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9 U U TH, TIRT I GHTEET, SHTel @IS STET HIZIhT TTshl FFATaT
TS AT WIS | IR T SFATEHT B W T ST feetl a1 ST TR
U] U T el WITSITE ZETEEHT STSHAV g TI1S T =TS! SR AT 7
TTEXSHT U] 94D | BT HTET WU QAT U SATHT HIET F&dT eIl g
TS AT TETST &1 ST qrTeufes 3 g U WAt ietrsent Fordl Herars Tt
o3 Tt U= | s & 3R ¢ |, W, 3ra ol AT TS | d Tiehreft
EFToh TIeh T HTEHT HTE =T8T ST UTT 37T SH sraraT 71! g & T g
TR BT FHWT IS HH WeGT HH =TS HIEIeh! Forear 3 Afe T 317 3uq
weaT ufeet sITSAT qURIehT 36 0 e ¢ o 2l L4 .. el wrer st &A1
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GEHTAT SATHTTST ST a1 TMeRA STell AIelel §9 IRT BT | ferversa
HIET T oGt Forear ekt T STHten! aTieht |ae S wIer o aret S we
HETEHT U SISEEHT SITHA HHITS Tohufes HoramT 7l elfets T Fereameh!
3arerT 2R 96 Mg R0 W WY, Il TATS T T U Seetal TS Feldd
i ¢ 9. . el et S gt offs Uit | g AT fi=ms e s |
THITSeRT Gferer TUehT IS ToIT TRTST &RHT forai T WY & 37T harariaT
AT U TS I AT AL ST AT & HISF WA, W, TSATA B
T, STEe a1 e forfT 38 UTa | TR TRl ST THT HHTeh! Johld G
ST G T TeheITen! TIRT €T fo] ST 579 | SaareToreh STTeredent @i
foamsen s 5 |

.90 fE=g

T THT TG feTeh AT HISHT SRTEd e g Siedl ©, J€eh! R
3 STClieh! T TR SEE HHSL 8, FHH TTRULHT ST, SRl a1
R I amarenl T g7 T HATTHT TER ¢o NIaTd STeAeT §ehl R0 el
T ST BT | AT ST Wbl &1 T ThalTd ST eehl ATl
300-838 oot HHT UTHish! STl U4 | 373 Y[k AT AT SR 4
TOTEHT 5T HEGS | HATIATS 9G! T STEwehl 0 0 Ot S fof ga |
AfE ST £ 0-% 3 FTTERT THIAR AT SoEHT HIeTeh! AfS5eE qriet
T 1T HATRISTHRT STTEHT ST ST Tl GFHTEAT 5 | I STFEATHT ot
fose® Bt ¢ aTeEnT arft 3 | e STt TR T et
T e B STl B | Y HISHT Hefehl TH! TETAIT & Toh! ScTeHT shHft
HIID | Goehl FEATHT TS TTHTshT HATHIHAT HH §- A A1 g g el
TTeR! SATERAHAT U1 S@Q ST | TTaHT SAfAhiT T Tt s gmre qraT
T 9% stomata T G ST | TTqEs UURETHT I8 T8 STTIe O TTH1shi
HETT % SR ¢ TfaRTaer T 3T oTel ufes uTdeh! foses o g arees T
Ro afla 3y WfcreTd T AT YU S & S| Afe | T Y T T T
T I THH TR AT |

AT et T I GeruTesetTs =msen! Holamsiier STeee 71ies |

F)  SHA AT
W) TR TRl ST
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M) SATIEE AT ST
o) QT S JTEET

3.929 TMSH T IhTT

HTTR! SN FHS G, SIEE I o ATTETH e g | 3o AICTAT ST
FTeRT forehTer THT B | STTTEAHT TSHS T IR e SRATAR! Fr=ro,
HIEHHT SRIEhT TR T AT G AT 313! G eeraar T 2| Afe ST JRred
HTATHT TSR B ¥ 3T T3 SAFEr 3 ST hetTa] 319 Te] T6s | AT
SITeeh! g T T AT ST AT FHATHT SHTEEHT =T, TTHT, SR T SGalT
T AT ST SRATH HIEATHT HTE e BT S 2 | HIE IR oh (e I 08 ahfd
ST SATS THITSH =1 ST ST TTTLhT FEFS T TRl TTATEHT 9 IS | ST
THTEE T 313 T eTwsTan! RoIf T TaTsant STt SaTSh JaTg fHwfor 71
TS | G HIGHAT TR AT UMTTH! © 9 ATSHI I3 FA AU TH
T | HTLTOTGAT IR0 a1 SATSwHh! 3913 4 AT, AT T3 (Head) i
<ITeTE L4 H.H. SATShI qetfcrtenl =St Yo HHT. T3S GATSeh! delfatehl HLeh AT
R H.HY. 3UH HIHUHT & | IR T s Hrel 8 g o el g ga | 36U
famT dite, Q1 q°1 T Aledes A8+ T Wil Fe18] Wes | I fag Wl
TS ATEZISH 7 (F(AT) FAEHAT B Towd SATSHT AT TS FH T T |
HIET ST HUHT SIS Thueeh T 3o 9T e o e=ims el el o, T
hTe] TEHT T HATTIRTHTEE SATS SR e STeIET WIHT STTaeehdl S8R ATl
T AT TG I TTT TS |

2.9 ST T AT ATt forsama
. AT T

1T TRfeTe Tl Yo Ao e T STCEmEh! sk fSfa (s 1 & 570
AT AT ST, T, HIGH, SSTATS ST FIHT 9T 96w | 31 Feofoae ufes A1y
GWT %0 Ml g fom Sfer grTens St 3 Bife e s fog wde | 7@
ST g =TS Wi T 96 | T8t STl HUSTOT &FHATHT 1 B ST L T
STTETUTeh! FSISTeATS THd = T Hed T | AT W ST SIHHT R et
OHT Tl STk ATHT STTehI STshTHT Tk feoge® (emTiet be efeds |
ot fogae TTeh STETT] ST TSI TolRT TESH T WUSRUTHT ST el STetst
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feser anfthet 3 7 gt =i ST | T & uf ot <ieaesh e T ael
SATH A EEe | Tl HICHT TeaT ST fecTisiedl Hiet i T8 gehrsT
MBI UES | T G HTHHT YehT3q STTIATS AT SXeR TRe] o, STacl SHTh
HAE B! g HHTSHT 87, J&dT BNl Hae HUHIMT AT ATk THTHRH
TATSHISTHATSS Sae I foure] uared & | 78 HATTh! THIEEATE SR
T ETAT W TATHT A GHIS] 0o | STH! T STHAT T TATEEHT
HATAATS AHAHT TLIRT A ST AT T et T HleT (FATA SIhTHT
ST W) AT @S] TS | TSR] 71T T WIS T T el FHiTel IHTes
I 3T G ST Y-S, forshl 71 af |iehe, qX =i fershient gifara
WOHT THTR g ohH B T T g3 BHT AMMS Wral Ui Iearaar &t el g
HFD | HICTEHT, Fied AR T FHRUHT STHEETE T ST o PEAST 06w |
I 91E U2 ARIRIEEATS ACHT TH @IeT o Ut 71 WUeR 7T wes,
T e SWTEHT E- | ForeTe TR rehTed! ST STET T e o g6 STrTeh!
HACATAT ST G T G T ST [ el AT Wi Hi3T i araat
T TORITS THT eRTUE SHTHT SRR HTET ST WUSTUT el T3y 9ee |

@) AfET

SISITCHT SIET WG STHTeh! ETESTeh STTURHAT AT TTHUHT B A T FIgSThT
TMTEE qoed Tol3hT B T ohel a1 1o UIS &7 | et 3T e T qd fafve
HISSIHT THTEE TATS] T W ATH HTEROGAT HHIAT T IAT HTFSHT

GIIe® UTgehed 213 T |
M) TR STERTER

G WHERITS 80 - L4 faTem fhsTTs a1 loraerdfes 7T 37Tq STERIER
THUES | SIS, IR TS TATHT AT SAHATS T STTHTE foh At TR T8 )
Tt ST FATITE ST Beoht 1 forfireent 2fiaws | 311 a1t frfereent a13wT ufes
FIAT ST THEFS | HATTh! TETET T Iodf BT &1 SIS SIhMHT TR
ToauT teR, WU, ST, WeaHT HeheH s dT SeIAT TAT5w | SIS
BTET Tew TTac Seeh! STHT SR T8I T 949 | 1eheh! SR ST &t 31
AT foTe HeFe | STgehl HER g WieTehl W TG STTARIER T 16w |
SRR Teh 1 3T gaT 31T forfaray fo W | &= @ehi T 3fiaTeaTe foe
ST T HIEHHT STERTET e e §a Lok ford T fhsTet /e S1re] garrt

TS |
mﬁ@mmgﬁaﬂi



u, fo.fu.um. ferat scares qon featare fuefee

4.9, STTeTeh! fordT (True Potato Seed or TPS) %t ait=ra

T dfieas STt fomrt Wi | 31T Weftent @nfir sfiert (grsfore) forat v
T T FEERT IeATEH T AT oot farferer Jreht aTrarered 0dw | forma et
a 2fg Surerar ot ae sty Wt 7 wfafrent foear SR © | forfare s
Wielt a1 E HISATE 9 T Tl o |

I3R! ARTAHT ! g LS |

QAT AT HUSRUT T Al 5 |

SfTSHT SRITT B 3T WA SR T | ke |

o3 ST | AT qAT e foRafelte Ha q forieht U=

T ORHT HH AT T Efhe |

JCTEEH |G ST AT SEa T He &7 A1 & |

4.R. BTSN AUTAHT TAATT ST TRt ATae®

TRt T dreft itk TUTEE WUeHT ST SITAes (o= ET5isieTgoa TS (Male
parent line TPS 67, Female Parent line TPS 7, MF-II Parent line) 3t Parent
line T&h! ShiSET T BTSTere fE.fI.0@ ¢ (MF 11 X TPS 67) Tf.fou@  (TPS7
X TPS 67) ST ST ST TG g1 T |

4.3, aﬂF\I}lﬁ‘ et (True Potato Seed or TPS) 3rUTE Utarer
T G-aT 1S SIS (Seedling tubers) IedTaT T gfafer
At TS ST ¢ T =TSt T STTavahl ATHR AwaTgen! 18 TR STfHHh!

i wiffee S g



g Va1 U oIl ST TS ST | SATSH! HISIATS HIGHT Al SH1Seh! AT
JATIY TSI T | THT BT Tohehl SHEATY Hel Tfe SFTHetdT ¥—Y4 oS3 et
HIMHT TS | I8 TR TR Aeieh! hAT 8.0, 0, IRAT 0 T R
TI R0 UTH Tfd Siftetent etet foramsH |

