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o1og o mwIFSl QuuiGumisst, BmeuaisHer SilealpsH LOHMD DHeeull LIFaIeTHS 60
BID SUflsorer (PaICIIMMHMS DML HHIGTETGETTLD.

BLHDH UBHLSHD LIGHTW, 6og elehepTalseT FjauGss LOMID 2 6oLy Fehdmabseafsd
75 @ GuoulL oLTuFd ospdémassment Urafidgiereneny. Goevid, 145 oL yTuIFdd
B (HMIH6T IHTL(H IMHMHBHNTHD SpUIRF S(hbemEMTEaD yafldsinl (Heieer.
. 19 Wevelwesr Gumiodwimen MHemw Seneu  SemLWlGuDMIsTengIL el CapFw  FHuieuid
FJauBsg FHUIID oLTTUIFHS Fnl lgenemieyBHemenubd QHTLFLUSMEMUILD 2 (HeuTHENL|TETe.

NIFS opaig SiB@ImLW FLLSGADG SmwauTs Sgluem  SpITsFHsE  (WwoHdwsgieun
apmIGHem  Curdeid, eogl  SLITWIFAN  uelwmeid médw BTSN CuUeHs @
SN HSH BVHGHBEHLET @(HBISMFEDIDI|.

mabdw prhsefllar Cuenis@ alBsHdh BevdGseafsr [Sustainable Development Goals /
(SDGs)] siewLeuteng FoHaldsshdeo S6 HIUUL(HeTeng;

2.6% - 17% = 2.0%

" 5.9%

= 4.5% "
Big

o ulfermig e
7.9%

syt sooal, 11.4%
HHHLOTEN [5(THLD
s&nsmpd, 7.0% fops 2CrrdAuepd
sgyitd, 15.5%

Seblened

Qewpun®, 8.2%

LoeSleurTen giLh

SHBLONM GIOT Fh),

7.7%

» DECENT WORK AND ECONOMIC GROWTH
= ZERO HUNGER
NO POVERTY
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Agriculture and Physical Sciences
veterinary

%
Technology Sciences & F?od
2% Sciences 2%
Earth Sciences
5%

Environmental
Sciences \
16%
2 (1 2 @Edu prGsaller suensLLBSSr Dy Lisn_uilv 2019 B
CopClsmaiariL@d pgmiddlLl LgLiysafiar Sisnmeear

2019 b opemigest  Gursmen  Wewi(BHeuhL LMD  peu s QFsveissHer  mHld
wpeaBemmioreng S6p &lgd  &STLLUUL(HeTeng). SISHHBENLOWI, LS6wsT(H U (HLD
OFevaiasdlsy, QrsHsF QFvaimisHar 69% sy sefllul L safumseier QUTHL(BLO
Bh  gmerw  GFeveysefler  QuUTEHLBL  GFevey  QFLWOUL(HETENH.  (LPLSHMIF
OFevaiasdley, 44% Syengl opUle)dml o LUSJaRIEINETEO|D L5H gmeul (LeVSHaTF
OFovaiamIsEpsSTHL QFeve| GaFuIwILL (HeTeng|.

Traveling
Expenses
0.19%

Suppliers

/ 3%
. — Expenditure for
Maintenance
2.43%

Services
9.22%

2 1 3 2019 @)% swiGeuppt Glesvalsrsslni ailiymisar

SHOUT(RSEI 610G Blmieuesghale0 @m@mmm&suwnm S TIEFFSGFw 2 WSy
SIS HWITerTIS qmu@g,g,UUL@snsngj 2 6u&HLD ggrr&,mLﬂ@Lr)g.j UGBMBB BFemeu6lLpmIHED
SgliuenLuled 18  gemewil CuymAfwiysenen (pHMH SLeweuwins BID  BuddgenGenmibd,
urhaULL elehepmen FHwmen LFFdemensend@Gs SHiay sTamid QuTmLB eujset NIFS
alehepTelladEnLan @enewibgh Uiwmm abHSSIDEI]. 6ok BevbsTang: WL (HUUBSHSILL L
AUFHBEBLAT  gnlgul 2wy  Frwomer  ITFAL  QupBupIsmeT  DiMLSHD, FTaBHF
IRBIBHTTSMSL  QuDmis OCameTensHed LHMIw BTLemLl  QurmentsTy  FHuled Feps
FAWID — oWlelpsH  GFulsugset  cpeoond (WS — CHFSMBWLD  2HGHelbHe0
S WeTIUT G LD.
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Mega Project
3.69%
Land & Land
Improvement
3.12%

Library Books
0.35%

Tool & Implement
0.03%

H Lab Equipment B Office Equipment M Building & Structres
Mega Project Land & Land Improvement M Library Books

H Tool & Implement

2. 4. 2019 B epvsears Glewalmgslor allgmisar

NIFS @e1  psmenr  @GNECaTeiseiey @apraig Csfw  SlalmEsHHulsd  LRiISaNiLS6sT
QuTBLB 2 WI-SITSTLpsmLW UL LomasieufseEnd@Gl uulnduwuflsseon@w. &Lbsd 40
eupLEIG6TeT  GuTal, qmgg,rrgp 1,500 o wiy-syrsywentw  MPhil  wpmw  PhD il
ulLOdesTE606]  OTeIeUTHEhdHE — [BITLD uuﬁ]mé]u.l@g,@]m(%mrrw QF @&ms&r@mmuﬁ]@m_rr&,
[BTLD eLpEM ST F T 601 61Tl 68T QeuefNCuPmHmBHH SDDSHHIETENHIL 63T 6TLOG| Bxpdw
LI60& 6560 & B LD B MBI 611661 SH6LIFT alflwgeng 2 _wiysluyerGenmib. Hewtiguiled NIFS
@ememuliys@Giw  (WweHeomeaugl ulLluglyl  urLgmemevenwd STUlUSST  QuIGLG  BILWD
snouToal o wj &evel, OaTHOBLL LOHNID USSTHH60 AMLFHLET  QbHEIEL
uesiwmmales  QsmeigHeSGmTLD. @s ey ﬁ]ug,rrsm @MN&HCamemeiled  @eTmIL 6ot
UenemibsBTGHW:  61hHGeu LG\)&Q’) IO  auTWihs BmeuaisHad  eupmisLLbBEeTn
uIndeE @ememiwtel  HISHILET  Falgw  uuwlnfenw BILREITCMBWw  ul Lldeseoad
LOTERIUTHEHSG 6UDBIGHH0. HSHEuTesl NIFS G0 HlrgsiL 20 PhD, 50 MPhil, 10
(Waiorenl, womw 45 ulLsseved  wremsERsGHw  uWipdser  eupmislul (B
O\ T 65TIg (TH &AM 63T

NIFS oyeng  BTLIgevIeTen  UepemWTe  BaLFHSALLBIHaMND @emrdul  UTLFTen6n
alehepmerr  BlaWFASHL L SHmz E,Ln,&,gjmg;s&r CPEULDTHL LML FTen60  Lomesuteujseflent Gul
alEhEHTHMS LJaUTHGHD  (pemedtliyL et FHUL(BeTengl, ag'agjl_sth mfﬂ@@rrsu‘ﬂ&,smm
wenemuiBeuBw o _mHauTdsGausnHGFlw  CaxmeuliurenL.  SewLeuger  Qurml(h [_F,ITLD 9Ib
BapFHHA L Hmad (ag,rrl_gaeﬂu_lrr&,u usuuu@g,gﬂ amHBGBuTD. 2019 @60, cpsim BxFw
elehepTen, QFHTHEOHIL L HDID LSS B60 &.smasrrl_aﬂasmﬂgnw PBEVTEUS) Anhs HarsHId
umIGUDMwenLouest (LPEULDTHELD BT 610G LIT6U60IT S 60 QFwHUT(HEHEM6
elfleurdbEujenGernmid.

oogl o TwiFS elehepraisented CumlaTaTemiuBL SHSH LB CamallL 19, weis-
alevmi Gorseoser, BTLLULL HnBrsCorul, o ewel oMb GurFmewid ST, BiFleT
&I, Gupens ealchepTaImE6T, UHIINSS5H5E Fobd pdweupenpll LIsTeIoTsd HHHHMD
Oaremiheren SBHFLWID GeualwWkisamen (IPHOSBTEIHMHMSDHS CHemeuwiTer SiQiLIenL
SPemaud 9 meaursGdamear. NIFS  opeig  affeupd  opemiBHeMsd g iomen
auenj&Fdenwiud SialpsHemuid QBTeuvIL eNLOU|LD.
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7. 201910 gewnged Himieuenr OQFweTHOIMBH6TNHT FYTLOFLD
7.1 elehepremfHuITen &g emeudei

e NIFS @a1 FLLSHDG Simwaurs, ITUFSH (e semen 2 WFSHT &L SenemnililenL i

SLTTUIFS FehFlemadoefed Gysflobs Beuewttiguig) &L LTWILDT6IIGILD
(WHEAWSSHIOU(PMLWLGIOTGW. 2019 1D SLemrged Bmieusoneig LU SL(Hengaemernt
dysflsgieiong;

* ailghepTenr CMBamaiLed alenemiiyenLw (SCl) sehFlemaseaiev 25 oprmuisd eluyemsise
* ailghepTenr ComBamaiiLed alflurésm (SCE) sehflenaseaiev 33 oppruisd eluyewBisenT
" gemenl QFBTLIUDLW FehFemasmeiev 19 oppmuisd elugemimiser

o  QBuoed, 140 yrmuiFdls &L (Hmrsen WIHTL(H BLOQEHMBL USOBNMTESD pTTUIFSF
H(HBBBIBNMTEHAID & Hlesiul(Heenel. SSHILS, M UsHseEEeT [  Haleuamye]
BITOOHEHLET  Ussd SisHurwumisentasa|n ysflésiul’ (Betener. Gospid, elghehmen
weaseflen eluIEIBEMmeTI UFeueTHGHaEE QuUTBLB 05 SLBTH6T LbHeU RBLOSH6NT
womid yHerl ugHflesmaeseilsd Nysflbsinl (Heeme.

o alichepTarldeT SeufsEHmLW SLITUIFHS BHHIHLLEISEHSSW BHHemerL
QuUOMIBEBTETENS Fnlgll SEMMEVIHLWICUTHEMTS QHbHleTenety; 12 yHw omesiwmiser
LOHOID 33 BOLIPMHMUILIOTET  LOTNUIBISEIT

e 55 oImuIFHS gnl lgpenemioysemem BT Q@TasiheTCemTbd, Seummled Hreng 2019 W
SLEMT60  SLTDIGESEUUL L neUIT@GLD. LeVHN60HBLDBEIGET LOMHMID [BIN)I6L6IEISH ETHL 60TT 60T
SLITUIFAS gl lgenemia|beile alUJmIS6T:

6T LIT
o GWetereveniL OFHTNOBIL L Ls0DHM60HBLDHLD
e yIw GEHOTHHII L6OHMEVHBLHBLD
e Gung Flall UOBHMLDHBHLPHLD
LBISMTCS 09
e QarGamlersumiweoul (LOBENEVHHBIDHSID), FOUMT, LTHHT
SETLIT
o LebOamdF LeOHMEVHBLBLD
*  FH6U6U LIVSHMEVHBLIDHLID, SHEOILIT
Cejioaf!
o (Bommé-pHenl - UOBMVSBIPBID BT IQEIH6NT, OBTL QIS
o alevmdwed QITUIFS HITHEFTMD GevderomemiL) Gsmuleid
(ZFMK)
8szral
®  LIJIOM LI60&6M60SHSBLPELD
SQLLiTeoT
* MmFHCUTHT LELBHMEVGHBPHLID, QLILITEOT
GwmjGsy
e GoeusroBriyenr GuTTGeur LIEVHEMEVHBHLPHLD
uTdlerogirer

o alougmuill UEOSHEMEVGBPHLD, LITHerOSHT6I
e Bxdw wESHIN ENEhHEHTATRIHST LIVSHMEVEBBPEHLD, JTeusOLleuTy,
UT&lerdg et
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. e Q@omiend FULNTHPUTL LEDEHMEVHBLDHLD
* QoEImsSH OFHHHNPEHGL LOBHMEVSHBIDHLD
e QaTILYL LLSHENEVEHHLPHLD
e WMPLIUTETLl LISDEHENE0EHHBLDHLD
o Femailll L6DBHEM6VHBIDHLD
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° QITMILEMLL LDSHNEVSHHLDHLD
° MIGIMIL LVHNEVHBLDSHLD
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o oaeuT (6USDEVFL LIEDSHENEVSHHLDEHLD
*  QIUIDUL LSUHNEVSHBLDSHLD
*  Sam) FEHF FU, REVEIMND
*  BHWed LBMVDHBIHDH HEOMITIS
e (QOzmig oprTUIFS Bneuetb, slamiaieo
e GBzxdw 2 sufsmeuy Gailius, GuymsHene
o Geungd GBpTUIseT FEFMF VG, CUTHIT MEUSHHWFTNEL, HETIY

gL et
o FmBJerd LLEHMEVHBPHLD
e (QaTOxamCUTH UEOBHMEVHHLOHLD
P 2200
Byrésunb o Gng OSTLEOTHSHIL LIEDSHM60SHBLPSHLD
e GBxdw euFeOTHMI HITHETFTENEV, E6VCTOTL 63T
o alewiGsuai 2 ulflwessTen LSBEISTD Bleneowld, USEMIBTLD
*  SUJIeET LGHMEVHBPHLD, MBS ST
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CxTrdwm SIJF UBMEVGHIGD, MEHW O FlbsT
*  HIGuTFemIWT LOOSTIHOBILL DTF LOBMEVBBLOHLD, F6uor
aimufled  g@LlerdGum

oLrmuIFs  Gupuniemeuwnengl elehepmern sinflemeu GCLWOLGHHIUSZIL BT 6l DpBBHH M6
Guowurl_ (h& QFWIET(LPENMHUITETS UL lest BN BB ETHBHT B QeuefiBT(Hasefsd
OFevall g hbHae060 eV HewTdaTe (hUTWISMeNF CFlildHaIs GameaTeneab el
QFuig|eTeng).
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7.2.1. gu.ily&a&as,d LoD  LD6YOT g@m@gﬁ@;ﬂﬂsm %yrru_lafa% 5@,5571_1_[0
BBSPI LS HMVUJ - BVTHD. CamysT [JoHemTSS
SMHSH L SHDHT M(LpSBLD
uGamen @muuwng,eorrmﬂgu SIBEDL LI HG olmonaléEsssss  OLLSHMS
LDGTIT

DIML_HHIGTEMNENLOWITED 6 Lugge0 smuaiImLmsl b ComGnmes Sailiugls
Qeupplamemr  Geuemwigws  BHemeu 2 eitengl.  Wwewl  &TUNT CHEHBWLD  ETHILG)
auefiemiLeugHevieiten CO, m sHTeuy @eNGOSTGUIGT  (LPEIDTE  DBHMIGHEOT G LD;
euelfiLoewiL6v CO, oeual femplifigdbsiul B LDGUGT Brzemd BHTLIGTTES
rmPlwienodSILBE SIS, LDGUTT 65T 60 G| Uy 8863015 B T 601 QUL BISET
2 mIFWITHISHTS ﬁmmg,;ﬂ@&,@w LOGIEWITENE BV  HMIH  HTEUTEIGHENETU|LD
sueewiL & Cajsmaemwud ol  iFEemey  STUMENIS @asrrsmm@rj)gj yolulevieern
o ulfliure smusl Caobsmiseile @aMTEAD, FWHHTRSMNEG ST TouSTHa|LD

BB BTG LOGUGT &LOVOSTS S H61 upmlw BHBHBI_L SHH6wT Uy gmen
GN&CaTenmeng enlewlml &Tua Capos DML, is@imLw CsThbur®  wHmID
Gupmaswrer  LHDIL  BEMS CEOWNIULL GBS, FIBlemGeT, efleugTuill
uulyse,  ueemewt  Hlevmisel, il (hg (8,<5_r,rr|_|_r5|&>611 wom  AmGursl
LUITEQelImeEsEsT  Guradipen oL mSTE @Qemmaeulsr LGN TSI STeuy
jBEmIGMe GLIUGSSMINN (WD UDMls  STTalSHOTGD.  SEILODHleVS
STEUTEISET HDID GMLBEL 2 fFsIybBlemEeT GuTeam &:Lﬂ) L06e00OST (&GS BH6N
oueMoeL6vdh  STUMETS  HHIGLL  HMID  HMFHBLD TFFSBWITHALD
ML WeBMID  FmpiuGHHE Cailiugmaen &rrg,ﬂu_luurn_u;m QuUTBLGB  Spuiey
QelwiuBGL.  WHH UWTE oL BeRIMBUIIGTOT  HEUIL6BIVS —STEUTHISEHLD

2 _aIfFHIUYFBevF FLPVOHT(&HHBH(ETHLD SLU165 (&) 2 I LU{BHSHSLILL (HeTeren.
Bevmiemasuisvienen GQmBsL alewenujd LoewT  euemaHeiaIeTen wewt C  LHMID  eene
selylysser upPu @F Sigluenl wew HEHeun OsTGHmw aldpsHd CFuiouge
QurmLBL @F pwieurengl oTwllsslul (herengl. werenialeten C @mUysenend
BH6nTEH S (HHEVILD GIS SlglienL uflsomest AUEMTLIL HeNSH S SWTHSHSHeVILD
BEHHMHBIHLSHe  esoomen  Lysmenr  QUUIBGUMIBETTGWL. Sewnguwl  ef (HHEHTLL
(DM HEHLD Wwew C Capbs MMeVISGHTS Spule] QFUIWILGHS M.

miewamull] QFaGeaser o uly eflOuTmeT, STHBEHMD WOYILD SLSHTH, LemLene,
Fooemeus QFmTled, o ewiey HMID Heuendh QFmPed, eleugmuid  GumTement
SILEIGOTS UTHS  eaiFasGflu  Gsmfeseaisd o etemmibs  Lyunsseamns
GeueiliupsHuwetenst. sSHBUTHW &HSAHLLomeg 2 6lerfled  IfleH0%HH&EsILGBID
OFmevpm — miswewBISSaNe®HE  GQupiuGw  OprHwl  HSOHGBLLEmeNT
QeueiBGoum QuuoHBFiy 2 _mugsdl QumHLBTNILD QFWIET(LPENDBETEILD
Gywrdlusmster  FrsHwWiLTh  upPlu  oppTuieney  CrEToasETss BTl g).
@gleuenguied BLISSOULL oppmuiFfsst 2 etenfled  Ufls0sbuysF  Cauiwiul L
HlewIewIBIESEHD  Seuphlear  OETHUBIEEHL  ufsss  FfHUlL AL bsd
SHhaEUTEH6TeN  QuUIed  gnipw GOBrHwmsment UFHui OFuyw euensulsd
mBHeSTPN0  CFwenwammseaied LWL@INBIOHE euenEulsd LWSTUBGSSLILL  (LPIQULDd
aIUMSF  Gllgd  STLIgulelenen.  LOMIGWT®H — sHmevTengd  Gevmienaulaieen
GeueuBoum B Memevaeiled smewmiliubGdem FwBamuppfwrsseiler  Kplyflenol
LUEOGUMBMDEMW  Seupmlest  UTGUTLB  FfHwmenr  Qenmismewiey,  GUTFenewt
alugeiiuBHHe0  LOMID  BEhEF  UMBBEHLST  Jpule]  QFLUD  euensuled
SLTOLISHILL (HeTengl. Sevmienasuisperen OCeusiGoum suemBWITET BT  HleNeVB6TILD
IWHS Peweuseilaud 2 sen gimw FwBamupiflunsseiean sujssmisenenl Guenis
sTium® auFHIUGHHID euemasuled FwBstmumpiflwrsseiet euenTlLSCHT &S s 616w
Boafllenu o Heutshdll ugTwfssmeou|d BbHHSH LD CrToHswrss OHTERIL ).

amLSH60 GupLsmsieniu’ L GQawbhuT®Ba6it

BevmienauTsyl6iern QeueiBsum) 1)) Henevaefsd STemTlIL(hEl&Tm
FwBamumpilwrdsaiss Upiyflenol usdsuemsemwenw Sleumplen ur@Gurl (b Faluimen
BemisTeniev, Gurgenemt ealuFRILIL(HSHH60 LOMID HiEchd 6UMBHEDHLET LIGVGTTUIE]
QFuIzH6v.

BleiewmISS CFIGaaser: 2 ulge eflGum®mLserer ngﬁ},g‘ﬂ geneiwl QumIHCFy
2 _HuSSHIGUTBLEST HID  CFuler smm&&a‘ﬂso |ﬁ1u(8u_|rr HS0.  Bevminauiieiern
Opsd  alewenud T eUMSBHEEIETEN STUST  LoPOID  gemeul
SAGUTBLS6MeT  Snglinent.  LMPlw  Loewr g,&,sum CaTsdme 2 HeuTsE
Qevmimaswlar ey  IIThHUSSIeTN  HEIILOBe  LOHYId 2 6uf  FHIIY ﬁm&
FHPLOHTGHHBeM6s HTLET B (HLILSB6NT.

