates throughout the experiment year. Rakesh Kumar (2015) also reported

a similar discovery.

Table 4.1 : Impact of natural and artificial nutrient sources on the growth characteristics
of lentil
. Number of
:)cl::;t melght Dry weight (g) | branches Plant
Treatment 1(No.)
60 90 60 90 60 DAS | 90 DAS
DAS |DAS |DAS |DAS
Absolute control 1236 [25.55 |0.86 |6.22 |5.83 6.12
Inorganic source
0 -1
F1 50% RDF ha 1337 [2833 [140 [863 |6.17 6.86
0 -1
F2 75% RDF ha 1452 [3031 [143 [883 |7.00 7.50
0 -1
3 100% RDF bs 1363 [2977 |154 954 |672 |7.02
Sem = 0.67 1.58  |0.05 029 039 0.32
C.D. at 5% 1.36 3.24 0.09 0.59 0.80 0.65
Organic Sources
-1
Gl; EYM.10tha 1839 3822 |140 |8.66 |6.44 6.97
02 Poultry ManureS tha™ | o7 |3988 |144 |890 |6.72 6.90
. -1
O3 VermicompostS t ha 1997 |4322 |153 |944 |672 |750
Sem + 0.58 1.37  10.04 027 037 0.30
C.D. at 5% 1.18 2.80 0.09 0.56 0.76 0.62

Table 4.2 : Impact of natural
analytic characters of lentil

and artificial nutrient sources on the growth and growth

Numiber 0!‘ L.rop GlngtlE Relative Growth
nodules plant | Rate (g m “day Rate (g g day™)
Treatment '(No.) 5 55 T
60 90 60 90 60 DAS | 90 DAS
DAS |DAS |DAS |DAS
Absolute control 1653 | 1526 |0.76 | 16.85 |-0.0254 | 0.0583
Treatment
-1
F1 50% RDF ha 1900 [1944 |1.06 |19.29 |-0.0332 | 0.0658
-1
F2 75% RDF ha 1967 | 1956 |1.16 |21.34 |-0.0285 |0.0693
-1
F3 100% RDF ha 19.11 [19.00 |1.07 |19.74 |-0.0332 | 0.0666
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Sem £ 0.48 051 0.18 0.83 0.0061 | 0.0014

C.D. at 5% 0.98 1.03 0.37 1.70 0.0124 | 0.0029

Organic Sources

-1
O1 FYM 10t ha 1889 |19.00 [1.07 |19.36 |-0.0320 |0.0659

x -1
02 Poultry Manure5 t ha 1900 |19.00 |1.08 |1991 |-0.0341 |0.0668

. 1
O3 Vermicompost5 t ha 1989 | 2000 |1.14 21.10 |-0.0287 | 0.0689

Sem + 0.46 0.48 0.17 0.79 0.0058 | 0.0014

C.D. at 5%

0.93 0.98 0.35 1.62 0.0118 | 0.0028

Characteristics of production output :

The crop's yield characteristics were documented at the harvesting stage. A quick
review of the data revealed that both organic and inorganic nufrition sources had a
significant impact on the number of pods plant™, seeds per pod™, and test weight, with no
changes for their combined impacts. A comparison of the average data in table 4.3
revealed significant differences in pod number, seed number, and test weight during the
harvest stage across diverse inorganic fertiliser sources. The largest number of pods on
each plant, seed pod'l, and test weight were found at M, (75% RDF ha'l). Nonetheless,
M, (50% RDF ha') demonstrated the lowest yield performance. M; (50% RDF ha™)
produces limited yield characteristics. Pod initiation and seed laying are much lower in
contrast to M, (75% RDF ha), resulting in a reduction in these activities. This could be
because a balanced diet promotes healthy growth and development in lentil plants.
Thakur and Singh (1998), Singh er al. (2001), and Singh and Singh (2002) all found
comparable results. Compared to all other treatments, O; (Vermicompost St/ha) exhibited
a significant increase in pods plant”, seed pod’, and test weight throughout the course of
the year. In contrast, O, (Poultry manure 5t ha™) produced results similar to Oz (5t ha™).
T, (absolute control) produced the fewest pods plant’, seed pod™, and test weight. An
examination of the average data reveals that the interaction effect of diverse organic and
inorganic nutrition sources remained constant in relation to the number of pods plant’,
number of seeds pod ™', and lentil test weight at harvest. Similar findings were reported by
Mishra et al. (2017) and Prakash er al. 2012. Singh er al. (2015) propose that better
nutrient availability, plant establishment, and growth qualities in O; (Vermicompost 5t
ha™') may contribute to this outcome. According to Singh er al. (2015), improved nutrient
availability, plant establishment, and growth qualities in O; (Vermicompost 5t ha') may
all contribute to this outcome. According to Singh et al. (2015), improved nuftrient
availability, plant establishment, and growth qualities in O; (Vermicompost 5t ha') may
all contribute to this outcome.
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Table 4.3 : shows how organic and inorganic nutrient sources impact the yield attributes
and overall yield of lentils.

No. of | No. of Test Ciatia Stover
pod seeds yield Harvest

; _ ight | vield o .
lant? od? welg 5 3 ha index
Py ey @ | G@haty | 4R

Treatment

Absolute control 28.14 |0.81 [20.12 |22.12 |24.55 |47.39

Inorganic source

-1
Bl S0 RIF Iin 3269 147 2020 3040 |27.18 | 47.20

0 -1
F2 75% RDF ha 36.02 |1.62 |2226 |33.09 |2971 |47.50

-1
F3 100% RDF ha 3333|150  |2059 |31.56 |27.95 |47.16

Sem =+ 1.07 0.05 0.66 1.01 0.89 1.41

C.D. at 5%
2.19 0.10 1.35 2.0 1.82 -

Organic Sources

O1 FYM 10t ha' 32.81 1.47 20.28 |30.52 27.28 47.32

= -1
02 Poultry Manure5 t ha 3286 |1.51 2077 3127 |27.94 |47.20

7 z -1
% VermeompasSitha 3360 |1.60 2201 [3327 |2962 |47.34

Sem + 1.02 0.05 0.63 0.95 0.85 1.34

C.D. at 5%

2.08 0.09 1.28 1.95 1.73 -

Index of yield and harvest :

Yield is a complex property that results from the interaction of the plant's intrinsic
characteristics, how it interacts with its surroundings, and how it is managed. The
ecological environment, genetic potential, and agronomic management approaches are
critical for increasing crop yields. If these standards are extensively adhered to,
agricultural methods will naturally influence crop outcomes. The methods used to supply
nutrients are the most important agronomic techniques. However, in order to improve
grain output, crop growth must be balanced during both the vegetative and reproductive
periods. The increased proportion of grain weight to total dry matter produced is a metric
of balanced growth that is used to evaluate the efficacy of agronomic interventions. The
harvest index (HI) is used to describe this ratio.