@) SATSHT ITAR

forart St wepufes afufes gar 3 am/ for. ari s samet = 7 7es |

IR et SATSh HTE! HHITHTT THT o1 HIEaT & |

LE)RERIEIR I E LR
% T S, 34 S et SATSeh! AT TTH § |

) forart o afent

«  TFSIG T TAR WU SATSHT 4 HITHITh! AT 14T Ai-difHeT
TS B TR ATEA i AT S SIS | IF ATRASEHT %/¥ AR
0 g T 33 FT Tl o T B ufes sre T e firsr a1 wEiel
FCoH! T DI I | HISIeh! e Tl shrad TReT Tle o @l o1l

(A=) BT | HIETeh! FerearTeh! STareelT 2 HTaYashl STTER SSIRIeh
mﬁﬁaﬁﬁ|ﬁmmu@vﬁ§wm)%zr§ﬁqm|

FE ST fo@T Ut T

AT TSI TAT FRATA I

HATH! 1 oI e TS Teh SISHT 3T T forealt BIET 31 forames
It BT | A TTSHT [oRaTCATS FSHHT SISHT AT ST A T Hiohd | G&
R~ T HHIAT FRUTT I |

o) IREAT AT G Tehl

forea Tt gebent AT 3 a7 ¥ Tq 80eh e & T IR ¢ o foret wreiar firerg
(0.8 TTTRTeT) Yo TaTohT HTHHT SIThITE ¥ BHT T o |
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) Sohdl TS

AT B! AT e TATETeRT THHT ST Hee® | At ATHTEE ALl FTiek
T TTTHT 3T ST At ST S+t SATST 87 | T8It T Sigae Feahg
STIEY STTd 4T 3BT 20—y, T ufes SHraTy Iet T HTereRT Srer srTeh! fhrsorey
fel IR TS | TEU(S AN TET TR & 2430 T warmT 3

qeh HH JohdT NEIES “|<£E9 |

=) g

AT ST THTHT SETeR! TAIRT FIET G Te o o | it H1eT fererent
HETET B HHT FHIAT Boohl g fof Uem | qT AT T Wl 430 foT
el v foes T ga |

B) FEHYTTS (T IEe)

forat BT Qo200 faufes HTHI TN ATE! firy 3 W& a3 et Famew
B3] U | T4 THIC STeh! HT BT I8 T@=T =Ieqeeh AT HrdTeHT 3
TS|

i wiffee S g



M) AT T T HUSROT

BTeH et ThT o-2 o fa s 311e] g v | Wi wehufes SITefeht THTE®ATS
EITH T (STATHT) T ETET T ST 2-3 Tod v fheier e wew | a4t et

ST |

e T vy fomm oie faefae et aam

) et ey T
HATIHT THTEECTS (HHTTER AT T T 7é |
* LI YT UHT SFTEE
o 43Rg 0 TH T TARE
* o T 9T A THE®
) YUSRUT
wreft Afee TNUHT ATTH THEEAT T Be I AT ATSATh! AAHT TE

USRUTSHT AT fRTe HUSRUT o7 UBeh HUSRUMAT T e T3] U | 2ot
SIATHT HUSRUT T FeAT Fe5% WUEhT AT ST 7T TG St a1 a1l T Tie T3

sfigent ifersh YTt =iie formm areeq |
urfafeles STet gfedast i



§. T+ TSI TTATEETE ATAh! Ua-HeT St3 Ieara/Tissue

culture technology to produce virus free pre-basic
seeds (PBS) of potato.

EIRICERISHE A IPE T EIRICECIRIIE ERSHRED

T HTLROT A€ fcieh ST TTFATERT afeg T ST & FRe Sohared BTeheh
TSSO (ATSTE) qAT 3721 T SHTETU[E Tha(e 3Teh! STeiHT HTets@re §a ST
T, S a1 a3 STTIh! ICUTEH (HAT G STIeD | AT IedTashed qT
HTHT Faw] T8 | Fd T AT SHTATIEE THUH! SAATS AR Teef
o3 AT A= | W1 Ieh 1S AT U SIATHT ARk SFeTEATed Tgeed il
YW TET FTErEehehl, T EL TSN THFHT 9 2 921 DI, | TS
HTATH! T ZATEE HTH TIIRS | &N THh! Te 13 AT Ieaed T
HervaT ufeet qo-Ht s 1] v sk s (U, f e e Suetey
B Sl ® | 3 0. f uw. sfiS Scarerent SAfiT g IS, SRITTRITATSTE SHATh!
EThT ZHTSTE AR 1Y sheart TR WIgtE qeh Hel Wll-e qoT g1l Wil
SIS T §79 | |l hTefohi ST I shesHT ferTTel SHT ST 9Uehl e o,
SN 3T, 9. 049/9¢ IR HATATHT TS HISH WTHTH AN I-Ces
SCUTE YIRS |

TE-H 13 3T ITETh! STGHATHT g3aeT eyl sRures o, fee! =0T aq
SIS SRITRITEAT T3t T 3Tt =10 shie Wit fesh gree fart Heme i |

§.9. T SIST SETToTTet forst
§.%.% H@WQ’%‘RT (Tissue Culture Technology)

F ot foraT a1 foreaTeR F RIS AR ded W A FiaH STTERoT
forshrer Tt ferferetrs qwq Some, Sfaier sifves | o wfsrfersht et wser Are/
HTHT dIESTE Ui Fel HEATHT T3S ARMIFTA 07 Wueh! it foreamess geared

" wiffee S g



Hih= | 78 WTafemT 2fs, uTd, qweT, THT, SR, 26T, sfi3 HATfeers qa-siSe! (ex-
plant)mmﬁml

&, AEH 1T ferTe =ror

©  Hew Uiecd AT TIEUIFTTS R0-34 Teult Hfcweramr aref sfeam
HISMHT 3-3 THTHHT TGS T ST (Sprouting) 5 |

© AT TR SN WOUTeS HATCeh! ST ATSHT SHHEE (Sprouts) feraw
TeR] Tt o-2 o e wdel Tt Sitamfed sHrs=o T fesi< T
Tween-twenty =1 Tt g Qo e e RISESLLKS %ﬂg.——@ THiY
YA I (distilled water) ¥ ¢ o fieE™T 415 |

° wgufs 3‘1’3@%@1’5 Laminar Air Flow (LAF) AT @1 T 30 Hohrgahl
AT 90Y% IAMIAN T THURS % HISTT TRUIFARTZZhT HAT 4-
e g |

. S IFTHT HFEEEEATS T 3 T2 Y fieen! o soet fefees
I 9153 |

° wufs (Dissecting microscope) HTSShIEhITehRT TETIdTel 341@ QM1
U SFFEEATE 0.3-0.3 At STrhwent Tfterer AREH FIW (Apical
meristem cell) FeTfets T R icTgse BRIw T ST Te&daT 0,34
fiefom/fa GAs (Rsifas tftre) edtaer aam uTfiust ot T, wa.
TarfgamT onfua it |

o ft AftweH FIftHTEE o ffeare® RReTEsS $3pae HIoM™ gaie
T3, ST hiaTeh! dTashA 2 3+3 feuf Sfcws, Tehmrent gt 34oo-
%000 TH T £ & TV ISATAT T ¢ FUT S ehT BITIIE T TTHTshT
Eed

o Yy-&o fa Ul &-¢ AIe, uTd TSR Wbt gt fora ferfea 7o |
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q 38

————— s —_—
AARE f-ngih?.?ﬂ 2 )
LS5 »

=~ ._--‘ =
gl fewfa et O HEH (9,5 - 5, 3mm)

SATETeR ZTaTE Ufteher Ay 1 foapifen ot foreear feehféra et srerefene
. T3 adreron T fergat gt TR =
o AUl foraTelts TS AISd F1eH fH (single nodal cutting) ATHd 0.8

foeftam/ il GAs Ik TTSTT MS-media #7 39-she= (sub-culture) TS |

* UM W Tfetel (DAS-ELISA) fafer s wi fafi= & weprent
qTTEEE & PLRV, PVX, PVY, PVA, PVM T PV'S, T {TST8 Tieor
T | 5 foreaTes Wt wees fd foeamesaTs Hat shoek wiHs |

o oft T Foatewars oS o TR R R (SQCC) ST T
e ST SIS AT Tl et A1Se shie ferfer ST T Wl sub-
culmremtéqﬁﬁ(ln-Vitro)ﬁﬁﬁg@Wl

. TehUudeh sub-culture Ufes i u-30 feafie foeaes fSrT geam
BEATROT T AT e |

n wifafee = g



’.‘.
K

ey ee——
TEEE 0T TG (In-Vitro) foreae® gt miwsrt yamefemae
fot &t SATqaTet! forshmer o, FrTTed, fmgareait

17, shie afaeft feha gew o

« 5K EeWHT cemented bed AT 33-fgl forares TamT=or T Afer
BT cemented bed AT WUERT 3:2/(1s4:3% %) thﬁm
SfaTRfed ST 98 | Tz fufefieor T Tft wwifad A
Toreier w7 T |

© TN WRIYA T AT W A i, NPK ¥id 89T 300:300:830
AT TS T UV SR o =, T i s 2 forfe
HATHT ST T |

o R-30 T TNl fokaresars for T=emr affe T faaers 3-%
fora srsperameRt e Uiaws T At 3-y fommr Tl @stia T, et
3T B 9 B3 AT ATd AR T TS |

e g TUT AT TNMEMSRT AT BHIGM TN TSI 99 HHiC
(FHITCSETEEHT &-2 0%%) TR T, HFUl HISIeh! STSATATS HHITA
TR T -3 THTEH WiReshal BT | T fsha greamt fafiaa &m
T TR AT AT SRIEAERT AT FHifeeh! SR gl g5
ToRTv AT ToreerehT AT BT eher TETe &1 T I8 SEehIaTHT ST

T o |
urfafeles et gfedst '



o TR HIST SRIYHERT AT FHifcreh! HeT faedied (AT e eegiee
TUETES) ST HEewh! © T ewIae HIa SaeershT AT SR 7T geferd
B T EHICT -3 BHTEFT Ff Fad Fohve Silvox ST HTET TR &l 43
FUSTH BT 3?—1(‘34?[ forea T Tt | AT 35ml/3ltr/m? T
foesia SIS HICIeR! STTATHT THH FIHT AN TS TIHATS WA
HITERT STTTIHAT Uad, & R TU2T U BTt 37-R1gT fereameeetts it
T TH T |

o 3.y foreRt ST ufs gt 3-fig foreamew I gE e |

o At R forwares U A foRaTeEh! ST el Hehrehl AT 8-3%
g (Sifvfe) AT ST s |

o o 2t forean et 3 ¢ 0 Wit gqves T gaTe AR gaTs sfesnt
R4 Wi ggues |

o fora Tuufe, Fi wRnfea arier fifes i T fowamr 2-3% sfie
(FETTHTES) Bfshs |

o forareEh! AT At R T ST T |

o e 2 forfimet T Wi |
v uw AR i faem T S W e R v |
v\ o FeAnTeR! & forem U ves ur |

fora TR g8 AT
v amAr feT et faee ¢ gesw A |
v\ o T i eAT -3 T 1T U ue |
v’ foran TUeRT STCTETHT U @I HIATETS S a1 fées

ek |
v 3 & T g 4-Ro o feet ofte e fem e T |
* RO
feat ST R-3 BT i |foreat G R ¢ S g
FTET 3R fapean Tkt 34 o famr
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qET IR Torear Tuepr 2.4 AT