BMHSI LGS (Wppemowinet (paIGarmmLd
BevmIenEUTsIeTen  ueild  @EMDGHW  (pHeomeugkl wewt C  eUMIULSHMS BT
GysfldasienGenmid. mademerd  suenl  LpmhdHwsbdevieiten wewt C  ommId  eFemen
salluTmLaeiear  uybumend &1L (heuser  QurL®p  GIS  sigliuenLulevmes
auemyULLTe S SWTfssiul Herengl. el @evmemauler @aug  eleugmuw  mleoll
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uweiuT(GEeMenr el 6ueNd  FbUbBSLOTE  STJelEsT  opuiey  GEuiwliul Beierer.
B518u Qevmienaulle UL uTasHev 1987 1D pewigsst  Letenn] BLISHSUUL (BH6T6T
(WHeoTeUG AILFLOTE o6l GFeneuWm(@LD.

7.2.2. @mdw FOOUTHL Guendsalwed wHmLD Heawino Pl BFFTweialusd SEITUIFSHS SHHSHILLD
FBSIL G Bwevej - Gugmdfly 61ib.e7.C%.6160. FHlerO6BTULISS

S LSH (psLD

2019 1b spemnged NIFS @60 GuopGsmeteniulL @hrdw FLUGUTGBL GusTSlsaiwied
wHmd  Fewio  Hewew  @rsTwenalusd  SpITUIESS  SGSILLLTAE  FoHI
2 (HEUTHBLD LOMMILD LILI6STLITL 19 65T QurmL (b (CE TV, F&uled

WHHUSHAPDLL  (PWS Ho  Blened LHMID  GH®DS Hewio Bl
(Omed) usTissmIEsilar OHTGUEHUUD  LISHILITUIEN6IU|LD GLF,rr&,asrr&,&, (@F:) (2 [ R
BaaTen sLLSHS BuTgl Gupeuteig (a) Qeusiefl BBaITSH Hidseisemen LWSLHSSH
Benmmerd@omelles  elemsnalsil cwevwns  gefideienat  GwUBHHIHN, (b) enymmTeiwib
FQITLemaL (b @a‘ﬂu_l@mm'_@&@m Lr,(%smrrés-asl'_l_mwﬂu JHWTs  rHumLgS60
wpmid  (€) ubSeSar PLmaLmL  SigUUMLWITSES GoramiL  Ggmed  LoLGSW
WleSTLGOUT BN eLpeVIoms sueneTWILL L. FTW 2 swifHmenenLwl F&Fluid HevmiSer e
1SS Tevt um@m;ﬂs&fuﬂm FTEBHMS U] QFUIHD  (peOoTE  elenenddmest
CububGssiulG 1w 2 aujsnamLw  Gilws  somsmen  alhss  OClFuise
FupbsoTer ULGBaIm 2 U-s&HBSHI LEIsemer GomO st (HelTendl.

aMHLSHH0 GmhOsTeTeniul L QFwHUTHS6T

2019 10 oyemiged FTw 2 swiFHnanenL W FHfluids seomiseiler alemersdmer Guowum(s
OaTLIUTS cpain) SLTTUIFSS BHHHHLLBIHENT 6105 GHWelsamsd GeunmsyLomsL
Wisd Gauiwiud (heermes.

. rf;jpr;nrhl;L czu;jpwDila R+upaf; fyq;fSf;fhf $o;epiy Ag cld; eNdhj;Jfs;fs;-
xUq;fpizf;fg;gl;l gpsh];Nkhdpf; TiO, (eNdhehu;£eNdhj;Jfs;) ,ul;ilg; gil nfhz;l
kpd;gFnghUl;fs;

gpsh];Nkhdpf; QDSSC @61 (ppemiowitest  clewaiSHDE@ID  GMmIGHh-FDm  LOeTFTyHH6wt
LTSI, Ag BCamHHIBaTHsT smm QDSSC Fmjunrs WenwpGw 15% womid 23%
ape0  CubupssiuGdamer.  gpsh];Nkhdpf;, QDSSC @e1  GuibuGSHsiu L
weGepmomesig  TiO2 @rlenLl  ueml  @eflwGeimigsd Ag  HBaITHgIH6TH6N
eweowomen  Gomurliy Wenmerwen oiFFey elenenalent cweoomen GWUGSBUULL  gefl
IIBSHHIMEHFL (LPeVTHE FTHHWIOTE DS

° g 2 _soiidpgienLw & fué sohisafar slmargdpear Gobum iy dsTer g peppLTHE
SULESOULL aen(lp; [HI6soiGHTembIs 6

OaPluemL FoFwub UL  @eveorg SLLenwdslul L  DSSC  opeig 6.68%
alemebHmenet  LTHATD  GeueliuGsHu  o18s  gwwibd, TiO, P25/ TiO, MS
angriuenLuieomer  DSSC  oypang  7.38% almaisHn@miLar  gaigur 14.80 mAcm™?
IILTSHAWmLW SiFHHenaleonedt Gmieh FOMI WGTFTIHMS eUpRISWIG. elenenshHmest
BuwurLreng sFwsFs @alld OaPuldeamed £16Gs Fwwwbd TiO; mewGsmenmisees
(psolomen @ Wy FTwfleomeud  euFHILGSBUULL  (PTGammEToTeT  @efdhgIH6l
(photon) SiBSHFHINMEHFOTED DY ELD.

. usGHalar (QUems’®) g liuenL wnsd Qamewi_ Glgsd L@

Wsu@GEunHL S S enedsiul L s 2 soidpgienrw & fud sohisefllar Guobum iy e
ueOndeSanar H1éHHD

100 mW cm? (AM 1.5) g flwiQeurel g@eflugl L edesr &p PANI @evsomiosd DSSCs 5.00%
aen et S menest GeusfliuBHaw SIBxFLoWID, 1.5% PANI  Gazjssiul (hé
SLLemSBLILLL ueOLEGH S W LOl6BTLIEH QLI (H6NTT 6315 6.56%  elemesHmeneot
GeuefliL(BSHAHWG).

BMSI_LGHHeT (LppemLoWITesT apeGarhmLb
610%  HOHSHLEGET  WTad  Qeommsulpeien  CsTPRNFmESEpEGD oGS

BaprmousEhd@GHD  gflw Lﬁ]sm&rrug,amg, ,rﬂu_lrrUJrrLorrsm alensoullsd  CULPEIGISMHESLI
UWETUGSSEFQU  GHWD  UOSHOEIBMENS — SLLMWDGBGD  aUmBUled @&6\)6}4
Gmmautenr 2 W elmarsHnaenLul  FT 2 aufHnamiemLw  Hfluid  HEVEIHEN6IT
amsbdH  OFuiuens  CrrssTsds  OaTaviLemeum@Gh.  SFHHwd  H60mE6T
Baxiuenguied  Sieumnilest @J,Jrru]éeﬂ BlensoulGeoBul BoUugIL e OeIFTISHemng
2 _Musd QFUMBSDSTS DeUMEND @mmm&.&@mm Gflwl uevEeVEIEBENTS  al(HHH
OGFweusm@  Gweveh  Fev QUBLBIE6ET  61(H&ESLD. @emeu  STFTEIGSH 60T
yalesssss Foads OQamarensule QHTLIHULL 6 DLEGLD.
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7.2.3. Qupms oITTBIGEBL LSIINISSS5555 FSHUND YJTLISFAS BGSIIL L LD
BBSII LG Feweveuj - Cugrdfliny etevi.te. FLIFIEIS

sGSALLSHDarer siflpsid

BeBBHIILSHE  Ugsmen rras&,r&l&,snrrmsm ydw  FadHemwiuyd
QUENRIGENETU|LD @ euTRISH6u01(H QFwuisid, 96z  Gumed Qg,%sq
Guiwiu’ L gmasetGeauuleien mmraj&.a‘ﬂan alenaiSHDmaT  (PaICAINMISILOT G LD.
oPwiu’L  saflw  aemmiseiar  Guatis@® vwELThD i6s Gured  Ggluemy
SIPWiILL TS LIQLDIBIHIEI S 6N 61T SH6U0TLMIHEVILD BTL Q60T QUITHETT ST
SBEHHBGL umsaluys GFwuyd. Revmimaulaiemen e  euemmiseilagio
urempaeieigid o168% Gumed yealGsulit aenmiseflaigid Seienwenuwl  alemmids
QaTe@pseTaig Senmaeuigieier UT®mD eeWRISTE CaHTHmd DN DiHs
alonsasHmsS IOUGSSILD. BuhensWITSH6 6T GyLedr LOL L EI&%6m61T
QUMY HLILIBHBHMILD HevillL GUEYIBIZH 6N 6T Sleumndleot 2 _MuGHemuiub
OQurmenmsirs  Caetalemwiujd  enwwlubshd  wHIE s o u
BHSHHLEIG6NTS GomlaTseniiLhalaimet.

Geuliu LOSTFTILD Qs TLFuTest (TG euTmIgUIT6DT R B(HSIHL_L LTS
QeuliusHeHBHS (8,r_5uu;u_|rras Lﬁ]s&r&rru,&;mg) Lﬁ)u,&,g‘,] QFuigmeoud, <I6s Gumed
se Gaulugmas HOYTe QFUIHE0 LOMID LOTHMWEMOSHE (LPOLTH  Fnl (h-
2 _musHWIITH WeSTFTTOTS  LTHHILmLSS 6jﬂ)&’:60‘l(361.lu_|6116ﬂ (PEDMENLD  @6ST6HT
(Wwepenwwrer alemarshHnenet NHBFHHMEVUID MOWIDTHS GBI F).

yelQeulll  eusnmBIBemen  oGHIIIH QFuIH60: Oxfley OQaunuiu’c @ Eisefsd
g,(%&,rrmeustnwuﬂu_le\) (LPENMENLDSH ENEITLI uweTu(hSHH b £L95]6\)LD umplw
BHBEUVSHEMEITL Qupmis Qs T6ITeUS 60T QumrL® H6MLI LIewTWIT 63T &)
GomGsmememiLL (HeTerngl.

Opsvibeuradl  wOMID  WHGeusLeee  LITCHFBIBMNTF FHp SmLSHmenr (2-D
profiling) wpmi> srHHIWD BFensumst, LFHTearons SPELMHUTLILY SUIEOL|HEm6IT
olenmidls  Gametaugssr GQuTmLpB  GumsTsTteniul (Hemener. GeVD  ByLOLOT6
B LenLYbHT UDPIL HBH6U60HM6NL Qu,r_hgua's (aesrrsﬁmg,s&r QurmL®p gmsearGeu
GoaflaaiuL sTHESOMTHE WHNDID HTaj®eT CFLSIIPMDUILBHSILLLE.
yelGeuin  sapmidaenens  ump  elenmidls  Cametousm@d  slelmoalule

QurpLlLmer Supfler FrsHuiuTien,  wHIIGH CFulusHE@GHL BHDHHEU0BET
2 FBJLOTS SIENLOULD.

yHw yel cuenmisenens SispeunymuiFs QFUSID ghaeaBal 2 _semeaunenn
alenEIEECBTeTSQID: BTH YITsadhbs  Sidsemaleorear UTenm  LOHMILD
safweder wrHfleer Crafleslul (B Seuppar seafluaiwe, saiudh HTHSHEIGHET
wpm  FrHIHworer 2 pusHenw  alemmids  GameTeuget  QUTHLB  Spuley
Ouiwiu’ (Betener. @6l HIEMISGHSBTLIQSMmML  LwEUBSHHI  LNFSTeionsL
QupHBmTeSiu L1661 BuomGamemenliLiL (HeTere. seflwaiuied LoMMILD
yaludyamwesialwed opuieyseEnnd GmOsTeTemiiul (Heeme.

HPW GFewe] @GmpaTal SISO USTTSEHIGEDD FoDIBEHD: BVBIDSD
STFWGHMS SlQUILIEDL WIS CeTemiL o MHuHAIQUTHL MmN  LweTUBSHS
SITEVLOI6TT USTTSHBHHBISH 6N 61T INGEE (OENEYEIHIE) T uFGEFT HemesIH6N
BLISSULL (BeTemenr.  Sjameolllest  USTIHFEBIGET  6hHelH  BMLHeNEVHEHLD
@eveumoBeuBw  Cauliugemnsd  WOSIFTIONS  LTHOWNIDSES  6UeL6V6T.  HTFU
Lemgl (b (graphene oxide) @@méssiulL &1 QUendl (HoEHD  SieTsoLdles
USTISSEISNTS Geupmiayionsll uweTubhHSLILL (HeiTermes.

yalsss556e FoHH  peomisamen  al(hhd OFUIGeIDd FHAL  LWSTUTL Q6N
alemensFHmenet  BubUBGHHISNID — FhHmwund  CHBUTEL  HHDMTLEMELUILD
uTgISTUILS 6D HalTHS (LPIQUITHETEUTGHLD.

Seeollesr  Wemiplursdset  6hs  aumssGUWfiw  Gauliugmasun, elCFLIoTE
a106 Oeullubendujd UwgleTen LO@IFTIONS  OTHOUWMIDSESE — FnlQUIGSTEUT GLD.
Q5606 (HMDMeUTE, 2 _GTHTLIQL S bHHH dnlgwl (BeVEIMBS  STFUILD)
SO GMSI LWSLUBHSHS DieeOOST USTISBEIBMEN 2 _DHUGE CFUISHe0TEISH|
wwmdAssiul GerengiLer QuUGUMIBaT rHTUTTULEE 2 FfluiesTeuTsea|(Lp6iT6rT6sr.
O  oedevg  cautQemiul  alendmsl  LWSUBSHE  HBUWL DB
OzTemeoCudlenwt  ISIGmIMSEHES OCFeva - GHMDHS DT6OET  H60CELOTEINTETS
alpeHdH QFuiwiu Geengl. @& SusFy Bsmemeusefles Curgl auasd GCoHemeusniul
FHOFUIWSSHHS  SHAMWTHCMT, eVVE  gemesiwl  OOIGEIDMED  CLPEVEIHEIT
@eveons GeueuimisaNBeom LWETUGHGSUILUL  (LPIQULD.
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7.24. ssHuyw 2 wiBlmeoll usTiss SyFTweTalwevib
BRSSPI LG Heweveuj - Cugndfiy Ggy. Liswr iy

BMHSILSHDSTEN DIB(LpsHLD
FaHYDL o wiBlmeoll uFSTIHH  @rFTwenalusd  HHSHILLSHH6b

GMIEBCasmenmeg) UBIIT 5588 Fod) OamLjumes @wrru_l&

GopHO&ETeTEmHOTGLD FISIUSILET 6105 pJTIFSWTES UTsTanoTs & flu &asgﬂsmu_l
@rsmwen  geFunseud e FeHunsend  wrpmeussr  GUIGLG ySw
UGBTI &S HBIS 660 @ raruies LoMMILD Quend s HEVTEMLOEHEN6TT EDLOWILDT &
OBTILSHTGHIWD. FHW FoHHenwll  LwgleTen &&,Q;‘%_lrr&, Lorrmgﬁ]smwes@Lb UL L
HLGHe &P, BHHLIOTIGH Qeluybsesd [/ 2mEHe, FHflwes H60 WHMID SHHOTL 6D
uflergw  Gurseim  usBeum 2 L-BHSALLEBIGmeNS  OaTeni(heTengl.  @6Mulbsed
&G LSHO  FGHws sHjaiFmss GCsaflsg, anfluGsd, yGuimdiuger
QurmLp  @afssT@luenul Gurmelwrs  GeusflubBshsHeaueoer  QFWMenBHUITET

@rsTweis  smelsmen BT 2 GHUTHGHGCDTD, 2 HIIIoTE  Henjll
UGUUSHGSD  euefoawiLey  STURTEITLMFL ML LTHPWLIISHSD — DGLd.
SDISHEVCLPEVLDT S BGS gImwienowner  aflourGLlaeiear 1By  Hemevsmen

2 pusd Ggul (erru) eogl  spyruiFfwneg  Gysmenons Biler LGS
BTHESSHF (PVDTE WESTFM 2 MHLGHH @&u_lg;su)e\) Crrésnss QoTEILG, GBI

WBIFMTONG FTSTVE FHFH (WULTHS SHHSULGHIDE. JASSHILE Bl UGS
sreswTag Oumds ealcgETasdsd @gnmy SissiuL  WRuTs SbsemE@LD

SIQIUGIL G eTeleuT  OSISThS FaHUTaIF SIeTwen FoHUTe  allmansHDnaiL 6l
wnm% QeuwiubGang adiumg BT alamsls GaTausnHEGL (PuhFSEGDTLD,
SIBTOUGH  BITAIGH MSTFMTEHAD QL IFITHELD ai]smmg, Jo T YR SR - X W TH I
wujor? CO; @ 6IDOTEL  LWIETN  SIFTWEIEISNTS rmm  (Wigujor?  Goepid
@seuanag e  uflemrn  OasTLjuter  opITiFSuled 2 s5GassgiIL e
rGUL (o6, @0  BmD  GFwGeuTeTemwi LEIGeFS  LaTfhaTemev
DTHSSMNTS  GMOUUSH — QUTGBLG — OFwey  GMDHS  boJud  eusflomws
SITUIHLOWITSGLD (PENDEMLOEEMETWLD UDM Spule] QFUISEDTLD.

aMHLSHHO GmhesTeieniu’ L GaFwmpurBE6T

eoflyssasE o LubBsHsiulL  Bflsr  cpeomsr  maSIFer 2 MUSSHWITEISH
qgjumasasgjg,asas m@@smmasaﬂm LOB6LD (y)&,aﬁ]u_lwrrem(ag,rrsmmrr@w aeieaid @
BLOUSTIONET  MBIFST 2 _Musd  Wempemwenwd  seviLwl  CeuemiigueTeng).
goflyssiu L B  UOfs0s6Uys OstgdHseflsd  adHfsmereniubd  umflu
dysfemenwimeng  QuepbuTeoTen 2 midlwiment @a‘ﬂud,asaﬂesm L|61)60'lIT@Lb @ofldE
OeueliL(BHHID  (GHmmeuTen  elenemeum@G UL er  SEHLLOUCL WerGarmme
sralsefllal  oiFToug RS ATEIEETNMIGID  HweNsaTAIHID  elemarhImeandss
Gfs0sGuamul Qupmis GsmeTaug FaumelGhSHILTGW. 2wy ulemLulem Qsueill
usTyssmIBaied  (bandgap materials) 2 6fen  wWTHEEMNT 2 L LGHSHIHOTIG
@CrCmrsded ulenLulemLGeusflenwd FremwliugiLer @efudbsiiul L @evsHT6-gisel
Bamysaiat U BTeVSHmBHH S HUUGSHIUSDGWHW BFFWLS SHaTenow|enL WOHT
2 sHumG. Ar:H; euryssefie sevemeuuled (550°C) o wiy Geuliumlensouied NaBHa
B sTEHEsHH weoords SrTiOz giseiseiey gL dga @emLQeaueills GmpUTHEHmeNd
sitewi(heugbert  QumepLLmesr  @F  cpGsomumwionengl  euGdsUUL(BeTengl.  SrTiOs
glsenseier 1smer 2w GeuluBlenend SHTosonedg @LdFa  @enL GQeusilseies
sryewions  SITiOs Qe QevsAHgar wWIGLLNSEG abaGSSH, Hr QFwmuriges
GO G555 10 wLEIG GCLWUILBLET Fnigul DHGD YeoaTTassss 2 UNJLIL6T6T
SrTiOs efluadulssr almesHamws HFSILGHHEDSI.

Gsbedw-usmL. FFlws sevmiIBefea QHTNeOHIL LTS CFevaygnigwl Heldbsear & flud
sVEIBERHGIW @F STunt@. SiaflOwrel Feoemul B (SbyS:) H#flwe  SHevmisel
SHEWeIW  DBSHIMEHFOT @ahlensmissiu’ L Burgk 7% @D Hswomen
alenandhHmenest  Ceuelbsriigujsienet. P3HT @ giewens &LSHU  USTTSHSLOTHES
Oxmeni(h Hewio euendHG W SbySs Hflws seomisemen BHTD lHHH OFuIgeTCTTLD.
Sb,S3/P3HT smgliuenLuleomen gilues Sevmsenen  alenaiSHMeTTeIg  DH6II6I6TITE
4.0% o@D e@UGIL ST &FDHOIIYD Bevenseilsd o wifeurer o miFsHHaIenLomUIULLD
GeueliupogIdamer. @Bd Heawio BHemevdGfw Fflws Sevmisaier aleneaihdmenest
(werGapmieuget QuTBLB SpuieyseT GmGsmeaTeniiubasiment.

