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. Comparative Study of Traditional vs. Modern Rice Varieties:
Yield, Resistance, and Impact on Farmers

Niharika Vashishtha
Researcher, Department of Agriculture
Chaudhary Charan Singh Haryana Agricultural University

Abstract
Rice farming in South and Southeast Asia has undergone
rapid varietal transitions over the past five decades. This
study designs and reports a comparative analysis of
o . traditional landraces and modern, high-yielding varieties
Niharika Vashishtha > = : 2 z
Researcher, Department of Agriculture (HYVs)/hybrids across three dimensions: (i) agronomic
Chaudhary Charan Singh Haryana performance (grain yield, input response), (ii) biotic/abiotic
Ag"i:';“;:'[::ﬁ’:‘[’;""y resistance (pests, diseases, drought, submergence, heat),
and (iii) socio-economic impact on smallholders (costs, risk,
labor, marketability, cultural value). Using a mixed-
methods approach—multisite field trials and a household
survey—results indicate that HYVs/hybrids deliver higher
mean yields and stronger response to fertilizer and
irrigation, while selected improved stress-tolerant lines
(e.g., Subl, drought-tolerant backgrounds) narrow
historical vulnerability gaps. However, traditional landraces
display stable yields under low-input conditions, valuable
culinary/market niches, and trait reservoirs (grain quality,
micronutrients, local pest tolerance) that reduce input
dependence and downside risk for resource-constrained
farmers. Socio-economic analysis shows HYVs increase
gross margins in input-secure environments, whereas
landraces reduce variance of returns where inputs or
water are uncertain. The paper argues for portfolio-based
varietal strategies—combining modern stress-tolerant
releases with conservation and targeted commercialization
of landraces—supported by seed systems, extension, and
price incentives for quality-differentiated rice.

Keywords: rice landraces, high-yielding varieties, hybrids, yield stability, pest and disease
resistance, climate resilience, smallholder economics, India, participatory breeding, seed
systems.
Introduction
Rice (Oryza sativa L.) feeds more than half the world’s population and occupies a central place
in Asian food security. Since the Green Revolution, modern HY Vs and, later, hybrids have
substantially increased yield potential through improved harvest index, fertilizer responsiveness,
and shorter growth duration. Concurrently, thousands of traditional landraces—locally
adapted, genetically diverse varieties—persist in farmers’ fields or community seed banks,
valued for taste, aroma, grain quality, stress tolerance, and cultural significance.

Despite widespread adoption of modern varieties, smallholders in rainfed and resource-
constrained ecologies often retain or revisit landraces due to yield stability, lower input needs,
and resilience to local pests, diseases, and climatic shocks (e.g., drought, submergence, heat s
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pells). A binary debate—“traditional vs. modern”—can obscure the more relevant
question: under what agro-ecological and market conditions does each varietal group
outperform the other, and how do they affect farmer livelihoods and risk?

This study develops an integrated empirical comparison across agronomic and socio-
economic dimensions. It also considers trait introgression pathways (e.g., Subl
submergence tolerance, drought-tolerant QTLs) that blend advantages of both groups.
The findings inform breeding priorities, seed system design, extension messages, and
policies that aim to raise productivity while safeguarding resilience, diversity, and
farmer welfare.

Objectives
1. Quantify yield levels and stability of representative traditional landraces vs. modern
HY Vs/hybrids across input regimes and water conditions.
2. Assess resistance/tolerance to major pests (stem borer, BPH) and diseases (blast,
bacterial leaf blight), and to abiotic stresses (drought, heat, submergence).
3.Estimate farm-level economics: cost of cultivation, gross returns, gross margin, and
risk (profit variance; downside risk) under typical management.
4.Examine farmer perceptions (taste/quality preferences, marketability, labor needs,
seed access) and cultural values shaping varietal choice.
Hypothesis
1.(Yield potential): Modern HY Vs/hybrids exhibit significantly higher mean yields
than traditional landraces under recommended input and water regimes.
2.(Stability under constraints): Traditional landraces show equal or superior yield
stability and lower input dependence under low-input or stress-prone environments.
3. (Resistance): Improved stress-tolerant modern lines match or exceed landraces for
specific targeted stresses; otherwise, landraces retain broader background tolerance.

Methodology
Study Design & Sites

« Agro-ecologies: Three sites representing irrigated-favorable (IF), rainfed-lowland

(RL), and upland-rainfed (UR) ecologies (e.g., Central/Eastern India).

« Varietal Panel:

o Traditional landraces (6-8): locally prominent aromatic/quality types and
stress-tolerant landraces.

o Modern varieties (8-10): released HY Vs, hybrids, and 2-3 stress-tolerant lines
(e.g., submergence/drought/heat tolerant).

« Experimental Layout: Randomized Complete Block Design (RCBD), 3-4
replications per site; plot size = 20 m?. Two management regimes per site:

o Recommended input (RI): recommended NPK, plant protection, and irrigation
(IF); rainwater management (RL/UR).

o Farmer-practice (FP): locally common seed rate, fertilizer, and plant
protection.
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Measurements

Agronomic: days to 50% flowering, plant height, tillers/m? panicles/m?, 1,000-grain

weight, grain yield (t ha-! at 14% MC).

Biotic stress: incidence/severity of blast and BLB (standard scoring scales), BPH

injury rating, stem borer dead-hearts/whiteheads.

« Abiotic stress: drought indices (yield under stress / non-stress), submergence
survival (%), canopy temperature/NDVI (optional RS).

« Quality: grain length—breadth ratio, amylose, aroma, head rice recovery.

o Economics: itemized costs (seed, fertilizer, chemicals, irrigation, labor), gross
returns (farm-gate price X yield), gross margin, Coefficient of Variation (CV) of
profit, Value at Risk (VaR-10%) as downside risk proxy.

Farmer Survey & Qualitative Work

- Sample: 240 households (80/site) stratified by land size and irrigation access.