EIPECR forean =Rt 3 wieAM™T

T hRT

ST FRAT @I T3 (TS STTETCHT IRl TS FHA a7 3T
IS IET FIA |

It TTET ST SHTEHT GUSHT I 16l SATIATE IER FIe |
foreaTeh! 2TaTE (SITeft Teegor )

forea Tkt T Ueh Ueeh STede TH.-yy B |

e THT U Yo UDIC SgaT ol THT Sgal Tiishl dTd it 78
T T 3-y foent St gt ek o ek |

T Tl S TTHT W (SEHATS ) GRATTH Fwme ¢-3
/et arT freTe & |

TR SHITTs quRETHT e i s |

AT ShITe HTETESHT T EH HUehic! e eIl ST STt T SRa] 8 |
T TreaerTs ot & 9 7T W |

SATE SR AT T Tt feeht Zama s 7 |

AT ST T o ferfersh sfreraarfie o 4 firfer. wftr feret arfam
T |

FEHY(TS (Haulm Pulling)

WW@@(Harvest)T@Wb—io ﬁ?ﬁ%’l@g’%@ﬁ |
FTHITS TaT U BTel TS [T el A1 e T 37ehi BTt
ST AT BTeH JIeTgT TH |

grResT

pIECy

4
°

TEhT STSEHT foreal Uk 3-¥ Wi PBS ST 8THE T
TIRES |

B T WeaT L 4-R o Tarater féfas Uferga |

HTHIAT PBS SIS diet U TTH Wl gt WY afs glenyfoare
TR 33T TR T 0w |

BT T SIS AT STTER FFTER UAfSg Tes |
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Y TTH =T Zedl o TTH EHehl
(AT)

9-U T gFehT
(BUS)

©  WUEHU
* U TR HTH PBS SIS AR H AT S A ATE
o ST TR SeAaTE SHTSUH ST T |

*  HCHS HICIHT HGHT Lo o THT PBS 3T T |
*  PBS IS e E13H a1 hIeSE AT TE |

o 9w A G (PBS) IR WA yaRAe

"... =
'i‘




§.% T-HS S13TA (PBS) ¢ HSA 13 IeUTEA Wfafer

Te- A SIS STTh! T I3 AT ST 07 qAT T8 Icq1e SHATATS
FA TERET & | oS I 3eIash F9eh THees Hi3 ST U i
T B Y IR IO g6 -7t Sfi3 AT @IS TeTSHT Se T 4§ a9 T g
SEIHT 3 THEHT AT S(13ah! SfioT dfg T W T Wl 7T FIheeas o3
HTTeh! THT forsh foraeor Tuds | qei-Het sfisee shastre] Scdred 7 &k qet
feguent =

3T Ieara fater

LYoo amqj_ngaﬁsm@(qmwaﬁﬁﬁ “Nﬁﬁ)ﬁx'ﬂ T fieT
SAHA TS |

|

el a¥ AHETE A ol .M. T 3¢ AT I 59 |

'

ST Y AEETE ¢ T ST SIS, FHrIsRH HeTe T 6 T J8a1e
AT WY 0 . Sf. A 13- I &9 |

|

TN T FHSTE § 0 AT ST Sl{STel g, FHrehshH e T T T =IHad
W00 o SfT. TS IedTE T | AN FHIIOT T T 1S g §9 |

|

=T Y FHATE £ 0 0 UTHT STATHT SIS (G, HRIHH AT T [ES T AHIE
AT 9, 000 o ST, A SIS HTT IcUEH &5 |

ot Qe ofiS SATae 7t affs AT Sedred
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§.3 ST TER T gar

e 13 SATIHT THIEE AT TN T HOSKIHT THT T AT
T T TATIET, ZHTS STSHT TaT AT TATSET, UTh AT ST T
SISHTAT |13 AU TR T T 6T Fwied T foRiy S s1orsg
S |

ZAT a7 ETHTHT ANST qAT SAANSST THIES |

T3S ARHT YT E-EMT 949 a3 AT T il gat et arTeseht
Sf=mT BT W 318 FHHT T WU f SIS TR THTEEETS AT et
ST T~ &1 A0 | STHe a1 I sl 3T ol o i Frrat
T |

§.% 13 T gHTeA

e 13 SATAATS THT T 7 o] Sl B | TZHTSTRT 13 |l
THTSTH S13a1e ATSl a1 3 T ATS! Head | AZHTH i3 Tt i3
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T |fSrell qitehT 2 | STeT Ak Y20 W, § cIEdl SISHT TS
2.4-3 T, IaTSH! o oS rgwreft SeTel! T AT AT wATyeR BT
USHYT U | AT HeReh AT O15T TRET USRUT &t HUgRoT fireht
FIETSTEIFETES, AT ST TS T F@IoT qem STaefsH i S
EaT WUSTUTHT A T § |

) AL TehTITeh! [HGI-aHT STLTRA 1S ST WOSTUT

for@l qTUFHERT SETHT WYL TehIIHT SfiS 37T HUSRUT TR F=feal &1 95
THTEEATS, A=A0 T o13 SATIATS HUSRYT 7T qNehi Tl Yehmren! fagra
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2 | T g STTHR Fheeal SATRTs AiSell g F Teheh! HUSHOrHT i3
AT HUSRUT T HFEeH | Fhese] TFRICHT ST, UFGTT, FH13sh! STehe Tl
TEATEEHT ST HUSTIT T U135 TR AT STTE-4 TAT R 71 e &
§ R0 Rl HEFQRY A WAl | T8 RrgrwaT ST Tfbeh TSIt AT HOSHOT T+
T % ]\l AT TR ST forehmer sheishurmT TfHeh TEReh! AT sHTgUeh! for] |
e T AT AU FhTRTT 37T WUSHUT &1 STEATHT HUSRYT Teh 3T a1
ICUTE B FHIIOTT WEHehah! B |

) (B FERAT AT HUSRUT

ISATE T ETEToh! HoaNE TR o3 ST WISHYT T+ T HHTHIEESTE SHTSeh!
of3 T WIS BXeTs o U R W=D | AR HUSROT B Tt
SIfEeTE ST af ¢ e 31S TR R0 WHT. ohl FIHAT ST HEa™T
TEATEE TS | TEATEE SHTSaT YedTeh THT Ao Al foremT £ |,
Qe 31 BISTIE® | e TSIRAT ST HUSHUT &t JRT&d YT (Diffused light)
T TH ETETeh! =R 4 313 §IUG | FehTRTet sITSHT ATHT, HRET T HAT Z6T 3713
AfeE BILT, AT TN TAT SR T[T SRR TS HTHT AT TS Hed Te® |
STEER! 0T AT =1 T G AT FH § | HUSHUMT SA(RASIFoh! T T
SIET ATISHH AT STh! TTET T 4 HleAl g0 T A6 3T @ishl gIsl-s ATl
TTATeR! TR THT AT ATE AT ShIATT ST TG a7 SATRASiToh! ! G-
qEel WUSTUT ATISRHEATS G G o@l qeT ATSHT STaTeh! HoaR 8 WrelcTaehl
e HATSIIED | Afe HUSRUTHT STl Y@ WA d1 ATIshH SIEl AT ZHTsh!
Jfgeh! T ST T AT I TohaT F@T & ST A ATeeD |

o) Tt woeror

SATHT FHTE T T SISHT HATTATS 1 HUSROT [+ HUSRYT TS | AT WU
B ATt ATATSRUTERT SHTE THT f-HT07 TR §7 T ST ATaTeRoTaTs, et
T AERT =107 TR g7 | Tfd §.2. AT WOSHUTEh! ATl ¢o—L oo fohal
FATAR STTerveT o 9T W &FHaT U FeTeh! ATl 576 | fafire ST
T HATIATE Ffor=T qrashusT wogner 7 forehfiera SereEHT T hises
ET T AUTCTHT 9 W T[S AT g Ush STSHT HUSHUT TS | IdT HUSTOT
T ATIERA 2-%° | THTUTTR HTELAT ¢ 0 0% TN THUH! = | AT ATTHHAT
STTh! ATE TATE T5F1 A0S g WUoh! g5 LTt af St Hefe | et
FeHH fH, 3030 HICTHT &0 0 H.Z &FHT HUEH! HifeX RIT HUSK HISHISHT
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TATOAT T T | FR1a Ao f3rt Tiawsht STer foefisht 7 siel gagar
WA qT SRR AR 3UIh o, | R1a WOSRUmMT TRITERT 1] Heret
TSI 3T SATIATS YT STSAT R Ferer ThsITaX FohTe, wfes w1t oISt e T U
aT 030 o ufect ST TS o ATafes 7T Tues |

HUSRUT ForaT 37Teq T afiant

HTIATE 0T N, b, T, I TAT ST T HUSRUTRT AT T 3!
BT FATHR HOSROT T Hfohe | |TIROT fohRmer 3T YU STUSRuT et
QTeTeAT &I5THT SATCTeR! IToRT A1STS 3.8 Y THeT T3S EhT SATHT TETUes |
AT STIHT Y11 =ISTS ¢ THET W HH LAV 3001 STTHT T Tk | STHT
oS! SIHAATE Yo T, WTeft ST TSl W sHTSg U T oo Areft oo WA,
Qref! 31 gIUEs | SITHT Tt UG et shl =16 & 37ell g god 14545
ST AT s A1g EARh! AT T BT |
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AT AT TEHTEHT Hed WraT= Us g qT TeTSHT SHE Tl SH
former afte ferafefer aeft & | g T drehdcashT fewTarct af STt wawt Wt
HTTHT TR SUSTE [ SSTCAT Siferd T 570 1870 | TEATS BIES FSH
FUHT THehe® qT THATEhT Haeel 9ud SNT 7 e |