BILgeYlsien sHBUTHW LpFfemeansamer STLILSDET STasaiar almss
ugmofliy Bleneowmiselst &le| Bl uflsTrsssE 2 LubhdHseusasr QuTmL(H
UGl 2 60 @6Tenm BTD al(hHd CFUIHETCTID. 61HToUHLD LOTHHBIS6TED
uflaniss wWaIGepBlyseT GmbaTsTemiuL 6eTemer.
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7.2.5. spprL 6 aﬂ@@/mr cqgﬁ/rwa#l‘s B(BSBIL LD

NIES TuIFSH & LL1b
5@551_L§ smeveuj - Cugrdfly Qursmrer efygflu

SMHSH L SHDETT DM(LpSLD

Qu@pbursomes  Spuieumenjsel &OmTLed ellghepmTansmns @f LFCwrasSm @ lw
gmpwTaBal  HHEHFIT M. Qunensmuid S HUUGSHBHISOTM  [HIGUT HLOUIT 6
Qrweipammenw  wHITH QFulausasr QuTHLEG 6hS L LSHeomar DgliLenL
alensshmas  &POTL  allghehTen  SrTuIFds  sHSILSH0  QuOms
Oaxmetensed  Geuewi(ho?  NIFS  @et  s&omrred  aflghepmenr  opyruIFd s
BMHBSII_LoTerg 2 0dled  Sralement Qupmes Qasmeienailweors  Siedevgl
Ozefleupm, @aipw Had euemguiled Hiey STRILULTSH @Revmien Hule SHNHMITL 6D
Ny & F em 616 6 611 P M Q& IT 65T [T 6115 601 QurmL PV Fn MM oL L& 860
wempluGssliul Getengl. NIFS @er  sporred  ellghepmenr  BF @j,ullsqaé
GWeuTed  uafoewILeL  BHEnJFUD  LO6w loed  QFEuDuUTBEMETUL  ASSIL 6T
b iflest BSTHMBHD BLBUUGSSHID 2 _6Tensdh BT 6N SEm6TTLI up g
Oxeafla|uBSSIOIMmBUID MDWIDTEHS OQBTERILSTGD. 2020 1D penigsd, Gxmdlul,
Nyrsdw Hmid FFeuBssd SpuiadmL Bismend GFJheH SpuleuTenyEel Guim e
pilel  s153MGFlw  SpFFjwbllGEE BLHMS UPDW WIS  dalplILBHe
QuTBL (B Fnl 19606801 Sl65T M6 .

aMHLSHO GmhesTeieniu’L G umpuTBser

Wsiioufaégmipoll flens  eifiiwnmmed (Electrodialysis reversal / EDR) QawmpurLmeng)
Crie SIWSHSHMS DupPieT  WeteuTwisEpsGL  LIFCwrde@  sidFwrmmmen
OQFwei(penpenwd  OaTawi(BeTendl.  @UUIQIPHDWTEIE  SGU-GITUmLILGSHSH60”
Qurplpenm qevdlest €LPEVLDT & SjweT-ufiommm QoeFeiea Hefls (IEMS)
SusTalldaiul L  smpUgsHed  CxmoplurienL  wpomlsTemousear  GUTmBLGH
@evl dwionen  Weteufldamipoll flensgd (ED) Qam@dHsendsster @f QsrLjsFdenw
gOUBSIH W66 sTeueUTMTUIEnILD, EDR SlLILIenL uT6v6uT FOUTHDHMEV
GrGwrnasmisendd eupmleasr  “sw-gImTlmwluGsse0”  QuIfipenn  &ely  iwer-
uflormm QuosiiFsiesefisyieen QosiTF6lia] SIS 0TI @aImieueny
FUTELLO(GHHHHTHE6U 2_6iT6ng). 2 6o YRMINEY: 3120 37 B1L_misefeviemern
F6UJ SHH60TENLOENUIWL|LD U6V HE0TENLOENUIUL|LD SIBDHMIEUSHDEBIT6 (pemmenLoUT6st
QurmssLUUTLmL  WHIIHCEH @6 GCHTEHEEHLTSETENSE.  610%5  pUlIe|Fnl S
SlglILenL WTHH BTNl QL6616 SIQLILNLUTEOTET (LEnMENLOWITETS eleneuhalmest
wHIIHHEHETOT 2 _miHemeuiuTal  uweuGSSUUBL. Coaid  @eomiemnasule
atfwsmal  uvweu®Gsd EDR  Qweipenmes@ds GBohemeuwmest oGt (ha@Flw
UBTISSEIG6T alhHdH OQFwiu@wL. @elsumLSSHaer, wrmpwenwdsiu’t  EDR
OsTGHWTEIgH Spwieydal WL LSHH60 BwsHsLLHLD.

BT ueGaumulL S(HBBBIBMETULD
LoIQLIL|E5EHEM6NEI OB M6 @uug‘]wrrem @bsalulL  srfw  glenglenL  (graphene
oxide) QzT@HHAETCETTID. @GHsLLLL  sTfusSHa (graphene) 2 mousmioliLTesig)
GW-Hr(Hmsemwd (&SMMLILIGH 60T QurmLGB SIflQurlinest CLPEVLDTEBLI
GurdlupemplupsHsiuGw.  GauaiBGaum — SFlQuTlysEHLET  Falgwl  STFWGHe
BuiebysEpd UemIILUUGBL. BEFGSH SHatmwwmLl 2 Geors WIS alenJeuTsd
glewflougest  QuTLB 2 6Tons  Werelygmwer  (pemmsefet  psoors  yHw
USTISHSEBIGM6N  Lweailu(heHd  orppwenossiulL  seavteormy — GuTein — &Tue
WssteuTwisem elhed QFuwin@Go. sefwmer usiwns, sl G 2 Goors jweisere
Weielyamwie  GemiETanasaTed  Reowurihs BIGeuiu wenm (one-pot facile
hydrothermal method)  epeoones epsIFa-wIgLLOUC L &Tfwworeig (nitrogen-
doping graphene [N-rGO]) Gar@&aluGld. @EiG, ®bBSIFa QaFmeurer upfluimeureig)
N  weaiBamgwnas OsfleQFiwlinGougiLar  ig  srfusdar  @evsHyeiluisd
Bueoysemen o eenTihsons  rpiwews@Gn.  Casriurl Ga@Gilu ulymss
aslLemwly, ulyems QemLGeuall woHmd sTfw Blmevsefllar oILjsHd, rGO, N-rGO
womid N-rGO o_Ler agniguw HY(I )eopdwen Quantum Espresso (QE) (public domain
code) mii LweETUBGSHS BellaalILGLD.

pAeowl QuDpIsCsTeToUSDETE LHW  (WPRIQTeyd6T: Sewwiy  sutelF  Fymdbsid
womid sl MMl UBGEMS (PBTEMDSHI (WaTOLTPoE6T S dwer Bglenwi
Qupmis@aTeTauge  QurBLB — wertGm@uwiiu®Gl.  senell opomil  ubBsms
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(werQwmeureng  FermalL LO(hHbaE mldlemuwils QuUDMIEEBT6IT6USH 68T QurmL(B
@emewiiiyt CupmAflwy Geuwt SieujsEnHLE Fnlenewihg FoFlilaainBLo.

LISTSSBEIBN60T I BSBIUND [OTF6DL &BT60T LIS TI(LoLH
BRSPS HMEVUJ - HOVTBIG VBTV EQUNTSH60T

&sHSIL_LSHhETer i(psLd

SFOMTLED alEhEpTe ITUIFS BepFfsal Liomeas Sgluenl womiw WyCwrs
allehGhTeoTld @Tewriiem@&pflw el wluriiuTssds sSmeLUUhEQIma). selsurmrullenb,
NIFS @60 ammrLevar) oLrrTuisd] BawwsFdsHl LBIsmen @IpBEIGMDLILGESD DG
Caumul LBsTT 2 _urtwsHmedd OBTaRILmIDbAI6TENH. 2 alenTiheoms  NIFS
sFOOTLeY  aflehehmerr  ongmuiFd HawsFHAsA LD o Bl DLTeUS &S G FW
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&,(rr,g,ﬁe\) QasTaTerliuB S ma. @ wim 6 & W eV| 61T 61T LT &L UG TT & 5Bl 6160t
sigriuenLLl  Qurml(wpenmaeflest &,sw&,rremﬂuuw alenBIdes Q&sTeTERSHID  L&a|LD
(P& HWILDT ST (& LD. BCMTUUGTIHSEISAT oHmID gl BUUSTTSHSEIST GuUTaim
(e BarmmaTone  usTT&HSEIGeT  ueBaumulL  WpCwrasmisefled  (poHéw
auAUTHSHmBHDH 0T 6w (H6VT 66l

&@g)gﬂl_l_g,s]m BVEGHBEHD  GHNECHTETHEDHD LIFMLSHMVS B (HLULBHSH60
LD[DQ)_ILD S5 G flw uflas Ty g dlest QurmL allenendhSHmeridlbs  HGeITL
USTIT & SHIEl & 60 61T al(HSIHOFUISNILD, BlGwTenevL (H&6IT, Fal BLUF 6L
USTISHHES6T, @evmlInds STFWLL  LPMw  SHewiwsds  sPesemen 2 wif
Caatals@flu  @md elmaGureLsmrs  wIHPlumLsHg  Qelaelen®sE&flw
USTT&HSEIBEHSGHU  Qumiod) G&jgg,@wrr@m RQaeCUTEI,  (PpMLOWITSL
ummu@g;g,uuurg) welleumest cpeolt  QUTEHLBEBHLD, Syt QuUTBLBEHL Ldul

usTissmEsmen alhiHd CFuiusmGl uwaTu®hsSUubHEST M.
aMLSHHO BGmhesTeieniu’ L GaFwmpurBaE6T

Qwmurn@ |

gleismauiler Lmweners s BUUBSHID sTremiwrs SDS et 2 gealujL e HGeT-
ABWTemeIL LG OBHTSHHH60

zwmur@® I

Fe wmmid Cu ope0 womrmpiwenossiul L BGwrenel (b easdsealer Q5T @Y.
uewiUXiBH6e0 LHMID omEEF QFUMUTL ML G HIemNSH60.

Qzwmur@ I

NOx, SOx &TsHe0NmETE MCWTENOL ML HQULHL WTHS QBTN 265
Qrwpur@ IV

2 ulflen @emewialhaETs o WF-UFSThHdh Slenidmaseaier GomuyliemL
LoTMHPILIHLOGSH 60

Qrwpur@ V

OLmdmETen ussl utuiFsed gifls GFwupurGenLw GrTUIBTewIW o Lisyens
Csr@duia aless

201910 oy ewnget (PoHBWSHHIOUD es elehepTer ITUIFS (L6 H6T:
o  BBam-gCwrenevl L OFHTGUUSDETET FHPed BHLUDOSS (Wwenmentoulst almdd
o  QLEADsTe uHsl UTWLFFO GrTUETewiw o nsyaws 0aT@GHUIsT almsHd

8. ovelf] 1omFemI FHEVId Tl oHNNTBID
BBSH LG Hmevej - HVTBIG g, GLiTeuss

suelfl LDrr&Frrg,s\)rran@ 2_euaenmalw  QuIgE &sTHTIL  LIJFFmanur@Ld.  auBLIHSLD
S|GUTTETITGTEUIT Weedwiest ~ Guy  euell  TEFTHIGEG 2 6ENTOUBE  (LPEOLOTES
Be&ET . @ Gou Grmuisr oiFgally BemeowLer GSTLIYMLW 2 F&F SHDTL6D
SUTWES  STFEIWTGD.  @eommsuled, euell  LTFTHNGE 2 6TeNTHTEISI
welsIEeled UDsemIsssss GHTHT] @Iunmwn&,mmmﬁj ouell  LOTFTHEVTEIS
FHAILRISEHSGWIWE  aaugiLal GOl (6% 2555 0131 (21 BRI (1)
GLsLaTmawd 2 LuGdng. @b, dfu  osPsfliys &sL  GYsE6sTMe
LLLGHD 2 W DUTWSHMmS qmu@gg,surrw ouel  LOTFTHDHESH 2 6N6NMTHe0T6IH
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gouts HoId @sweutedy GrpTisallE oiHSaly Bmese BLGF OCFawdng. euelf
LTETHED cpsvloTd gOUBL HSTHTIE FT8sLmeng GummenTTy eusmjFHepwid 6%
Gumed  BevemeIW  UTHULGE  cpeooTe  Bemmsular  GUTGHETTHTTSS60
BTEBHMBF CFNIGHIEDG.

auelll  LTFMLSHL  IHFUHEUMDSHOTHIGH — &GHTHTT  SuTw  HibHseMsd
WaHwusgaIpmLw  GsosTms /[ sBU] L LSHeomer 2 1 UL s0Hemend
sElusnGL uwWeTUGSSUUBESIDE. “ousll TFMLBHD WLITHFUHUMDSHED LOHDILD
&BIHTY  Sutw  wAIIGE” &sHSIHLSHDGHW  Gueauteigs @ReEImHSUIST  [HEH],
dymoll ypEiseflsvieiien euefl wrFemLsemev WLIRFAWGBUUBSS60, 6uell LDTFEHL HEVIL 631
OaTLIYMLW &STHT] SUTWHmSDS Hellih QFIse0 Hmid el WLITFMHLFH60
sLGUumLB  (peopseflsr  (WaICaIDnEHmS LDQ;‘]UL‘I’@ QFuIHmED  CHTbHIONSES
QaTemiBeneng.  crenGe, HwLeaI0UDID SHHaILH6T UTHIUBEG 2 _6TaTEHHHE
GUWssmenu, Hs  suTwsSHANGHw  OrCssmIsmeTUD  EIEISTERILSNEGLD
LOTF6NL_HN6VH GmOUILSMHES W Q& T6ITENSHH M6 Si(WsoUL(BSHHIUBM S S
uu‘]ﬁr@jmg&,mm AIPEBIGUSDGHD  LWSUBSSIUL  (PRUD.  B&EGEpalalenL
Spuieureng  QBTeTeNSHHEN6N g@mu@g@jmgﬁm cpeulomd  euelll  OTFML HM6EVE
BLBUUGSSIUSDETE HSTTHEMD CUILEIGLD.

7.2.6. amjiiy, Fpeluey womId FHMLE 2 uiflue) YFTUIFHE BWBSII LD
BB LS Smeveuj - Cugndfliuy #CBrag Li.GLehFiisr

aeigl  opIeFmLsH0  spoumepg  CunOsTeTeTiUBL  DpUIeHET 2 _6UHLD
WITSOLp6TeNn  HemJ MM BT  GHoOCSTGHHSMNMIGTET  HTUTHBISN6TUILD
alevBIGEemenud uDpPlubd, Geommauler Gom@ WwmesEHTLFHeMsveTenaTeuDNeNMLI
uppus @f eIGFL umfensuenWU|D QBTEI(HETENGI. 6TaUEUTHTUTDID, (LPSHEITENLOUITEDT
Grrasonarg  QUEBLUTILD S LaumelIUBGSSUULTS  (LPeTeMbHHamTgedlssT —LoHMILD
fm  sTougmisefal  LsOeuMmBENID UDMWSTGWD. 610G I BITLIQET  (LP6TeNTHHemTlg60
eleVEBIGE6T QUIHLLUTEID SWHSTUIE] GEFuwtuLmoCeBw 2 eTener, GUHLOUT6OT6
LU BET BTEVWIGHI BTeVSHH0 CHTHMD GUDDEMEUWITGLD.

amLSHL GupbsmeteniulL GaFwbUTHS6T
*  @evmmawiaensien Goblin feopdseaien Qxfle] QFuiwiulL Frdsefe
(Araneae: Oonopidae) (LeoLomen (LpEVEHIFnDMIS SHEVTEUT VTN
+  @evmimaulaiensien urud fevpHaeien (Araneae: Salticidae) epevdbanmmid
sewteuFeommId QHTGAU LTEGHUTLIQUIGILD

7.2.7. 2_ctey @USFTUWIEN YJTLIGHE BIESHI L 1D
BBSIN LG Femeveuj - Cugndfly Gem.ero. meowid ofissmy

SHSB L SHDST  SI(LpSLD

NIFS Qe 2 _euiey QuaFmwiend B(HSIH_L o6 2 euiaLl LT &I TLIEnL
WwoHOETEmITouSHET QUTEHLG UWaUT(h  (GDDEUTSRT  SHTEUT  6UTEIGEHSGU  Gumiod)
Cryiusmars o swie @rFTwerl WFGwrswbd umml opuie) GFWaums GCrTHsTHd
OBTEILSHTGHID. 2wyl UTHSTUUTEISH STVBEmeD LOTHMMLEGD  FHpBlemeouled
B 6vmIenEBUT6D BxpHw (&I WS HaLpenL WCHTT HyFfenemum@Lb. BbsLl
Herreoremiiuflsd @VBINHITEI] SHTeuy YR AL OFpleurent 2 ufj-
L6OAIENEBEMOMUIS  OBTEmIL  DUIETDSIIL60  [BTLTS  @HLUugeims0  Luwlerum(h
GMDEUTET HTeUJ eUeMmIBEHHGHL Oumind CFisseonarig @F FHmbs 2 UTWIDTEGLD.

aELSHe0 CuoplsmeTeniulL. QFuwmdUTHH6T

SpITIES o gelwrengraiu  Qgeval.cro.cron.omydmis  Siujser SieerdFEyeiumaisi
ﬁgﬂemusuﬂu_‘ﬂm 2019 b eI BTTHHMB Mg 13 1D Had BHLOUDD FTouBmHg
S|ULIGHTLOETITL_ 6V alleugmu SLTTUIFS LDrr[_F,rrLu;G\) UG Qs mTet(h SLTTUIFS
Wreuraienpub (PHOSTETThHEIGTENTT. Sjeu] e @evmimasuier GBI
2019 b oewih Speuewl WIHW 0809 b HaHzeled HLOUDD 6feuFTuId LMD
2 ewieyll unglamiy OsmLjumen FFeuGsHF wHE)Hngsi) uriHOsmewi(h  LHMIGLOT(E
@wrru_l&&ﬂ (P19 EMEUUL|LD @pm(amrrsmmf,@mmng 1Y) LSGW(BLD ReVEIMBUNST  B6soTIguU 6L
2019 1b opewiG peil 12 1D HaF BOLOUDD SLUMLE BHMBHEHSSTE GBI
mBlmievent & &6t @emd  eleheprellmen  BHBHBHIEIE G0 waowTde]  @SIEmMF
Qawigletenmy. oprmuiFd o gelwmengrdw  OFevel [HEET  (GHITHET  DIeUTH6IT
Buprgsenell uEBmEGSIWSSHE PGIS et RESCON-2019 wonpmiiged  umi@Osmesi(h
SpUIe]  (WLeuTeiensst  (paTeneushglenenty. Guymdflwy mevpd WfSETT DeuFE6r
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Buyremenll UEBMOGBSISSHHE  BSC (2 awie] elehepTeiapd  OHTIHEOHIL LIPLD)
Blaw&HHHL L &Hest uTLelHmest LSemmui6ydh T eut (2_cwi6) alhEpTeaT(LoLD
O mHeOHIL LI(LPLD) LIBIG ST TSI BouemevriLiL L enmuiest @F QUETOUT6NTI L
umiguDNweitenty. Goaid oeuy Gumgemewt - 2019 FJeuBsg wIHTH, GuyTHEMeILI
uevEmevsssHHe PGIS @6t RESCON - 2019 wrpnh Gumein usdBsaum FreuBsHa
alehepment FehFemadEndHaETEF FOFUNGHIULL MHBOWWLSHSH HHeLHM6N Lenmuie]
OQFuwieusmaTer  alehEpTed  GUelsr  eusmeumenymes  Ssvevgdl 2 milflenyrseeh
QgwimuL_(HerTen.

Guyrfflwy mevPld wHEET] SeufsEHD OCFedal FHesT GauyHeeyd 2019 b
et YILLmd ongo 26 QTLéEsw 29 1 Had euemy BLISSUULL  HeduBsen
SHEHBTLHuTeD 6UETEUTENTHENTHL  LIBIGHUMDMILIETET6TT.

BILIgEVI6NT6N FLOBTED GILWBIGM6T (PHOSTaauSDN@ alhsIHFUIWILLL STeysei
BeuumLiHe0, Gevmiemaulseien  CamsTul useiLed  QThaFTensvEaTed[HBHSI
GuplubEem GxmIBMUl allengGsueilujemmesenern 2 L-alensmQUTHLSeMTHL
LweTL(H & SH616060 S WITEOT S| et (hHHLILLL G). FyedlILITent Cxmpmismul
alengGsueilemmuwimeig| HH B ML H60T JMHHTLD 18% Blenmenwid
O&mewigmlLGesT  Smyewions,  OsminsTenesaisd  uwaLBGSSILUGW 100,000
Bopmisruwisafledphgs 30,000 Kg almgeusiyemnm  Ouplinheausras  senillib
il (heTeng)l. 61ogl SpWieuTeng 2 60f alengGsuaflempuiet aeiGeurm 2.0 Kg
Blempujd  siewteieneurad  900.0 g wwmemeu  alewenalliugts  GeuafbsTL puleTeng.
aTenB@eu 100,000 Gzpmaruwisefedpbgs 6750 Kg alemasOeuaiiuenn wroumsig 2 muss
GFuwiuL  (pud.  Reusuemsuied, 2 u-2 musHl  Qurmeller  LwWeETUTL TeTg)
Bapmisruilenr GummenTaTyl Quuidenwt GUBSHSHILD.

