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212181

y & ML ulRll Geuled vid W @A, [Adle HIZ Heed YBL q1AA 9. oxis, (AR wisi-l uiell-l
sr3(R2d, [R5 uzild 214 co1dsyo Uzl 4Hdl [AdzdL 251 G5l Wiz ussiz Glell 52 9.

Squll: 2L AUAIAAL S ARAARARIML (34 viduziaid] wielldl sy3Raid, well-Guaiadl stismdl »1d
(R @Msie [Azdup s2al L.

Hallae ‘«l%l[?l: w &A1Y Interpretivist philosophy i qualitative secondary research design Uz
wUHLRA 9. 2021 UsSldl peer-reviewed research articles, Government of India, NITI Aayog i<l
21, [A2921{11 24221211l secondary data <} thematic analysis 52AHI 2412 €9,

~ N N

AlRRl: [Aeaul 2ol 9 5 uisaR Wl sr3RAAUL dis st dslad €9 i precision irrigation zAlRL
uLEfll o1ud as1 9. 611, irrigation efficiency $Hall groundwater conservation Hi 3UidRd 2dl zil.
ULs Ul 24 22145 uLEll Guastdl UBL Heeayrl uReol €9,
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[ss8: Crop-specific planning, efficient irrigation, water budgeting #i< groundwater conservation
2121 AFA-5[HE UL 95 2516 GuioL a5t €9,

113y woel: U<l wielldl or3lata, R, uielldl Guiiatdl siiamdl, Alsaisud @A, dad s,

2518 Widl, aHleL [AzdIR), syoL gz«
1. 4?44

1.1 Y& &4f4

RURAAL ARL-AAAHE 5CUEL Y241 GURIA 20U, 24145 2id DA-[Adledl HAUH AR 8. 5[4-
Beuleasil [Razdl vz well syl syzd oy [ARAs dulHd 9. aled] w[A2AddL 21 @R1-Riorn 42
Al [Acizdl Art-vidl Wiz oie{lz U512 Glell 52 9. Dangar, Ravindran et al. (2023) <l A1, Y01
RUAHL RRI-GLoyIAL U2L8l U9 il ollsdl 2oifAd ulol wia (A1 Hi2d 984 groundwater
pumping Wil HeeAYBL 69,

wislel welldl ox3laid dria sidl a2l d wisdl usie, alza-saza, sld vid 2aas gamid
Y2H1RA 26 £9. Jabalpur <l Bargi command area <l A&414H1 4Gl WlBll{l or3(241d |18 5240 44,
Sl AiH1 sd (Chakravarti et al., 2022). 44Hi, M12dL 205 [A[RA Hd2idl 24 AL 2404 221 5
mgﬂ,«ﬂ, w224 GuasHdl Qé\cfl«l,t crop choice B cropping patterns 4 2142 52 9. Baccar et al.
(2023) <l review 554 4124 soil-water management 2l #11212 50-300 mm ALl ulll ot2d 95, o1
25 89, dedl wrA-(AzARMi ws-aR il orzland, s sid uiell-Gaulesdidl sieuu 2516 s w2
Heed Yol 99

1.2 AHRY L] ¥4l

AP [AAIRIML 5[0 Geuleasdl Razdl w2 wielldl Guastdl dusy del sUaH GUAldL old HeAYEL 9,
RUAHI (215 112 Eeiern, uzHl Gl [A8izdl sa 1 wielldl Guasadidl ued 4dl, uiq sM-l qioul
Ul 25181l U5z ot<ll 2l 9. Dangar and Mishra (2023) <L 2AALA Yoyl AIRAH] HAGSHNAL
4215l Hi [R5 12 groundwater pumping 2t wtlollsAl AoiEd WRo1ll old Hueayrl M5t eiord

-

£9.

AulL a9 oyleat od 9 5120 5 [AlaE uisidl welldl srzRud 2ia00 i 89 2id uis-uzieall vl
BUAsHAL, ARUIE 42l i[5 UlRotli] ueildd 21 9. Baccaret al. (2023) #i £lawL &izd<l 205 [[15
4192, WdRicl 10 Al Hilsdlal 2002 e2ie s 2u[AE2d wipl Guastdl vigdidl cropping patterns <
242 52 9. Telangana <l 2023 L »AuHI 13.9[M[@44 m3/4i water deficit <iH12 i< water-
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intensive crops d groundwater 26ilBl HE oA Bl (Kuchimanchiet al., 2023).0{1@9 dzs,
Punjab <l 21414 Hi precision irrigation 2l 211212 30% Wl ot2d c2iadiHi »0dl (Brar et al., 2022).
Azl Hot x4 uelledl 24894 5241 44, Uis<il or3(A1d Horor wiplld s1aH 2id 2516 dad- s2q1<dl 9.