« Instruments: structured questionnaire + focus group discussions on preferences,
constraints, and cultural factors.

o Outcomes: adoption drivers, perceived resilience, grain quality valuation, seed
access, and willingness to pay.
Statistical Analysis

ANOVA / Mixed Models: variety, management, site, and interactions; Tukey HSD

for pairwise differences.

Stability Metrics: Finlay—Wilkinson regression, AMMI/IPCA, and yield CV across

RI/FP and sites.

« Resistance: generalized linear models for incidence/severity; survival analysis for
submergence.

« Economics: partial budgets; stochastic dominance tests; logit/probit for adoption
determinants.

« Robustness: bootstrap CIs (1,000 reps); heteroskedasticity-robust SEs.

Imagel.1

Traditional Modern
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Conclusions
1.Yield & Input Response: Modern HY Vs/hybrids out-yield landraces under RI conditions and
when water and nutrients are managed well. The yield gap narrows under FP or stress
environments, where landraces’ buffers (deeper roots, phenological plasticity, local resistance)
curb losses.
2.Resistance/Resilience: Improved stress-tolerant modern lines (e.g., Subl, drought-QTL
introgressed) meet or exceed landrace performance against target stresses; nonetheless,
background diversity in landraces provides broad, polygenic tolerance that remains valuable—
particularly as pest/pathogen pressures evolve with climate change.
3.Quality & Markets: Landraces often command quality premiums (aroma, texture, traditional
cuisines), enabling niche marketing and value-addition. HY Vs deliver uniform grain suitable for
mass markets and procurement systems.
4.Farmer Welfare & Risk: Where input supply chains, credit, and irrigation are reliable,
HY Vs/hybrids maximize average profit. In risk-prone ecologies, landraces reduce profit
volatility and lower cash outlays, supporting food security and livelihood stability for
smallholders.
5.Policy & Practice: A portfolio approach is preferable: (i) scale modern stress-tolerant releases
through pluralistic seed systems; (ii) conserve and use landraces in participatory breeding; (iii)
support minimum quality premiums or GI/branding for specialty landraces; (iv) tailor extension
to ecology-specific varietal mixes; and (v) invest in climate-smart water and nutrient
management to unlock HY'V potential without eroding diversity.
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CSR Ruifér sl & gea (Firm Value) & s Sergar

Pramod Khare
Researcher, Commerce
Pat Ravishankar Shukla University, Raipur

R (Abstract) (ST 300 Lreal #)

PR MR IRaTdd (CSR) m%uﬁmﬁmﬁmﬁiﬁwﬁmﬁiﬁﬂsm
el G SIIUTE &l 1L ol 36 T 8, dfceh Tg A, ATgen, HHanal Sk T &
foQ e gd Teaie @1 o Ageayul AMES a9 Gal g1 WRd § ahuel sifafas 2013 &
4RT 135 & Sidiid CSR ! T &4 § sifard o fag S & a1g shufal & CSR nfafafea

e e ot HafRA T F AR P 3R I a1fiics Retef & affa s o iy e 31 1= forar
pammﬁhﬂmmm 21§ 2t 79 CSR R ofR wof 7 (Firm Value) & i Fafer o Risdoor awe 3|
lindian Arthur YA & T I I8 ¢ foh 519 Sufar CSR Tfafafdat @t arasfl, @ ok sAmer @

Ruté et €, adt 3a9 Aot o Ay Jgar 8, Usht arTd gedt § SR tH & Jedfs
A4 7 i gicl &1 g 87k, afe CSR Ruifén daer siu=nRendr a1 Sigurer adh HifHd gt
A IGRT TG 0T GRIT ST &

39 UGR, CSRM%WW#WWWMW,WW@?WWW
R R F=ar g1

My UG & siarfa Fafa wRda dufaat dir CSR Rutet ok faxfta sifeel &1 gemrere fsawor
foram maTl 599 CSR fewamitor $399 ofR i do (SI¥ Tobin’s Q, ROA, ROE) & s Teiel ot
uRireror fohar | grer &Y, AdereRl 3R Usieren! i 4R @t gHEA & forw gderor SR gretenR oft fohy
M|

frsenvfa:, oo axrfd & foh 3= oTe arelt CSR RaiféT 7 dhaer amToie SwRarad &t gfd st
g, afch g SufAdl &t sis sfa, IR uforaytaredr, Pasr srayor ofk Sedfarfere arear 7 of
HEANT Ft g1 9ta: CSR Rulfén o 7w # 3 &1 U omifaes Iuaor sHaR SRt & ofR
MY AT A o o e 81

&g (Keywords): CSR Rulfén, & 7w, sfdRe a4, Fase Oy, orRafidr, Wahsess
2, YR
af¥= 4 (Introduction)
HITRE TR ITREAE (CSR) ST T i Ueh HEIYUf Uee] &, St charel a1 S et
Joh T el & afers gaTsr, yafazor ik fAf= feqeme! & ufa Sararfiea ot oft guifdr &1 dsfiazor
3R ufereaeff STSTR SRa=1 & g A Sufar e foxita wesi & 781 siicht S, afcn Skt amifoien
3R A vfaagareit @ «ff e geaien forar siar 81 g5t Weef & CSR Rulfén o1 g 7gr1 81 78
Geieft fasr a1 uResf faeRor ue et &1
IR # CSR &l &I &9 & ot sifafaad, 2013 & err 135 & sidvia sifamt & far w8,
e a1g a) Hhufat @t sro w1 @1 U g ufasra CSR wfafafdt w @< s e 81
56 IRUREEY SHUf 7 CSR FHRIGT &t Aad & & ST = fhaT 81 T8 Wgf dhaet
SguTer I g & & 71, afcen arorR & sroft ufasT sk Rt @1 Ry sifSfa s & s 'y
 oft 3t St 81