Different sources of inorganic nutrients resulted in significant changes in grain and
stover output. Treatment M, (75% RDF ha') had considerably better grain yield, stover
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yield, and harvest index than the other treatments. This finding 1s consistent with earlier
research by Kumar, Singh, and Aziz (2011). Over-fertilization reduces the performance
of lentil crops. Excessive nutrition can also reduce productivity by mfluencing crop
performance, resulting in lower growth rates, delayed maturity, and, ultimately,
decreased yield. According to Aziz ef al. (2011), the most optimal nutrient management
strategy for lentil crops in the Indian Himalayan region is to use 75% RDF.

Using O; (Vermicompost 5t ha™) throughout the experiment year resulted in a
significant improvement in lentil grain and stover yield. O, (Poultry manure 5t ha™)
produced comparable results to O; (Vermicompost 5t ha™) This finding was consistent
with those of Mishra er al. (2017), Prakash er al. (2012), and Singh er al. (2015). The
enhanced grain output from O; (Vermicompost 5t ha™') could be due to improved nutrient
utilisation. During the later stages of crop growth, increased nutrient availability causes
maximal growth characteristics, resulting i higher plant growth and, ultimately,
enhanced yield. This increase in straw output can be attributed to a considerable increase
i plant height and dry matter production following 5t ha-1 of vermicompost application
under O; conditions (Singh ef al.,, 2015). This finding corroborated the findings of Mishra
et al. (2017). The harvest index for grain crops refers to the proportion of harvested grain
to total shoot dry matter. This can indicate how efficient reproduction is. The index can
also be used to calculate crop carbon balance by combining it with grain yield data to
calculate total shoot dry matter and then defining crop residue as the difference between
shoot and grain carbon. O; highest harvest index (Vermicompost 5t/ha) is most likely due
to its highest grain production.

Conclusion :

According to the findings of the current study, utilizing M, (75% RDF ha™) mixed
with O; (Vermicompost 5t ha™) was the most beneficial combination of organic and
morganic nutrients for growing lentils in the experimental year.
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Abstract :-

The analysis reviews recent inflation trends in India over the fiscal year FY24-FY25, sourced
from government data in the Economic Survey 2024-25 and related public resources. The paper
investigates core and food inflation dynamics, extreme weather impact on agriculture prices, and
policy implications on stabilized price policies. The findings show that overall retail inflation has
decreased from 5.4% in FY24 t0 4.9% in FY25; however, food inflation remains high, mainly due to
volatility in vegetables and other pulses. The analysis identifies climate variability, such as heatwaves
and non-uniform precipitation, as a major contributor to price volatility. It also argues that government
actions, such as buffer stocking, subsidized sales, and relaxed imports, provided short-term relief but
will require greater resolution surrounding structural agricultural reform and resilient supply chains.
In conclusion, the paper argues that moving towards longer-term price stability will require the ongoing
integration of climate-resilient agriculture, reliable monitoring data, and institutional coordination
between fiscal and monetary authorities.

Keywords :- Inflation, Food Prices, Climate Change, Agricultural Policy, Economic Survey 2024—
25, India
Introduction :-

Inflation in India has continued to be one of the most important indicators of economic
stability. The Economic Survey 2024-25 suggests that although global inflation reached 8.7% in
2022, due to supply chain disruptions and a geopolitical context, it had moderated to 5.7% in 2024,
as global commodity prices eased (Economic Survey, 2024-25, p.118). In India, retail inflation,
measured by the Consumer Price Index (CPI) has decreased from 5.4% in FY24 to 4.9% in FY25
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(April-December), despite food segment pressures (MoSPI 2025). Food inflation continues to be a
persistent issue as a result of a small number of commodities, mostly due to the impact from vegetables,
pulses and edible oils. The Consumer Food Price Index (CFPI) shows the disproportionate effect of
these commodities on headline inflation. Additionally, food or core inflation has reached a decade
low with the help of monetary management implemented by the Reserve Bank of India (RBI, 2024).
Climate extremes have also been a definitive feature of this recent inflationary cycle. Between 2022
and 2024, India saw an unprecedented increased frequency of heatwaves and unseasonal rainfall,
resulting in crop losses across some major horticultural states (IMD, 2024; CSE & Down to Earth,
2024). For perishable crops such as onion, tomato and pulses, the impact of these events resulted in
a pronounced increase in consumer prices.

Literature review :-

Anand, Kumar, and Tulin 2016) : Demonstrate that food inflation in India has been
consistently high for both demand-side and supply-side reasons: higher per capita incomes increased
demand for higher-value foods, along with slow growth in food supplies and inadequate buffers. The
authors summarize analyses up to 2014, and find that without stronger supply-side responses (for
example improved agricultural productivity, better systematic buffer stock policies) that meet the
demands, food inflation could average 2’4 to 3 percentage points above non-food inflation annually.
This demonstration of a dual causation framework is significant as it reveals a combination of demand-
pull factors (higher incomes, changing diet) and cost-push or supply-constrained factors (weather,
production lags, storage losses). The implication is that responses require policy interventions to
meet both.

Bhattacharya & Sen Gupta (2017) : Analyse food inflation in India for the period of 2006-
2013, including agricultural wage inflation as a common driver of food commodities inflation,
particularly since the Mahatma Gandhi National Rural Employment Guarantee Act (MGNREGA).
The authors find that the increase in farm wages was a stronger influence on food inflation than fuel
inflation or international prices for the other items in the index (other than the trade-able items) .
This line of research further highlights that supply-side cost pressures (and not solely quantity
constraints) are important; specifically, higher wages will increase costs of production, harvesting,
and transportation, which would eventually be seen in consumer prices. You may want to keep the
wage?cost dimension in mind when analyzing inflation for FY24-FY25.