1.3 Y24l &d

2L 2EAUAAL HUA S, AR (AL (AR vid deigidl wielldl sr3RA1d, dd vtz 5241 uReioll 214
(RS euRsid [Aeaum 53], sMuiuielldl siiam vid 2518 GUALoL HIZ YA 26y 524l 9.

1.4 @Y A4l Sq2il

o A [AzAiimi [Alan uisiel uiell-l or3lad-dl sieaiy s2Al.
o  [(Afam uisiil wipfl-l or3eaid vt det Guaioidl da s2dl,
o isicl ulldl sx3(RA1AA 2142 5241 wRo1 dzn RS54l eHsid Qe s2d,

o 5[UMi wLEildL s1RAH 21 2516 GUALSL HIZ 2192 AL 267 534
1.5 HUIYAURA]

1. W [Qzdiimi (s wisidl uiell-l sr3(udui 526l dslad sridl 1oL e9?
2. wisiel wielldl syz(Radd 2142 52410 HoAd wRoiol 5410 89 24 [R5 A<l 412 54l Ad 2doilBd 92
3. [Afas wisiHi wellan Gwiadl siiamdl sdl <ld s1aays 972

4. s[umiuwellal siiam 2id 2516 GUALL UlLSA 52aL HIZ 20 GUAL piu-Ald] 5112

2 Al HHla

2.1 Ysd] Wil 3241 21 $[4 oy AqeUY-l

Ulseil wifldl sx3Ra414 (Crop Water Requirement—CWR) 5[0 o0l 422U Hatid uHi 9,
dlsydz-l NITI Aayog-llWater Budgeting in Aspirational Blocks t2dldsyHi collAdlMl 2U &9 5
QUAHL uls<dl wiellll or3[41d4 agro-climatic conditions, Ulsl U512 i [AdIR UHLEL <Ais Ul <d
oledld @; Adl 2542w national water requirement estimates 29U(45 201604 U2 YAl A4l
£2dlA5s4l ICAR £al2L [A[44 rainfed i< irrigated crops H12 CWR 2d0i[Ad, Al 221 bl e2iddiHi
21124 9 (NITI Aayog, 2025).
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2l g[psio edld 9 5 “vis uls = s [Alad uwlldl orzlad” L adl ugtlduz o gl il
sr3(RA0d Uis<ll A, aled siazal, ordld, aRulz, evapotranspiration i< (15 ugild u1e oridld
sx1dl sx3<l ©9.

2.2 [ Wbil-GuAloL 1444l i< precision irrigation

Gupta et al. (2022) L AU Hoxot MIAHL 5N (42018 freshwater resources U2 <lHUIsL 20410 Gle] 52
t9; 44l field-level irrigation management, irrigation efficiency ¥l crop water productivity Hi
YRl 2518 5[U W12 6r33) ©9. Brar et al. (2022) <L Punjab 2A14L[xd 21&414H1 multiple cropping 412
precision/subsurface drip irrigation <l 25y el vU912 30% (4419 uugﬂ«ﬂ 512d d4l net returns Hi
QUL AL Sl o715, 2414l ds<lls] sihandl ees wRRalul 5@ groundwater o1d Y[Al224 534l 44l
Fishman et al. (2023) <l South India field experiment Hli drip irrigation {41412 Qé\rfl‘-ti, crop
switching i<l farm profits Hi 94121 24), Uid groundwater pumping Hi <llHUISL €218l 6x1dL HOUL
4Gldl a4l irrigation efficiency < groundwater conservation “Hl< Hidg, A2, Adl; uis-uzieall,
(215 1922 A 2wl samioid U2 2Aaul ad sx3< 9.