7.2.8. uBTjS5F QFWaUpedDUILBSSED WHQID FTSMS L (BISUTEDHLD YJTUIFSS BIESHIL L LD
EBSIILS Smevadj - CLITAL] gf.24).6. SWry

BHHH_LSHADBTO Di(LpSLD

BHSHLIOTOH HTFUILD, STFUSMS-SQLUMHLWTHS QBT FTHOIBISSNT, HTLIH
5-GametemenalssT  oudHweupmenn  SigliuenLwnss  Qsmewi  uflGarsamen  LHMID
uUSTIHHF QFweTIpemmiL(BHH0 WLOMID FTHaIE S (HHOUTHSD  OHMID Y
usTISsEIGmeT, LysTeaiorms 2 a@mpsGHu  QuTpLasea®Bha 2 (HauTdsILBLD
UBTTHSEIGMET  SlgliuenLwindd  CamemiL  Sflud  HORBEILMID a6l
BevsAraiwed FTHImBEHL@ID OsTLIYmLW  sSenwi(hliliglysst  Spdluieihenm
2 66L& (&SI

srfwl  uglenu  elflFeons@GHe0, ismen &Tfsh SL(HHNTS  LIHYPLIMLOEGSH60
o> sTfw Cwededw  ULEBIGMET 2 _(HauTdGHeo Buraim  sTfudhgiL e
OsTLIymLW  ueiseEpd @eusdrailusd o usyaumisaied  Sweumpier  Lwetum(
uppw e REEHSIHLSIH@ITLTE  Cum@sTeteniuGdaimer.  Goaib,
BEsHsMHBI_LSHHa  Burx  Wsed  Owebellw  BSHHNehFMmBHSGFW  FFlws
sooEIsaflad @F Gflwes  seumBaled LWSUBSSUIUGBL Sl  BLGHHIMBLI

USTTHBBISENT FLOUBSLOTHELD SpUIGUT I @w@@&;naﬁmﬂu@eﬂs&rmg
BEHEHHHIH L DTS Gamismuis SylemLser GBumein sWPeyll uSTISSHBIBED6T  LS-
OzmeTemenalEeT  LOHMID mu_laa soomseflesr  e1Fy  Weteurwiset  Gumenm

BevsAyaiwed smelseied vsvayluulL  OFCwrsmiseiear QuUTHLEB AHS Hlewern
OaTemiL. @eusFHreiwsd FHAWTHS SLSHID geululL SHWTS LoTHIILMLOSSMmEVLD
Oxmemi(heengl. @evmindd  STFWHHOBBSH  umalssiub — elfleurdaiiul L
asTfwepd  BF oo euell  s&SFHeEfdnETEad  Bilsd  gmu®BL  eTewtGlevuTul
fhaismevd asHafliugnsrasan uflGFrdssiLbGEng.

auBLSH GopOsmeeniulL GaFumuTHaer

CopmaruwiF ArlenLuiedmba 2 wj Wl SLESMBSHWLD HS Hlenem OQBTemiL
gaulu' L sflepwud o pusd CFUeUSDETHT @F 6lefl (LPEHDENOWITEIGH DLUI6|HE
2 LuBsSILGEHDS. el gawwu' L Gsmsruls Syl ssfumeg 175 F/g
wLLESING 2 WIszsIulL OamaTdnemer oupmEalsvsv L5-OameTenal LemeuTuisere
2 ouTdasHear  QuTGBLGL  LweuGSBOULLE.  15-Qametenel  WeTeumulisel
QUPEDLDWITE  HITeNTSSIULH  gouliul L sflewwuyd  Wenewtiumensiud  UweTUBE S
&,L(B@surre%&,ﬂu@&‘ﬂs&lmm BTD  QsTGUINGHw  Nenesriiumenest Buwipenswimen
ueOTLILLPL  LITem6VLI uu.lﬁmu@g,g‘,]u Ardui’BerGsnmid, @g;smrra) ueOTLILILpLI LIT6UTEuI )
B SMIFI) HMIWTS SHOIHOWDLS pMBWTe) Gamsiensnailulen Umeusmes
sreowTeas  SFsflesiul(Beteng.  @eu  emssiulL  sflulst  wHDIGLWTEH
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ArGuirsomeg gFrw-2 enjdpaiemLw gflwd sevmseaflsd (DSCs) sidliflaeuruwimat
LwSTU(hS SIS  QUTHL(H BLHFHID Ooeueefl @LensFl(bdh SHewiewimigulsd @
Gosvelw uenLWmasLl LIQ6UTE(&HSH60M GLD. gl &6VMEIH 6160t 7.85%
aenensSmentesig, 2 uljll usTISsEIGMOHHES QuUDILBGSED 2mdE@Eeldaliul L
srueien egemei  augaukIBafed(hibal CQupinGEen CuuDTaIEIGmen  OEhFdEInG].
Brzes souuraiseiar HTD QardBlemsowjd 2wy opelugssnd DSC sefle
BEWILBT6L  eOHrSHaienoenwt L BUUBSSHIGUSET — STTERILNS, DSC  =efled
DIWISTHSTHLOWITET  HTURIBEMENT  HEMFLILTETEHMTHL  LLETLIHSHHEU6060 SUI60SHHEUTETSH]
o rmwinGAemg. Bé sTevsHer Curg CumGsmeTemiulL  WHNIGWLI®H  SLUIe|
ugturesig Cul @ giwen &LHH0 USTISHSOTHEL LweUBSHS perovskite gyl
sovmIs6flel S (HHuTEHSLTGHW, BFH Cul @ar eeflu  SsSHIMB  (WenmenLoules
apsowons 8% almansHpensil  Qupmis  OaTeTausn@  adFmwsHnE. ST
Bl Biseflasr Fougll UTemMHBeND Senewibglenen &Ifald STFUIHMB SpBID6MSHE
QuTBLBL — SisueuTy) @umﬂu@eﬂaﬁm sTfws  Hsewen  ewad  alfleurdsliul L
sTfwors  wIpPwluSHSGL @F sel  QraFTwiersd SHamyFeamevll uu.lmu@g;@
slsglublEs, OFevealGmmpeurst, @GT-HLmeudb@GFul PEODEID VD BITLD
MmebdH  QFuigenGenmid.  elewiCewiuls  sFaydenen  BOMIUISDGHLD  BFHS
siemibemenul  SpUIOOFLMSHSD  BeueuTnl Wewas  alfleurdsiin L &,rru@u_lg)mg;u
uweTUGSSHID @J SallsHeubOss LFHlemwwrer  (penpenenwl BT elheHE
Qauig|emGenmLd. Goaid, BFeFwWsIemDUIehHHE aumeldalIuBLD Y
alfleursasiu’ L srfwworerg Spdaier 2 musdHas@d uwaTuBSSILLL .

BTLIgeVieTen Flosmev el WwmiBemen (WHosTamjousn@ alhHsHOFUILILCL. Beysel
el HFeysem 2 _euaenmalw @F LFFfenenwnsd SmUUEILET  eTeniGemiuis
BSlo BN S HSHHBHHHE0TIG| Folliy L (HHSIMSHILD QF6v6y FnlgUIGILOT 60T
QFWISTI(LPENMEBEMEN 26N SHGHEIME. BBBTevELLSHHST CuTg 5HSH sremiGeamienw
SENONSST  QuTBHLBL  Weateurwl sl BHauTssSSHNG0wTE  Wma  alfleurdaiu L
atfwsdHer  purnamisemen  afsHEmOWLILBSHSHIUSDETET  (WWDSenul BT
TS HIETCeNTD.  @evddraflsd OamfnsTensvsaiaw CHCUTEL BT  HMID
auell  asHaflifer Curgid uweETUGSSULGESID USTTSHSHMS LOTHILILOLILIGHET
QurBLGL 2 wiauter GQuIoTEd @almms CFIlusesr QuTBLBL UgiemwdE i
fopsCary QFwerpenpule cpeTs 2 HauTdHslulL  @eusdrailusd  FHwuTs
2 W SLHSHMBWMLWGID Flenen omoHGHaldalul L gionar CaxmisTuls AFlenLd
sfluresig o Gaursslul L g, @F OCFwsiweampwrearg sSeilwrs HPiw L gHGum
aevevg Ut Gamhiharensy L SHGCT GCoHOsTeaTemiuL  (pgb.  SeleuTDTES
afle)l OQurelasemmdw GCamsTws JylenLsemenl UWaTUGSEISTOIE  GLEIG
omId  generwt  mieMle  cweoomall  ugeydlsim  Crmuisemen  @ReveoTOHTIHS G
B (pWDHAEHGL 2 MIGHIMEILTES NS TIMSI.

7.2.9. pewiswnsizs] 2 wijsOsmpPleOpI uailisd oygruiFais BepSIIL LD
FBSH LG Hmeveuj - Guymdfiug srillef]l CFefiaslyseor

BHHH_LHHDHTO Di(LpSLD

SIEUNTUTSITLD-BI6060T S, @rB60, Gamemb, )y =:3::40)) EUENBHET, Bzulemsv,
GurepeupmisaTe BT 2003 e 2 uljiuemL 2 ulfler-2_yrisamers [(Biofilm Bio-
fertilizers (BFBFS)] sewiLmbgienGenmid. @& 2014 @60  aufsssowlin@GSHSiul L g).
Opevedmaras &%  RRDI 2 La1  Qoewibs  UsSH0STLaNL  SpulesE
2 I upssuul(, aleugmulserest UL &H6160 (PHET(LPFH60160 2015 @60
SNWsILGSBIUL LG, DSHHLAT 2 pushdwumerg 2016 @  Fw  slenalsd
afSSSLWILBGSSIUL LS. @gieusny, BFBFseir SLUNTHBBBTE  6]HH T H6160
Opsd  allemendgemsv  10-30% @elpHal SPHfEs BsHFwLWD  eleuFTulsemTed
uwetuGssiubG @rgrwer NPK  aumass@ilu o2 grisenen  50%  eueny
GOMBGl6NeNe. eIFTHTOHHD @rFTwen o _JrRIG6NET @moH@GHISemw  BmidaIeudesn
(peolond  @emeu  BILIYME  Wevedwesr  epumwisemen  CFillds  euflGaTavIeugIL 6o,
WwEHMIT Y CITHAWSHMBUD FDOTLENEOW|D LTHSTHGSL. Re1066mTemTE S (HELD
@evmiemasulsar  eleusmwgHer  QurElL® GCxsFemr  wHmd 2 ulFluFmendener
@Iﬂﬁ]@&uu@g@mgm&.nsﬂ SIFCLHG FemSuglulest 6T6UBT6301 &b & (T 61| L 68T
9SHMEHFDSI-
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aBLSHe0 Buoplsmerteniul L QFuwmuTBaseit

20190 oewngest  Gurgl  BMD  &OHOTLEL WHMID &STHTIL  uglysseiieo BFBF
AyCwrasder  QuuGumiseT ump) opuley QFUISETCMTD. @ opuielsd BFBF
ArGunesdes  peoors  OBOMGGIW  wemenlar  Goésw  (SCS)  Sivevg)
BENEGHFWLLHHSE0TEG) SLU16Y Qauiuiiu L g e @6vmien U et ueLBeum]
LoTeUL L Bisemevlensm 25 SiemLwmeniubGsHsiul L Senweill Biseflsd wmeo 2018, w&T
2018/19  woHod  wmev 2019 A pem  ABSHBHEHS  L(HEUSBTEVEISAMED
aleusTuiseilesn  @rFTwen o JEIGmeN  WLISHID  LweuBsHH — CmOameri
drurapaiel  @uie OGeiwiu'ig. @& osilomiLodgasgiu  CO2 @
SiNEMEUS  GHODUUSNG — SuFloTens  aougI 6,  LGsTenm  GQeulLoTsemeou|b
SHTEOHEN6L  LTHNGHMSWD — SHAUUSDGW  6u &mm&eﬂm@ Guoevild, @QdHTUE
auresiugHest  cpevloTd ABBWEF  OFeveuresilenws  FLgHOETETEM6VTD,  DIBHTAUGE
aFsenaiey CO; m GeuaflCummidlen GomsowwwonssiulL  BThEsT SCS @eb
(P6VIDTE  HIogl ewiewied C méb  sanehAWILBSHHEGD BTHBEHHG LSIHMSHF
OFsHsIdement. alougruilsellar @ysmuen 2 gl uTeumers@ 2 L uGHeim Grss
auBLIBS  Opn Cumsds@Giw 2.5 WOeoslwer  gésfsemen  mmbd  BFBF
Gywrasdng wwrmPikh QFwiBsumwruies, ibHsd mbdH GUHLEISAN [HTL 196w
QuTBeMTHTISSHEG Coeud ca. 190 dededlwen buUTUIGemeT  6TDOTeL  Caylilldbasd
FQUISTEMNHBGHWD  6TRTLG JoUSHIHGFW  umasuled S Puiul GeTengl. @S
QupiGuprergl Gzulemeol LWITE  OGelmaulgid SlusTEISGSILLBEToNg.  RM6vsH
sTWSH  umSHT  CFsel  umSSGIWT  DiVeVE  BEOMEOWT  FITLMSS
glewlougest  QuIGLB BID  @F 6ol Spuleydnl  (pemenwemwl  alhHSH
QeuigienGonmd. RQpaGurgl, Heneumdseiar  eemjFdular QUTBLG Smevaai
QU eTeMiLl SLU16FnL AUETTLILITE &) o Yol ) &l6uuTl6n 60T QurmL_(h
uweTu(hHSLILIL (HeT6ng).

BILIgEIGTEN FLOBTED GILWEISM6T (PHOSTaausDNE& almsIHGFUIWILLL STeysei
2019 w ewngedr  Gumrg oOUTHEHTL ML, QUITELSITRIMIENG, (HHBTHED, DIDUTENMD
womi  wHwmsmer oS yChamiseiaeisn 4,000 goaiHer aledyeamipenL W
OpmuuiTF GFwmasulsd BFBF ompsluGssiulLgl. @% SFFTwer o [Jriserer
ureusmestenw  50% Uy  (GHMDSIHHILST, BN (pevTH  efld  DLBFTHSWLD,
QUITHEMTSTILD LHMILD HHMTLMEVL! UTHISTHBD UINFNIOHSHF.

Omev SCS oyenm UGamenm GeulIOmgHed LMMID HTEUHIEN60 WTMDLD  FLOLIHSHLOTE
dysfemensenen (pHOESTEI(HLD.

7.2.10. apovéompyy mrewrgpuifiiens wefls GBruisend YJmisdis S Il L0
BBSIH LG Hmevej - GuITFflLy le.6Tel. DFT - QY JTUIFSH

SMHSH L SHDETT DAM(LPSLID
ongdl  TuIFAwmeng  OsueiBoump  FBBTLsseMsvieTen  Hlewiamiully & Lpedluisd  LoBBID
ey  Ceruiseilenn  HTem  EiewTemihISBellel  HTBSD  UBBSIWIG  HGD.  [BID
o eumenmmelwl FHulewid BGxFw FHulsvid welldemenit LTHHH6B CHTBHBID  LOBEID
Camimpr  Cpmiissmen  LIFHTENOTES — HHHHB BT 61 SsuelEhehTeurl
yFSensnidenen  cLpsuddmBml  Hlewemuiflued 1l HHed  elenmhidlds  CaTeTausHBELD
WPWIBE & &I6TTCemTLD.
amLSH60 GpOsmeteniul L QawbUTHB6IT
2019 10 oyewngen  Ugsren om  wImFHF  QFwBUTGEeNTeNe:  FeurF  CrTuisei
LOBBID HiewiembidHel UBSlul syyTuiFd - Qaenr Gurgl miswruizsd UBmIGHTUI  LoBEID
WEFRSGTUIS HSempFFwenLw  Gpmureniyseisd  BiewyuiTeuds&Sflul  HiewTeuTLflL g6
QAUTHD  OHTLFuUTe  SpuleuTedl  LUJHa  QFuwil Beiengl. B6VMmIHBHEMUIUILD
UT&eroHTenaatLL6h (X5 515¥:5) Grrwirenysefsv INGIENEICE SBULTBBEINL U
Mpycobacterium tuberculosis et Ipliyflenio @uisbLmulaId SIBBIL 65T EenewIbEHI6T6T
o uiflenr oL WTEMILGSHSHBemeN  SenmhibTeniend  Cawisiienpuisvisitener, DIBgHELOWILD
Revmienasuis  sewnguisvisiien  Grpruwimenyseisn Liedm  wyyeafe@Gflu  HelluBeHSUL L
Mycobacterium  tuberculosis = G BIBTETTLIHBE UL SLUIRITES] LJHEH
QU (Beitengl.  geweiiul  MbFH  UITUIFHF  QFWBUTHSEDHD  EevmienadUulsvisiTen
CeuphepBuIbaeisvsien  0enEORIILBTL L HIGWHEOBIA BN  LISVIHBMID  LDBBID
uUFbUed UBPiw  SpulemeN 2 6ITeNL SH@GHSlemen:  LO-LOJLIsl IS LPeDB,  E6VmIenasU 6
Oz Qauwii L FHBMTL 60H6MsVI6IT6N resistome 61601 Guwisbumuiey,
BevmienauisvlsiTen  Serv6ILLEITeL  GHTfBFTemevl  LsmilwmenjseilenL Gl Bleveydleims
SeOueBrmery QFTLguTen  QFHmflevaty  &ETHMIL LipFFeneuseit  QHmLgumen
Grmuilwied opuiey, Mevesdn Bievetsn BTCULL  Agibyes  Gerul  (CKDu)  swmwé
SIyewiael  QHTLguTen  Gapfleundssd  QUISi(wepud  wel 2 6TeenHdaILBLID
QULO(LPEDMBEH(ETHLD FMHSHWIDT6N Ufl B TImhIGEHLD, LoD Ay EHmBHES I
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HI6TTEIIRIS BOMENBID  HIHB6ITH  HETWIDUWITET  LISTTHIHRISTNNMEHID  FTHIUWIDTE  HIEDLD6)
aflEemend  HlewleudHedt  QUIMLG — @evhiend  LITH D  LEITeT  LIBLILIGHemeN
BB TeiTEmHev.

o BIenguired mIeweIMAL D Gsmijurenr  ymuiiFd  wpgeymsit - Corynebacterium
tuberculostearicum, Keratinibaculum paraultunense syswen Eiewyuiyed LBHI
Crrwirenyseflsy  TSHHFL  QHLUUSHeILD — Semer  GBISH  CHTUISSTE
SIEOLWITETLILIHSH I H6MT 5D BHMHBHHB Qameiten plou b 616OTLIEN HULD
OeueilILBHFHusiTeren.

o i9m  wyuenfeg il Mycobacterium  tuberculosis  eujdbaEmIGemeTl LB
Seutengl  26%  (95% Cl: 18%-35%) oem TB  Gmmwmeniyésit  Lfedim
oyyeuuilenmed OHTBBIHE 2_6ienmabaLILIBaIM S CeauelILBHS W66,
OaramenL_Faeil wrdflaemen (2+ and 3+) oiPsd O@TemiBeiten CeusMBTHEEHHE
Wrwmennd  GuoBOsmemiL  oB@IDd 35 euwdHsvld  Gewmeursn  Remen@uimflenL Gui
iedm ogyeuflsst GEIUILSHHEE Diena|dbE 2 WiTeurs Eenmhismentl Ll (HeT6re.

® GHbMBHHeNeT FaUTF YCITHHHH 6 165 HlewTenhiddenend Cloment  alerule
SHIHA6 UTHL] QHTLTUTe S UleuTendl, SFTolp  (siLsiell  oTemrealiaErL 6ir
(31.17%) UILiBmaulsd BSTLILIB (pedtLisiTeN LDIT6EmT6) T 611160 FalgUl
slsgnangbHleny (57.97%) usbd GOBHSBH @G &6urs  GpTulemmevreug (Gop
GouTgds  GPTL  OHTBBIGET, BrHLPBF, OLmpFas BUTHIBET)  SiEVEVIBICIND
si(hHHWIDLNuleTengl. Gosvid, 2 I'UB wBmid Geuefiip & peodHeT  @rewngeniGLo
BSTILMB (WeiiUsiTel  Lomemrauydelel o L sourd Sisne] eisHlomendl o wijeurs (2.00

x 10% oB@ID BTEmHEES 1.05 x 10* Hevkissi/Kg) BmbHS!.