% g (Firm Value) forelt shoit & fa<iia w@rea, sifasg dr Smaeit ofik el i arom a1
IS BT &1 URURG €U § 38 a1, uRIURAT ok TR YSiieor & SR TR H19T ST 3 &,
fohg /@ CSR RUiféT @t off o Hew it wifda et aTel Qe SRk AT ST @l 81 et ik
EAMER CSR Ruifén fasrent et chusit & Erefeprferes oM ofR ST veier emar & TR | sy

& Bl
8
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37d: I 31ega CSR RuiféT SR v Hewr & e Heiey & USdTel shedl &1 I8 &1 HTSifih & fh a1 CSR
Ruifén Faet ger st i & a1 fhe arda # g ol ol drehticieh gig SR Hed e # oifadh
ThTe &t 2
I22T (Objectives)
1.CSR Ruifén & gema s wH gea (Market Capitalization, Tobin’s Q, ROA 3Tf%) UR Hedich T
2.9g TugrT foh urasff ok uramTgef CSR RuiféT st sik o feqement a1 fasyma fhg &g d&
e a1
3.CSR RUifé et Tura SR Tendianeur ¥R (disclosure level) SR &eienlfeieh HH TaRH & st Hagdl
T AT AT
4. TR hufat & e Wl & A1egd § CSR Ruifé ofk SR SR e &t JemTaes [asawor e
ufRered=T (Hypothesis)
1.CSR Ruifén ok o 7o & i GRS deier g1
2. =3 TUrgT arelt CSR Ruifén fAasrent & fasyre srerem S v gea & g st 81
3. e o/ siguTer SmemRa CSR R a1 o gea wR wmoa yrg ued 81
ugfa (Methodology)
« STHYUT &1 UhR: AT (Quantitative) SR oM (Qualitative) AfSa steaam|
. SaEa:
o et Gia: arfties RUE, CSR Rul, wies varras @ faxfig srierg |
o TR Hid: fRAerenl ok yeieent & gderor/anananr |
« AT (Sample): NSE/BSE &t i 100 Fefterg dhufaat & & CSR Raifén s areft 50 dhufaat &
T
. fasqwor qerdia:
o Regression analysis CSR disclosure index 3fR firm value (Tobin’s Q, ROA, ROE) & &fig|
o Thee TATIRId gRT CSR Raifé & qura a1 geaien |
o fA%res &ROT (investor perception) & 1Y Likert scale 3menfia wdemr|
CSR Ruifé 3k v Hear & st Hergar
HIARe MR IAeaIda (CSR) RuiféT ofk wH g (Firm Value) & #fa deer snyfaes =it gd
Uee 78I ol Ueh Hgeaqul fasar &1 adfar <R & fderes, Iusiir ofik o fRaeme shaer dhot & fasfia
yei ae Tiffa T8 |, afcs @ 39 I1a R off e 3 € O duet IS, gafeefim ok Afaw
eIl ot foh U femm it @1 3t hRor CSR Ruifén srer shfaRe a4 o1 geh Sifard ot a9 718
H|
CSR Rulfé a1t He IR TehRTcHS THTa 3 TRT UR 4T ST 81 Ugl, ST ohig ol uRef &0 &
3ot CSR Tfafafaat st Geme st &, df S99 At o1 fayTe Sgar & Sk Ioft e &t arTa & gt
21381, CSR Tfafafiat S8 qaferor deror, e, @ ga ameiiis e, ot 6 S RRar
3R siie UfasT ot Aoigd et &, T8 SR & hust s 5o dgar g1 fieRT, CSR Ruifér argal ok
AT & hu+! i Bfd YR &, fored IusTihT 8T (consumer loyalty) 3R fsht & gfeg gt 81
TEd &R, Al CSR RuUlfén dhaer "srgurer der i g ok arafde amifoie alme &f &t gl af
SR HH Hed WR Igd A AT UG THIE USdT & | T AW A (e 59 Faa shu=iResdr 99 § 8k
St & Erefentiore Gea & gl el gl
TR uRReied 7, ot ifafa 2013 &t 9RT 135 & 96 CSR & ST ARG SHIQ ST & 916, &8 F9t
Fufat 3 st CSR Ruifér &t 7urem ok arR @t agrar 81 uRvmHRawy, 37 dufat e gefieeor,
SATTEAT SR A3 STeRvuT § Iea-ia GuR asf g &1
frshsa:, CSR Ruifé ofk & 7o & o9 TE U § FohRIaTe Jegdl HiNG 6, 9279 RUifen urRasf,
TUITYUT SR AT Gfe & TTelt g
fAsht (Conclusion)
39 MY UF &1 W@ Igd CSR RUIfEn ok o ge (Firm Value) & &t deigr it gHgm ofR 39
TS fIsATOT AT @I ez & uRumT W &U § 30fd § foh snyfics amaeide ukga &
CSR et Gk Afdieh aIfded a1 ST STuTer i I1eF a1 8, dfcsh a8 Hhuf=al & g Iowifae faer &
FY F ol &1 5T RIS o gReRfT SR 3= Tura arelt CSR Ruifén et 8, ot a8 et sTust o