Diwakar (2025) : Shows significant seasonal fluctuations in the inflation rates of vegetables,
fruits, and pulses, as this volatility [often] stems from weather, transport or storage bottlenecks, and

uneven commodity supply. The findings conclude that price pressures were strongest in lean seasons,
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that perishables had a larger rate of storage loss, and that policy responses very seldom seem to take
into account characteristics by commodity. These insights are useful in your case because they help
to explain why certain food items, like onion, tomato, and pulses, may contribute greatly to headline
food inflation even if their dollar weight in the consumer price index basket is small - purely because
of their volatility. They further mean that you might want to draw attention to such commodity?level
effects in your analysis as well.

Richard Mahapatra, (2024) : States that climate variability - heatwaves, erratic rain, supply
shocks - has changed food inflation from a transitory problem to a more chronic one. According to
the article, between June 2020 and June 2024, 57% of the months had food inflation above 6%. The
article concludes that climate supply shocks are creating longer lasting inflationary pressures. Since
your analysis covers FY24-FY25 period, this literature suggests that climate supply shocks may have
an important role in your analysis of inflation persistence, and it is appropriate to include weather/
supply-shock variables in your interpretation.

Sen Gupta et al., (2014) : This research demonstrates breaks in the structure of food price
inflation behaviour, increased persistence to shocks, and possible pass-through effects to general
inflation measures. This suggests that it is important in your work to think through inflationary spill-
overs (food to other sectors) and policy responses: inflation is more than just a transitory price
shock, it can also be persistent and significant in a macroeconomic sense.

Gaps in the Literature :-

Much of the previous work is focused on timeframes up to 2013-2019. Limited work has
emerged recently that specifically fits the timeframes of FY24-FY25, with its unique climate and
supply-shock characteristics. There is relatively little work on commodity - level studies for key
commodities like pulses, onion, tomato, still in the most recent years. The integration of climate/
weather variables into inflation models specifically for India is new and limited. There remains interest
in linking national CPI/food inflation series with micro data on supply-chain disruptions, disruptions
and policy responses from recent years. Your work addresses these gaps by providing recent dates,
focusing on climate/supply side, commodity specific, and policy.

Research objectives :-

. To analyze trends and determinants of retail and food inflation in India for FY24 - FY25
taking into account a special focus on Core inflation, supply side aspects and monetary policy.

. To analyze the extent of extreme weather events and government interventions on price

fluctuation of key agricultural commodities such as onion, tomato and pulses.
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Research Methodology :-

Research design :- For this study, a descriptive and analytical research design was selected.
Although it involves using interpretive evaluation and secondary quantitative data analysis, this design
allows the researcher to understand the structural causes of inflation and policy responses to it in
FY24-FY25.

Data Sources :- All the data and data information used in this research is sourced from
official and credible sources: Economic Survey 2024-25, Chapter 4: “Prices and Inflation —
Understanding the Dynamics. Supporting datasets from official sources are Ministry of Statistics
and Programme Implementation (MoSPI): Consumer Price Index and Wholesale Price Index datasets
(FY24-FY25). Reserve Bank of India (RBI): Reports of the Monetary Policy Committee, FY25.
Indian Meteorological Department (IMD): Climate summaries and heatwave frequency, 2024. Climate
India 2024 report by Centre for Science and Environment (CSE) and Down to Earth (DTE) on extreme
weather and crop damage. World Bank (2024) and IMF (2025): Forecasts for global inflation and
commodity prices. Press Information Bureau (PIB): Government announcements about buffer stocks,
imports and controlling food prices (June—-December 2024).

Data Collection Method :- The study relied entirely on secondary data collection, using
publicly available data and reports provided by government ministries and multilaterals. In terms of
quantitative data, the researcher only interpreted charts and figures from the Economic Survey. In
terms qualitative data, the researcher only used policy measures and discussions of outlook.

Data Analysis Tools :- Trend analysis: analyzing the trend of CPI, CFPI and core inflation
on a yearly basis. Comparative analysis: comparing India’s inflation with global averages.

Correlation analysis :- correlating the frequency of extreme weather events with food
inflation trends (based on Chart I'V.10 of the Economic Survey).

Descriptive tables :- presenting the contribution of key commaodities to overall inflation.
Limitations :-

° The analysis is limited to the period FY24 - FY25 (for FY26 data was not available yet).

o The study is conducted using secondary data and may be subject to revisions occurring in the
official data sources.

o Regional microlevel data is not analyzed, since data is aggregated in national.

Data analysis and interpretation :-

Research objectives :-

° To analyze trends and determinants of retail and food inflation in India for FY24 - FY25

taking into account a special focus on Core inflation, supply side aspects and monetary policy.
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. To analyze the extent of extreme weather events and government interventions on price
fluctuation of key agricultural commodities such as onion, tomato and pulses.
Trend Analysis of Retail and Food Inflation in India :-
The trend analysis of inflation shows that India’s retail inflation, measured by Consumer
Price Index (CPI), moderated from 5.4% in FY24 to 4.9% (April- December) in FY25, highlighting
significant moderation of Core inflation, and the intervention/strategic policies taken by the Reserve
Bank of India and the central government respectively (Economic Survey, 2024-25). Worldwide,
inflation also fell from 8.7% in 2022 to 5.7% in 2024, aided by a synchronised tightening of monetary
policy and supply easing for commodities (IMF, World Economic Outlook Update, 2025). This
occurrence of global disinflation contributed to keeping inflation in India stable. In India, easing
wholesale price inflation (—0.7% in FY24) also contributed to lower input costs, which further eased
pressures for retail prices (MoSPI, 2025).
Key inflation indicators ( 2024-25)

Indicator FY24 FY25(April - | Change Source
Dec)
Retail inflation | 5.4% 4.9% Decline by 0.5% | MoSPI, 2025
(CPD)
Core inflation 4.8% 3.9% Decline by 0.9% | Economics

survey 2024-25

Food inflation | 8.4% 8.4% Table MoSPI
(CFPI)

Wholesale price | - 0.7% Low and stable | - MoSPI
inflation

Global inflation | 8.7% (2022) 5.7% (2024) Decline by 3.0% | IMF(2025)

Sources : Economics survey 2024-25

This above table indicates that while global inflation expectations softened, much of India
inflation was driven by food items, with vegetables and pulses being central drivers to food inflation.
Food inflation: vegetables nd pulses role :-

Data revealed not only that vegetables and pulses—even though they constituted only 8.42%
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of the CPI basket—were responsible for 32.3% of total inflation in FY25 (April-December). Had
those items been stripped off the CPI basket, headline inflation would be at 3.2%, down from 4.9%
(Economic Survey, FY 2024-25, p.121). Price volatility in onions and tomatoes was primarily due to
erratic monsoon, disruptions to supply chains, and heatwaves that affected both production and post-
harvest holding (IMD, 2024).