2.3 QUCioy ) Y [4AIES Y [AGizAl

Dangar and Mishra (2023) <l review 45 M1244i groundwater irrigation expansion »{ food
production i<l irrigated agriculture HiM@cdd ALIELA AW €9, U irrigation HI2d A4d
groundwater pumping groundwater depletion ';L Hu Hiddq Y6y 510 Otr?j; 9. WY climate
variability 44 human water use ¢i<< groundwater decline “12 6513 €.

| dLQQL:L northern India <l groundwater studies 4@l AN 21U ¢9.Dhaloiya and Singh (2024) »i
Punjab Hi groundwater depletion < (42448l 52Ai irrigated agriculture Hi groundwater Uzl 4%,
BICFRIE over-exploitation A1 Gﬁéfai B crop calendar A4l water-conservation measures Al
&[Hs eadl.

2.4 YUld] 2469, YisuAEN] v $AGYIEsAL

Alsydzel Aelldl 2219 9 5 ULefldl 21694 HIsL Beuled t218dl i, Uid vigdi-l crop-choice decisions <
UBL AR 52 9. 2022l Nature Communications HEAUA Gd-U[#AH MIAHI rice-dominated
cropping systems, w91 i Yf2adqgtle azule 4l groundwater stress Q2] 2408 EQL(I.CZ{\l; HUFY Y
Hoyol 5265 (4214 groundwater levels 211212 1-3 #l22 WA 44 t2dl €ldld 4] sd (Devineni et
al,, 2022).
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oflo dzs, Chaudhary et al. (2025) -l 15-a4[1 2eAAHL zero-tillage A residue retention @l
irrigation water demand d4l energy use 42il, o412 energy efficiency il w1 greenhouse-gas
emissions Hi AIHUEL 42181 22l

2.5 AUl4 Y

c

GUAsA Ale 2218 9 5 Yisl mgﬂ,«ﬂ, GXQFQ?{M, precision irrigation, groundwater depletion i<
crop choice i3l HAIA-PAHIL HRALAL BUALH, 89, 9d], AR (A1 UisAR Uil ox3(2ud, =
uzH(d, UEl-Gualol sPAEHAL 21 groundwater pressure < 215412 sy1éld oldl pieAI-AIl HAlEL sxidl
Hal 89, NITI Aayog (2025) Hsyot 241l agro-climatic conditions < 2l4Mi dd 634 9, &4I2 Brar et
al. (2022) ¥ Fishman et al. (2023) 2014 €9 & irrigation efficiency Hal groundwater conservation
Hi 3uidRA adl <2l 2l 21 210204 secondary data L 2AIHIR BiL WU HoiHI 2s(Ad [Asdup 52 9,

3. Ul UL

3.1 A4l U512

YL UYL, Interpretivist research philosophy U2 BHLRA 9. Interpretivism H6¥ol ALHL[Gys wi
s[R101IAA 2ol dHel 221lds, AMLlers 214 wAlazeild Aedni ansrdl sx3<l 9. dell 241 vieA M
YLl e3[R0 vzt vl s wRHIBIALLS AT, uid wisel uieall, RS-l ugala, wielldl Guastdal
21 Al uRRaA W12 origel dzdl dls UHOALAL WA 52AUHL UL 8. 414 HI2 qualitative
secondary research design 2UAIAAML 1241 €9 (Saiyed et al., 2024).

3.2 Hildll 24l

211 gll4 UYBL Bl secondary data U2 2UHLRA 9. Hi[SAl HI2 Food and Agriculture Organization
(FAO), Indian Council of Agricultural Research (ICAR), Ministry of Agriculture & Farmers Welfare,
Government of India, NITI Aayog, peer-reviewed agricultural journals, government reports,

published research papers, books »i< relevant institutional reports <l GUALAL 53AUHI A1) 9.
2021 U9l Usll2A 224l Al (A4 UIHLA DUUAHE 212 9 (Cheong et al., 2023).

3.3 Hilsd] [A=dym

2504 Hilgdld HuAd thematic analysis 2121 [Aedum 5204l 20 9. Allsamizl crop water
requirement, irrigation, water-use efficiency, groundwater dependence, water scarcity i<
sustainable water management sydl Hu4 themes 2UNAMAML UL €9, [A[48 wisidl wuell<l
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s13(R2UA-ll dd-ll tables A1l 52411 24) €9, o4 Gudos secondary data 6x3<l $l4 4l percentages
wi descriptive figures Al A5 GUAIRL S2AHE 2L 89 (Ahmed et al., 2025).