7.2.11. pCammgOSsmbleVBI LIgpLd 2 WIfiplenevll LUSTIHSEISEHL YJTUISSS BI5SBHL L 1D
BBSII LG HMeVeUj - HVTBIS 6. eudIBis

sGBLLSHpsTa ofupstd

eJleuTs  (PsL  AUEMRIGOTTS — SHBELTIWEID  gbmiogd  GFuwiuGsem  usoCsaup
MBI L. D Henalsd GQUTmenTHTT Falulsd LWeNOds HellomisemnsT Ee0mIENSUITEIS
CarewiBeiongdl. Siemey 2 _eudenTaiwl  HEIm  OHTHOBHI LIHHeVD — gJemenul 2 ulj-
Camfevmi LI QFHmflsoapsnmll LyCwrsmhiseiend FHTen adUTesHmebs OB Temg hohd
QlsL6Y  FTHAWIUTLemL s  Casmemrg@liisenid, @0 ywrskisefless  QuUT®L(B
FHICLBBIISHET cpsvoTE 2 flul euenHUTNsD 610 HMOMISEHEE CUBILE CFJHHe0Tarns
GmBWTH6e 2_6iTengl. 1,566 AEHMHSBHIL_LLOTESHI, SIGATBIT60T o _wiy
@eomufl L HHbs  QHTheopl Ul  LyGwrsmisefes GQUILH 6lDgH S QU6NThHIGH 6T
alhbd  QFUleu BT  APeVDTE  SYQUILIHL WITEN,  Shemed  Sevdbend  GBTdalul,
(weiiGanmmayoner el ehehTend  HewiBLgliLEemen  eleduBISHIBOBH.  Fhg  OTBBH
By CFiSHeL gCwrerisedsn GuTELB, Urstenors ysw  WemdsnGambBpdhsHss
UBBfleEpSHETE LS  (LPIGBBSIIOTe  GHmBEL HHH6T LBl SLFTuIFFwmeg)
RBHMHSI L HHHe0  CBesTeTenILBD  WBBIGWTMH (PSS WSHHIOIDINGS S UIRITGLD.
SiHeT S, Beewr  BCTHOSHTHOEI LI 2 UTUWIRISENUID — OFWeiT(LPeNBEHENSTUILD
uweTUBSHSH  memsoomm 2 Geurs-sigliLienLuieomer DI HEL HHEemen  elHEHE)
CruinusBaTs LeCam gTuiIFSd SeibLgliLssT GoBGamsiteniLIBasimen.

auBLSH GopOsmeeniulL GaFumuTHaer

OFeve] GmMbs HOHIT UFSTIHSSH CHTGUYSH OHTHEHIL LUEISmeTI  LWweTLHSS
&&;Q LDITﬁ)[ﬁI;@&&»IT& OFove] (GmMbSSHID GuwurLmer GQFwpur® WOEsFHIOTE
USTISHSEIGM6T alheHd CFuinen: mwsBrmailelmbs HGaT enalenL  susngulevmen
U(pLOEIML W FIB6THeNe o (heualwensowjd  UmeneTww &L (BLUGSHSIE D
Qumplupemmaenen alenmidls OQsmeteuger QUTHL(B, HBMTH SHiH6T 2 (HEUTHHHHE0
uefiidlesr  eueny&Ffullest  WSemem  1paGeuimigli USTTHBHHE  HTHBLOTHIH 6l
2 negwmuTlyer Gurgl oprrwiul’Lgl. Guwebd, WerelysTwens Fod rmHPLigest
Weteurws  UpGwrnasHmars GuowurLrer QFwmur®G WHs Bemewory 2 Geoms
SmyEELHHBMmeN  alhhbH OFwd mHure GHNHECaTEBHLEE (WaTGRIDMSTLOT6N
aigliuenL elehepTen oLITUIFAS6T GomGETeTenILL (HeT6re.

ougelpsG Na  ouer womd MO  ouwer upmfisefar 1oL CLIT@EeT  wpmd
Weteuriizefler LgCLTESHWETOT  LSTISSmIEN0T  alipEst weleuren  (HlemeoLommi)
STewiLed o GeumamimEnLer  &ouuLeh  Gewwiul L enog  Na-Ni-Mn-Co
QLengl Baemen e1d] Weteuruill UBSTISSBIBMTHD lhHd OFuILlULL  6TDg)
BGeimé sl LemwiyenLw NaxTisO7 & Goy Waieuruil usTISSTEaD LWeETLHSS
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UGl S HVEIBET GBFTHbslL Ler. Semeu  IemaiCammesds Na  owes
upmfseied evHTHHeenIOWITE (PSIGEIDMSMS GaueiiiLBHeuleimeres.

WenBeiCenpmssss Li- et vLmmifisefor lereflfamisr Gobumt pmsrer oy u16)s6r:
emAeBapmeHsds (pupemowimsd  Li-siwet Q@memiL  [Brewiws  &eoa|mm  Uhmflaemst
@evmienauiear  sTfwdHmad Coy  WeeuTwrsa|d seuiBlligdsiiul L 6ogl  HEeITEH
sl LenwlyenLwl  (Bleweoomm) SHTewiLed 2 Goors @UenslenL 6dJ  LoseumwImTseyd
uwetu®Bsd o emenfled sL(Bmeundd  GmOETTEmUULL  6logl SpUIITEIS,
WwHIAwrs  welsuren  allmeouled o wij OQsmeTenens] LHMID LTEUMENE HTVHMD
GeauefiiubBoSuleTengi.

BMHSI_LGHH (Wppemowiner (paiGarmmLd

NIFS @60 6lDgl BHSIH LSHILST BOWIbSHTE 2 Wiys unml SpUle|SHSTes
Gzl Memeowid (NCABR)” gmissiul Geeng. @bs NCABR opeig upmfl ommid
gad Qsrijgumen yCurasmiseiler GQuTmL(h o _6pTl (hd SeilomiGamsn  alhHeS
QFuIHed OHTLIUTS BTLIGed Spuieled FHULBETeN FH60 pITUIFADS (& eTe(hdEGLW
Hobglenen  puiagml  uFHUTGW. eUBHS SeomseT GBumeim umflw  ummif
6N HBHEN 6V BL_(h(HEUITE (&) 6UFH 601 QurmL B Bevd® S UI6)|SB6TT
SLTIDINSSL L (H6iT6TenT.

7.2.12. Quipems 2 pusSSll GUITSL B61T YJTUIEHS B(BSHDIL LD
SBSII LG Femeveuj - Cugndfiy wy.6160.49. guiFImis

EMHSIH_LSHDETT DM(PSHLD

NIFS @@memLw Guopens o pusdHl  QuIBLseT &HSHLSHe  ysme
GNECamenTerig als WwHMID HTeuy CrTuisamend S (HLULGBSHEI606D CUETHRIG6TTEHS
PaH555 2 WIFSOsTOIHUT GaGIw  Nfs0sElysmenuw  CFJameusamernuwn
BIRBTEDIHO SpGW. SpITLFRF  Qewpurhser UOysteiors  Geomienaule
SHTEUTHBIHENT, LIMBI&5 8 &61T (2_LevsLl LIMBI& & & &61T SILBISETES) LoMMILD
2 I QameTendhHbs uggrmasm LB WD HBBTR  HienewT  DHeIGFLILI (aurr@l_asaﬂem
@y FTUW6ILD LoMHMILD o uI5s0sTPnhuT® @ba‘;]u_leurrnsmrm @ILQIJIJGO‘)I_U_IIT&':&S
OaTemiLemeum@G.  spyTiFfuler  wommGwrm ugiureig  Bxulemey, WHSSHIEUS
STOUTEIGBET, 2 _UiHE UPEBIG6T WLOHDID euTFmerd SHralumiseied smewliu®Gaem
ueoliGermevmemen  Hyeu  BmiudHelwed - Qummemieno  Blpwmemeouiwied  (Liquid
Chromatography - Mass Spectrometry [LC-MS]) Gamfedmiusmall uweaLBsHS
SQBIBTEDIHD,  SIMIEUNHL B LI Oevteorgmest  umlss:  Gmmulser,  Hewi(h-mie
Losmsmﬂg)wrr@w ODID  WTDUY  UJSEEISMNGT  LIPEIG6T60  HIEHETWLT(EHSH60,
ulenLeumul  &MISHe0  omMId 2 L FmE  oeueipr@Gse0  Gumetny  epssiml
2 L mOsmPelwsd Genpurhaer umPlu Spuied sLGUUTHLD. DSHILST 265G
womib  gomiwdHamw  Crresred Gsmewi  uwl uuljseflsd TomEJC @J,u'_lsmume
OxmemiheTengl. @i pITIFSAF  CQFwpur(hsel WOSeYD UTHBHemel STEITLIGIL 63T
@u_lmsms &mug;g;ﬂu Qurr@L&Glﬂ@n @rFTwied, bW SpTTUIFS OmILd L
USTISHSBIGET CBHTLIUTET SlgliuenL SpITFHenwl HyHBdHsseuinbsaidement.

amLSH60 GupLsmsieniu’ L QawhuT®Gaelt

NIFS @1 &mSIHLBIST LFsTeiors LaGeumd Bl el wiugliyssement

UDMIWIESTEUT (G LD:

(1) eleugmud wHmb wale oCrTsdwd GaTrjurer dywrsmisefsr GQuTELG
STEUT (LPELMEIG6T LOOMID HTeUFGLLGVTL I WOHMID HTeUTeusLeUTL Il eUeMEHEHE W
uBisSHEHflar Wfls0sGUYyseT QHTLIUTET SpFTuiIFd

(2) e _ewin@ upmseila @rsTwerpd 2 uljs GsmOpurdd

(3) smaurs 66T SIEIGFuLI QuUT(HLB(EMHLD 2 uIF5esmAnhuTHemL W
Wfg0sGlUysefsr LC-MS suenyymUubGHSein

(4) wmbup TomEIC euemasefar gomiod euruwilenull UTFHITFLOTS0  UTHoSm
SimeuemLHGU Hememymesr GBTUISST LOHMID GHsHOUTHEeT LDHHiul Spuie]

(B L AMME; LoGmL T BIH6] LoNmILD j LILDMEISH(EYhL 63
Oenemihglelen LRIGHDaelaT @rsruiapw o ulis QamAnurGd: sHOUTWEl BTLD
&lev Lo(HBHGHI6U @&,eﬂmg@mmem BHTeUTEISeMeIHHSI g 0sss UL L
BTUTUISCTLLY UIMNSHGTIL LBISSHSHMTD 2 (HOUTSSUILGEMD Sl iiGaul
Qumr L a6l S FTWIEI(LPLD o ulys OammumLd umpl U6
OFuI5I0®TamNIgHSHCMTD.  SpTousHIGGw sl Lemwly GuedyssT oMb  Fev

ussLD 26
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uwendlg 2 uljs Osmlipurhenrw uBaumulL  Hemsw @ICFUL  QuUTHL &6
g 0sHSs UL (Heiermeo.

ST EISaNeN b HSHT6 QBIAul AEEETIE Myristica  fragranc ~ @e\BBHSI
fs0shassiu’ L gemen SiaiGsult Qur@l senmeausst - malabaricone C (1), 3-(3-
methyl-5-pentyl-2-furanyl)-2(E)-propenoic acid (2), licarin A (3), maceneolignan B (4)
wmmid elemicin (5). GFFensu 1 opeig 2 wijeurenr AChE MGrmdiysd QFwmpum’ enLujb
(ICs0 2.06 + 0.04 pg/mL) e H@ymfgGeaupms GawmpurlenLujd (ICso 6.56 + 0.02 pg/mL)
Ooueiaari g S@xawwd, Gajemen 2 opevigl  euedemowimenr  a-glucosidase
B8yrAiysF Gawmum’ent  (ICs050.91 + 0.01 pg/mL) Geueldsr guig. HHGa 2
@z a-glucosidase BIGrTAULYEF QFwPUTH FOUBSOTE (WHEOTeUH SNHMBUITGLD.
M. fragrans @er Gueveusmflumengl, Alzheimer Gmruis@giw HbFemaulear Gumg
UwIeTUGSSH Falgul LY SN LU0 FnlL_SHHME QeaueMBui Solumen
aHjCsrel0erervgsBrg  (anticholinesterase) wmmd  a-glucosidase  HIGyrHILS
FTeEEBIGMmN QalafliuGsHumsit QunIGUMIEET &I igd &M (HEement.

LIBIsh & IGFLI QUL H61: SHTeuTeusLeuTL g MBS G W LRI & T60T
Biscogniauxia capnodes @edlpbg siememt eIBFul QuIBLssT LUfs05bHsSIUH
@emisTemiiul_HerengiLar  @UIfs0sbHUNGT  Bimwrensoulwais@G i MSTHH0TEIS]
reticulol (1) womo 6-0O-methyl-reticulol (2) opdfw 2 isocoumaringememuy  5-
methylmellein (3) LoMHMILD 7-hydroxy-5-methylmellein (4) Spdlwl 2
dihydroisocoumarinassnenujd  eupmidlujeiiengl. Gajemeu 1 opemg  2,2'-diphenyl-1-
picrylhydrazyl radicals (ICsovalue, 58 upg/mL) @n@& eHimae GOLSSHTLOT6T
aHOym_fFGapms CFwmpurienL. GeusfdbsT pwig. @&H66 HTeugsusCeuriguirdlw
B. capnodes @e1 Ufs0s6GUYy upPwgd 6% Gumsd B. capnodes @eOmBHS
Gajemeu 1 wpmid 4 @t IHGOSHBUY UDMIWLSIOTET (LLHEOTEUHI DM BENENEWITEGHLD.

TomEJC 1ombup  euishshdlesr imiaient é@l Leiermet  GhrIuisehld (&HenmUT(hHeIhLD:
Sei(Bh-Hlell  LoeuTEINLTGHSIL 6T  QHTLIYmLW  61(h  UBIeH  ChTuTES®6T
Wfg0sGssLUL 6, @emisTeItIuL (h Sieun Ml Grmulwevmesg
Biyemuilaaiul’ BeTengl. DiMeULEG (LPTITTeT MM  LIGTETITeT  (LPSHTemLOSHSHI6N
BEDL(LPENDEBET 2 (HeUTHSUIUL(H DBISHHEEILL(HETeTe. LD  HIHETUITEH SIS T 60T
STPEVIOTEIH  (LPLEEIBMST  LUDOTHGHmMBW  eteoiugl  ICP @m0 vweuBGhd U
@empwmiseilear  gyuieler cpsors  QeuafiiuGSHBULL(HETeNE. SHINETWTH HEVEN6U
eaimns  GCoFISSTaIZH LPD  FHMOMUTGD FhaJUUsmS 1% @hes &)
(&M EMLOWIT S| FHEMETUWIT(EHFH60 (PBTMLDSHSHIEUSHH MG\ BEILI
uflbgienysaliul_(Heengl. UL enLeumul Leuenimom@Ggeoresigl (Lenticel Browning [LD)
ulenLeurisenat® Guwevdlad B 2 L OFeoeuset &Tyewions gnubHaEingl. GHMsHs
dov  omeUMLEGL LGOI HBWTET0  HEDL(LPEHDBMET  LOTHINLIEHLOLILIGHEH
(PEULOTE DFMBIH (GHMMEBDBEOMD. 2 L LDF FmG Loawiemipom@Gseonesig (Internal
Pulp Browning [IPB]) &lev 2 L m@smfelwed wwmmid eurefllenevd@iflul  &TyemiaernL 6T
OaTLIYmLWS 61601 SewiLMWUl (BeTengl. U  SMEUeHL (LPENNENLOHEN6IT
LTHPIWILOLUSET (PeOLOTE @ MMUTLTEIE HeTJdbalUL (LU L.

BHSHLGHHS (ppemowimet (LpsT@GembhuLd

o Qevmmawie SHTeUIEIG6T OO URIGHSH6MNOBHSH 2 ulflerd GFwupurdHenL
Ay 505G LUYS6T A BFemeusaest B\ BIBIHTEwI60 QOBTLIHS
BumLsmeaTeriiuBaesImg

o SmeumLEGU  Ueteymen  GBTUWIEST MDD e (GHMDUT(HBEHSGFIL
STTERNBEMENUD  DIMICUML G — (LPETEIJTe  OMID  LISTTTET  (LPSHTENLOSHHI6M
BEOL(PENDESmeTU|D  upplw  ygeer  elendsd. @mIHwns,  sHSIHLLSHH6b
OuuiBuprengl SimieuenL  QFuwutne.  Geuswngwr  fAphe  HIUPsTen  LIPEISeTesT
@plienLujLb SIMIeUENL &L Wevrevtyment SILILSEN6ITULD GO 5555
anelNGs  GHODSBIHETNFZIL T  gomiod  CFIWSHBHHS  LDTLDLILPEISET6T
SleTEMOULD NHBFSHSI6TENSI.

7.2.13. Cursewerr 2_uiflfFrwenailled YgruisHE SeBSPL L L0
BBSH LG FHeweveuj - sevrmld miaiefl eiluiarCs

SMSH L SHDETT DAM(LPSLD
usbsw 27
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Gurgen et 2 _ulflyFmwereiuwisd SLITUVIFSS BHHSLL DTG I V3111201
GamPmnur® wohmid GurgFement Fbupbsomer UGN SibFEIGeT QHTLTIND SHaucsh
CFHHINBILT  10SHeMaT SpCrrEduSmsud  Heveweruid  GobLIBH SIS
QUTGL®B  2-6wi6y, 2 6wisyl  UTSISTOLY DO 2 ewialesr 2 ulflwed FHwnsd
HLbs5HHE SO CUIEID  UIHSILLL  elLWOILTIYEMeT 2 _6eT_& &SB!
(p196y 6T %Ggrr&,aﬂu_lwrrsm 216 SEM6TS Osfley GQFuIsen, GoBmTuiseT wHMID GBTUl
SUTWEISMETS  GOOSHO — LHOID 2 LOsTanIuGASIDaaDd  &mDaTs
2 | Qameteniupdaiperayd o 2 swieyseflsar Cumaenswt wHmIL GQemOnur’ (B
Buweoysem UMW Sfleweull QUDMISCBTETERHNIGHEG 2 H6Ud FnlgUIGTeUTGLD.

LSS0 GupOsmereniulL GaFwbUT®HB6I

2019 b  opewiged, Cumement o ulflFFTwenelwed  sHSHLLoTeIg  EC
eluflésiul Beten ewpem el wiugliyssemen ChTosTd QBTN HbHdI:

2 _amalsl QaTfmur G ommid Curgenemt  @uiclsert: ReueurgruiFdls Gamiumiigest
B eaHayTidaCammed, OBTHW BEITAUY (21Bmva, HEpECETIAGLE LHMID
@eBuSH)  pedadd  cpevonsdh  FHITewILLUL B DNA  Gaswrn@smensd HaljHseo
womw 2 ulFiiurer GFJemeusemen QEEISTamIHL FWeunenm WHIIBH CFulouzke
QurmLp pwieset GumOsmeateniul (Berener. QsTPOOUTL(H Gueoysamenr  GCoaib
2 _mFlupsHs Qsmetause Qurml® =2 ulflufer (in vivo) Bemevd@fiw woHmId &6v
QUENTTLIL 6T BGomGBmeaTenILL (666, SDOUTIE) @evmienasuisylerern #lev
wriurmlaeiagid  Qurgieurs  mIBJUUGSEn  SpuTCussh — HTeugmiseilangib
OamlnuT B Quesdysensn LAUTH CFUISH0 LLOHMID @REVEINSMWS STUSLOTHS
O&mewi  Artocarpus nobilis @est  epev  OHMID  QFUIIPEHPULBHSILLL  elendaserie
Burgenewt wHMIDO OuenSsalyFTWer SWOLBMENS HMILMHO BuTaim  epestm)
SpuIeyEeT GomOETeTerlILIBHeTment.

2 _awialal o | 606 dlenl HoHHdnlgul 66 2 LeJsD HMLESHImIQUI D6NTE| 6TTLIG
2 1 6060 gmgg}gﬁ]@&uu@@gm@w ums&u@ggﬂu@mgm@m o ewial GurFemeiILl
USTISHSEIGET HenLdbdd dnigll  leMe| LGD. Gurgememt  FOUBSLOTET L6V
L WIBIS6M60 @3l R Ao 6015(G I MBleneowim@Lb. 1Y) ENTI))
Suemyulsmiseieveten  GuTFemewil  USTISHSEIGMMIZID  1HCTTL HFarGarmmLii
USTTSHSEBIGMMIGID 2 L 6060 HenLdHdoHanipul Semeureidl pWie] GaFuiwiul (heTengi.

Omebelsst  BurFenemt LoNMID eleneviul  QHTAMLITL weoseilen 1651 o ulgliient -
2 U\BISASD HTESHLD: SHOTLED LOTFHLSMVE (HMMBHMVUID  6leuFTuISHMe 6ot
GFevaiasma L BUUBSSmSWDL Chrssreds Camewih NIFS @60 2 uljliuenL-
o umrwonergl  elpsd  OaFuuiul (Betengl.  @eueIomeig  gnaaiGsa LG
auem&LILIL L uuﬂu&,m‘ﬂm SPM(paLILGSSUILL(HeTen  Gurdlevid uuﬁ]'ﬂ @lgusuaml_uﬂso‘l
Burgenewt oD CsTPOUTL(H Quieoyseflsr 155 ReLaTHHET SHTHEBLOTEHIL U]
GFuwIwiuLelsbensv. SUSTEUF, Beisuruiadso o uiyliuenL-2_ulwmy (BFBF)
BHGSHILLSHILT  dnlgenenwiours CurFenest o ulflygmweialwed &mHHIH L LOT6TSH|
Bevmienaulsd LUIfiLiuGdean Qafley QFuwiulL OB sumssefsr GuTFemes
womio 2 _ulflygrweialwsd Guwesoyseier g BFBF @er srésw umm NIFS @ed
opuie] CQFuIFeEng.