AT AT HIE-BTHES SHEATI T A Al O G, BT (0T T

e e wrifes
UIE-gTeiEe WHIfaE®s (arfetent §)
ot foraor ATEE
HTITE HET TehT3h! =IHT FHeHT .
e T TURR T WUV T gt Waﬁg?ﬁ ’
T i ° TH! {ed TLS |
HTHT T IUTEEHT STTERAT SIS
A e e
ST ATHT HLaTsT | =
wﬁtaﬁﬁtqﬁ%ﬁtzﬁaﬂ@é@m ST SATHYT T HUSTOT
R T T o EREAT e | | U 9316 |
Pres S AT Faf=a hieg wis ToIfIIe TP TaT hF TeS T
¢ GoreITHT HUSROT THY SO U] | (T Forshl Hovrar S |
- E AT GaHT T WUSTUTEHT SHHAT :
' Hﬁraﬁqnﬁtﬂwwr@w| PR
AT DTS T fere® S ||
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e Terawor AR
sifgfg | et an e s fafr= T T ARG T
SR | SCHTEAHT ST T | HeAm |

ST, Teh fershaTes, ar PP
ag"é RTESRATEEET Teel JFe o)
T 7T |
TIEE-BTHEE SAEEAToH T e
H&Ta“'w" wfirafs s framesas | w*o”f“w
Tfer T fRef e 7 | =S
HTTR! TOTER T e ARG PSS -
2 SeqTeAT Rt G T 1o ﬁr%mﬁ;fun
’ forerror SuTeTeRE e T |
HTHT HIAEE HeTrad LSRG -~
faforferspeor | ST wvafeerd sTeft o axqaTerHT o H;ﬂl
forme T | S
UrE-gTiEE T UeTSH et deaEe-

HTTHT Frae® HIZT HHIHT HIEHT STTemT g, T forfvt et dedeset
78 REFAATRTS T ITedH] | MUSTOT 1Y Sie StieT, Fraeeeh! IRl 320
THPES |
o  TTHIAhI YIHET:
o Abscisic Acid (ABA): 37T R Rt 3= 7 Rfmam |
o Cytokinin (CK): Ff&raar &HTH T 501 5163w |
o Indoleacetic Acid (IAA) ¥ Gibberellic Acid (GA): 34'35{'UT
TR0 T+ AT T T 879 |

UIE-ETHEE BTfHeh! hUTEE-

3T HUSTUTHT FHHAT O T TRATOT ST BT & 696 |
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o Siforeh HRUEE:
o HIM
. TR uRadTEe:
o HE fSHATRT T IS Hou T |
o I HNUEE:
o S ATISHHEHT 0T ST Fer1eh! Hoard |
o witfae afa:
o WSS T WUSUTEHT SHHHT dTeqed T & |

HATCTRT Ao ATHITG T TR TEUTHTAT:
HTITS TATH TohTaRT S T SeATEHHT FT=RUT 7T Hiohs:

e Aty Foramor
QTSI IeaTe AT ST el ANTHoS oh! THHT folshl TS |
1 Fercar T HIY, hTS TRY, T HEAT TTTEL AT TR T |
Sheel ShIEST HT HTeX T IBTE TRY ATHITT BIEE FT 15 |
TR AT | AT SHTAL AT T, TT: WIS TSereht SaT Heft 1 |
AT T HTSIE THERTER e SRIEHT SERT TS |

HTG AT TOr3TehT ST TR SlfehtT T TTT@T SHTSeh! SATRT ST 11 |

HT HISH HSTUL 7 STHEH TR HiT Icq1e s |

AT TS forfere= wmmsfeT freT =ers a1 |

A BIARE | T DIATEE o1 AT 1§ TR TUTZSTh ETHT Tl TS |

RIGEEISE] T G T RATAT 578 T ATET TR T |

TATHT FHIH! AT WUSRUT AT qeehic] @HT SHISRT ATl
feerste ses )

THES |
AT IS T HTIETHT SATe] TATGHEE, JT: HHAT |

THATE ATTEE | AT TATSHEE (oIt T ShIHET ofh T |

eﬂmnhﬁ AT, HTET T STSTETE THHT SFITASTH|

T TRTHT HTTEEATE e T3 T 3678 TS |
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e Aty foramor
AT AhE |l sTTdes 1w e s |
AT AE YT |37 L AR ST hIHgh 9 |
AT SHATT HTSIE ST IATIATHT AT TEH TTNTH SH(ASEE |
EIGER 3T 37T AT 5T T HATIHTE ST UFE |
1 foree T SHTTTERT AT Ferodes g T |
T foss U T STISE S1ohi USSIT e |

HTTE® TG T o1 TehTehT ScTe-Te AT TRoTd T+ Hich=, SFHT:

o UTHETH HATTEE: HAIEwATs sciid, I, AT THISH Aok, o
ot sreseEh! ST ST 79 a9R s916S |

o UR-IFISS AT FgoH: STTTeealTs STTRI FIHT Wh1g T T3S 3T
few @R T Afh, SR e WIES T 3 WHIES ScaTeTeEeh!

TIAHHT T=T T Hfehes |
o Thed THTEST: Thedl WIS Ueh IR SAT-SATUTNG A&l T B 58
IS B, St TG, THTEE, T HoeTsehdl STH T A0S |

. o] Fom: e Foches, srEes foRem af wiies, rael e
SATAEE T I e AT AT SIS TN AT oieh T &5 |

o AT WTE: I FTH SETE FehTiores T A= @ SeaeedT et
TS TsIweeh! TIAT TN TS |

o AT TCE: A TeH feaRgee Q] WHuel 9 & SHaTs
TG O Hehel TN AT T 3T SIS a1 fafsi= dTeh shetm
TINT T Ao |

o I TARH: T Tl 3Tehi [SBTEgLE AT ¥ &N T AT dcohled Wl
TREHT HAT ST T TR |

o feersgs emE IR foRrgls Smu WIcEw ¥u, WY, T A
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23. TLRRY ATATHT A0 WeT ThaTa- A tar uT i

e — 1. 2 RrEt e
T STt HET ST
30 debhorti@yahoo.com

aﬁmwﬁﬁm@?wﬁ)wmnﬁqﬁﬁna‘n At FNEE Diptera:
Tephritidae S=TId TGS S SITetTeh! IcATEFAT YeeT AT LTSI |
T FPITEHTTS | THTT TTee| e S8l TR ATvie &1 Wi @3
FATS FRITSH GaT ST ot He, ST T, T & THa e Te | T
FAR T AR ST TehT TOTER H1IH T TT Hivsr= AR fred™ 7 %t
FETS AT AT THTeh Tt HEl afee T SIS+ SAaeT S o |

v, TRy A e RSy siten R RATE gel sl GRS T TR
B | A ST Zeugodacus cucurbitae (?@ﬁw W), Zeugodacus
tau (Fggﬁmw <3), T Zeugodacus scutellaris (?fl:"'ﬁm E@FITF{'H) STEAT
HUHIAT ST 93 HIGHT TTHIAT B EaT, ST qT STeTIeh AT
I T T TUTRTT SUSHRT AT | ShITeh! o & dfiel g WUehleT J@ehl
1T feaTs et Ushuee gl HTATHT STelHT &Ffd TLTs 69 | el I
TSI SATHT SHTEATI el el ST = el &7 |




e S FR T T
SREST: ShTSHT, et At ST CE G RC G o) MR 20 | S

el FETSH HATET I T IRt ATet T el gIars ife sieet Trhfva
USRI STHA QT FRI-=T0TRT AATRT 21 THTehTT 3T AT | Srresh feiresah!
qfgaT TN 74 JANT TR Heher TR TrareTe JT1 i Hehiid herete
TferushT e fEiTehT STariiend qT STEa T TR | I8 et Sfa =5k
TR TOTHT Y G ST (30711, S-S/, HTET (TATHT), T STt 3T (Jan)|
T, T AT U: S T3 I =15h QR4 |

T HRT Ah 0T AT TG ST <TshohT Hel OEER! SRR
e HAATRAF -0 | ! FEATIH Tal haret TSI U TANT T ]
o, Toprice rivwent ferfvret wfafereeets Cehierd 0T ST 1 ST g |
Heh{Hd hele® THIH Heheld Y T, STTohueh UTale® T, Sk T THrEi-eh
HIEARTHEE (T TIHT ST T, TAT HHETERHT SH-aR- 716 Ao ST
Treretor SRishH FeaTet T SRl T AT | el Tehisha o e
SATHHTSA W1 AT HITSTE & &l =T T @Afohed |

2R.¢ EEATIH faferes:

TG HRT Hh HTsh! GLAWHTS: B (97 STTET HRT HshlHd, FHiETHT T HH
TTEE HEHTT T8 4, L WTSTAHT FHIFHT 30 HrefHe Arefiae T ot w1/
(TG HTBT)ATS GATSTe . a1 TeAT SaTegerg aT arratashl @i s
TR AT TATHEZheh! HIATHT Tl 617 TR hTeh! ATHT STEATATS ROT ST
SISCIERCINICEERCR R RIRT R

THHT 1A Tl FHYHATET HRT Eoh(d Fore® AT FIHT TSHeH e,
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FEATS 3'x3'x 3! WISATEHHT BRI, T el T SHISATIR TANT Tie ] e
Fie waret dreft TS SAhivd TS, SEeTs GreaHT A "iehs | -t
SHTEREEATS WTSCHT SIS SATTSH, TS aqt SR T STefiel Sie)|
TeTeh! SCUTEH/ A FISHehT(e 3th WSS el JRITE Sl Feraraeh!
AT HIEIATS Y dedl JaT TS |

AT 9T T Tffer (At uffeerom eferreR): Sagemen! el STm T
SATEATIHT AT TRIBHA (SIS TR Aerd foemsd Joma T & o)
TGRSR T et {3 e T wfarfent s o R miw s )

e farferae e e /amieRt TT: T ETEe IS aeHT- ST <, S/
3T T TS oI (TS ITSHE STEH 4% T UaITH TR ShieTRTeh farel 0.%.%), S
R STRT WIHT ¢ T FErETeE ST 1 e,

FTEAT SATEATI STSATHEE: TR TR el Hae T e (Fafa
Fieste, T HEATHT FoASel ST T 3AT() AT e STaT R Eehid
! ST |1 BTEETS T WA TS ] Hee Ul © |

TARAI: BAGCTeh! SHTHTEE HIZ! 7T STeIct STEEITHT ST TTaeH | e Wasiish!
SIH ESId T ShITeh! AT AT AT ST T8 g5 |

FANETEA IUTH: ST el [Ec/ AT T EshiHd Berelts Sterrart
T HRT FEAT THCEHT SISHT HTET I HHT FATE TASTTEHTHT To=T T

saTriTgT farfer: %ol AR wetee qoree @itEeRt e B o detel ST TRTEH
T (TR ST 3T TR STt SATRIST T 3ol B Ui Tee |iehes |