3.4 21CYAL] HAlg12]

wl| wU&YY secondary data U2 BUHLRA GlaEl 2allqs Q\;rﬁ WAl primary information HAAAML
20l 42l (A48 Uzalicdl orHl, saAmId, dR21E 21 idl Uz ldztini dsiad il published estimates
£35 URA[AAIRUL UM Zld @12 ug d or33] 8l aiui, [A[348 290414 data collection methods i<
reference periods A&l SIF 245 69, d2l 2UCAIAAL A0 GULoH, secondary evidence <l Bl
YAAAAL 24 A1 R [A61R 89,

4. [A=aug s Yol

Secondary data -l thematic analysis 424l A0 HY4 themes BUOIAL 89, 6% W EYLA-L objectives Ul
dlaL saian 9: (1) wsar welldl srzRAdui dsiad, (2) R uzald sid uell-Guaial sisHdl, x4
(3) HRLASYOL UR £OUBL AL 2516 ULBL 4z U,

4.1 Theme 1: Y532 W] oy3R4AHI d§19

Uisell wigfledl or3(RaA Uisl usiz i 2[5 g UHIEL UL ld sedid 9. Jabalpur <UL Bargi
Left Bank Canal Command Area <l 2A@414#i wheat «{l ulB{l{l ox3(R:1d 2012l 45 4 maize «{l 2012l
2169l ovial Hull. 21414 54 gross water requirement 2i<5H UzH(d UHIE 16.08 million m3 vi< 5.06
million m3 WAy eidl wdl. 20 UREIH Y24 €9 5 AFARAR 215u2v irrigation planning 52di crop-
specific planning 44 104 €9 (Chakravarti et al., 2022).

s / Crop Hu [A2QNRIAHS Al

Wheat G2, wefl<il sv3(auq

Maize d@elle4s <ld s
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Rice Gl=il irrigation demand 4214 dl Uga[AXAIMI A1HIA
Cotton irrigation method UHIEL WlBl AURILHI HI2L A5l

4.2 Theme 2: (A& Ug8LA 1<l WOl GUAIoL 51484l

c

258121l 2209, 9 5 sHIwRlldl s1aHAL HIL RS UHIEL R 46l uid 2udiadiml 2uadl ugald uz
ue LA 9. Brar et al. (2022) -l Punjab 2A®4144i subsurface drip irrigation ¥t fertigation
2dl2l conventional flood irrigation -l gGL«LI,Hi, {1912 30% irrigation-water saving A ¢l *zd
Y3512 Hovol, Per Drop More Crop (PDMC) $59 2015-16 @l 2023-24 e[l 1122 90 alvt ¢522
(4212 micro-irrigation €59 A2l A4l 9. U2512 drip #A- sprinkler irrigation < farm-level water-
use efficiency 44I12Al HI2 ULRALSA 52 69 iel ALl 42l HlHid Vigdlad 55%, G541 et Vigdld 45% Yl
A1 A1 DUUAHE 2D €9 (PIB, 2024).

212 3l HULHHL YU, 410 2L 89 5 water-use efficiency HIL 2419 Wbl AruzaE]l <, uidq Ao
irrigation scheduling, technology ¥t cropping system <l =41yl %ft\% 2]

4.3 Theme 3: QAGIoY T £ i 251G ALY

1. Total Annual Ground Water Recharge :449.08 bcm
2 Annual Extractable Ground Water Resources :407.21 bem
3. Annual Ground Water Extraction :241.34 bem
4. Stage of Ground Water Extraction :59.26%

QA U121 CGWB L 2023 Hetis Hoyor dllis cpicisyn Ralsy 449.08 BCM, allis visz2s201d
(24121 407.21 BCM 244 alllis (sl 241.34 BCM wsd. 5@ [Aestamizl 87% 124 5 209.74 BCM 5[4
HIZ 6,553 2RO isHIMEL 736 (11%) idga 2iuw, 199 sxled w14 698 w8-ox[2d Gl (A2
UGBS iz 618, 2023). 24l whissl e 89 5 5[0 wfldl snzar wist “wiefll 2469q” <ell; d sl wzieol,
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(4215 ugald 214 groundwater dependence 429 structural imbalance 4Bl €. d#l sustainable
water management .2 crop-specific planning, precision irrigation, rainfall-water harvesting i<
groundwater recharge < 2is(@d 539 632l €9, U [AzaupL »ad £ 5 uisaR el or3leaid | uusy
+ 51444 [0S + groundwater management A0 12 Al oy A s[RI weldl 2516 GuAial
U5 o4l 89,