BILIQGISITEN FLOBTEY GILWIBIGM6N (PHOSTENTaISDEGS alhHIHOFUIWILLL  &Te sl

Buomuy Faev UINBEHD RevmimsuieieTen  GHTHOT GETUISEHHSTET  SHJeneud
sewiLPeugest  QurmLp  GumGsmetemiul(hemener.  sewiGLlglyser  pwiGeug
STeurmiseles LIUIGBT & 61T LoMHMILD 2 _ulFFQFwmHuTH BwiedLemen
2_mIFUuBSHIUBHELD ﬁu‘wm&,&,nm Lﬂasaqw QuT@SSLOTEN  OTIELITBET (PEOEIEHEm6T
@ TBIBTEWILIGH D (GHLD uu_lsezmmmsmsuu_lrr@w SLTbUsL LS Hewi(bLglisefelhba  Gb6d
ouendHefle Guaement OO CHTHOHUTL(H Swesdyseied o uljluenL 2 ulmImiseT
FTSHSBLOT60T BT HDHIHMHD Qs memTigHLLIS SIeuB TS (66N HIL 65T Q]
aleusTwsHHed o ulljiuenr o ulmrmseiler uweuT enLl  AyusdowiuBGHSISNHES
2 _FIBIIONG DIHLOU|LD.

7.2.14. srouguptd FMHMTL 6V EHEHTONBISEHLD YJTUIFAS BHHBIL L LD
BB LS Sweveuj - Cugndfluuy emo.&.61b. @FHLTeY
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oTogl SprmuIFSAwnengl (i) sTaugmismenud Sreuy o uljsh SHeslemeuud UweTUGSS
LT HBHEHHHTET  SHOTLEL uflemyw, (i) wrxssmen esHIMEHFuUSET QUTTHL(H
o2 B GBgzen slLenwlysseier  (MOF)  Qsmegiy (i) sley BRelmpbs
Qurauyeng WeapmAsSE 2 1IubGsHIHe0, wwHMID (iv) SifaudLbs aneTHend
BTHBMET 1566 HEUTHGHaBE QUTHL H OJEBIB6TNET S6TBIGM6N  HIewT QLI HE SIS E
2 L UBSSHIHN SpdEW O WSTEIBISENET SlglILHLWTHS OBTEIL ST (ELD.

eiogl  oprruiFdwmenyset  sWeyBledhbs  UTToGOTEBISMEMULD  L|HL MHEUF

FITWIMBISHEN6ITULD SIBHMIUHN G SHreuyLl UBT &S mIH61Mes LIWISSTLITL 6mL
Bemisasi(heenery.  sTuiOITLengdl B eutwjemsu  (CO2) uvwemnflés  BFmHand
Cayemeudsenmas LOTHIWLIEHLOSHH6E060 MOF 9),60S) QBTG SBBLILL(HET6ITG).

ueienenisafelhbgh CeuafCupMiLGL BRembH OuTHUTmF GounTHHaIE060, Bid
STEUTEIGET  @enmisTeulul(Bemenet, @emeu QuUIHLTNF BSHIMEHFW  LeTenn
2 Ulj-2_gEIBTSI UWSTUBSSUILL  (IPIQU|ID.

Bevmienaulsyleien SiPlBHIuLL ERCETR L6y HeuTe, FHLDEM6V
WemeyHeuTd@Geuse QurLl(h sT(hoefler GuwuTlBeGHlw  SHTeuy Gewipwl euemLliL
BILusSHer  QeueuBoum WyGursmiset Gumbasmereniiul (heenen. (Madhuca longifolia
womi> Manilkara hexandra) wy @eEiGefer HIETOUHEBESHHISGSTE  GauaiGeaum)
SToUTll  UTEEISNeNS  QBTeni(h DBISHOHEUTHSBD MWD  (LENEITULIEHEUTEHESLD
Guresim ufiGanmenest  HILUBILEGMmeT [BHID  elHHH QFUHETCeTD. &G0l
Quuiorestopm, YFHwW  Hemendlls  QumoeiipsnLwl  wropm  Rellys  sTeuromdlw
Stevia rebaudiana 151 Fmeuy mIewIOUHESH QHTHeomICuoTeg NyGwrdéaiiul Lg).
SIGDMLW  alGHFH  (PMeNHH0 6IHD  (HMMEUTMBWTeD, GFHBIHTUI HBenT  Lo6SleuTest
Bupemns 2 & CLLUGHHWTHI LWLSTLUGHSH DHS 6T6TemlbmEBLTE  STEUTEISED6N
2 (THEUTE(GH LS QumrmL (B Remipul aueIILIL QBM(pmDUWITEI al®mHH
Qeuiwiul (BeTeng).

aBLSH GopOsmeeniulL GaFuwduTHaserT

ITIFHD S (Hmrsemensd FJllssemw, Cafw woHmid FJauBsHs LMbBT(HHEHHESHSF
Fpawenssmp, GCE A/L wrewiujsenssts (Bamwpw  eusmyly)  alfleyenysenemud
QFWSILPEHD  JDOFoUBMEMULD BLISGHWenWD. HTeuy Gewpwl  eusmylnied Yy
(wwnSsemern S TGS afl(HLOLYLD FTSHBHWILOTEN Oz mhed
wwpwremienwnenjsehdarer  uwlipdenw  BLISHWemw, Cxfw sewismlFuied
uBiGUOPW  ulLlugln  wresieujseEpssTar  uuwipdewuyd  audsmlLeneou|d
QULDBISIWLIENLD.

* LML EMEUF FITWIMBISH 6N 6ITULLD unyeyGeomHmISENETU|LD SIBDHMIEUSM BT
155N ehFBemen alhHHOFUISHmLD.

o  QuraCupm 2 wiCFIIGHRIBMENS HEHILHHSHEMLD. .

e  Stevia rebaudiana @e1 QUHANHHHHBTE (MMM 6l[HHH OFUIGHemLo.

o @emew Wenmuley FehFendHelT, ABTL(H SITUIFS (PIY6YF  GF(HBSMREIGHEI
N UYsss6wTaEer osSHwumun sydsuppler Geuslluibser.

7.2.15. sroauy oyupss5 2 wWifliusd womnd apsvEdmmmitl dpiyflsowuliued S gTuIFsis s@ESII L
BBSIN LG Femeveuj - Cugndfly o). GlFeoraiy

EGSHLSEDET Difl(paHLDd
Qms0  wpmud  Apisreiuns  Luliseillsd  © evd  oyeensu 1oL eleenFFemned

2 _BaUTHGH0: SHBuUTsW  Fyrafl QBsd SimeumLwWras OCansyumesd 4.2 MT
G, Bgl 1970 @afedsd 2 MT/HA op@salmba 2000 seflear oprbusded 2 MT/HA
asim  WwLLGING oPsfsss. DRevomemsuisr  QrHUUT  elevdyeamsder 95
Foeisloneig WSICHIMDILLL  FTGHUYREEhSGHD &P OCaTamGeugiulLenw  Heiy
snCursw Gxdw FHulsomem aFyraFfl OEsL elemenFgeonangl  LhHHLOTETHTHE6U
2 sfengl. QevmlIemnaullsd 2 wj elmenFFamLl FTGUSmeTl QuDMIE GBTeaTeugHes
QurmLl(p urybufilu &LbS &mﬂtﬂmﬂ@u@&,&@m Gopyeyd @eTmieueny ugbsenaiso
LWSTUGSSILLB UGESTD 2 LTDTGLD. GHHaGa GmDeauTaeeien @emimauler
Omped  elenenFFeomena Lleou(mHLD aarrgsuu‘ﬂasmrrsu FOUTVIH G LLU@g@uu@ﬂﬁmm@
2 pusHF OFevailat FHsfly wLHDID gsﬁ]umaailu_le\)rrg, &,rre\);ﬂeme\) rmoL.  GBeD
alemenFFeled  umiseNlyF  QFuiuyd  Aysmen SIDFEIBEM6TUILD Lﬂmuqmmw&,
sTyemidemenud alenenFssd Blamevenwill Cuamieudsd HMHOTLEILST Guends  mmibd
(PVBIMY SIDFEBIHET  6lelUTH) RWLSBHTHBPMIFETME  eTaLmSWD  elenmids
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Oameteudley @J Uysmenr opeysty el Oeusfwmeng HeveydSimgl. @evmiensuied
srpeutenr  OmBsd  alenenFFed  Fleweudb@Gfiw  SIQliLeNL S  SMTERIOTNIGE  ST6UY
BICUmHSBHH0 LW lehepTennd OBTNOHI USmS GOHUSD HIFTH HT6VOTH
Bevab  ypdsenily —oGw.  SalpsHusmLbs 2 svdley, LIJIDLITUIEVE
UMILHGUUBSSE), 2w ﬂmuqu‘]smwu_lsmwqu, gjmﬂg,a)aﬁg;w oML LUy
@m(@mmmg,mg) SllILenL WTds  Q@mewi  UFbUmTWeGF  Fyemioli]  Gumeiim
2 wire STy  @IOUBSS  BILUBIGET UJhSeTeled  UWTUGSHSLILBEISIL 68T,
alemenFfed  GPIUILSHES (PaTCamIDMSHMSUD  gNUBSHHISH M.  eTeueuTmTUIEID,
BevEImnsUlsd  HTeuy  @OICUGBSSHHDBTE  Ssueutorer  LUplyfleno  Hmib
ELP6VE Fn MMIUIEVIS G Flu FTBHEIBIEB6T B glaueny umsmu@&,g,ﬂu@su;ﬂs{)mm
@&,&,@g)ﬁl_l_g,gﬁm @F yHw  eIemienib@G  (LPENDMOENL  6UIQOUEMLOLILIGHET  (LOEVLDTES
[BTLD @ yadw L GI6DLOWIT 68T (LPEMMEDL (WpeTQLmYECMTLD. @3
UTbUM T W& HOBTGHS UM TLHLULBSHSH60 LoMMILD transcriptome NN
4, S wieumnest CLPEVLDT @60 lenenFFaVIL 681 OsTLJyemLW Aysme
2 1L mesmHeduisd LoMHMILD o _ulflyFrwerealuisd SIDFBIHEN6IT BevmisTesI(H
BumOsmeTeniu@Gd. WetGwmAwliiu@Gld Spuieurengl  transcriptomics, bioinformatics
womid 2 _ulys0sTHeomIL ualulsd Spduier SILEIEW  UOaIMEBHGHW  SHeNMEBEN6I
2 eTUTEIGLD. SmFHuTer  GHsCamenmeangd 2 Wy elmendFgsd oMM  LoHMID
asrrsuﬂema)g) STEIGS e 2 LW @ yglw STEUTF &ﬂmuq&las)&,emu_l
2_BHAUTSGMUSDSTEN  SigLiLienL Siflenel afﬂ@g,gﬂ QFuIsNID, @mFHuled 2 wj Feps-
QUTHETTSHTY DLBTUISHMS CULDEIGHSHMILOT(ELD.

CemmlFTIg

2 _J5Hma alhid QFuise:

MBSTFAT  HTOUTBIBEHHGH AHBTON0 CHMmULILBEDD (LPEVEBLOTGD. MBS Feulleot
HemLbEaHIngll  Seneumegk  eleuramwgs — Oam@Hsefsd  wuly 2 pusdHuied
OF606UTEHHTF @&gﬂg@]eﬂaﬂm s (BUur’_(hé L riEariay RESTIOT(GLD.
2 6T106m(H&SLILIL 6V, SHSILOWILDTH6V, Qamei(h QgFe060LILIL 6D LoMMILD
WeitamMIGUITL LI 60 EYR: T STEUTBIGHEITT60 N LWSTU(HSBLILBHMBUTE0
@z mLyuL (HeiTen Aysmeot LIQ(LPEDM 6T (GHLD. LoeusTemT 60l (HHSI SHT6UY N
2 6MQeM(h&HEUIUGBSOMTHIH  HHOTLED [HlEVEMIOEET, O  6UeNS  LOHMIL — HTeull
dpayflene  euemas opdweumpled smidujeiengl. wemienied LFCwrdssiuGaam N
@e1  oewiewieneutd  50-70% openg  Uysmenons Gupurly  eulfib8sTBens,
mpsCIImIsHeflar a6y woHmw  SGoreiwmelar  opeluTGmes  SpSwsumple
sTyewions  Qssluhdams. N o griseie Wemawmer uTeusnetwmengl L Gsmen
Gauliuorgeded  galgwl  euduTssHmes  Osmeviheren @ Uysmen  uFensail(h
aurweurdw  N.O @&t Wemswner  GeuelCGupmsHHNEG audleuGsdaimgl.  erenBeu
sOBurgleten o ITWIFAFTT  FeumeLserleD UySTeonest  QeimTed) uulys
srourmiseilar  mpsIFar uweuT (b alemersdHmenen  GUBHHIHOTGW. HGEITSH
Oamfleomi Lwomeg  Gumgenewill  USTIHFSEIG6MNET  UWSTUTL(H  alemarbSmene
Buupsgusnster @ UHw eubwepuns SemaTeolul (HeTeng. o JRISe
Sien6L GeusfGupmIFeTm BurFenevorli USTTSHSHIS6N &L (BUur_(Hé@flw
(PmMENLOUTED SHTeurmIseest BHem6UBETHL 66T RHHNFWSBHD AUeMBUN6D
agaIMDSBLILL  (pujd. oG,  Gped  BLUDaOES, QFve]  (GHMMbHS,
o2 uiflerifNflenssE o oemTeasHsHs, SLGUUTLGLET  CQeueflCGupmidsin 2wy
mBSIFE LWSUTL(h elmaisSHnaiLar Faigul BGamm 2 75 OCsTGHmw almsH
OFuwieuend BID GNECaTenTas OCsmei(herGemTLd.

fm@l_g,ﬂs\) (BLD[DQEITG]TGTIJIJLL QFwmuTBH a6

Omed  ommud  Apismefiuit  LulTsellsd o b oneemen 101l elenenFFansv
2 _mauns@Ee): RRDlI  ushse0atLalsd dHemLsdam 20 2 afarmpsGHiu  Oped
afssmseilar 20 @aiCumessBlame aldhHisHmenud, SDUTHBSTL L  HmID
soL(heualelmbal 11 &meg,@&,@ﬂu_l @[‘_F;G\) aujdamsmenb wmmid PGRC @6dmba
50 ugmbuflw  EUTHSEIGEMETU|D  [BTLD @umgj&,(aaarrsm@mmgjl_sm QU(HSBBLOENL WIF
GFuigsed QFwpuriysr  QuTmLB elbg  (Waendsmeoujd  SpTbllGSIeTGeTLD.
Bueub 50 FJeauBsall uuIjsEBL  Geueurwielsd LWETLGHSSUILGUSE  CUTHL(B
Qummis QametenUiLL (HeiTeren. DNA 60 G| 2 _6iT6N,(Héb & flw @QBev
arssmsafelmbs gnesaiGa  NNG0sHSSIL.HeTeonHILs, OHTLFFHLTS FH6V
DNA s@pd 700,000 SNP  asemens Oasmemi(heien 2 Wf-SiLjsHusnLw  Qbsd
auflemasdlyosmall uwaLuGsS CasTmmeusnioliyg Hewlwiu@®d. DNA  suflengsdyo
LI6OEVI(HOUSHIEMDEMEN  gOUBSHIFND Uswilenard Hiewlbamen 6o LB SSHIUSH6T
Qur@mL(p uswiy gemaveten Gxmhmeusnioll] CoumuT(BoHEHLaT BememibHienen alGFL
OasmAnur’ BGaE@Gflw  Gpiyflend  wLINEOSMENT  BOIRIGTEIIUSDETET  Eeneut
auemyymplubsseorans  Cumlsmerteniu®Gd. @%5 GCsThmeusnwolys@Gilw  UesiySer
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2wy almendged SpOMeVHLW OB 6uend &M alheHd QFwsusear QuTmL (Bl
uwerU(hSHSLILBLD.

&60LI Cemmll LISTISHHHMSL Lwiei(BF Teuy GHemeu-iglilienl uievmen
MEHIFI 2 JTHAS allhHd:

BTb 4 GeousiBm eumasGilu HCaIT  Qenemismensd QHTGHSHHGNENEHILST Gl
usTissmisemen Fourier Transform Infrared Spectrometry (FTIR), giewildensli L(hHLO6s
puie), X-aH7 elevssd womid CHN opuiey opdweupenpl LweUBSS UewmumUie]
QFuwiglenGenmd. @I usTISSEIEmeT GQBH LUIfsemenl LWSUBSHE BFrdHdhsHe0mend)
BLBHIOBTeSQ(HHBMSI.

7.2.16. meuyll UTGUTLIQWIEID STULD SITUIFHS BHSIL_LID
BRSPS Hemevauj - Gurdfly 1e.616r0.67. IBRFHBST

sosHLLSSDsTm opfapetd

STAUT UTGUTLIQUIEVID ST SpITuIFSe SHESHLioTeng NySTerors

Heiteumeuemoumenmn GChroEsTsd OQHTamIL G,

a) @evmmauler HTeuy @ermisefle UTGUTLIQWIE® muid 2 ulfleriiyeluiuied
QFBTLIUTET SpUIe| 86T,

b) Wemenioliy & Lpedlwisy,

c) Bevmenas sTourmisefsr BlensoGumTer LWeTUT(H,

d) opadyiiiys@iu Sl SEIEIGT ILEIBTS  REVEINSUTIIGTEN  SHT6UT
Qemiseflar aTUled HTEBEH CFNISHHID HTFeRllH6T, LOHMID

e) ey @QemisEndssTen CaFw Heulyl ULuIensvs HWTFlHSH60.

BEHMHBIH_LSHH LFsHTen Ueiseied @ammerg Libysoeneoulsd NIFS-2_uljssmeury
Bxllliuaseng (NIFS-Popham Arboretum) o_meunsédll ugmwflghseom@Ld

amLSHL GupbsmeteniulL GaFwbUTHS6T

NIFS-2_uigssreuy  GFllussHHar  (padQson( uTssHer  eneugogmiser  GIS
QUEMTLIL S 60 eUemL|HLILBSHSLILIL (666l LSememLoLiL &,Lp60ILI60 LoMMILD
BeTSILN5HH60 @z mLumen S yTUIFSWTeng| OaTLFH SIS IR F: %0 V)
CrllussHaien 2 6Tem  SHTeuy  OMID  6leVEH  SDEIEIGBHT  BJERIQEIHID
AUMILILBIHEHLD  HBEULBEHD SILBIEW  QUTHTCHTLE — DieHLWTEMLLHSHHE0H6IT
sTLAUUBGSSUUL (HET6meT. HeHL  UTEBISET, UTFMHMS SOV, LOEVFVFFLID LMMID
SEIGLOL oUFH 61 L6STJ BT LOT 63T (6H) GFuwiul (Heferest. NIFS-2_uljssmeuy
BallliuasHaisien ks  @efb0sTGUmUL  uTHSHSIMm  STyemissT  ubw
SLITuIFS e BHSHBHIL_L LD QST SIS S (HETENGHIL 65T LO(H &G l61
(WHIWSFHO(WmLW  ODId SpHSFONY Seelus STeurmsafelmbsTar Sunens
2 _pusHl QurELseT Foubsome SpITUFHF QFwpur®Gaer Gurrsenet LHMID
MUWIEITHATTL LI6VSHMEVEHDBIDBEIHEHL T Renewibdl TLOLGSILL (H6T6rmenT.

CumGasmeateniu’ L sen  allmwisbder Gungl, Syzygium snduilst @eomiensuied ude
i (Beten 31 @emisafled 30 @QeimssT GFsflbsiul (Berener. CasflluTang
oo Fay orndflest, DNA wrdflser womwo FAA &6 OGeulluflibherss
Coafleaiu’L  @euCumdal  USTIHSEIGNT DLEHOTE 250  wrdHfleemend
QzTemi(HETeNS).

Bxpfw Feuiyl ulywensd OFTGHSHSMILET OHTLIYmLW ussiwmeng  GBxsfw
2 WIsTeuFFGFOILGSHL Fnl LEIGMET BLISSHIH@D Blyew] @Guwelsr 2 selujL e
OxTLFEMEI.