Commodity specific in inflation

Commodity | Inflation Key cause Share in | Contribution | Source
Trend CPI(%) in total
inflation(%)
Vegetables Sharp Extreme 6.0 24.5 MoSPI
increase weather,
monsoon
irregularities
Pulse(tur- Rising Production 7.8 MoFW
urad) shortform,
delayed harvest
Cereals Stable Adequate supply | 9.7 8.0 MoSPI
Oils and fats | Decline Decline 3.6 2.2 MoSPI
Milk and | Moderate Moderate rise 6.6 4.0 MoSPI
sugar rice

Sources : Economics survey 2024-25

This indicates that food inflation in India is quite concentrated, characterized by a few dominant
commodities instead of widespread price increases
Effect of Severe Weather Incidents on Inflation :-

The report cited that India saw a drastic increase in the number of heatwave days, rising from
5% of ayear (2020 - 2021) - to 18% from 2022 to 2024. In parallel, crop area damage jumped to 3.5
million hectares in 2024 - from 1.2 million hectares in 2022 - creating significant supply chain
disruptions on perishable food items. (IMD & CSE/DTE, 2024.) There was a strong correlation

between the number of days of severe weather events and vegetable inflation up to three months after
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the event took place. (Economic Survey, 2024 - 2025, p. 124)
Weather Impact and Inflation Correlation (2022-2024)

Year Percentage  of | Crop area | Vegetable Source
days with | damaged(million | inflation
heatwaves ha) percentage
2022 12% 1.5 6.8 IMD, 2024
2023 23% 24 8.1 IMD, CSE,
2214
2024 18% 3.5 9.2 MoSPI, 2025

Sources : Economics survey 2024-25

This confirms that climate variability has a direct effect on food price inflation in India,
especially in the case of perishable crops.
Government interventions and price stabilization :-

The government engaged in various administratively interventions to lessen food inflation,

for example, the implementation of :

. Stock limits on wheat, pulses and onion.

. Subsidized sale of onion at 735/kg and tomato at 765/kg between September and December
2024.

. Buffer stocking of onions at 4.7 lakhs metric tonnes.

. Duty free imports of tur, urad, masur, and yellow peas in price control of pulses. (PIB, 2024)

While these measures helped curb speculation and hoarding, and add temporary relief on
consumer prices.
Outlook and Understanding :-

The RBI and IMF estimate that CPI inflation in India could be back within the target band of
4% + 2% by FY26, again assuming average seasonal monsoons and negligible external shocks (as per
RBIMPC Report, Dec 2024; IMF 2025). The World Bank Commodity Outlook (Oct 2024) estimates
a decline in global commodity prices of 5.1% in 2025 which could help alleviate the added inflationary
pressures from higher import prices. There are still risks from unexpected fluctuations in global oil

prices and the ongoing vulnerability of vegetable supply chains to climate shocks
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Interpretative Summary :-
o Core Inflation Stability : Core Inflation declined to 3.9%, suggesting, that the monetary
regime is operating effectively, with reduced external shocks.
° Food Inflation Persistence : Food inflation remains structurally high due to localised supply
shocks, instead of broad based demand driven pressures.
o Climate Sensitivity : The strength of the relationship between weather variability and crop
prices demonstrates agricultural exposure and vulnerability to climate shocks, and calls for policies
that help develop climate resilience.
° Policy Responsiveness : Government responses — especially price stabilization funds,
and relaxing imports — were somewhat effective in the short-term, but require long-term structural
work.
Conclusion and Policy Implications :-

The results indicate that inflation in India over FY24-FY25 exhibited a dual trend: moderation
in the overall price level, along with sustained food inflation. Headline inflation had fallen from 5.4%
to 4.9%, even though food price stability was disrupted by supply shocks linked to climatic shocks.
The key findings include :-
° Climate Connectivity : The frequency of extreme weather events such as heatwaves, floods,
and unseasonal rain sharply increased, tendering damage to 3.5 million hectares of crops in 2024 and
contributing to vegetable inflation (IMD, 2024; CSE, 2024).
o Commodity Concentration : A small number of food items—specifically onion, tomato,
and pulses—accounted for over 30% of overall inflation (Economic Survey, 2024-25).
° Policy Effectiveness : Government intervention using stock limits, imports, and subsidized
sales provided temporary stability, however, long term resilience requires structural intervention.
o Monetary Coordination : Core inflation moderation to 3.9% highlights the effective
cooperation of monetary policy by the RBI.

Policy Recommendations :-

° Develop climate-resilient crops for pulses and vegetables to decrease production volatility.
. Increase cold-chain and storage capacity to reduce post-harvest losses.

. Institutionalize real-time price data visualizations linked from farmgate to retail markets.

o Promote producer organizations (FPOs) and cooperatives to enhance supply chains.

o Deepen fiscal-monetary cooperation to cope with imported inflation and commodity shocks.
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Abstract:

The introduction of the Goods and Services Tax (GST) in July 2017 marked a major shift in
India’s indirect taxation system, aimed at simplifying the tax structure and creating a unified national
market. Micro, Small, and Medium Enterprises (MSMESs), which contribute significantly to India’s
industrial output, employment generation, and exports, have been particularly influenced by this reform.
This study examines the overall impact of GST on MSMEs by analysing changes in compliance
requirements, operational efficiency, financial performance, market competitiveness, and
technological adaptation. The objective is to understand whether GST has acted as a catalyst for
growth or posed additional burdens on small businesses.