9
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IRt fde T8l et afees Sefemfores w0 @ s ity weef ok IR Heu &t oft gge et 21
. uE, CSR Ruifén Azt & Ay & Tedt §1 59 ol yaiaRefi fRRar, e, @, grfior
e a1 o=y amIfoie &5 | SR TG Gl SHMGRT ¥ URgd el g, df Hasrehl et shueT
SiefenTforeh faeRre YOI SR ST Ueie &FTaT UR R GIdT & | URUIARaY, o= & AR Jed 3R
TR YeilereuT (Market Capitalization) & SehRTH gisg S ST &1
. T, CSR nfafaferar dot dr siis ufasT sk Iusfi<hT 8T ot FSTgd et §1 JUIRT I Hufal Bt
TAfAehar & € ST THTST SR yafaror & ufa Hagasher gidt &1 a9 chut &t fashl, urge smaR ok
TS | g gt 81
. gdfa, CSR Ruifém o=t &t spfaRe M- yomedt st +ff AoTgd et &1 a8 uRa iR, Afdew Imeia
3R fRaURe geded &t G # U 319 deH g1 oD Tang ¥ B Y e RRar sk
ufaeaeicaTehar st gl
BTiiten, I8 +ft & &7 a1 2 6 hae “srguTe SR a1 “ueHTeTs CSR Ruifém” &1 v qeg W
faRiw e 718l wedm afe CSR nfafafeat gagt gt a1 dhae sfa fFmfor a6 Hifaa &, @ s ik suashr
3% 7fiRaT @ 78 Ad1 39 UeR, CSR Ruifén & amafaes s o+t fear & i@ a8 qorangut, arasf
3R gHTSIERh gl
IR Geof 7, oY rfafaw 2013 &t 9T 135 gRT CSR &l Sifarf fhy S & a1g &8 shufaat 3 CSR
Ruifén el 9eler w0 fear &1 569 I7h! fahia ara 3k amifSies ofd # Iecieia guR gan 61
3ra: frse I8 § foh CSR Rulfén ok & o0 & &9 Toh T YR Yagdl AN &l I8 7 dhad
fazrent ok IueithIeh o1 fasyre aifsfa et 8, afees Seferrfores T § dhurt Y arsivrean, ufoegefarerar
3R Tda faerr @t off gFfRa =t 81 saferg dufi st =1fey foh & CSR &t dhaet SIg sTearar & w9 &
7 3, afcen 39 drdehrferen I UeieM SR Fe Haee & IUheul & &4 H SUATd|
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umEfAe g&raT # A1ae dgHider fi YfAsT: g fawqa sremaa

[ECRATTS
T dgdieieR,
T (ge) 9rR

¥R (Abstract)

URT HT UG T B A6 dHieier Ueh Hg<ayul hel gl T8
YA TETER & 37efi i ehed gy Toa Henerd, A ATl r
ERE, el @1 FAuerT, J5Ra raTer Sl Sriar! $iR Hr-saaw
Y TG § TN el &1 T dgSieigR URmae 3R SidT & i T
Ig & ®U § FE HRAT ¢l 59 MY U H S A dgHIAER Hi
TR fAehT SR ITRT &I T STeaT AT & | BT © TWE T 8
o o7 W A s1fierg neeF, uReRfT o Heher quT ArTRe fRisrd
faRor # e deHieeR 6 HRITUTC! RIS &t S FeTd STt
21 Ty €t g off uran man & aeHIhT srvTE, s e, iafd
PRI SR TfAET0T AT HHt el TR 37T G&TaT Sl WA et B
frsenda:, afs §-ae, ear fmfor ofk aReffar @t srgrar fear g ot
TS TG el FehT TR G&TdT # SR S1feres Ut g Fehelt 51

&g (Keywords): T dediciaR, UMEe e, Tora UIeH, 4 sifiea, fRiema Rar,
G, AT BRI
uR=ra (Introduction)
R T IRMTE(eh TUTTel Tt & ISTed HATHT WR SATUTRA 6T &1 JAeT et § e faifesr smae iR
AT YR a9 A IoTa SR ITY I ARG YA T SR I8 ¢ | dgH e TR IR YA e it
H FIA TAA H AT TEHAGR DT ANEH AT AG@YUl 51 TeHER & g & & § g
qETIIGR T hadt Ioia Yehed 3R YfH SrfAeE! it 3wa axar &, afces amior TR W faaret @
fAueRT 3R F-caaw a9T TE= § off wfthar «ffenr famar &1

Sy 3R 7 59 S-Tane R ffSiecioner R SR f&am S @7 8, e deeliaer @ e SR oft
Sifeet 8 T 81 Ueh SR IUY URGRIT SR STaTekel i e & S 8, a8 qunt ok Wi dare
3R T HRIMR IJTHT T&T T THTII R 6| 37: §H AT H A1 TgHIIGR & TMEfeh HfHhr
1 fAsAvoT R §U T TS ol Ty ok T @ foR IAhY hriguTTedt nmafe Gardr bt e TR
U et 81
I2T (Objectives)

1.7199 dgdiear Sl uRmEfeh et 3R STt ST et s sreads el

2. 3TSTET TG Q& fH Sif¥ehg Hefed # Ae dgeieiaR & GRTE ol Jedichd el

3. RISk G&TdT el TTfad &t dTel ShIRehl el UgaT ahseTl

4. U=MTEAe &1 A gieg og GURIHSE IUTH! T GaTTd STl
uf¥eheqqT (Hypothesis)

+ T TEHIER UM e ST &t ASTgd a1 § Ag<aquT fHehT FHTT 81

. depeiteht ST, srcafdies shrRfuR SR IsTifae g&aety Ui g&idT ot S1feld i &

. g, uferor ok uRefRfaT smenRRa R e deeficar dY gardr sl e & |
ugfa (Methodology)

« SIJHY UGR: JUHTHS U [AsAu0Taieh S1eaa|

. S Ha:

o TR Fid: T dgdldeRi, deHieeR], eanRal d AnTRen! & TRIRT TTaiehR U Tderon|
o fEdtaes Hia: Rt Iorea sifeE, uRmafe Asr, aifties Ruté, gd her ud el
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. &5 99 HAVE Gd 3 T ISa] oh Io1eq [T & afdd A1 851

. fasdwor ugfa: dhée g, Siferda g Td Tuncies ATaehR faswor
3TTET URMEH T& fH Sif¥era UeieH A A JgHiaR & areH
ARA Gl UG TG H I5a T hY Idd Agaqul R T 8, Fifer 3 ok Iu8 defda
FRIYT 1 IS4 i 3T T THE HId 36T & | S8 Hel H A9 TeHIaR el AT AT Ag<ayqui g1 A1ad
TediciaR dediict TR UR IAoRd Hehel, WA SN Usier qt 0T UEH & TaTei A U hald hel &
T H e HRar gl