FTAEataeh fraTeient SRIT: o fEiTet STueT Ut Tereh! AT WosTRl/ai=maT
o (usnfeufeeyar smefa Searer 3-u, fafer/foret ot firms ar werrfiar waom
TR I Hiewet & Te]

HTET IUAR: FA AT Hl ThHIsh! e forsaehufes SHTET 1 U 7 bo-
€ o feredt ment fomT U ReFetent S0t o1 ATeATfoR & St 0 foRetl/Reetert et
T ST TR AR ST TR SHieaHT 3 HThT SIRT sira 37 g

T A SHTEREE =37 ol
urfafeles STet gfedast H



TEEe fadienr T=T: SR 309 3 3 fafer ufa forer ot an
TSTH AT ST hieaTeres fauret €.¢ o 314 2. ¢ R Tafer ufa foret urimn fiems
24 fement St=arer T &1 e

TEHT FHEre forT (s e carfemn-)

keI QTR 6o FETS BT SUSTET T H H2 Tl HiH= T
TGhT AT TTH SATFIAT ATESHIE &l AT f3iment Scafreerer aaifymn
I T STCTHH forehT 32 STEHT J8eh! SURT I WEdoha! © | ~oTerT
Y, ST, TS, SHIR, e, AT, A, for=h, s, s@n, @,
1, HAT, SR T ! STEAT &\ FSITTcohT STt T AR ST AT SATSHH0T
T ST & QRS Wl bl ® | foaeiy T Wi (g, e,
W) T FFHUIHT (FET aiehT) TRETERT STeiIe® THeh! @ WIAT sefies
TFTCTET T e 9 fHeRT QAT STTER STedt (3T gatT) T A
Seiflad AT UTgd BeAheT AT Hsid TRl ST IE®dT JHaTe 8T
e ST BTHATS T ToR TG I9 ST Traf-ad iy Tfaferkes T
FUFTEATS 9 IR ook SRR FEINOT T ST T I
TAT AT G STEU oh! D [oRIVa: SFohell G Sl oa st
SRGURT I T STHHAICT FHFTER] STFRTHTHT TeTeT SO IT Uit
STa =Ishel ST T Tehishd IS SAaTad (IPM) Sfferent forshrer o
HATEIAHT SIS fo e o |
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ICAR- central potato research institute, Shimla, Himachal Pradesh 171001

SR, 0w T S, W Ao C IGEHT FETe R (s
TATEHI)| TATE FANETET qUT (It STaedmo s, BiEtad,
AT, T

HATYFRY, SaS1R0¢ 8| et FHETSA 6T qT & srareem| o creme|
3 ¥(%), Fdw 08| Hure foe qon gty wfasm, geeer,

AfATYR, T
G, A&l TEIE, 04y, AT, FTIATA FTEHH FIUHH, GHANK,
AfTaq |

Tt 3118, T, B 2093, AT SAARTER T WUST | feore wnféres | a3,
37 2, qUITE 3%, WAt | OF 3034,
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Terae, formoy e T i, Form SIRTgt 08 3, JUTerT TS W, THEhe® T |

T, oz 8, R08Y, JTemT SR adu feufd, H afe, af vy,
IaT —3TIS, 084 |

ST JReHT- ST forehTd g, R0l 0ot T R010¢1010]

T @, 2 0L, TTEHT ST ST ST T BT ST Tfate, STeeet!
HTEHT FRIHH, GAA, AT |

A, SIS T U0, $8UST oYo, NiETh FIA STaet!, iy foremm
forvmr, et iy aferm g, BfteTva afera g |

TohIC, I TG, o, T4, BRERTg TATel, forey 2ot offs 377 Seured wiaifey,
g 3T, THRT AT HEATaTA fohTe g, AR, AT |

ot . . T A, O o R0 93, SATqETe a1 W UiERE® | ST |eaT,
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23. THIT SFTHT TN g4 STH-T RATEeE: 1
areAtT forore T

FY HATHAHT I9GH SFTAH (ST Bt I8 Afsiren! fopareetarar,
AR T &HAT T AR STHAHT Feded T ) foreiwmdy a1meg
(Solanum tuberosum L.) WWWW—@U%I FEGEECENIC IS
I FESTEeR! AT BAIC A Heca 0] WIw=5| FHY &A1 ST g
T AT SSTETeEATS et HarTHT S T B

(Completely Randomized Design, CRD)

=T AHTT ST SANT g festtsT quf wwr argfese fessT (Completely
Randomized Design, CRD) HIRESIES R A M IR %ﬁ?‘l";l's' (greenhouse)
3T ATATERUTR STEET THET (homogeneous) Taeh! STEREITHT SRIRT T SATHT
13 IR TN, Sifaeh T e fouratent Sftve adie, a1 s
ST STaRshAT STEIFTHT CRD 3TN AT T WaEadT H1el T ITdTaieiia
forfereraT et g uahTe! F@eh! ST | g

(Randomized Complete Block Design, RCBD)

Td HATHHHT ATTF TIAT TS (S Al-SHIZSS HiFere saish fesiisT
(Randomized Complete Block Design, RCBD) HIRIRESIFEKREGIEEED
HRTIToTeR qIT HISTEh! STEHATATS scTeheh! HTEIHHTE (=0T TTew| STTHT Hetehl
AT, ST ToHT, FwTg SereerTod, o et qe saaeiare W ey arrt
TANTEEHT RCBD 3Tcd=d TSR A=) JuTelehl HEAURTEl T ails &1ehT
HATUHII AT SFTEHTEE Fe] [SSIFTHT ST )

AN HIEIh! IATTh, THT, TAH a1 3= ITATIUNT HATEATEE TH THUHRT
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JTTEATHT ot ITATEEATS Scteh ATt {32107 T ST TR Tedeh scTeh{vl el
SUATEE Ushdceh HHTANT TS T SUCREEeh! SaET ATgesh AT M| AT
fESTEet SRITTTee e T2Tg STaNEwsleh! ARl ST TIT FIHT W
T TS|

el TTEOT T ST Eeh! ST S §w T 3UcTod] &1 E1THA g, CoRedT STaTeITT
few fesga (Lattice Design) T 3T Jfew fesga (Alpha Lattice Design)
SRITT 5| 3T IS (breeding) FRISFHAT 3T HEATT STHEATSH AT 3d
ATETEEeh! HeATSH a1 At fesiges oIy Wit g-a) F@ct SRTTensh A<
EIETE STEEES [<Ieh] ATE e =TT T8 FIHT @13 Fed N [ASs|

Sg—hILeh (multi-factor) SEIFThT AT PR fesig (Factorial Design)
AT HEATY B STHT HA x ST, =g x AT ST, a7 T a7
I3 TR ST SAUhATcHS THIEEERT T TH AT TS5 T2 1|
TEA T3 TANTATE X FRHEEh! AT T 6 TWIE T3 Hed 1o, et
fawTTaTs o7e ek FASs|

Y STTATFHT FoRETehT ATEATIoh ST THET STH-FHTH STTE-T SIS (On-
farm Research Design) ﬁuthwa?s\a‘rm SATTHT WWW (IPM),
T STh! YERI ST, A1 R tvarme s iy sfarferent qor 7 awdt
TSI ITARTT E51 T8 SohTah! SR SANTITAT T o esiierehl 1=t
M T FEIN TS|

TG AT, SHehIl 3T AT fiere wie fese, fiou wie fese,
AT WSR3 T&T HHH 6 [SSITE i+ 3T STTE-HTHT ST THs| T
HEM, ENEIR! Tiad-ent T, T STty ot (technology adoption) TFI=ft
3T ot festTgesah! wfHewT Heca Ul ©|

TS HI, AT ST T ST SATIeeh ST (=X e 1ok

AT T TSNS STOMTSUT STE-MeE ST SeATed, TN e T HAif
FRTOTT 3 SR TeH Tea|
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Abstract

This study was conducted at the Potato Crop Development Center (PCDC),
Nigale, Sindhupalchowk, Nepal, from April to July 2025 to optimize culture
media composition and light intensity for efficient invitro micropropagation
of potato (Solanum tuberosum L.) using the variety ‘Desiree’. A completely
randomized design (CRD) was employed with nine Murashige and Skoog (MS)
media treatments differing in concentrations of gibberellic acid (GAs) and
naphthalene acetic acid (NAA), along with five light intensity levels ranging
from 2000 to 8000 lux. Growth parameters such as number of nodes and leaves,
shoot and root length, survival percentage, callus formation, contamination,
and shoot tip necrosis (STN) were recorded. Results showed that MS medium
supplemented with 0.2 mg I'' GAs only performed best in terms of balanced
growth and survival. Moderate light intensities (3500 lux) were optimal for
healthy plantlet development, whereas higher intensity induced physiological
disorders such as shoot tip necrosis.

Keywords: Potato, GAs, NAA, Light intensity, Micropropagation, MS
medium

1. Introduction

Potato (Solanum tuberosum L.) is the fourth most important food crop
globally after rice, wheat, and maize and plays a crucial role in food security
in Nepal, particularly in hill and mountain regions. The productivity of potato
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is constrained by poor-quality seed tubers, disease accumulation, and limited
availability of clean planting materials. Tissue culture-based micropropagation
offers a reliable approach for rapid multiplication of disease-free pre-basic
seed (PBS) potatoes.

Murashige and Skoog (MS) medium is the most widely used basal medium for
potato micropropagation; however, its efficiency depends on the optimization
of plant growth regulators (PGRs) and environmental conditions such as
light intensity. Gibberellic acid (GAs) influences shoot elongation and node
formation, while auxins like NAA affect rooting and callus formation.
Light intensity, meanwhile, regulates photosynthesis, morphogenesis, and
physiological disorders like shoot tip necrosis.

Although tissue culture facilities exist in Nepal under NPRP and PCDC,
standardized protocols suitable for local conditions are still limited. Therefore,
this study aimed to optimize MS media composition and light intensity for
efficient in vitro propagation of potato to support sustainable seed potato
production systems in Nepal.

2. Materials and Methods
2.1 Experimental Site

The experiment was conducted at the Plant Tissue Culture Laboratory of
PCDC, Nigale, Sindhupalchowk (2500 masl; 27.67°N, 85.93°E), characterized
by a temperate climate.

2.2 Experimental Design and Treatments
A completely randomized design (CRD) was used.

Experiment I: Media Optimization

Nine MS media treatments with varying concentrations of GAs and NAA
were tested using single-node explants of potato variety Desiree. Each
treatment had three replications (20 plantlets).