4.4 YA

2L B@UUAL AREL 2219 69 5 ArAsul wiefldl or3latdd Wi uis uHE s8] sl ydl 42l; ad
2[5 gaHId, oxdld, a1 ugald sid wielldl Guastdl uiE oriéld Axordl o34l ©9. NITI Aayog
(2025) uBL 2204 £ 5 [A[44 agro-climatic conditionsl 51261 Wis<il wipll<{l ox3(A41d4i AU dslad
4141 HOL 9. Chakravarti et al. (2022)<l1 Jabalpur 2A®414H1 4Gl wlllil or3[2241d H51S 5240 44, o714l
yadl vl crop-specific approach- HUIAA 2ALY, 9.

(1S54l s1haudL 2190 Brar et al. (2022) ¥ precision/subsurface drip irrigation?ﬂ w1902 30%
uiefloud coldl 9. oxls, Fishman et al. (2023)<ll A®UAHL drip irrigation {Uledl £9dl
groundwater pumpingHi <UHUI 42180 < 241 214l 2541elosd efficiency vidalzd(ds groundwater
conservation 424 dsldd 3¢ 9,

qgﬂ-t'l, Dangar and Mishra (2023) g4lL ZNEIDIC) groundwater depletion ¥ Baccar et al. (2023)
£412L <li4A4 crop-choice adaptation A9 £ 5 WLR(ll 24894 vgdidl Geuted (Aol w12 AlHl<ld
sylsliel €9, A4l 2516 ;@l {12 M1 irrigation technology U2 #1412 214l 614 crop planning, water
budgeting, groundwater management i< 22145 242 2s(ad synenaz) uel 6?@2{1 2

6. HHLIL

1. wsalR uiell 2udisy<: 2215 agro-climatic conditions, Uls<l U512 vid 4[24 19221 SUAIR
crop-specific water requirement As5l 524 sxiS.

2. siiam R ugqﬁwﬁ: drip %t sprinkler oxdl precision irrigation ugAldziid 2194
irrigation scheduling ¥i- fertigation 218 Wlcdllgd 524l sxi5%,

3. s alasdlsree ag wiel Hivtdl wist uz vifdlasizdl a2idld 2aufas wel GuasHdl xquR
21691 ULEfledl or3(R20d HAAAL YISl Uil U, o715

4. Ggol(ﬁ 244} Q{QZ‘LQI.: rainwater harvesting, groundwater recharge ¥i<. community-level

water budgeting<l 5[4 2ALsy< w12 671291 sYIS.
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5. wigd aYd: vigdld soil-moisture management, irrigation scheduling »i< water-use
efficiency 10l Al{lH 244l sx15A.
6. 2aAlAs 2UALSY: NITI Aayog widuied A43513] zelzlidl water-budgeting vU[Mo1HA 21 w44

watershed 2d2 45924425125 <ld AHAH] Hsal o715,

7. (st

o~~~

2L @A 221 9 5 AR [l 58 W2 uelldl orzleaid sisuvdl 42l 214 d wisdl usiz, alz4
w29l oxHld, A1 44l 24llAs agro-climatic conditionsdl ULUAA A1 9. (A8 viealAL
[Asdupel 2u 2 69 s wielldl 24894 AH 1L RS uHe 932d uzd, <el; welldl stiad »id
sz GuARL a4 H@,rcnglgi 9. Precision irrigation R RDD) irrigation management £4I<l AU
uLefl stad 951 €9, uid irrigation efficiency €Hll groundwater conservation#i uzaldd 2 d sx3:l
A2l Azl wis uzizoll, R ugala, uielldl Guastdl vid caIdsyo eollild 2s(Ad Ad exidiedl sx32 €.
VLAY A AL degﬁ YUY 9 5 crop-specific water planning, micro-irrigation, rainwater harvesting,

[

groundwater recharge i< water budgeting sal GUPAL A5 94, sPhaH 21 2518 oldl 45 .
vid, a5 wEald 2uaLRa well 9z of 50 Geuled sid oy duIHAL 429 diotolol Add-
22 [Ud 53 o5 9.
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