GST has streamlined the taxation process by replacing multiple indirect taxes with a single tax
regime, resulting in reduced cascading of taxes and improved transparency. Many MSMEs have
benefited from input tax credit (ITC) provisions, simplified interstate trade, and enhanced ease of
doing business. Additionally, digitalisation of tax processes encouraged MSMEs to adopt technology-
driven accounting and compliance systems, strengthening formalisation and improving access to credit.
However, the transition has not been uniform across all MSME segments. Increased compliance
burden, the need for digital literacy, higher working capital requirements due to delays in ITC refunds,
and frequent policy changes have created operational challenges for small enterprises with limited
financial and technological capacity.

This research paper draws insights from recent reports, empirical studies, government data,
and industry surveys to evaluate sector-specific impacts, especially on manufacturing, services, and
micro enterprises. The findings indicate that while GST has potential to boost MSME competitiveness
in the long run, short-term disruptions and compliance complexities have disproportionately affected

micro and unorganised units. The study concludes that targeted interventions—such as simplified
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return filing, faster refund mechanisms, lower compliance costs, and increased awareness programs—
are essential for maximising the benefits of GST for MSMEs. Overall, the paper highlights a balanced
perspective, acknowledging both the opportunities and persisting challenges that need policy attention
to ensure inclusive growth of the MSME sector under the GST framework.

1. Introduction :

The Micro, Small and Medium Enterprises (MSMEs) sector forms the backbone of the Indian
economy, contributing significantly to employment generation, industrial output, innovation, and
inclusive growth. With more than 63 million enterprises, the MSME sector contributes nearly 30%
to India’s GDP, 45% to manufacturing output, and 40% to exports. Because of this structural
importance, any major reform in India’s economic or taxation policy directly influences the
performance, competitiveness, and sustainability of MSMEs. The introduction of the Goods and
Services Tax (GST) on 1 July 2017 marks one of the most transformative indirect tax reforms in
independent India, replacing a complex web of central and state-level taxes with a unified, destination-
based tax system.

Before GST, MSMEs were subject to multiple taxes such as excise duty, VAT, service tax,
entry tax, and octroi, each governed by different laws, rates, and compliance requirements. This
fragmented structure led to cascading taxes, increased cost of production, and significant
administrative inefficiencies. The GST system aimed to address these challenges by creating a common
national market, improving tax transparency, eliminating cascading through seamless Input Tax Credit
(ITC), rationalizing the tax regime, and promoting ease of doing business. In theory, GST promised to
reduce transaction costs, increase market reach, and integrate MSMESs into formal supply chains
where credit flow and compliance are streamlined.

However, the implementation phase of GST introduced a new set of challenges. MSMEs,
particularly micro and small enterprises, experienced difficulties in adapting to digital platforms
required for registration, invoicing, filing monthly returns, and ITC reconciliation. The sudden shift
to an online tax system demanded digital literacy, reliable internet access, and updated accounting
infrastructure—resources that many MSMEs lack. Additionally, frequent changes in GST rates,
procedural updates, delays in ITC refunds, and complexities in e-way bill compliance created
operational uncertainties. For enterprises operating on thin margins and limited working capital, these
issues often led to disruptions in cash flow and increased compliance costs.

Despite these initial challenges, GST has generated several long-term opportunities for

MSMEs. The removal of inter-state barriers has allowed firms to access larger markets at lower
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logistical costs. GST compliance has also encouraged formalization, making MSMEs more eligible
for institutional credit, government procurement, and participation in global value chains. Over time,
policy revisions—such as the increase in threshold limits, simplified composition schemes, and
quarterly filing options—have further improved the system’s MSME-friendliness.

Given this mixture of opportunities and obstacles, the impact of GST on MSMEs remains a
subject of extensive academic and policy debate. Researchers have attempted to evaluate GST’s
implications on various dimensions—cost structure, working capital management, compliance burden,
profitability, competitiveness, and market expansion. While some studies highlight efficiency gains
and structural benefits, others point to persistent challenges that disproportionately affect smaller
enterprises.

Therefore, a detailed analysis of GST’s impact on MSMEs is essential not only for understanding
how taxation reforms reshape business environments but also for guiding future policy decisions
aimed at strengthening India’s most dynamic economic segment. This study seeks to examine the
multifaceted effects of the GST system on MSMEs, analyse empirical evidence, review existing
literature, and provide insights into how fiscal reforms can be better aligned with the needs and
capabilities of small businesses in India.

2. Literature Review :

Early empirical studies and surveys produced mixed findings. Several academic articles and
institutional reports found that GST simplified taxation by removing multiple cascading taxes and
created formalisation incentives for small firms, while other studies pointed to increased compliance
costs and strained working capital for MSMEs immediately after implementation. Sectoral studies
noted that the impact varies widely—traders and small manufacturers dependent on informal supply
chains often faced greater strain than firms already using formal input tax credit mechanisms. Recent
academic and practitioner studies (2020—2025) continue to emphasise heterogeneity in effects across
sectors and firm sizes.

1. “Impact of Goods and Services Tax (GST) on MSME:s in India” — ResearchGate/author(s)
(survey paper)

Source Summary & findings : Several versions of this survey-style paper conclude that GST’s
long-run effects are positive (market integration, fewer cascading taxes), but short-run burdens arise
from digital compliance, frequent rate changes, and ITC delays. Method: literature review + survey
evidence.

2. World Bank — “The Challenges of the Goods and Service Tax (GST) implementation in India”
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(report)

This Study focus on Comprehensive policy analysis highlighting that GST simplifies interstate
trade but places heavy, transaction-level electronic reporting obligations on firms (compliance cost),
especially smaller firms unfamiliar with digital systems. Method : policy analysis + country
comparisons.

3. Ministry of MSME / Annual Report 202425 (Government of India)

In this Government reporting synthesizes reforms and support measures (thresholds,
composition scheme changes, outreach), and shows policy moves intended to reduce MSME GST
burdens. Useful for tracking official responses and relief measures.