H wifafee = g



Table 1: MS media optimization using GAs; and NAA

Gibberellic acid | Naphthalene acetic
S.N.| Treatments (GAs) mg/l acpi d (NAA) mg/l MS media
1. |T1 (control) 0.2 0 Basal dose
2. |T2 0.2 1 Basal dose
3. |T3 0.3 1.2 Basal dose
4. |T4 0.4 1.25 Basal dose
5. |T5 0.5 1.3 Basal dose
6. |T6 0.2 0.8 Basal dose
7. |T7 0.1 0.65 Basal dose
8. |T8 0.2 0.5 Basal dose
9. |T9 0 0 Basal dose

Experiment II: Light Intensity Optimization
Based on results from Experiment I, standard MS medium was used under
five light intensities: 2000, 3500, 5000, 6500, and 8000 lux.

2.3 Culture Media Preparation and Sterilization

MS media were prepared using standard stock solutions with 3% sucrose and
0.6-0.8% agar. Media were autoclaved at 121°C and 15 psi for 30 minutes. All
aseptic operations were performed under laminar airflow.

2.4 Subculture and Data Collection

Single-node explants were cultured and maintained under controlled
conditions. Data were recorded after 25 days (media optimization) and 22
days (light intensity) on survival, growth parameters, contamination, callus
formation, and STN.

2.5 Data Analysis

Data were analyzed using R-Studio. ANOVA was performed, and treatment
means were compared using LSD and DMRT at a 5% significance level.
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3. Results and Discussion
3.1 Survival and Growth Parameters

In almost all of the treatments, the total number of plantlets is more than 50
% were alive.

Table 2: Effect of light
intensity on the total
number of plants alive g8 76
5.4
Total no of 6 > 48 43 43 4
Treatments . 4 I 34 34
plants alive I I I I
2
T1(2000 lux) 60 0 I I
T2(3500 lux) 50 TIL T2 T3 T4 T5 T6 T7 T8 T9
T3(5000 lux) 58 Figure : Effect of culture media on shoot
T4(6500 lux) 59 length
T5 (8000 lux) 57

3.2 Shoot and Root Development

Shoot length was greatest under control MS and moderate GAs levels,
supporting earlier findings that GAs promotes internodal elongation. Root
length was significantly higher in hormone-free MS and at higher light
intensities, though excessive light led to root browning.

There was a highly significant difference seen in the shoot length on average
per treatment. data revealed that the longest shoot length on average was seen
in T1 (control), 7.6cm. The shortest shoot length on average was seen to be in
T6 (MS + 0.2 mg/l GAs + 0.8 mg/l NAA) and T7 (MS + 0.1 mg/l GAs + 0.65
mg/l NAA), 3.4cm.

There was a highly significant difference seen in the root length on average per
treatment. The data revealed that the longest root length on average was seen
in T1 (control), 8 cm, and the shortest was seen in T2 (MS + 0.2 mg/l GAs +
1 mg/l NAA), 1.16 cm. Khalil et. al. (2023) recommended that 4000 lux-6500
lux is better for the longest root length.
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There was a significant difference seen in the total number of shoot tip necrosis.
The data revealed that the highest number of shoot tip necrosis was seen in T5
(8000 lux), 56, and the lowest was seen in T1 (2000 lux), 12.

Ibrahim et. al. (2016) found that there was no significant difference in the
shoot tip necrosis, which differs from the result of this research.

4. Conclusion

The study demonstrated that MS medium supplemented with 0.2 mg I GAs
only is optimal for balanced in vitro growth and survival of potato plantlets.
Light intensities 3500 lux were most suitable for minimizing physiological
disorders and promoting healthy development. Adoption of this optimized
protocol can enhance the efficiency of disease-free seed potato production in
Nepal, contributing to improved productivity and food security.

References

Ibrahim, I.A., Emara, H.A., Nower, A.A. and Abodiab, A.Y. (2016). In vitro
cultivation of potato plants. International Journal of Current
Microbiology and Applied Sciences, 5(12), pp.858-868.

Khalil, M.M., Samy, M.M., Abd El Aal, A.M.H., and Hamed, A.H. (2023).
The effect of light quality and intensity on in vitro potato cultures.
Journal of Agricultural Sciences — Sri Lanka, 18(3), pp.364-374.

Murashige, T. and Skoog, F. (1962). A4 revised medium for rapid growth and
bioassays with tobacco tissue cultures. Physiologia Plantarum,

15(3), pp. 473-497.
urfafeles STet gfedast E



Skoog, F. and Miller, C.O. (1957). Chemical regulation of growth and organ

formation in plant

Photos taken during the research

Figure: Culture of potato plantlets and observation




15. Research Initiatives and Outputs of the Potato
Crop Development Centre

Role of Beneficial Microbes in Enhancing Potato Tuber Yield in
Sindhupalchok District, Nepal

Koshila Giri"" Himal Bhusal*’, Arun Khanal’, Bijay Rana Magar’

'Himalayan College of Agricultural Sciences and Technology (HICAST), Kathmandu, Nepal

*Potato Crop Development Center (PCDC), Nigale, Sindhupalchowk, Nepal

. H

*Corresponding author: Himal Bhusal, himalagri@gmail.com

Abstract

A field experiment was conducted to evaluate the role of beneficial microbial
inoculants in enhancing potato (Solanum tuberosum L.) tuber yield in
Sindhupalchok district of Nepal. The study was carried out at the Potato Crop
Development Centre (PCDC), Nigale, during February—July 2025 using a
Randomized Complete Block Design (RCBD) with five treatments: control,
Trichoderma, Pseudomonas, phosphate-solubilizing bacteria (PSB), and
a mixture of all three microbes (1:1:1), each replicated four times. Growth
parameters, yield attributes, post-harvest quality, and disease incidence were
recorded and analyzed using ANOVA in R Studio. Although most parameters
did not differ significantly at p < 0.05, microbial treatments consistently
showed numerical superiority over the control. The highest marketable
tuber yield was obtained from the mixed inoculant treatment (37.36 t ha™),
followed by Trichoderma (36.44 t ha™), compared to the control (28.83 t ha™).
Disease incidence of tuber rot was lowest in Trichoderma-treated plots. The
results indicate that beneficial microbes, particularly Trichoderma and mixed
inoculants, can improve potato productivity and reduce disease pressure
under mid-hill conditions of Nepal. These findings support the integration of
microbial inoculants into sustainable potato production systems.

Keywords: Biofertilizer, PGPR, Potato yield, Sustainable agriculture, Nepal
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1. Introduction

Potato (Solanum tuberosum L.) is one of the most important food and cash
crops in Nepal, contributing significantly to national food security and farm
income. It is prioritized under the Prime Minister Agriculture Modernization
Project (PMAMP) and the Agriculture Development Strategy (ADS) due
to its high yield potential and increasing consumer demand. Despite steady
increases in area and production, the national average productivity of potato
(=17 t ha™!) remains far below that of leading potato-producing countries such
as the USA and New Zealand, where yields exceed 50 t ha™'.

Excessive dependence on chemical fertilizers and pesticides has contributed to
soil degradation, declining microbial activity, and increased production costs.
Nepal is also heavily dependent on imported chemical fertilizers, making crop
production vulnerable to supply disruptions and price volatility. In this context,
biofertilizers and beneficial microbial inoculants offer a sustainable alternative
by enhancing nutrient availability, improving soil health, and suppressing soil-
borne diseases.

Beneficial microbes such as Trichoderma spp., Pseudomonas spp., and
phosphate-solubilizing bacteria (PSB) promote plant growth through multiple
mechanisms, including nutrient solubilization, phytohormone production,
and biological control of pathogens. However, field-based evidence on
their effectiveness in potato production under Nepalese mid-hill conditions
remains limited. Therefore, this study was undertaken to evaluate the effect of
selected microbial inoculants on potato growth, yield, and disease incidence
in Sindhupalchok district.

2. Materials and Methods
2.1 Experimental Site

The experiment was conducted at the Potato Crop Development Centre
(PCDC), Nigale, Sindhupalchok district (27°38'N, 86°14'E; 2500 m asl). The
site represents a mid-hill agro-ecological zone with cool temperate climate.
During the cropping period, temperature ranged from 16-25 °C. The soil was
slightly acidic (pH 5.5) with good drainage and organic matter content.
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2.2 Experimental Design and Treatments

The experiment was laid out in a Randomized Complete Block Design (RCBD)
with five treatments and four replications. Each plot measured 2 m x 2 m and
consisted of 21 plants of the potato variety ‘Rosita’. The treatments were:

e Ti: Control (no microbial inoculant)

e  Ta: Trichoderma viride

e Ts: Pseudomonas fluorescens

e Ta: Phosphate-solubilizing bacteria (PSB)

e Ts: Mixture of Trichoderma + Pseudomonas + PSB (1:1:1)

Liquid biofertilizers were sourced from a registered Nepalese producer.
Seed tubers were soaked in the respective microbial solutions for 30 minutes
before planting. Foliar applications were carried out before flowering and
subsequently at 15-day intervals until crop maturity.

Trial venue: C-Block, ancgarc dwr dog. Rone. Riequieaio
Study of the Impact of using Bio-fertilizer (Trichoderma, Pseudomonas and
Phosphate Solubilizing bacteria) on Potato Crops and Seil Health
- - » » Date of planting : 2081-11-09
:l e, Plot size £ 2%2 Sq.m
= }1 = - = % % I No. of Plot 20
] ‘ Total plot area < B Sg.m
i No. of Replication 04
o .1‘2 o " ‘ No. of Treatment 3]
Spacing (P-P xR-R) 1 (25em x Them)

T Fertilizers (N, P, K} $ (100:100:60 kg ha ')

n - . 5 | Crop : Potato
| Variety : Rosita
| Tuber number per plot : 21

v = = e Total tuber number <420
Ik
I T, =Control

- = - - ‘ T,= Seeds are treated with Trichoderma.

T, = Seeds are treated with Psendomonas.
1 ] T, = Seeds are treated with Phosphate solubilizing bacteria
R | T, = Seeds are treated with the mixtures of all three bio-fentilizers
i (1:1:1 ratio).
g Ly of e i e

Figure 2: Layout of the experiment
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2.3 Crop Management
The recommended fertilizer dose of 100:60:60 kg N:P20s:K-O ha™ and

farmyard manure at 20 t ha™' were applied uniformly to all plots. Nitrogen
was applied in split doses. The crop was grown under rainfed conditions with

standard intercultural operations including weeding and earthing up.
2.4 Data Collection

Data were recorded on germination percentage, plant height, number of stems
per plant, plant uniformity, tuber number, tuber yield, grading, dry matter
content, and disease incidence. Five representative plants per plot were used
for growth observations. Yield was expressed in t ha™.

2.5 Statistical Analysis

Collected data were analyzed using analysis of variance (ANOVA) in R
Studio. Treatment means were compared at the 5% level of significance using
LSD where applicable.