4ffr SifekE pees & & # A dgeiciaR ST aiTe It §9 & Seeked g1 a8 yeariRal sk e
fdierent & it Y 3@ e & JUT I8 GG FaT & foh W @I, @Y, AHiaRT (Mutation) Td
31 HfeRE THT IR ST Bl 59 UhR a8 R SR S ATTRaA! @t @éter 1 RenrS Sueiey avrent
ffft Tt farel it A awar &1 Y g, TR A T FRem SR A A 7 ot Iwehr Aeagef
et ght 81

3ISTRE HereT & &5 B T899 dEHIaR ol STRI Shad e age! de Hifid el 8, Sfees a8 a8 +ff gfhfaa
T § foh agett ot ufehar uRasf SR <ITaETTd 81| ST agett, AT hl ufehar T i IeTed =T
&I GAaTS § IHT TeIeT A il

39 SHfARh, A dediereR fafaa aemst & foraraee & +ff TgaiT axar g, 919 s fonar oT gfF,
ST Tgd fAaRor au ff GUR HRIRA| 39 USR I8 I9d TER IR AU ST & &9 Gep umet
AR & Y B e il gl
freenefa:, IToTea UM TE ff SifeiRa UeE § A9 dgHieaR 1 INTe YRR et SR Sy
H 3f® § sl Aeayul 1 afk I snagd deHicht TETeE iR UfRIeror Iy aRmEr wg a4
Al & f3freciianor ok uRasff WroTea namee & Iuhr fien SR Sifdres wardt 8t Fendt &1 sreaas &
Jg WE g1 & fh A dedieier Toiea umeH ok oA sifvde vee # U Srdd Agwayquf SEt gl
TEH TR TR I YT Faet e aget ach HHEd 81 8, Tieeh A Al T Srera, TR0 AT
&1 FITerRT, SRR T A GRa SR SHfhAvT Aehum™ S sl 7 off Ige ahreH Fuifass g1 ag anfior
TR IR Y 3R a1 & i A AT HRf HRaT @ JUT T R 9 SHfNeRE I TR ARTREAT Y
1Y 3R GAHT UG ST & | R &1 i 58 & A1 JeHieiaRr i hrisiel TRETRIAT STk Srgegal
WR MR g T2Y| et a8 SHHERT 3R deRem & il oeaT &, F8T SHaT ol Ve W s Awied
BT & iR farai & st Sl &1 gTcilich, dehwichl GETeHT Y A, STafdeh HRIYR, ASHITIR qad 3R
Sl fefice caawT IUdh! geraT Y afd Shed g1 39fIY, A & o Te dglieer &t sy
TR-IhT AL, -9 UFRALUT SR AT It SuTee T STY | $9Y 7 el 3 i veed sifde
T SR URGRf g, Sfceh WoTa UM # SidT ol fayTe iR Uemeifich gard off Asred gt
TEH (References)

1.99. g9. @1, fore umed g7 $fear (ofrar ufafi grsw, 1970)1

2.9H. o, 2t g oft. gt Tem, Sresitee ReE: Rigid td saagR (fhame g, 2015)1

3. ALV AMEH, ST J&ieh TR (JISTEd fIm, 2020) 1

4.97R. . SH, YR H=IeH: FHehTed= qg (Rt ufsfdim, 2012)1

5. fafEd sifs ueie, ufsies fidw s dim, YR waR, fEfae gefffem Raié (2018)1

6.3R21 &, RIS, IRe TAH: TR 3R T, (| TS FezAee ufeiersd, 2013)1

7.World Bank, Strengthening Governance in Land and Revenue Administration in India (World Bank Publ’ns,

2019)1
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and visible CSR initiatives strengthen trust and make organizations more appealing. This suggests
that employer branding must be dynamic, digitally integrated, and participatory to remain effective.
The study also reveals that employer branding contributes to reducing recruitment costs and
enhancing employee engagement. A strong employer brand attracts unsolicited applications from
qualified candidates, shortens the hiring cycle, and fosters loyalty among existing employees. In
turn, this improves retention, reduces turnover, and creates a positive cycle where engaged
employees themselves become ambassadors of the employer brand. Thus, employer branding is not
only an external attraction strategy but also an internal engagement and retention mechanism.

However, the research emphasizes that employer branding must be authentic and consistent.
Millennials and Gen Z are quick to detect discrepancies between stated values and actual practices.
For example, organizations that claim to support diversity but fail to demonstrate it in leadership or
hiring policies risk damaging their credibility. Therefore, HR managers must ensure alignment
between branding narratives and organizational realities, embedding values such as inclusivity,
sustainability, and transparency into day-to-day practices.

In conclusion, employer branding plays a decisive role in attracting and retaining Millennial and
Gen Z talent. Organizations that invest in building authentic, value-driven, and socially conscious
employer brands not only strengthen their recruitment outcomes but also secure long-term
sustainability in an evolving workforce landscape. Employer branding, therefore, is no longer
optional; it is a strategic imperative for organizations competing in the global talent market.
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Introduction: s human space missions shift from exploration to long-term habitation, ensuring
sustainable life support becomes one of the greatest challenges. Traditional approaches—such as
resupplying food, oxygen, and water from Earth—are impractical for interplanetary missions due
to cost, distance, and mission duration. Biotechnology presents transformative tools to develop
closed-loop bioregenerative life-support systems (BLSS) capable of recycling resources,
generating oxygen, removing carbon dioxide, and producing nutritious food in space.

NASA, ESA, and other space agencies are increasingly investing in space biotechnology
research. Algal bioreactors, microbial waste recyclers, and genetically engineered crops are being
tested aboard the International Space Station (ISS). Synthetic biology can design organisms with
enhanced stress tolerance, radiation resistance, and optimized nutrient content. For instance,
cyanobacteria and microalgae can provide oxygen while serving as protein-rich food sources.
Additionally, lab-grown meat and microbial protein (single-cell protein) offer sustainable
alternatives to traditional animal farming, which is infeasible in space.