4. IGNITED / JASRAE article — “Impact of GST on Small and Medium Enterprises” (empirical
survey-based)

This Survey evidence shows mixed outcomes — ~half of surveyed SMEs reported operational
efficiency gains from GST (market expansion, simplified indirect-tax structure), while many reported
negative cash-flow impacts because of delayed Input Tax Credit (ITC) and compliance costs. Method:
primary survey of SMEs.

5. ICMAI/ policy note — “GST Impact on MSME”

This Study Focus on how thresholds, composition scheme, and exemption limits were changed
to alleviate MSME concerns; notes positive structural benefits but cautions about vulnerable micro-
firms facing compliance costs. Method: policy commentary with data from tax authority changes.
6. Recent journal articles & conference papers (various, 2018-2025) — e.g., [JCRT (2024),
other conference proceedings and institutional research (SRM, PVGCO)

3. Data & Methodology

This paper synthesises :

. Government publications (Ministry of MSME annual reports and policy notes) for sector
structure and policy responses.

. Official GST revenue aggregates to indicate formalisation and tax compliance trends.

. Recent sectoral & market surveys (digital adoption, industry requests for rate rationalisation)
for contemporaneous MSME experiences.

. Peer-reviewed and conference papers surveying MSME owners about GST’s operational
impact.

Method : qualitative synthesis of findings, supported by the most recent quantitative aggregates

(GST collections, MSME performance indicators) and recent survey insights.
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4. Current Picture: Key Facts & Figures

. GST revenue growth and formalisation : Gross GST collections for 2024-25 reached a
record ?22.08 lakh crore, reflecting growing compliance and formalisation of economic activity
under GST. This suggests increasing taxpayer coverage and improved enforcement/compliance
mechanisms.

. MSME sector status : Government MSME reports (Annual Report 2023-24; 2024-25)
document continued expansion and diversification of MSMEs across sectors, ongoing efforts to
facilitate digital registration (Udyam), and initiatives to increase competitiveness and market access.
These reports emphasise that MSMEs remain a major employment engine and are a policy priority.
. Digital adoption & resilience : Recent surveys (e.g., MSME Digital Index) show that a
large share of MSMEs adopted digital payments and basic digital tools, with 73% reporting business
growth via digital adoption (UPI, smartphones) — a factor that influences GST compliance and record-
keeping.

5. Positive Impacts of GST on MSMEs

5.1 Simplification & Single Tax Framework :

GST replaced a multiplicity of indirect taxes (central and state), reducing legal multiplicity
and creating a single tax credit chain that benefits enterprises dealing across states. This simplification
benefits MSMEs that engage in interstate trade and wish to scale.

5.2  InputTax Credit (ITC) and Reduction of Cascading :

By enabling input tax credit across supply chains, GST reduces tax-on-tax (cascading),
especially for manufacturers and suppliers integrated into formal value chains. Firms with sound
accounting can lower effective tax burden and improve pricing competitiveness.

5.3 Formalisation, Access to Markets and Credit :

Formal GST registration and digital trails enhance MSMESs’ creditworthiness and integration
into formal procurement (including government e-marketplaces). Formalisation helps MSMEs access
larger institutional buyers and government procurement portals.

6. Negative/Challenging Impacts on MSMEs
6.1 Compliance Costs & Complexity for Very Small Firms :

Many micro and small firms lacked familiarity with digital filing, invoicing systems, and regular
return timelines. Compliance costs rose due to need for accounting software, training, and professional
help—Ileading to higher overheads for tiny enterprises. Several studies report that compliance burden

and transitional costs were a key concern.
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6.2  Working Capital Pressure :

Because GST requires tax payments at the time of supply (while input tax credit may be claimed
later or after vendor compliance), MSMEs often face working-capital strain, especially when buyer
payments are delayed. Several surveys found that a significant share of MSMEs reported pressure on
working capital post-GST.

6.3  Rate Classification and Sectoral Hardships :

Sector-specific rate classifications created winners and losers. Labour-intensive sectors or
units producing low-margin goods (e.g., some textiles subsegments, ceramics/tile units) argued that
certain slab assignments raised effective tax burdens and reduced competitiveness; some sectors
continue to press for slab rationalisation. The Morbi ceramics industry example highlights ongoing
sectoral appeals for rate reductions to relieve MSMEs.

7. Sectoral Case Notes

. Tiles / Ceramics (Morbi) : The Morbi tile cluster (a largely MSME-driven cluster) petitioned
the government to reduce GST rates on tiles and sanitaryware to 5% from 18%, arguing the higher
rate harms margins and employment in a cluster that supplies many domestic and export markets.
This demonstrates how GST slab decisions have concentrated impacts on specific MSME clusters.
. Digital-enabled MSMEs : Firms adopting digital payments and simple accounting had
smoother GST compliance experiences and greater ability to claim ITC and access formal finance —
surveys show digital adoption correlates with reported business growth among MSMEs.

8. Policy Measures & Government Response

The central and state governments and GST Council have taken several measures to ease MSME
transition :

. Thresholds and composition schemes: Lower compliance thresholds and composition
schemes for small taxpayers reduce filing burdens for the smallest firms.

. Digital and training initiatives: Government MSME programmes and industry bodies have
run training and digital outreach to help MSMEs register on Udyam, use e-invoicing (where applicable),
and file GST returns.

. Rate rationalisation & sectoral considerations: Periodic GST Council meetings review
rates and exemptions; several small-slab adjustments and clarifications have been made to address
hurt sectors. Sectoral requests (e.g., tiles) remain active.

9. Recommendations

Based on the evidence and current policy landscape, the following recommendations aim to
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reduce the adverse impacts of GST on MSMEs while preserving its benefits:

9.1
[ ]

9.2

9.3

9.4

9.5

10.

Reduce Compliance Costs :

Simplify filing further for micro enterprises (single simplified return for very small taxpayers).
Expand zero or minimal-fee assisted digital onboarding and free accounting templates/tools
tailored for micro and small firms.

Improve Liquidity & Working Capital Flow :

Fast-track ITC credit chains by improving matching and automated reconciliations to reduce
credit delays.

Consider short-term liquidity windows or automatic provisional credits for sectors with
documented payment delays.

Targeted Rate Rationalisation :

Use evidence-based sectoral reviews to adjust GST slabs for labour-heavy, low-margin MSME
clusters (tiles, certain textiles segments). Transparent sunset conditions could be applied to
temporary concessions.