3. Results and Discussion
3.1 Germination and Vegetative Growth

Germination percentage and early vegetative growth parameters such as
plant height and number of stems per plant did not vary significantly among
treatments; however, inoculated plots consistently showed higher mean
values than the control. This trend aligns with Sharifi and Ryu (2016), who
reported enhanced early vigor in potato plants treated with plant growth—
promoting rhizobacteria (PGPR), attributing the effect to improved nutrient
uptake and phytohormone production. Similarly, Giri et al. (2024) observed
that Trichoderma-treated potato plants demonstrated numerically higher plant
height and stem density under mid-hill conditions in Nepal, though differences
were not statistically significant. These results suggest that beneficial microbes
may influence vegetative growth by improving rhizosphere conditions even
when statistical significance is absent under field variability.
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Table 1: ANOVA for germination

Response Sum |Mean | F Pr | MS CV [ LSD
Source | Df Mean
Variable Sq Sq |value| (>F) | error (%) | (5%)
Germination

%) Replication | 3 [2181.8]727.26| 1.85 [0.192(393.62| 44.29 (44.80|30.57
()

Treatment | 4 |2169.8(542.45| 1.38 [0.299

Residual 12 14723.41393.62

3.2 Plant Uniformity and Stand Establishment

Plant uniformity showed significant improvement in microbial treatment
plots—especially Trichoderma and mixed inoculant treatments—compared
with the control. Improved uniformity is agronomically important, facilitating
more consistent management practices and potentially reducing losses during
harvesting. Pandey et al. (2021) reported similar findings in a rice-wheat
cropping system, where biofertilizer applications led to more uniform crop
stands. Such consistency underlines the potential of microbial inoculants to
promote stable crop performance across heterogeneous field conditions.

Table 2: ANOVA for plant uniformity

Treatments Uniformity | Uniformity | Uniformity | Uniformity

(Day 60) (Day 75) (Day 90) (Day 105)

T, (Control) 3 4 4.5 4.5

T, (Trichoderma) 3.75 4 4.25 4

T, (Pseudomonas) 3.75 4 4.5 4.5

T,(PSB) 2.75 4 4.25 4

T, (Mixture) 2.75 4 4.25 4.5

LSD (0.05) 0.43 0.25

F 11.08 1 1.68 9.5

p-Value 2.03e-07 0.4116 0.1618 1.67e-06

CV% 21.51 0 10.87 9.24

3.3 Tuber Yield and Yield Components

The most compelling outcome of this study was the increase in marketable
tuber yield in microbial inoculant treatments, with the mixed inoculant and
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Trichoderma treatments showing yield increases of approximately 29.6%
and 26.4%, respectively, over the control. These results corroborate findings
by Singh et al. (2018) in India, who reported yield increases of 20-30%
in potato with combined PGPR and Trichoderma applications. Improved
nutrient solubilization and biological control of pathogens are frequently cited
mechanisms for yield enhancement (Sharma, 2020; Tyskiewicz et al., 2022).

Specifically, PGPR strains such as Pseudomonas fluorescens can improve
nitrogen availability through biological nitrogen fixation and enhance root
growth via phytohormone synthesis, while phosphate-solubilizing bacteria
facilitate the release of bound phosphorus, which is critical for tuber bulking.
The synergistic effect of mixed inoculants observed in this study mirrors the
findings of Kandel et al. (2023), who noted that multiple microbial strains
often outperform single inoculants, likely due to complementary modes of

action.
Table 3: ANOVA for yield
Treatments Yield Value

T, (Control) 28.09

T, (Trichoderma) 36.44

T, (Pseudomonas) 31.45
T,(PSB) 30.28

T, (Mixture) 37.36

LSD (0.05) NS

F 1.91

p-Value 0.174

CV% 17.75%

3.4 Post-Harvest Quality and Disease Incidence

Beneficial microbial inoculations enhanced post-harvest tuber quality,
including increased dry matter content and improved visual appearance. In
addition, disease incidence—particularly tuber rot—was lower in plots treated
with Trichoderma. This supports previous Nepalese research by Adhikari et al.
(2017), which demonstrated that Trichoderma spp. significantly reduced soil-
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borne diseases in potato, thereby increasing marketable yield and storability.

The biocontrol efficacy of Trichoderma has been widely documented (Harman
et al., 2021), and its ability to produce antifungal metabolites and compete
with pathogenic fungi in the rhizosphere is likely responsible for reduced
disease pressure in this study. These effects not only contribute to yield but
also align with sustainable agricultural goals by reducing dependence on
chemical fungicides.

3.5 Comparison with National and Global Benchmarks

While Nepal’s national average potato yields generally remain below global
benchmarks (~17 t ha™' nationally vs. >50 t ha™! in countries like USA and
New Zealand; FAO, 2025), the relatively higher yields observed in this
research with biofertilizer integration highlight opportunities for productivity
enhancement in Nepal’s mid-hills. Similar yield improvements through
microbial inoculation have been reported globally (Backer et al., 2018),
underscoring the universal potential of beneficial microbes to improve resilient
and sustainable crop production.

Collectively, these results demonstrate that microbial inoculants—especially
Trichoderma and mixed PGPR treatments—can be strategic tools in improving
potato production systems in Nepal. They support a growing body of evidence
that biofertilization contributes not only to yield enhancement but also to soil
health, disease suppression, and reduced chemical dependency.

4. Conclusion

The study demonstrated that beneficial microbial inoculants, particularly
Trichoderma and mixed formulations, can enhance potato tuber yield,
improve post-harvest quality, and reduce disease incidence under mid-hill
conditions of Nepal. Although many parameters did not show statistical
significance, consistent numerical improvements across growth and yield
traits indicate strong agronomic potential. Integration of microbial inoculants
with recommended fertilizer practices can contribute to sustainable potato
production, reduced chemical dependency, and improved soil health.
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Abstract

Potato (Solanum tuberosum L.) is the second most important food crop in
Nepal,; however, its productivity in mid-hill regions remains below potential,
partly due to imbalanced fertilization—especially potassium (K). A field
experiment was conducted during the winter season of 2024/25 at the Potato
Crop Development Center (PCDC), Nigale, Sindhupalchowk, to evaluate the
effects of graded potassium levels on growth, yield, and tuber quality of the
potato variety ‘Rosita’. The experiment followed a Randomized Complete
Block Design (RCBD) with five potassium treatments: (0 (control), 30, 60
(national recommendation), 90, and 120 kg K-O ha™, each replicated three
times. Growth parameters (germination, plant height, stem number) and yield
attributes (tuber number, tuber weight, size grading, yield, and dry matter
content) were recorded. Potassium application positively influenced vegetative
growth and yield traits. The highest tuber yield (32.67 t ha™*) was recorded at
120 kg K20 ha™, closely followed by 90 kg K-O ha™ (32.23 t ha™). Higher K
levels increased the proportion of seed-sized and oversized tubers, enhancing
market and seed value. However, yield differences among treatments were
not statistically significant (p > 0.05), suggesting environmental variability.
Overall trends indicate that potassium plays a crucial role in improving potato
productivity and tuber quality in mid-hill conditions of Nepal. Multi-location
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and multi-season trials are recommended to refine site-specific potassium
recommendations.

Keywords: Potato, Potassium fertilization, Tuber yield, Mid-hills, Nepal

1. Introduction

Potato (Solanum tuberosum L.) ranks among the world’s most important food
crops, contributing significantly to global food and nutritional security (FAO,
2023). In Nepal, potato is the second most important staple after rice and plays
a major role in food security and income generation, particularly in hill and
mountain regions (MoALD, 2024). Despite its importance, national average
productivity (~17 t ha™!) remains far below the global average (~23 t ha™),
indicating a large exploitable yield gap (FAOSTAT, 2023).

Among plant nutrients, potassium (K) is especially critical for potato because
of its role in carbohydrate metabolism, photosynthate translocation, enzyme
activation, water regulation, and stress tolerance (Marschner, 2012; Trehan,
2005). Potatoes remove large quantities of K from soil, often exceeding
nitrogen uptake, making the crop highly responsive to K fertilization (Singh
and Lal, 2012). In Nepal, blanket fertilizer recommendations (100:60:60 kg
N:P20s5:K-0 ha™') are commonly used, despite wide variability in soils, climate,
and cropping systems. Potassium deficiency is increasingly reported in mid-
hill soils due to continuous cropping, leaching, and limited K replenishment
(Soil Management Directorate, 2021).

Sindhupalchowk district represents an important potato-growing mid-hill area
with suitable climate for both ware and seed potato production. However,
information on location-specific potassium requirements is limited. This study
was therefore undertaken to assess the effect of different potassium levels on
growth, yield, and tuber quality of potato under mid-hill conditions, with the
aim of contributing evidence-based fertilizer recommendations suitable for
Nepalese farming systems.
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2. Materials and Methods
2.1 Experimental Site

The experiment was conducted at the Potato Crop Development Center
(PCDC), Nigale, Lisankhu Pakhar Rural Municipality—05, Sindhupalchowk
district, Nepal (27.68°N, 85.93°E; ~2500 masl). The site experiences a cool-
temperate climate with mean temperatures ranging from —8 °C in winter
to 23 °C in summer and annual rainfall exceeding 4000 mm. The soil is

predominantly loam, acidic (pH 4.5-5.0), and moderately well-drained.
2.2 Experimental Design and Treatments

The experiment followed a Randomized Complete Block Design (RCBD)
with five potassium levels and three replications (15 plots). Individual plot

size was 2.0 m x 1.4 m (2.8 m?). Treatments consisted of:
e Ti: 0kg K0 ha™ (control)
e T2:30kg K.O ha'
e T3 60 kg K-O ha™! (national recommendation)
o T4 90 kg K20 ha™
e Ts: 120 kg K20 ha™

Nitrogen and phosphorus were applied uniformly at 100 kg N ha™* and 60 kg
P»Os ha™, along with 30 t FYM ha™'. Potassium was supplied as Muriate of
Potash (MOP).
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Figure 2. Field layout of the RCBD experiment.
2.3 Crop Establishment and Management

The potato variety ‘Rosita’ was planted on 19 February 2025 with spacing
of 70 cm x 25 cm. Standard agronomic practices were followed, including
manual weeding, earthing-up at 30 days after emergence (DAE), and rainfed
moisture management. Harvesting was done manually on 5 July 2025 at
physiological maturity.

2.4 Data Collection

Data were recorded on germination percentage, plant height (30, 45, and 60
DAE), number of stems per plant, tuber number per plot, total tuber weight,

yield (t ha™), tuber size grading (<25 g, 25-50 g, >50 g), and tuber dry matter
percentage.
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2.5 Statistical Analysis

Data were analyzed using R-Studio following RCBD procedures. Analysis
of variance (ANOVA) was performed, and treatment means were compared
using LSD and DMRT at 5% significance level.