Biotechnology therefore plays a dual role: it ensures astronaut health during long missions and
lays the foundation for extraterrestrial colonization by enabling self-sufficiency. The integration
of bioengineered systems into space habitats not only reduces dependency on Earth but also
addresses issues of sustainability, resource scarcity, and ecological balance.

Objectives
« To analyze the role of biotechnology in creating sustainable life-support systems for long-

term space missions.
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« To examine the potential of genetically engineered organisms in recycling waste and producing

oxygen.

« To evaluate biotechnological innovations in space food production, including algae, microbial

proteins, and lab-grown meat.

« To assess challenges in applying terrestrial biotechnology to extraterrestrial environments.

« To propose future directions for research in space biotechnology.

Hypothesis

Biotechnological innovations, particularly in synthetic biology and bioengineering, will enable the
development of sustainable life-support systems and reliable food production strategies, making
long-term human habitation on extraterrestrial bodies such as the Moon and Mars feasible.
Methodology

« Literature Review: Analysis of published research from NASA, ESA, and peer-reviewed

journals on bioregenerative life-support systems and space biotechnology.

« Case Studies: Review of ISS experiments (e.g., Veggie plant growth system, MELiSSA project

by ESA, algal bioreactors).

« Comparative Analysis: Evaluation of terrestrial biotechnological applications (lab-grown meat,

vertical farming, synthetic biology) and their adaptability to space environments.

« Theoretical Framework: Use of systems biology to model closed ecological systems for space.

« Limitations: Research is largely experimental and simulation-based, as real-world long-duration

space trials are limited.
Conclusions
Biotechnology has emerged as a central pillar in ensuring the long-term survival of humans in space
by addressing two of the most pressing challenges: sustainable life support and reliable food
production. Traditional space missions relied on continuous resupply from Earth, a model that is
neither cost-effective nor feasible for interplanetary missions to Mars or extended lunar habitation.
Through biotechnology, humanity can transition from dependency to self-sufficiency by developing
bioregenerative life-support systems (BLSS) capable of recycling waste, generating oxygen, and
producing nutritious food.

Research shows that microorganisms, algae, and higher plants can be integrated into closed-loop
systems that mimic Earth’s ecological cycles. Cyanobacteria and algae can simultaneously produce
oxygen and serve as protein-rich food sources. Engineered microbes can recycle astronaut waste
into usable resources such as fertilizers, while genetically modified crops can be cultivated in
microgravity using hydroponics or aeroponics. These approaches reduce logistical constraints while
improving mission safety and sustainability.

Food production is another area where biotechnology plays a transformative role. Traditional
farming is impossible in space due to limited land, water, and gravity. Instead, innovations such as
lab-grown meat, microbial single-cell protein, and bioengineered crops offer viable alternatives.
Experiments aboard the International Space Station, including NASA’s Veggie Plant Growth
System and ESA’s MELISSA project, have demonstrated the feasibility of controlled plant
cultivation and microbial recycling systems in orbit. These advances prove that biotechnological
solutions can be scaled for future Mars or lunar colonies. Synthetic biology further expands
possibilities by creating organisms specifically engineered for extraterrestrial environments.
Through genetic modifications, crops can be made more resilient to radiation and low-pressure
conditions, while microbes can be designed to produce pharmaceuticals, biomaterials, and essential
nutrients. Such developments highlight biotechnology’s potential to act as a multi-solution platform
for both survival and innovation in space.
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Despite these advancements, challenges remain. Maintaining the stability of closed ecological systems,
mitigating risks of microbial contamination, ensuring psychological acceptance of biotechnological food
(e.g., lab-grown meat), and adapting terrestrial models to extraterrestrial conditions are ongoing concerns.
Addressing these will require continued interdisciplinary collaboration between space agencies,
biotechnologists, and engineers.

In conclusion, biotechnology is not a supplementary tool but a strategic necessity for space exploration. It
enables astronauts to survive and thrive independently from Earth, reduces mission costs, and lays the
foundation for permanent human settlements beyond our planet. As humanity prepares to extend its
presence to Mars and beyond, biotechnology will remain the cornerstone of building sustainable, life-
supporting environments in the cosmos.
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Introduction:

Adolescence is a transitional phase of life characterized by curiosity, experimentation, and susceptibility to
external influences. In India, which is home to the world’s largest adolescent population, this stage is particularly
significant in shaping future health and social outcomes. One of the most pressing issues confronting Indian
adolescents today is drug addiction—the increasing consumption of tobacco, alcohol, cannabis, inhalants,
opioids, and other psychoactive substances. The problem is not only a health hazard but also a multifaceted
social challenge that intersects with education, law enforcement, and family dynamics. The National Survey on
Extent and Pattern of Substance Use in India (2019), conducted by AIIMS in collaboration with the Ministry of
Social Justice and Empowerment, revealed alarming trends: adolescents show disproportionately higher use of
certain substances such as inhalants, which are cheap, easily available, and often overlooked by policymakers
and families. Unlike adults, adolescents tend to be drawn into substance use at an experimental stage, but due to
developmental vulnerability and peer influence, the habit escalates into dependency far more rapidly.