BILIQGISITEN FLOBTEY GILWIBIGM6N (PHOSTENTaISDEGS alhHIHOFUIWILLL  &Te sl

* 9 af aUeLWIGHH 60 LS6ITBTL T EH60 OFwHUTL 196D QeumpsgLomsLl
LweTUGSSLILL6us060 LIsOGeUM| oY @ERIS6T E6uBISTewTLILIL (HeiTernest

o ey oeelwus sreuy Semiseflelmha Ffev uBss aHTF CaFFeneuss
g 05 B SsIUL (HeiTermest

e Hfovo Wasaufismen o USHeveTen  @emiseT UIBSHWILLG BxFAw  Feuliyl
ulguiled o eemLsaliuL (Heiement

7.2.17. Primate 2_uilifluied <ygruisfis sepSHl L 1d
BBSPI LG Hemevauj - Cugmdfly L Liaiyy. mmed
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Bd smSILLIOTNIG GHIEIGHeTea (primates) @umena suet ML HHCCW iemeu
OFTLIUTET SjeuBSTen  SpUIelenel 2 6T &GHIMSE. 610H  GNBCHToTHEMTEU6D:
(1) Pimate sefleli &epsd BLSHMBE Fnjliieneid SHSHD OaTewi yHw ipelenen
2 HuTEGSHe0; (2)  Qupemswisr  studpster  elehepmen  FAuleomen @
SRl aIpBIGH oMb (3)  elehepmenr  Ceusfuihsefar  cpevlDTHaD
Oamfeoupenpuilsd swrflésliupGld — Speuewil  ULBISOMNET  (psOTEad  ydw
aMelemett  uglysed.  @Unlyusowiones o smiGeT  Sfleylly  wHDaIILGIL 6
WTSHTeveOTH, 2 M@ wHmIb FJaulss FUpSTWRIHML HTUNDETE OUITHILDSS6IT
@salmplmuun GuPNISECETHHEGIDET. RFHIOEDT 6UITDTET 30 Bp6UILILIL BIS6IT
2 _(HeUTSSULL (HeTENGHILe, 6IFTHTOSHNGW U0 AL LUl (hefTenenr.  @UILIL RIG6IT
BevmEIemnsUlsd  SFpmievTened  emE@Gallugest QuTBLp @F FTaswre  albusmsGul
elembuyiILBHSHISesTment.

Slp50sTMmHL Apiyflenouiuwied, UIJLOLIDTUIEOSTUI6Y, 2 L svemioliiwien,
OxsTODIGHETUIWE, 2 LMHOsTHewsd, &HOTLOID BLSHSWL  SLdSwaupiinG
@emLuleomest LLBM BLHOHTLIYS6T ‘Lialeflesr QuuGUMIBeT (SHUIILENLDSHSH0
wonw  @elGumss  Geupy)  upPll ufiGFTHEGL @F  usOHIMMUIHL
SIS (PODUTSTT 261 TS Felpdd dnill LOMID BLHMBF FHLoedweder eallehehTers
sHaICasTemen  BMD  UfLHHHE  Qsmewlg®HSSHCOTL.  HHOUTINE  (B6VEIMS)
QumsveteieneUUIeVIGTEN  6T0HI  SpUled  HeMGHHED  [BAD  LIELOTUNT S H6EmISH BT 60
salldHsals GIEIGHDmeN QemisasiheTCeanmid. @ellsur macaque (Macaca sinica
sinica Linnaeus 1771) @engild BLSHmBUIWIEd, LFDLDTWLSETUINNED, FHpedulsd LoMmmILD
OasTOMIGHTUIWE  uFOTMIBEMET  [BID  HEUIHTERISHHIOTCNTD.  RHHHEWIHH 0
yemeiaiugeiwed mlemeoulsst o midium’igenr QurmL(p QsTLjFfwmen smeolil@Gdule
Burgl oPs wIHflseT 6WEGHDH Carmeuwnseyeienet (BTL(Hd  (&HJEIGD6M60T
UTDHBOUTENSH 35 UHLBISEHHBE GCOHULLSHTH S([HBHHEVTLD).

7.2.18. saglFQFn (bL Guendlsaiuansd UyCurs Qasslyafluand gruisdis s@psIl L
SBSIN LG Femeveuj - Cugndfiy Hf Breonussmy

EMHSIH_LSHDETT DM(PSHLD

NIFS @aisien  GQameenasll GQuendaalwed wWHMID S (HE BSNMHBHET S TTUISFS
SI0H60, 6TDMDE FLpaeTen QUenSs 2 _eudlenan (LPHUGSHIUSDGW, eleufliusn@GLD,
alenmHSOBTaTUFNGW BID OCametens wLHMIW SIUTLGL  Guendsailwiede
FTSHOBISMOT  LWaTUBHSHPGCOTD. @6l o ITUIFs  SvsTarg FeHFOFTL(HU
Qumpluiwed mmid st GO  @elCwrellyey (Feded Galwgh GCoHTHmUILTL Ig6s
ydyssm) elLwiugliysseiler £ sHSHLBISmenE OCaravihorengl. 6ICFLLoTS
FaAFQFTLHU  Quendasaiwed  ouImusdld  Guoeureang  FhHFOFTLIReHBHS
wIuTihHMmS Grreadlu  Bameowrmm, FeHFOFTL(hd GWUUD, FoEHFOFT. (Hdb
seilld(p wom FEAFQFTLEH iemweleaiend SpBwsumyen QUL DIDFRIH6IT
uppw oLTTUIFSuled sHOUTIPE FHUL(HTeNSI.

amLSSH60 GpOsmeteniul L QaFwbUTHS6IT

2019 b oewger Burxd  FHEAFQFTLEH eI  dAmevseiler  FHHFQFTL(,
yuTibsd  QFHTLIYB6ET  WLOMID  euJdHHensh SHeeno  Gamijumer  LsOGsum)
opuiesemen BT CsTLFFFwns GumsTami(heTGerTLD.

(2010 Phys. Scr. T140 014035) eeoim opymuisFd)  Qeuefuiliged, Stefanek o 1b
gemaGWmBLD 6ThHOUT[H BTEIG-HenevdGil FoHFOFTL(H MVBGHWD, QT6UIQEVILD
FigWl  LIQIPENMEBEHMLIL  FHEBIBIGT @HBS  (PRWITH el BiepLllsHsiemener).
SIEUT HETHEML LI 15lemp 16w 83560 SIGUTH6NT QU(HLUTEILD QuTgleumest
ueoeVIMILIEGHETemeull  Lswiliwensoll  LWETUBSSTE0MED  6TTLIMNS 610G DpU16)H6IT
GeueitiubBohHuyerenest. elenemeurs, CQuUUIGUDTEIEH CUTHIUTS GUNIIDMGE!  6TETLIGIL 65T
BIQEVID Fnlgul LIQLPMMBEHMLW FhBIEIE6T OaTawiL FSHFOFTL(H SlemEVE6IT
STEWILILUL G Fn(HLD.

7.2.19. Rhizobium ey gmuisfis @SS L 1d
BBSH LG Heweveuj - Gugmdlflwy ererd.ef. &g flLs
usbs 32
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BHSI_LSHDsTr DM (PpsLDd
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m GCE O/L
Below O/L

2019 @61 yenewil 2 _mililenysefler euuIZiH6T

31 auwdn@s
SpiuGumy 32% 150 euwdm@ Gumul Gy
14150 euwidlesty
3140 euwiglesty

31 uwdnGs SWuul By

41-50 suwidevry
11%

ussLd 38
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8.2 Gsanou o116 smims NIFS B)si 2parswf! 2019*

Bzemeu IOLLID* DS pendluii s 6rileor
6T6UIT600TIEB 6M B
. L. LewTLILIT6TTY
FGragL LLLb SBrayL oprmuiFAll GurmAfuiyaseit 01 (guups ogiuemL)
LTSN GuymHFlwiser 04 (@liuks SigliLenL )
@emewr oLyTUIFSL CuymAflwyser 05 (gliubs SigliLienL )
FCradL SLTTUIFS (LPEn6ITeUT 6N 03
SLTTUIEFS  (LPEHEOT6UT 61T 02 (@uupbs SugriuemL )
ACyadL Qgwevmeny 01
(PBTEMOWTENTEET | @eneriiLimeniy /SDU 01
BGSS sembmToT) 01
wasTemwwrenyser | s Qsmeonlu 2 sHCWTSHHTH6T | 13
SIS FnL  (LPSTENLOWIT 6T 01
alehepTen 2 SHHCWTHHS]T 01
fCrevL. o el mITeLs]T 01
uessillurenpobsTen FCrasL LNysHHGws 01
QFwevmeny
I e
CLPSITMTLDIB 66V
DL L LD HWHG 2 _SHOWTHHDH]T 01
Blijeuns 2 _sHCWITBSST 01
OaTLIUTLEY LPmid 2 & o HCWTHHS]T 01
2 eleNsdh HauisHsTUn] 2 SHCWTSHHT | 01
B yewiLTbmlenev
L L b SCBraoL. openewll 2 gelwimeny 09
Eameomilu 2 sHCwrssHHT Sy 03
mITes 2 _galwmeny Hyw Il 01
WaTmwdHHieu 2 salwmeny sHyw |l 10
SLTLOUFBEN60 grydl - alGFL Sy 02
WL LD Ourpuilwss euedseBy - eIGFL HLD 01
Guger - alGFL b 01
Spwieygal uflFmysy - alBFL Sy 02
udHBeulp &miUmTeTy - alGFL HILD 01
@60@wrefl o galwimerny 01
SVUNS 2 _FHalwimeny - Frrd 01
Sieues SubAT BuiSSHbT 01
grydl syw lll 05
e 0FHIBGBT ST 1 01
Qumuiwss eusdenby Hyib I 01
Wsstesllwisomeny Hyib 1 01
SINUNS 2 SHTWIT6NT 02
SLILUFBENsY WL LD - HnatGuprs 03

Guoeud BTHUGOBTH STTUIFS 2 galwmen] Blensvsel @ULES DQLILMLUTOTEIEN6 D GLD.

* 2/2016 splEms 2 1 ou'Lowswent Il g DuplIIEDL WSS QBTG

uséasLd 39
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8.3 oy ememf] oy CsiLisEpd CFamer (IPIR6YIISSHAID
8.3.A. oeniemil 1" Gaifiny 2019

spymuiFs (Gr.ll)
FH(HLod). 19.611D.19.6TLD. HFTHTUIGHD
H(mLod. FHHSHT (G 6001y Sevt
H(HLod). 61651.19.UL.6T610.  [HTH[HSH60
FHmod). wBsHbsm QUETT
. wy.61d.19. G0y &Hewt
Hb. 247.6. THBTWEHS
Hm. M.19. ForHBHmen
HEWF. . FHSTENHSEH
FHmLod). eTerv.6110.6.85. GFaileun )
FHmod). Gs.61D. 10 Fedeur GLFe0
FH(mLod). 611D, SHFLOFTER6H
FHmLod). 6T610.61LD.6T651.8H.  FH6v® T SH6uT
Hmwd. 19.15. CUBCF=Y

alehepTen 2 SHHCWTHHBH]T
seommHd Fmefles 7T Hev
SLTLUFBeNe0 WL LD - HnatGuprs
. 19.L06Tuy.23.65.8. QLTL D66V
H(. 61610.611D. 106VSH QMG6HT
Hb. 15.03.61601.6T610. 6N M6UT H60T

8.3.B. Gzemeu (pigaymihsHes 2019

SLITWIFS  (Lpemesteu]
HOMHILH W CuTaUSHS (RTTLETTLOT)
SLITWUIFS 2 gealwmenjsert
H(. 6.610.8.6160. SCUBHTHT (@FTReuITLION)
H(BLoF. F.6TID.UY.6]. FHBBHTWES (RUUBSLD (LPIYaDHDEnLD)
H(mLod). 615.85.61610.61601.61610. (GHETH (RUUBSLD (P96 DMENLD)
. 28.9.65. Camstear (PUUBSLD (PYaIDDEMLD)
Hp. Cm.g).1e.611D.6T601. MUWISEBMY (RUUBSLD (LPIg6DHMENLD)
FHmod). eterv.lp. QWIBFHT (rTedlewmion)
FHpod). 6160.65. QWBFHT (RUUBFLD (LPIY6DHNENLD)
Hm. U.g.emarll. sweujHest
FHmlod). e11D.03.61601. QUBTTT (RyTeSlewtTiom)
A ster.0. lwrgruiFs (@yredlewmiom)
FHmLod). 611D.6].6m61.6T651. aiTdmIs (RITedenmiom)

Wrso Gambeomilu o S5HCWTHSHST

FHmod. 10.610.85. vdHO G (@uie])
agryd (a18sFL HyIb)

Hwp. Cs.61D. Spflweussis (@uie])

A 7.61600.85. GewIouiHe (ule])

SIS BUBAT B Sb]
Hw. e1bd.61.15. QUByT (uiey)

usaLd 40
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8.4 yyenemiw almss £ Bwer alwss BIBHFASII L BT

Ploeuesnd £ uulpdA

papmigd Sy A

urL QB

BHSHLSHMSLI
uweTuGSH CFHTen6vdH
BHevalenll B60G6UTHHE0

Qg uipfs S LsHer G . . ST6VLD

iy | heg H LSS iy oUPEIGES - | Pyeew .
B el “Genewtiieu il LTSI~ URIBTONGCHE SITUIFS WHMID | Asi@Connect @eit aiswienilo | @G LDTHLD
JBBBTUIHD QsTLIuTe OFHTmevd Hevaill &ovall eusmevwienioli (BAREN) IBET G augFHd

. 61610, QFHSHITT6HT

BCem B (HHUTHBS
Qamleomiul uuWipAQmBY
QarLjure FyeuBsa
GeusmevLiLI L enm

BHBeuT  Xl6hEhTEILD LOMMILD
Qurpluuwevis 6ot
wsHwBensowid (CeNSE),
BhFu_elehepTen BimisueLd,
URBIBELT, @bHum

@hIW DFFTHISLD

uHORTLH BT B6NT

o1&.1e. MWHABIS

STeugll uUTGUTLBS
OaT@HuIwed GFHTLFuTe
epeVBFammIL LUImHS

FRIBIYT STeuFalulsd LLmIST

BGxFw 2 _svjsmeurLl
urgisTiusd, Gxhfw
STOUTONUIED LY BIBTHSH6NT
Henewicssenid, GUITHEm6u

uFOeT (B BTLSH6T

QUIHLTHS

SMsma 2019 [HO1p]

Hmod. e1er0.Csb. o ulyouru] o _musdl, Fodll QL6060 OHT6OHILL BlmieusLd, uesTesy 6wsT(h
oWBFsy Aplurésd WwHMID UTHEEhFTT G606V [BITL_&B6iT
GyBwinasd QamLjumet FyaiGsHs
uufpd
Qzeval. §.8m. GumeusiiGas 2-Wieumu] 2 PusHF, FHHI0 O6060) BbIws CHTHHIL L e e NG
Aplurssd WwHMID UTHEEhSFTT MM CUITHETTHTTES BITL_&6IT
GyGuasd GasTLyuTe FJeuGsHs Fa L (HSHSHTUEDILD
uumd
Hmod). Gem.611D.15.6T610. Quss L TTUIFS QampLy &sTF@rIUI wmmid HewFuized | uselye(h
LOG LD 6THTL_6160 GeusmevliL' Lenm @ HTLFLIT6D GrruisEnsE e1dyTen BITL_&6iT
FreuBse GeusmsvliLL L enm FreuCspes FmISLD
HpLod). Be.61ib.L5.6T610. LW CUMB HB6U6D @& m(pLby &sTFCHTUI WwHMID HIMIWITEL | @aTUsl BTL &6
LDG LD 6HITL_6160 QamlevmIud upHw Buisbs GrruIsEnd@ e1dlymen
SurmIFAN urLQpm 2 FTeuBhaF IFmIGBLD
QarLguret FyeuGsHa
GeusmevLiL L ewm
udbasb 41




Ploeuesnd £ uulpdA

papmigd Sy A

QU L S Lede . GTD .
i DFF HLSHe1 GQuuiy ST e ST6VLD

Fewd. 9.0 GurGu &MY 6EhEpTend Lmmlus alshepTen mMimieussibd (11Sc), olshepTen mmisusstd (11Sc), bWl BT ST
DpTTUIEFS] wrewieuy MBTE GSTLjumes QuEIseLT - @HHwT OuEIBeLT - @BHwm

FyeuBss ommm(®h (SCCS)
FHmod). @61 HIeW)ISH G oSBT Iguiluied Quomerv@asm, FervFwim alghepment, OHTYOmILLI Spml BTLSH6NT
Lieimuy.9.&.9.05y7 Seor wHmID X-&Hj FimeT QB OMID SLTTUIFS DIENDFGH

SPUIe] CLPEVLDTET  SIErOLIMHM6ND

OaTemi(BeTen USTTHHHEIH6M6T

sesileuem opUle] QFHTLFUTest

FTeuBmhs GeuemeoliLL L snm
QgFevad. e1o10.Csb. AMVBBRTHTEH LIBIBF BB SITF HTeugaillsd LEIGT, &L_L_ 601D CPSIMI BT SB6NT
oWBFsHy LoMMILD HTEMTEIH6T QG HTLTUT 6w GuymOmeflwm aflevddeafldalul_(heTengl

BxFlw GsusmeulILL LD
H(h.6160F .Uy 67610. 10 BevmImaBUiey cLpEIEED maHW BTGB DBHOBTI | LGHTeN FHMTLED 6usFHden | @b HT6T
EVE - T Qawe(penmLILI(HSHSH60

SlalmaH Boeusrd (UNIDO)

(GEF)

usasLd 42
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9. sewmibaTule] QFUWlULL pB&Hssmmm 2019
9.1 Bigl1 QuuIGumiseflesr FymbaLd

9.1.1 (eiteTwl OU(HL BISHEHL e GFsvaion gluiG

9.1.1.1 YemiGLupd> GFeveor UG — GBS/ 6UIBLIBIS6IT

¢p.’ 000
SU(HL LD 2015 2016 2017 2018 2019
SEIUU L saglumiser | 113,491 | 122,808 | 122,430 | 137,142 | 157,177
gemew  BeIbL(pLd 61,473 | 67,293 | 76,188 | 77,815 69,062

QF6V6)60TBIH 6T
GLoTHSHLD 174,964 | 190,101 | 198,618 | 214,957 | 226,239
250,000
200,000
150,000
100,000
50,000
0
2015 2016 2017 2018 2019
Bgallul L eamduimisern gemenil LSO (b QFeveiimissT W OL&HLD

9.1.2. apsvpenng GFsvaier @uULiB — gBHI OUIHLIBIS6T

¢m.’000
QUL LD 2015 2016 2017 2018 | 2019
Bleneowirenr  G&FT &g sa e 741 4,782 5,874 | 19118 | 15,813
FIBTILD
L9l [HITLOT6wILD 43,852 | 125,261 | 110,674 | 58,374 | 66,025
SLITUWIES] LoHDID - - - | 15,458 3135
NN
GLoTgHsLd 44,593 | 130,043 | 116,548 | 92,950 | 84,973
u&bs 43
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9.2.2019.12.31 @60 (wyeuenLbd uBLSIHDGHW WAl QunCumisefer FymbFid

L5ewTEL (1pLD CLPEVSHEUT
@sxTens (Rs. ‘000) % OzxTema (Rs. ‘000)
2018
sue|GFevailL LI L &I 276,189 100 267,516 100
SIBISE SIS 190,000 68.79 120,000 44.86
sllpelldaiulLg 185,023 66.99 98,194 36.71
2019
sugeyOFeaTIL LU L ) 201,671 100 81,000 100
SIBISS B L F| 201,671 100 81,000 100
al(BelbsUULL S 201,671 100 48,300 59.63
Wen1@L pd GFevaiend-2019
Curs@oursHaIF
QF6v6H61T
0.19%
~— ugrwfliyg GFeveaiesd
Cremeusmel 2.43%
9.22%
aIBGWTE RIS
61
3%
= QuTaGaTsHaIF QFeveyseT = LFTFLLF GQFsvaied = aIBIGWIT SIS 6T
Baemeusmeit = gemasit  QFevaiesmics 6iT = iUl L oarduimiseT
(euHaF OFevaisin-2019
urflu &sBSHLLD
3.69%
STewiud Hmewil
Guowbuim (HLd
3.12%
BIT6VSBL  LSHSHBEIH6NT
0.35%
& (HeNBEHLD
SI(LPEVTESH(LPLD
0.03%
B u16dnl. LIS 6NIBIS6N B 60(6U60%5 2 LIGIJ6WIMRIH6N B FLU 191 RIGHEHLD DIENLOLILSHETHLO
sumtflu &HSHLID smenlld &mewll Gobum(BLd HRITVBL LSS BHIS6T

B E5HaNBEHD  DI(LPEVTHB(LPLD

ussLd 44
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9.3. Bl& Mlewevemio QFTLIUTSN FndmI

SIPULMLE BHMBBEHSHTRT BCHFAW Hmieueid, GevmEimns

2019.12.31 @60 2 _eitencurpmen Bl Blenevento

QF T H1E5HH6IT
B (pennF QFTSHa|oe6nT

uewi(pd 6ukld s ErpLd
MEULILBH6T, (PMOSETHLILTESET (LPMLIGIBISET
SBHDULLSSES Hepeowmer — OFTHSIBSE
afior wppuemt B pH6SH

BsTos sLal HEU WwseSh
Blemeowimest Q&S GIbH 6N &L
QUOMIBOCBTETNILL HHHS 6UL g
2 HHCWTEHHSHT BHIGTeUD HL6G