Strengthen Training & Digital Adoption :

Scale MSME digital literacy campaigns, focusing on GST e-invoicing, return filing and record
keeping; partner with fintechs and state agencies to deliver low-cost solutions.

Improve MSME Voice in Policy :

Institutionalise faster mechanisms for cluster-level grievances and introduce a rapid response
cell under the MSME ministry/GST Council coordination to address urgent rate or operational
concerns.

Conclusion :

GST has been a transformational tax reform for India, delivering benefits of a unified market,

formalisation and long-run efficiency gains. However, the transition has not been uniformly smooth

for MSMESs. The primary challenges remain compliance costs, working-capital stresses, and sectoral

rate mismatches. Recent government revenues indicate increasing compliance, and digital adoption

among MSME:s is a promising mitigating factor; nevertheless, careful policy tuning—especially

targeted support for micro-units, improved ITC flows, and sectoral rate reviews—will be necessary

to ensure MSMESs capture GST’s benefits fully while minimising short-term dislocations.
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Abstract :

The present study is conducted to understand the role of women in the
economic and social condition of India as compared to men and the problems and
challenges faced by women. Accordingly to data, in modern times, women have
made progress in the field of education, business, employment and
entrepreneurship, but their economic condition is still pathetic compared to men.
Women have faced many challenges over the years. Employment opportunities,
income levels, property of ownership, decision-making ability, social tie continue to
influence the economic status of women. Women’s participation in the economic
sector has increased but women still face many problems in economic
empowerment due to gender gap, discrimination at work place, difficulties in
managing both domestic and professional work, family care and health problems.
The results show that policy making, level of education, access of women to
economic resources, and changes in social thinking have proved to be very helpful in
improving their economic and social status.

The process of industrialization and urbanization in the 18" and 19" centuries
also played an important role in changing the status of women, due to which these
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women became free from the economic constraints of men and come out of their
homes and became acquainted with the outside world and women started working
in various industries and other business. Nowadays, women have started working in
all social and economic fields. According to the data obtained from the Census of
India 2011, the total nhumber of women workers in India is 14.98crore. The total
number of women workers in rural areas and urban areas is 12.18crore and 2.8crore
respectively, out of 14.98crore women, here are 3.59crore women are farmers,
remaining 85lacs women are agricultural labourers, 6.15crore are in domestic
industries and 4.37crore women are classified as other workers.

Keywords : Women Empowerment, Social Challenges, Women Workforce
Participation, Domestic Violence, Decision Making.

Introduction :

India is a rich country in tradition and cultural values where women have a
prominent place in society. There is a large population of women in the rural
landscape. During the period of foreign rule, many social evils and distortion areas,
which further deteriorated the condition of women. After independence, the respect
for women in society began to increase, but the peace of empowerment remained
slow for decades. Poverty and illiteracy continue to pose serious obstacles to
women’s progress. Women can be encouraged to take up business through quality
education and skills and become economically prosperous. Social and financial
empowerment of women can be initiated through agro-processing, industries,
banking services and digitalization. Indian women are energetic, vision, vibrate
enthusiasm and commitment to face all challenges. In the words of India’s first Nobel
laureate, Rabindranath Tagore, for us women are not only the light of the home, but
also the flame of that light. Women have been a source of inspiration for humanity
since time immemorial. From Rani Lakshmi Bai of India’s first teacher Savitri Bai
Phule, they have set great examples of large-scale change in the society of India.
India is moving rapidly towards the Sustainable Development Goal to make the Earth
a paradise for humanity by 2030. Achieving gender equality and women’s
empowerment is a major priority in the Sustainable Development Goals. At present,
special attention has been given to ensure the participation of women in important
areas like management, environmental protection and social development.

An Act providing protection against sexual harassment of women at work
place and for prevention and redressal of complaints of sexual harassment would
violated the fundamental rights of a women to equality under articles 14 and 15 and
rights to life and dignity under Articles 21 of the Constitution.

In Indian society, women have been victims of humiliation, oppression and
exploitation due to which the issue of social and economic status of women has
always been a major topic. Before independence, the main reasons for the poor
condition of women were economic dependence, religious prohibition, illiteracy, lack
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of women leadership, caste barriers and the unfair attitude of men towards women.
Although various governments since independence have attempted to ensure
women’s empowerment by periodically enacting numerous laws to provide women
with equal opportunities for social and economic development. India still lags behind
many countries in ensuring women’s participation and integrating them into the
mainstream.

Problem Statement:

In the present modern economic climate, women are playing an active role in
both society and economy, yet their contribution is not getting the recognition it
deserves. While women’s economic participation has increased in rural and urban
areas, they are still disadvantaged by unequal pay, limited employment
opportunities, lack of financial literacy and decision-making. The social, educational
and factors that influence the process of women’s empowerment in the economic
world indicate that women’s economic empowerment is not limited to economic
resources alone but also requires social acceptance and policy support, nowadays
women are playing an active role in every sphere of life, yet they have to face many
social barriers traditional thinking and gender in equalities. The role of women in
society is still viewed from a limited perspective. This adversely affects women’s self-
reliance and decision-making process. Due to social structure, customers and family
responsibilities, women are aware of their rights but they face many difficulties in
implementing them completely. In this context, it becomes essential to study how
women are adapting to these social challenges and moving forward in their lives and
what role they are playing in social change. Consequently, what role they are forming
in society. This study attempts to understand the problems related to women’s
struggle, self-reliance and their identity in society. The study will analyse how women
in society are moving towards their survival and empowerment amidst these social
barriers.

Review of Literature :

® Sharma, Vivek Kumar, 2017, in his pioneering work on women, Gharelu Hinsa
ayvam Mahila Utpeedan Ka Samajshastriye Adhyayan (2017), across all
classes and cultures are victims of domestic violence. While laws have been
enacted to prevent this, he has highlighted the lack of information and
awareness.

® Devi, Nisha, 2020, in her pioneering work Hindi Kahaniyon Main Adhunik Nari
Ki Samajik Chetna Ki Vivechna,(2020),on modern women have tried to
highlight the social consciousness and the development of Hindi story has also
happened with them.

ABH AR - @R 2025 (207)



Objective of the Study :

1. To study the social problems and challenges faced by women.
2. To analyse women’s participation in the economic sector and compare them
to men.