Several interrelated causes drive this phenomenon. Peer pressure and social acceptance play a crucial role,
particularly in urban settings where lifestyle factors encourage experimentation. Family environment, including
parental neglect, exposure to domestic violence, or parental substance use, creates conditions that normalize such
behaviors. Additionally, academic stress, unemployment, and mental health issues such as anxiety or depression
act as catalysts for substance dependence. In rural areas, economic hardship and lack of recreational
opportunities compound the problem, while in urban areas, easy accessibility and aggressive marketing amplify

the risk.
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The consequences of adolescent drug addiction are severe. Health-wise, it leads to impaired brain
development, weakened immunity, and long-term psychiatric disorders. Socially, it contributes to
school dropouts, juvenile delinquency, strained family relationships, and, in many cases, criminal
behavior. From a developmental perspective, addiction erodes the productive potential of India’s
youth, threatening the nation’s demographic dividend. Recognizing the seriousness of the issue, the
Indian government has initiated several strategic interventions. The Nasha Mukt Bharat Abhiyaan
(2020) focuses on awareness, community mobilization, and treatment facilities across vulnerable
districts. The NDPS Act, 1985, particularly Section 64A, allows treatment-linked immunity for
addicts, shifting the approach from punitive to rehabilitative. National programs under the
Ministry of Social Justice, Health, and Education emphasize preventive education, establishment of
de-addiction centers, and youth engagement in constructive activities
This research critically examines the causes of adolescent drug addiction in India, evaluates
preventive measures and government strategies, and highlights gaps that need urgent policy
attention. The study argues for a holistic, multi-stakeholder response involving schools, families,
communities, and state mechanisms to ensure that India’s youth are safeguarded from the
devastating cycle of addiction.
Objectives
1.Identify and critically categorize major determinants of substance use among Indian
adolescents.
2.Map the current prevention and treatment ecosystem, with a focus on school and district levels.
3.Examine government strategies (NMBA; NDPS §64A treatment immunity) for adolescent
relevance and implementation fidelity.
4.Propose a feasible, evaluable model for adolescent-centred prevention, early detection, and
diversion to care.
Hypothesis
1.In Indian districts with structured, school-centred prevention (life-skills education), routine
adolescent screening with fast referral, and active NMBA community engagement, adolescent
initiation and current use will be significantly lower than in comparable districts lacking these
components—independent of background enforcement intensity.
2.Effective operationalization of NDPS §64A (treatment-linked immunity) for youth will reduce
stigma and punitive exposure, increasing treatment uptake and improving short-term outcomes
(abstinence/retention) without increasing recidivism
Major Causes (Critical Synthesis)
« Peer influence & social norms: Early experimentation often originates in peer contexts;
normalization in families/communities amplifies risk.
« Mental-health stressors: Depression, anxiety, trauma, academic pressure; UNICEF and
paediatric briefs stress comorbidity and the need for integrated screening.
« Auvailability & marketing: Ready access to licit (alcohol/tobacco) and illicit substances; localized
spikes (e.g., smokeless tobacco in certain districts) illustrate how availability drives uptake.
« School disengagement & low protective factors: Truancy, poor connectedness, and drop-out
reduce exposure to pro-social norms and services.
« Substance-specific appeal in youth: Inhalants are cheap/accessible and show higher current use
among children/adolescents than adults—a distinctive Indian pattern needing targeted response.
Design: Mixed-methods, two-arm comparative evaluation across matched “intervention” and
“comparison” districts.
« Quantitative:
o Secondary analysis of NFHS-5 indicators and district-level NMBA activity logs; triangulate
with the 2019 national survey baseline for substance types and demographics.
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Methodology

o School-based cross-sectional survey (Classes VIII-XII; out-of-school youth via community
sampling) using validated adolescent tools from global/UNICEF briefs (e.g., CRAFFT,
ASSIST-Y), with 30-day and 12-month prevalence, age of initiation, co-morbidities, and
help-seeking.

o Outcome metrics: initiation age, current use by substance, poly-use, screening positivity,
referral uptake, treatment retention, school connectedness.

1. Qualitative:

o Focus groups (students, parents, teachers), key-informant interviews (district NMBA nodal
officers, counsellors, police/Narcotics Control Bureau liaisons), and case studies of
diversion under NDPS §64A.

2.Process Evaluation:

o Fidelity of NMBA activities (reach, frequency, youth club/HEI engagement), school life-
skills sessions, counsellor availability, and referral pathways to de-addiction services. Nasha
Mukt Bharat Abhiyaan

3. Analysis:

o Multilevel regression controlling for socio-economic status, urbanicity, and enforcement
intensity; thematic analysis for qualitative data; propensity-score matching for
comparability.

Prevention Landscape (Critical Appraisal)

« Nasha Mukt Bharat Abhiyaan (NMBA): A three-pronged national campaign (district outreach,
supply-curb via NCB, community institutions). Strengths: scale, convergence across ministries,
engagement of HEIs/youth clubs. Gaps: adolescent-specific screening protocols, routine school
counselling capacity, outcome tracking beyond activity counts.

« Health-Justice Interface: NDPS §64A grants immunity from prosecution for addicts charged
with small-quantity/personal use when they volunteer and complete de-addiction treatment;
promising for diversion but under-utilized due to low awareness and uneven implementation.
Emerging local pilots (e.g., police-facilitated referral) suggest feasibility.

« Screening & Services: UNICEF-endorsed adolescent screening tools exist, but integration into
school health programs and AYUSHMAN/mental-health services is variable; recent service-
mapping highlights patchiness and the need for scale-up.

Critical Study: Drug Addiction among Indian Adolescents

Drug addiction among Indian adolescents is a multi-dimensional challenge that calls for critical
scrutiny. While the National Survey on Extent and Pattern of Substance Use (2019) highlighted
alarming prevalence rates, especially of inhalants and tobacco, the deeper concern lies in how social,
psychological, and structural factors intertwine to create a vulnerable ecosystem for young people.
From a causal perspective, peer influence remains a dominant factor. Adolescents often initiate
substance use in response to social pressure, to “fit in,” or to project a sense of maturity. Family
conditions—parental neglect, domestic violence, or intergenerational addiction—further push
young people into dependence. Mental health is another crucial dimension. Stress arising from
academic pressure, unemployment anxieties, and untreated depression or anxiety disorders often
finds an outlet in drug consumption. Adding to this is the structural issue of easy availability:
alcohol and tobacco are widely accessible despite age restrictions, while urban and semi-urban
markets facilitate access to cannabis, opioids, and synthetic drugs.
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The consequences of this phenomenon extend beyond individual health damage. Neurological
impairment, risk of chronic psychiatric disorders, and higher mortality rates are evident. Socially,
substance use correlates with juvenile delinquency, poor educational outcomes, strained family
relations, and increased vulnerability to crime and exploitation. In a country where adolescents
constitute a significant portion of the population, the loss of human capital due to addiction has
long-term developmental implications.