3. Results and Discussion
3.1 Germination Percentage

Potassium application significantly influenced germination percentage. The
highest germination (77.75%) was recorded in control and 30 kg K.O ha™
treatments, while the lowest (38.92%) occurred at 120 kg K»O ha™'.

90
80 77.75 77.75

70
60
. 4725 50
, 38.92
3
2
1
0

Control 30 Kg/ha 60 Kg/ha 90 Kg/ha 120 Kg/ha
Treatments

Plant Germination
o o o o

Figure 3. Effect of potassium levels on potato germination (%).

Higher K rates may have caused osmotic stress and nutrient imbalance during
early growth stages, consistent with findings of Trehan (2005) and Marschner
(2012).

3.2 Plant Height and Stem Number

Plant height increased with increasing K levels up to 90 kg K-O ha™', beyond
which gains were marginal. Similarly, stem number per plant was highest at

90 kg K>O ha™.
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Figure 4. Plant height (cm) at different growth stages under varying
potassium levels.
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Figure 5. Number of stems per plant as affected by potassium application.

Potassium enhances cell elongation, enzyme activation, and assimilate
transport, leading to improved vegetative growth (Rengel and Damon, 2008).
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3.3 Yield and Yield Attributes

Total tuber number and tuber weight per plot increased with potassium
application. Maximum yield (32.67 t ha™) was recorded at 120 kg K.O ha™,
followed by 90 kg K-O ha™' (32.23 t ha™).
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Figure 6. Total tuber number per plot under different potassium levels.
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Figure 7. Total tuber weight per plot.
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Figure 8. Potato tuber yield (t ha™) as influenced by potassium application.

Although yield differences were not statistically significant (p > 0.05), the
positive trend aligns with earlier studies in Nepal and elsewhere (Panthi et al.,
2019; Singh et al., 2020).

3.4 Tuber Size Grading and Dry Matter

Higher potassium levels increased the proportion of seed-sized (25-50 g) and
oversized (>50 g) tubers. Treatments with 90—120 kg K-O ha™ produced more
market-preferred tubers.
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Figure 9. Effect of potassium on tuber size distribution.
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Potassium improved starch accumulation and dry matter content, confirming
its role in carbohydrate metabolism and tuber quality (Trehan, 2005; Singh
and Lal, 2012).

4. Conclusion

Potassium application positively influenced potato growth, yield, and tuber
quality under mid-hill conditions of Sindhupalchowk. Although statistical
differences were not significant, higher potassium rates (90-120 kg K.O
ha™') consistently improved yield and tuber size distribution. The study
suggests that potassium requirements may be higher than current blanket
recommendations under certain mid-hill conditions. Further multi-location
and multi-season studies are recommended before revising national

fertilizer recommendations.
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Abstract

Potato (Solanum tuberosum L.) is a key food and cash crop in Nepal; however,
its productivity is constrained by the limited availability of quality seed tubers.
Pre-basic seed (PBS) tubers produced under controlled conditions form the
foundation of the formal seed system. Excessive vegetative growth and uneven
tuber size are persistent challenges in PBS production under screen house
conditions. This study aimed to optimize agronomic practices for maximizing
the production of standard-size PBS tubers (5-20 g) by evaluating the effects
of plant spacing and nutrient doses. The experiment was conducted at the
Potato Crop Development Center (PCDC), Nigale, Sindhupalchok, using in
vitro plantlets of the potato variety ‘Janakdev’. Treatments consisted of three
plant spacings (10%20 cm, 10%25 c¢cm, and 10%30 c¢m) and three nutrient
levels (150:150:90, 200:200:120, and 250:250:150 kg NPK ha™) arranged in
a Completely Randomized Design with three replications. Vegetative growth
parameters including plant height, stem number, stem diameter, leaf number,
plant vigor, uniformity, and ground cover were recorded at regular intervals.
Results indicated that closer spacing (10%20 cm) significantly enhanced
stem diameter, leaf number, plant vigor, uniformity, and ground cover at later
growth stages. Lower to recommended nutrient doses performed better than
higher doses for most vegetative traits, suggesting a threshold beyond which
additional fertilizer provided no benefit. The findings indicate that optimized
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spacing combined with moderate nutrient application can improve vegetative
uniformity and canopy development, which are essential for achieving higher
proportions of standard-size PBS tubers. Final recommendations on tuber
yield and grading will be strengthened after completion of the crop cycle.

Keywords: Pre-basic seed, potato, plant spacing, nutrient management, screen
house

1. Introduction

Potato (Solanum tuberosum L.) plays a crucial role in food security and rural
livelihoods in Nepal. In 2022/23, potato covered approximately 203,812
ha with a production of 3.49 million tons and productivity of 17.04 t ha™,
contributing 6.35% to the agricultural GDP (MoALD, 2023). Despite its
importance, potato productivity in Nepal remains below potential, primarily
due to the unavailability of quality seed tubers.

Seed quality is the single most important input in potato production, accounting
for nearly 50% of total production cost (Dhital, 2011). Farmers often recycle
seed tubers over many seasons, leading to degeneration caused mainly by viral
diseases such as PLRV, PVX, PVY, PVS, PVA, and PVM (Akius & Kloos,
1990; Ranjit et al., 1994). These viruses significantly reduce yield and tuber
quality. To address this problem, Nepal’s formal seed system emphasizes
the production of virus-free pre-basic seed (PBS) tubers under controlled
environments.

Pre-basic seed tubers are produced from tissue-cultured plantlets inside
insect-proof screen houses and serve as the foundation for basic, certified, and
improved seed production (Sakha & Rai, 2004). In Nepal, the National Potato
Research Program (NPRP) and Potato Crop Development Center (PCDC)
are the leading institutions involved in PBS production. However, current
PBS production is insufficient to meet national demand, and problems such
as excessive vegetative growth and uneven tuber size persist (PCDC, 2022;
Gairhe et al., 2023).

Agronomic factors such as plant spacing and nutrient management strongly
influence vegetative growth, canopy structure, and tuber size distribution.
Optimizing these factors is essential for maximizing the proportion of
standard-size PBS tubers (5-20 g), which are preferred for subsequent seed
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multiplication. Therefore, this study was conducted to evaluate the combined
effects of plant spacing and nutrient doses on vegetative growth parameters
related to PBS production under screen house conditions in Nepal.

2. Materials and Methods
2.1 Study site

The experiment was conducted at the Potato Crop Development Center
(PCDC), Nigale, Sindhupalchok district, Nepal, during the monsoon season
(April-August). The research was carried out inside an insect-proof screen
house to prevent aphid-mediated virus transmission.

2.2 Planting material and growing media

Virus-free in vitro plantlets of the potato variety ‘Janakdev’ were used.
Plantlets were produced through meristem culture on Murashige and Skoog
(MS) medium. The growing media consisted of sterilized soil and sand mixed
in a 3:1 ratio to ensure good aeration and drainage.

2.3 Experimental design and treatments

The experiment was laid out in a Completely Randomized Design (CRD) with
three replications. Treatments consisted of two factors:

Factor A: Plant spacing
e Si:10x20cm
e S5 10 % 25 cm (recommended practice at PCDC)
e S:10%x30cm
Factor B: Nutrient doses
e Ni: 150:150:90 kg NPK ha™ (=25% of recommended)
e N2:200:200:120 kg NPK ha! (recommended)
e Ni:250:250:150 kg NPK ha! (+25% of recommended)

Each treatment plot consisted of 27 plants, and eight plants were randomly
selected for data collection.

H wifafee = g



Table 1: Combination of all treatments with their nutrient dosages and plant

spacing
Treatment Combination

Nutrient doses

. N1 N2 N3
Plant spacing
S1 SINI1 (T1) SIN2 (T2) SIN3 (T3)
S2 S2N1 (T4) S2N2 (T5) S2N3 (T6)
S3 S3N1 (T7) S3N2 (T8) S3N3 (T9)

2.4 Agronomic practices

Plantlets were acclimatized for 3—4 days before transplanting. Soil sterilization
was performed using nano silver hydrogen peroxide, and plantlets were treated
with 1% Bavistin prior to transplanting. Fertilizers were applied in split doses,
with half nitrogen and full phosphorus and potassium applied at planting, and
the remaining nitrogen top-dressed at 45-50 days after transplanting (DAT).
Irrigation was done using UV-treated water, and earthing up was performed
as required.

2.5 Data collection
Vegetative parameters were recorded at regular intervals:
e Plant height (30, 45, 60, and 75 DAT)
e  Stem number (30, 45, and 60 DAT)
e Stem diameter (45, 60, and 75 DAT)
e Leaf number (45, 60, and 75 DAT)
e Plant vigor, uniformity, and ground cover (45-75 DAT)

2.6 Statistical analysis

Data were analyzed using Analysis of Variance (ANOVA) in R software.
Treatment means were separated at 5% and 1% levels of significance.




3. Results and Discussion

Plant spacing had no significant effect on plant height during early growth
stages, but closer spacing (10x20 cm) resulted in taller plants at 75 DAT.
Similar trends have been reported by Mvumi et al. (2018), suggesting that
increased plant density enhances light competition and vertical growth.

Stem number was not significantly affected by spacing; however, lower
nutrient doses produced significantly higher stem numbers at 60 DAT.
Excessive fertilizer application did not enhance stem proliferation, indicating
diminishing returns at higher nutrient levels. This aligns with the findings of
Biemond and Vos (1992), who reported limited benefits of excessive nitrogen.

Stem diameter and leaf number were significantly higher under closer spacing,
particularly at later growth stages. Improved canopy closure under dense
planting likely enhanced photosynthetic efficiency and vegetative uniformity.
Plant vigor and uniformity were also superior at 10x20 cm spacing, confirming
that optimal density promotes synchronized growth, which is critical for
uniform tuber development.

Higher nutrient doses did not consistently improve vegetative traits and, in
some cases, resulted in reduced performance. This suggests that moderate
nutrient application is sufficient under controlled PBS production systems and
helps avoid excessive vegetative growth that leads to uneven tuber size.

4. Conclusion

The study demonstrated that plant spacing and nutrient management
significantly influence vegetative growth characteristics related to pre-basic
seed potato production. Closer spacing (1020 c¢cm) combined with lower
to recommended nutrient doses (150:150:90 to 200:200:120 kg NPK ha™)
improved plant vigor, uniformity, leaf number, and canopy development.
Excessive fertilizer application did not provide additional benefits and may
negatively affect growth uniformity. These findings suggest that optimizing
agronomic practices can enhance the efficiency of PBS production under
screen house conditions in Nepal. Final recommendations on standard-size
tuber yield will be strengthened after completion of tuber harvest and grading.
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