Hypothesis of the Study :

1. Women who accept social challenges are the inspiration for social changes.
2. Women’s participation in the economic sector has significantly improved the
status of women.

Research Methodology :

This is a descriptive and analytical research. Its objective is to study the social
status of women, their challenges and their attitude towards acceptances.

Nature of Data :

The present study used secondary data which includes information obtained
from books, research papers, journals, government reports, news articles and
magazines.

Study Area:

The present study has been conducted at the national level. It is focusing on
India. India is a country of diversity where social, cultural and economical
diversification exist. Women in different regions in rural and urban traditional and
modern women face social discrimination and challenges. This study examines how
women of India accept and respond to all these social challenges. It covers the
status, education, employment and social challenges in both urban and rural areas.
By covering different regions and social backgrounds in India, this study provides a
comprehensive understanding of the social acceptance and adaptation of women.

Limitation of the Study :

This study is based merely on secondary data, so regional variation cannot be
directly measured. The availability of up to date data is also limited.
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Data Analysis and Interpretation of Data :

Table 1 : Education Level of Women in India :

Year {TE] Urban Combined

Year Women Men Total Women Men Total Women Men Total
Literacy Literacy Literacy |Literacy Literacy Literacy Literacy Literacy Literacy
Rate Rate Rate Rate Rate _ Rate Rate Rate Rate

1951 4.87 19.02  12.10 22.33 45.60  34.59 8.86 27.15 18.32
1961 10.10 3430  22.50 40.50 66.00  54.40 15.35 4040  28.31
1971 | 15.50 48.60  27.90 48.80 69.80  60.20 21.97 45.96 34.45
1981 21.70 49.60 36.00 56.30 76.70  67.20 29.76 56.38 43.57
1991  30.17 56.96  36.00 64.05 81.09 67.20 39.9 64.13 52.21
2001  46.70 71.40 59.40 73.20 86.70 80.30 53.67 75.26 64.83
2011  57.93 77.15 66.77 79.11 88.76 84.11 64.63 80.88 72.98
% 24% 8% 12% 8% 2% 5% 20% 7% 13%
Increa
-se in
2011
over
2001 _ _

Source: Census of India, Office of Registrar General, India.

Interpretation :

There has been a steady importance in the literacy rate of women. The rural
female literacy rate has increased by 20%, while the urban female literacy rate has
increased by 8%. If seen in combined terms, male literacy rate has increased by only
7%.

Table 2: Labour Force Participation Rate (LFPR) For Age 15 & above in India Source:

Male Female Person Male Female Person Male Female Person
2023-24 80.2 476 63.7 75.6 28 52 788 417 | 60.1
2022-23 80.2 41.5 60.8 745 | 25.4 50.4 78.5 37 ' 57.9
2021-22 782 | 366 57.5 74.7 23.8 49.7 772 | 328 55.2
2020-21 781 | 36.5 57.4 74.6 23.2 49.1 77 32.5 54.9
2019-20 779 33 55.5 746 233 493 76.8 30 ' 53.5
2018-19 76.4 264 51.5 737 | 204 47.5 75.5 24.5 50.2
2017-18 76.4 246 50.7 74.5 20.4 476 758 233 49.8

Annual PLFS Report, MoSPI
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Graph 1: Labour Force Participation Rate (LFPR) For Age 15 & above in India (in %)

Labour Force Participation Rate (LFPR) For Age 15 &
above in India (in India)
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Source: Annual PLFS Report, MoSPI
Interpretation :

Employment participation is growing at a slow pace. While the rural
employment participation rate for women in 2017-18 was 24% compared to 76.4%
for men, the urban participation rate was 20.4% for women and 74.5% for men. The
overall India participation rate is 23.3% for women and 75.8% for men. The 2023-24
figures also show a slow pace.

Table 3 : The Role of Women in Decision-Making

Types of Decision Decision-Making Women (in %)

Own Health ‘ 81.1

Financial Decision(Expenditure) ‘ 79.5 ‘
Visit to Her Family/Relatives ‘ 81.1 ‘

Source: National Family Health survey-5, 2019-21
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Interpretation :

The table clearly shows that women in India are now actively participating in
decisions regarding health, expenditure and visiting her family/relatives. Women
make decisions 81.1% of women in India on their own health, 79.55 on expenses and
81.1% on visits to her family/relatives.

Table 4 : Data of Domestic Violence Against Women :

States Domestic Violence Cases (in %)
Arunachal Pradesh 30%
Assam 32%
Bihar 40%
Goa 8%
Gujarat 14%
Himachal Pradesh 8%
Karnataka 44%
Kerala 10%
Maharashtra 25%
Manipur - 40%
Meghalaya 16%
Mizoram 11%
Nagaland 6%
Sikkim 12%
Telangana 37%
Tripura 21%
West Bengal 27%

Graph 2: Data of Domestic Violence Against Women:

THE PROPOTION OF WOMEN WHO
ARE VICTIMS OF DOMESTIC
VIOLENCE (IN %)
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Source: PRS LEGISLATIVE RESEARCH, NATIONAL FAMILY HEALTH SURVEY-5
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Interpretation:

The proportion of married women (18-49) who have experienced spousal
violence at some points has increased in five states. In Karnataka, the rate has
doubled from 21% to 44%. More than a third of women in Karnataka (44%), Bihar
(40%) and Telangana (37%) have experienced spousal violence.

There has also been a slight decline in cases of domestic violence, which is a
sign of awareness.

Findings :

Indian women are making progress in education and social participation.
Similar changes, such as patriarchy, unequal opportunities and domestic violence,
remain prevalent in society. Government initiatives such as ‘Beti Bachao Beti
Padhao’, ‘Ujjwala’, and ‘Mission Shakti’ are bringing positive changes.

Suggestions :

There is a need to expand educational and employment opportunities for
women. Social awareness programs should be strengthened. Self-reliance programs
should be expanded in rural areas. Women’s participation in policy making is
essential.

Conclusion :

Indian women are not only facing challenges but also embracing them and
making their work in society. They are making significant contributions to India’s
social and economic situation. The struggle and achievement of these women are
creating positive changes in India’s social trends.
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