Government interventions, while commendable, reflect gaps in implementation and focus. The
Nasha Mukt Bharat Abhiyaan (NMBA), launched in 2020, prioritizes awareness, treatment, and
community engagement in 272 districts. However, its activities often remain confined to awareness
campaigns rather than sustained school-based life skills training or systematic mental health
screening. Similarly, the NDPS Act, 1985, through Section 64A, provides for treatment-linked
immunity, but in practice many adolescents still experience punitive encounters with law
enforcement rather than diversion to care. The expansion of de-addiction centres under the Ministry
of Social Justice and AIIMS collaborations is positive, but coverage is insufficient compared to
need.

Critically, there is a disconnect between policy rhetoric and ground realities. Awareness
programmes are not always tailored for adolescents, and rural youth remain under-served. The
emphasis on law enforcement overshadows preventive and rehabilitative strategies. Moreover, lack
of coordination between education, health, and social welfare departments hampers holistic
responses.

Recommendations for Addressing Drug Addiction among Indian Adolescents
To strengthen prevention and response frameworks, the following policy and practical
recommendations are suggested:

1.School-Centred Interventions

o Integrate life-skills education, substance abuse awareness, and peer mentoring programs
into school curricula.

o Train teachers and counsellors to identify early signs of substance use and provide first-line
guidance.

2.Strengthening Mental Health Services

o Embed adolescent mental health screening (using tools like CRAFFT or ASSIST-Y) in
school health programs.

o Ensure availability of child psychologists and counsellors at district hospitals and primary
health centres.

3.Family and Community Engagement

o Launch family counselling and parenting workshops to build supportive home
environments.

o Mobilize youth clubs, NGOs, and religious/cultural institutions under Nasha Mukt Bharat
Abhiyaan (NMBA) to ensure community vigilance.

4. Accessible Treatment and Rehabilitation

o Expand the number of government-supported de-addiction centres with adolescent-specific
wards.

o Provide vocational training, sports, and cultural activities as part of rehabilitation to ensure
reintegration.

5.Legal and Policy Reforms

o Operationalize NDPS Act §64A more effectively, ensuring adolescents caught with small
quantities are diverted to treatment rather than punished.

o Enforce strict prohibition on alcohol/tobacco sales to minors and penalize violation52 O

rigorously.
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Conclusion

Drug addiction among Indian adolescents is an alarming concern that demands urgent and
comprehensive attention. The evidence from national surveys, especially the 2019 National Survey
on Extent and Pattern of Substance Use, clearly highlights the unique vulnerability of adolescents—
particularly with respect to substances such as inhalants, tobacco, and alcohol. The reasons are
multi-dimensional: peer influence, family neglect, academic stress, mental health challenges, easy
availability, and cultural normalization of substance use. These factors together create an
environment where experimentation during adolescence rapidly escalates into dependency.

The consequences are not limited to the individual level but ripple across families, schools, and
society. Adolescents struggling with addiction often face poor academic performance, mental health
deterioration, conflicts within families, and in many cases, involvement in petty crimes or juvenile
delinquency. At the national level, this trend undermines the demographic dividend, threatening the
productivity and social stability of India’s future generations.

Government interventions such as the Nasha Mukt Bharat Abhiyaan (NMBA) and legal
provisions like NDPS Act Section 64A mark significant steps towards a preventive and
rehabilitative approach. However, gaps remain in the coverage, adolescent-focused implementation,
and effective monitoring of these strategies. Too often, awareness campaigns are short-term and
lack follow-up, while mental health services and de-addiction centres remain inaccessible or
insufficient in many districts. A critical study of the current situation underscores that solutions
cannot rely solely on punitive measures or awareness drives. Instead, a holistic framework is
required—one that integrates school-based life skills education, family counselling, accessible
mental health services, vocational rehabilitation, and effective diversionary legal mechanisms.
Community partnerships and stricter regulation of alcohol and tobacco sales to minors are equally
vital.

In conclusion, tackling adolescent drug addiction in India requires sustained, multi-sectoral, and
evidence-based action. Only by addressing the structural, social, and psychological roots of
addiction can India protect its adolescents, strengthen its human capital, and secure a healthier,
more resilient future generation.

References

1. Ministry of Social Justice & Empowerment/AIIMS. National Survey on Extent and Pattern of Substance Use in

India (2019)—Executive Summary & Full Report. Key finding: current inhalant use higher among

children/adolescents (1.17%) than adults (0.58%).

2. Nasha Mukt Bharat Abhiyaan (NMBA). Official portal & “About” note (launched 15 August 2020; initial
focus on 272 vulnerable districts; three-pronged approach with NCB and community outreach).
3. NDPS Act, 1985 — Section 64A. Immunity from prosecution to addicts volunteering for treatment (official

India Code); explanatory notes and practice commentary.

4.NFHS-5 (2019-21). National Family Health Survey reports and fact sheets (age-stratified alcohol/tobacco
indicators).

5. UNICEEF Technical Brief (2025). Screening Tools for Substance Use in Adolescents (overview of validated tools
such as CRAFFT/ASSIST-Y and implementation guidance).

6. UNICEF India (2025). Child and Adolescent Mental Health Service Mapping: India (service availability and
gaps).

7.Case evidence (2025). Police-facilitated diversion under §64A (Ludhiana initiative) illustrating
operationalization potential.

8. District snapshot (2025). Localized adolescent tobacco use signals need for early prevention (Tamil Nadu
study).

155555 X XLLLLL
21