(WPpoueI(p genatwl QUMM CHTET6NSHSHSHHEMEUUL|LD

QLI S6NT

BOL(PenDWeONE Q&FTHgIbH61
BewL(Lpempuilsvieiien  Geusmev

B BT SHHIHHTN UFIOLF ClF606H6IT
BGxweoru PHW (PH65B

LuIBdlsh HemEemLo

QarsHgl, Uy LBBID o LSFemID
BOL(PenDWeOeNE Q&FTHgIbs6l

QIHSHEF CFTHHIHH6NT

Qur g &6l
BEOL(PeNBL  QUITBILIL|EEH60T
CFVGHILILL HHHH BH6mIHEH BN

ML (PenBUIsLEVTL  QUITBILILS 6T
GSPHOBTHIGSILL L [5aSHEHLD
QxmrenL&EmLD

GaumpiuBLd CUITBILIL |6

QursHsl QuUTEBILILSESsIT
Caxplw CFTHHIBH6

ApeVSHe HgS - GFevel LUl L gl
GFsvelL UL THE

FOTHUSH B& - QFevall LUl L g

QarsHgl 1B6MoFUT B RHIHS

Bgiesen 55

Qursss Baiw CFTHSIbH6T/2_flentoiimid

uesLmeny

GMiiy

SN

10

11
12

13

QFuwievmeriy

usébasLd 45

(S6iFaBaiL i L i)

@ e.m @ e.m
2019 2018
108,990,251.49 150,529,456
26,948,257.89 14,022,035
59,669.77 59,670
300,000.00 300,000
303,481.01 296,325
7,814,723.76 7,244,022
5,015,609.06 4,805,947
161,317.94 241,747
1,800,759.50 2,298,338
151,394,070.42 179,797,540
6,227,761.41 17,455,040
332,319.49 711,307
122,736,536.35 111,505,089
949,197.40 949,197
2,116,425.75 939,080
593,722,817.84 593,312,493
726,085,058.24 724,872,206
877,479,128.66 904,669,746
8,014,385.22 8,981,445
3,131,903.55 3,351,446
11,146,288.77 12,332,891
156,978,269.37 150,873,195
188,461,590.38 109,852,958
345,439,859.75 260,726,153
356,586,148.52 273,059,044
520,892,980.14 631,610,702
670,608,789.86 668,452,882
63,862,681.00 99,020,834
7,078,501.15 7,078,501
118,388,385.47 118,388,385
(3339,045,377.34) (261,329,900)
520,892,980.14 631,610,702

UMBLTBES Sipfldema 2019 [sLD]

& 60015 BT 6TI)



9.4. Bl& (WeIGarHmd GHTLFUTST Fadm

SIYLLMLE BDHMBHEHHBTH CHAW [Hpieuesid

®e6vEInSH

2019.12.31 @60 (wyoumLbEH gmihoHsTH BHH (WPIGaDDE FoMml

(BeiTanBuili L’ L gi)
@60. @. ®60. 5.
GBI 2018 2018
Qunie Sepeuf
201,171,000.00 185,023,000.00
BewrOL (> GaTenL
GJEMEUILI  GUHLOTEITLD 14 38,433,128.88 23,958,585
. 239,604,128.88 208,981,585
Q&Fsvefard
15 157,176,641.27 137,185,994
S L 2eTglub
BuTe@Gauy S 16 437,162.50 1,290,869
18 5,496,986.05 7,736,718
Uil
QLS CFeneudsil 19 20,865,505.24 22,072,459
QumioTensH 85 Ul6)] 92,272,862.18 85,070,357
6J6M60TLLI @&6\)6).]&361"[ 20 35,276,043.06 31,25,231
318,511,677.21 300,056,382
Qurdhs GunE CFsve ®si
Quiklg GFWBLTHSMEIHHSTE LIBBTSEMMB (78,907,548.33) (91,074,797)
HHF QFevey
Blemsowimen QFTHSHIbHeI6 DT3B 601 (200,049.93) (8,483,398.08)
Gumgmen Georuid [/ (Gpriy)
BLSABGHW CHBlu LBBITSEEGMmB (79,107,598.26) (99,558,195)
ussL 46
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9.5. BIFl uUTWIFFD Fapm

SYLILML S BHMBBEHEHSBTE BCHAw Pnieueid, HeomEImes
2019.12.31 @6d (WyoumLBPH SiERIBHBTET BHHILUTUIFFED Fap)

QurEg CFuBUTGSeMeImbETE LewRil LITUIFF6)
FrHTIem CFuUBUTBHEHHGFW LIBBTSE&HMB
o, .

QuEIoTeTSH8HUIe
GoumuBd QUITEILILGEeMe  SlTLDd EmBLIL|
ApeuBHaEF QFTHBHISH6 M SLBLLGSHSH0 ST Gl

L6 OB TN BB 6)LPMHIHED

2 HFHOWUTEHS] BIBJod SL6 (IS GmBe
FrHABUY (BB GMBY

(PBLI(PLD eJenenill  CLIBBISOIBTET6N S %S HMEUU|LD

(1P af) A &msa)

(meurG®6lT, WPBOSHTHLILIGTE] BEHID (PHLIGTIHIBSIT
(igsfliEGmpey

QFIHBLILL HHEH HemibGHH6 (B SFUL) A Gmsey
BB CFnss RHSAILE(Gmmar)
CFaHHLILL L Lsnld6laTenL

CaumuBly QuTsIiybsemsr oigsRiLE (Hmmpe)

Qunie GFuBuT@seielmbsrea Gaiiw BFL LTUIFF6

wHeS_ & QFuwipLTRsaielEharear B0 LmuIFFed

BevL (Wenpulevsiten Lisnfl (Si8sflL)AAEGemnpey
Blensowiten QFTsHHibHellen QEmsialsie)
LUIBAULD S ETHEDLOULLD
Blemsowiren QFToHHIbHeen FFemioriL|
BuoBosmsiteniUL L (pHeSBHEeT - GFsoru B8

- BISJoYs S B

- umflw

BHSILLLD

WS BF CerwBurGsefsdmhbasrer CaPiu BAU LTUIFF

SITFMHIS (WHeSLBL UniserfiL
aflGFL BasEmD LOTENWIMISEHLD

P& QewBuTsefedmbarear Csflwl HH0 LTiiFsed

P wppd B Qmemssis Gsplu oiBsfiA(Gmmer)

OSSO BES BF wHpD B Smanss

BmPuigsiien Bg wBHId BB Sevemesi

LI (SegnBUILLILIC L gI)
G S6v. . @6V, €.
2019 2018
ubsIb 5 (79,107,598) (99,558,195)
(79,107,598) (99,558,195)
e 19 - gy 8 92,272,862 85,070,357
ussd 27 - @piiy 14 (16,279,756) (4,485,370),
udbas 5 200,050 8,483,398
udaidb 30 - gy 20 6,932,429 6,075,930
s 4 - Gy 3 (209,662) (177,058)
usbsd 4 - iy 5 497,579 45,278
s 4 - By 4 80,429 (57,386)
usbad 11 - gy 2 (12,926,223) 7,781,569
ussd 4 - ey 9 (967,060) 2,481,178
ussid 4 - gpiiy 10 (219,542) 133,486
(3,136,442) (571,238)
6,438,257 4,484,631
72,682,921
(6,424,677) 9,706,580
usbalb 4 - oy 6 11,227,278 (15,295,040)
ussd 19- @My 8 (87,805,084) (75,981,068)
Ui 4 (570,702) (631,078)
udeid 4 378,988 (108,620)
LS 4 - gAYy 7 (11,231,447) (22,230,737)
LS 4 (7,156) (28,178)
udesid 4 (1,177,346) (939,080)
(89,185,469) (115,213,801)
LD 6 48,300,000 98,193,544
udbasb 4 - By 5,770,941 31,580,329
11
54,070,941 129,773,873
(41,539,204) 2,466,652
ussbd 11 - @Mty 150,529,456 126,262,804
1
uéasb 11 - @ity 1 108,990,251 150,529,456

uséasld 47
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9.6. GaHlw OQFTHHIBH6N A2 _Flenoliumided UL LTHDEIHEHHSTET Fadm]

SYILML S BHMBBEHEHETE BCHAw Pnieueid, HeomEImes

2019.12.31 @b (pyouenLbd pemibssTen Gzl OCFrdhsisEsen /2 flenwliumdlsd ghulL LTHDEISEHHSTE Fnbhul

SLBUUGSSID 2 @mUugSeler 2 flenLouwlms]aehdsdflenel

2018 s 31
AuisiTeaunmmenr 155

Cahend: HLbHBH aIHLSHIH 6
Curnaren B&HF FHOFuia

2018 s 31
QevisiTamsurpren L5
(B6iTgmBriL LI L gi)
Beimog 1 ®
UBLBTSGmBAELNMmS

Lomenl g3 60 (HIb S Tear
BlemeowiTesr QFTHHISH
Q6666

QUHL SHATBLITHI w66
PoHesGHF CFyoslul L g

Auinig FwBLTHS6TE
BEHSTI LBBTEEGMD
Bleweowiren Q& &I SH61M6i
SLYBLLIGSHS60
SIJFMRISSHB\L O HHSHILD
ML (LOGURIFHET VIO (HHSHILD
OQuB®IG QBmeiTemILL L
CLO6VHEN 63 B6IT

urisefiLE
Qauwii’ L

CLPEOSHEITD

Fammaug
Bub

eimod LT B Wens

Bgeusr B

Qurssd GzBu

QanhaI A2 _flentolius

842,627,084.00
(75,153,367.60)

7,078,501.15

118,388,385.47

(265,649,541.04)
(193,665.00)

4,513,306.28

&
702,444,429.58
(75,342,032.60)

4513.306.28

767,473,716.40

48,300,000.00

7,078,501.15

118,388,385.47

(261,329,99.76)

1,198,455.68

(79,107,598.26)

631,610,703.26

1,198,455.68

(79,107,598.26)

48,300,000.00

Goumupo GurmIliLEeE
LomMHMLILLL D6

2019 wrjs 31@6d
2_elgmeurmmen 15z

(81,302,245.54)

193,665.00

(81,108,580.54)

734,471,470.86

7,078,501.15

118,388,385.47

(339,045,377.34)

520,892,980.14

uséasld 48
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9.7.201910 SyewTgMETN HWBBEL(HES QFBTeTeNSHH6IT

SYliumLE BHMBHEHHBTE CHFW Fneueid - Gevmiensd

(WEEWSHIODIOEE BBSE._(Hd CBT6TMNHHEI
2019 s 31 o Had (WPYoumLbHSH o6mI[H

1) Qungis sausd (Hd CHTeTenBSHEIT
1.1 o1 by seusbds BoGHwu Geonmsule SIIF SHenpd Hemidbsl (B HUIDhIBEHHE DHDONITH

1.2 6% Gumsd UleysmL. 2 Ui, GuTS(penpds  HHelHsT, 2 HflEen, GHeMIpLIgHeT,
aeMFSTTHHIB6T, QBTLIUTLED 2 _LISJ6WID, SiVI6N6VS WBDID  LIDEUNS 2 LIS]IMIS6N,
allememuimt_(BL QuUTHL_&H6iT S Blulest allGFL WBeT-ogH T (Hb GIORIEIIEY 15611-
QU@L UIL (LI L6, 60015 (&) B6M6ITL LT &b al6im LIswT6) & & &H1H G Ul SHITY6uull 61T
AAHBBHNNEVM6V.

1.3 2011 &6v Sei-oAnip OQFwwi L Bevsowimer GaFThHdledt GQuEodujid 2015 @ev  Gom_ Ly
QITHAIGH T  GUUBILAUID Bpeusn BHE sambdHermed  FHFOFUIWNLGSB  WelT-dH T (B
RPHBHTHE ST Beitenien.  Gom Ly eursenmiseflesr  0eT-0HIIL Tengl ey GomlLmiy
CuTsETHEISH SHemswibmanbdHen LfCFTHHIML HHBOUTHW Fhewdll GLmIDSUTsL 16.02.2015
wBmId 20.02.2015 Elu FHaslseley GoBGsTeTemiL L g

14  snpursw werGomfeme o mISlUGHEHINGHE CUTHLG  Ssudlwiorer @ miserfllsd  (Lpede
ABHEGFUW B6VHBHBIBEBID UTHHUIHOBHTLJHEBID LO61T-6(LMIHENLDSHHLILIL (HETTET6.

1.5 QeuefpT_B [BrewiLBIB6T6T LOTBBG
FH60  OeueMBTL (B Brewil  OIB®IL  UfloTBphiseEnD  ufliorBphissT  HlepmGaummlil L
FhHILIUSSH0  Bevellwl  mrewiwill  uflorBp  eiesHHer  Sigliien ulGso@ur  ommmIILIL L 6.
QHWTECHTT CeuelBT B BTewIUId SHewidh@ WHUWTHIH HFH HevauTd Famrlen SHamHluled BHevellul
uflorsp eissHdHen SigliLenLulsd LTBBWEHLLSSULLL GI.

1.6 euflefigiy
1979 oub yemngeit 28 b Revdbd 2 6T G Beopaufld gl sHar Lfleyssit 8(a) (XXXIX) wBmib
42 (ff) dweupmen giuTsefar  Hp  eumwraaufluledmba  Revmimsulsd  SbHBDIeIIOT6IS!
allevdaerileasLILIBS MBS

(2) QariHmIboEHD DiuBPleT AT BHHTR SIQUILIGHL BHEIHLD

2.1 ®mliyssir:
@mUyse sureomBml Falwimenr QuUpoduled Seliien uled LGS BETENHIL 65T FH6V 6IDHIBEVETHLD
FIFO sgtusnufsd waini Lin@Gasemeor.

2.2 Pemeowirenn QFTdHSHIdbE6I:

2.2.1 dPeweowimen  QarHEibsele  QUuHwTeNdH  g8HID  HBOFUWIEL — OFeveiIhIBEDHLET  Fnigul
Cxmeiteuctiey  SisbeudHl  HLBLTEL  QUBILHWTGSLD.  Heweowmenm  QFTHHIBSH6T  GupIoglule
SlgliuenLuiled uFe] OFLWILGaSIL T 2.2.6. 60  alHHHIenTHBEILL(BsiTen  QUEBIOTeTSEHUI6
QUL SHG DTS CUEIOTaIHESHUWIeTarg Sl L LILBS B!

2.2.2 Qpuwfl  wenpulsorer  &Flw  HeIGS (BH OFTGHAWTIEH  HUIQLUPD  HULEMDLLD b
SIRIS B HBLILIL (BTT6NF.

2.2.3 mImevsll LshHemiHeme QuUBIoadwiterd GupIoTahHuladbe 2 1L Tgh @h.1,097,477.65 Gumiogluimest
@ wryflwwdF CaFTHEH (sumyUL DNSlHens) HUGLD.

224 spliegEml 2 LSTEUIRIGET WOHDID SIVIAIEVS LIsD6UMS 2 LSTanimiseile QuUpIoguwiTerg
STLFAUUGHHL CrrdEsdhdlen QuTmLG CuswiiudGslsm wBsIb (wWsmpew . 16,317,450.00 wBnib
.770,940.00 g, GempadasiulL QuuwrarsdHe GeueflinGsalUuGHaTn CFTEHSHIHHm 6N
2 66L& &HS QMG
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2.2.5 mpasrenLsenmsll QubmsG@ETaTeniuGL Bensowner QFTegiIbaeT 2018 1D Lewiged(HbSE
Goumiubo QUIMIISHENTE BISHFBSILL (HeTeTen.

2.2.3 Bleneowmenr QFTHHIBS6MeT GUEILTEISCHU 16
CupITEnSHBHUIeYSETN  GBRUTLTOIG  SUEUBIH W LuHadlF CFlausBE oBs  almasuisd
Bleneowlimen QFTHHIBHMeT GUEIogulen Siglitisntulsd eieumorm SeliG Gaunuiiil Betengi:

GO LT 6)TSH60RIG6IT 20%
EITOVBLI LIS HBMISH6N 33.33%
SLIgL LD 10‘4
[EIT6VE 2_LISGJ6mILD 10%
allememuml_ (B QUITHL eIt 33.33%
& 6u01 601 B6TT 25%
oewtentl  QLoGTEILITH6IT 25%
SHOENLITLMIBEHID 2 FflaErpID 10%
OHTLTUTL 60 10%
DIREEYIE:E:L0 10%
@&6eMeHLI1gH6TT 10%

QuTBSl(edBE HHANBEHD 2 FiflaHEHID 10%
SIQIUVELD LOBDID BTl SHLD FMFLITCIENE

SiemBH@&flul eVleumer  Hieuwdl 33.33%
UTHHTHIGEET Call BHHEmeNH6T OBBID

2 WD 2 LIG]J6IIMIGB6NT 33.33%
UTEISTILES SHHel 10%
SIVIGU6VSH 2 LIS ENILD 20%
FevevenmE CFTHHIHH6I 10%
AfleITEHHHHH CFTHHIHHEN 10%

* urgismiys smell — GuuoTearsCsuie) efswrargl 1999 b syemgel®hs 33.33% Relmbs 10% s
LOMBBLILL (BTN

Blemeowimedl QFTHHIHHEHHHTE QUIBIOTIHCHUIaTaIEH GEbmeiTalsmads HeHulelmba IUBUUGHHD HHH
ey gBuUT® CFuwILBH MBS

2.2.3 Ayl Loul L QuuorersCauienTeidl BHuleusishdle Bleneowiter OFTHHIbHMeT SihdH o Wienaisd
SimLeuFHei GuTGLB 2017 wrjsl 319 HEH HHHHWMDSSLILILL FI.

2.3 w3650

NIFS @61 GFiosvmLl BHWSHBHF QFwwiiul L apsHeomefuiengid Qpmibleorenseilengid LmiseflliEeir
Capdlw BGx1AI eumidlulasiten Blemsouimenm enaulilled (PpFHeS® CFUIIiILL (BTl

24 mEges sl HHWSHIEGF GFuwiu’ L ukseliureag Chdfw Gl eukidulsyeien GFiiis
HWIBHH0 UL LILI (e,

(3) QuTEINBBEDHD FBUTBSEHID

3.1 N Mevaurs FaBpIbGflu HHH euenTWITer FoHe0 P’ L QUTBIILEHEHD GBUTHSHEHLID
HEMNHEHB6N60  QILPMRIBLILIL (HETT6N6.
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3.2 @uiell uewiidCETenL
1983 b Syewngedt 12 o4id Qevdbd LbOsTenL F Fl L ST S Bb HBIITSHH0 5 6060
DIHHVID Fnlgul QOHTLTFFWITen CFemerd HTVHMBHH OHTeIh6TeN emPAUITHET OHTLTLTHE
CFNSFLILIL 616060 QUIedH LIswISCETENLSHBTE RbHHambGHIHeM60 gBuUTG GauwiLl (BsiTengi.
Rs1 KA Peveuys ammpiled LUBCUILOL’ L Qurpiysseflst &S alenslILBHBHLILIL BeTeng.

3.3 N.L.LF.S. G#weomu mMlauwib
2017 oyb e omfsl 31 b SHasHulenr Lgwrer o pilergseflssr BHwTengs Bl Beveugsd dmmileo
alBFL HdweMen &S ST LI (BeiTengl.

(4) @empauflil LBBIFSL BGs6i

4.1 oyF wreNwid
Beemup GFeveiendglei GUTMHLB Wenmiedsii &SoTed aBLSH60 GUBBISCSETETETULLL DITF
LOTENWIOTENEI QUL HHIHEHTR HHF CFwLeoTBBINSS FBBISE& SLLILLB6TeTS. (LPeiTeul
QUL AIGB6MeN[hHEH HTwiL. Bnleusibadls Gorhs Renpeaufl BBID cpsv e HEHE6T B Bevarsds
FBAsled Bmleuen BAHENMTHD STLL LI (HeTengl.

4.2 Geuefipm (B LBHID eJeneul LoMEAULIFIB6T
FoH60 OeueMBTL (B LOBBID 6JeneNl OTRNWLIBIBEDHD HHd FnBBIbHeTe0 DRISHFBHILIL BTN DIGIGUTHBIT6
orelwnisefe SjenalLel OHTLILBIGSH S maWTenlLhaSlsmer. amLSHHer Curgl GFsve GauwlLLTs
reflwbissT B Bevalyd amBnled GGEOSTHIGSILL L Bl&HosT BHBID omeiwnhiseisr aSip
SM_LLILI{H S dTms6nt.

4.3 umiFdosTer oTeiu B
LWSTLIGSHULLTHIsTeT  GHNBHOSHTHIGHIILL L oreflul 1HH6T HF Blevalrsd Famplen @GnlhOHTHIbaILILL
pFseilen Hp WITUIFHSHTe 10Ul HHWTHS ST LI (HeiTere.

(5) UTBLB PHIBBLIgen LWeLITH
Wenmuley Ol L @i reng STl LU BeTenSHIL 66T (peitennl PewIBHGFW  cLpevS 6 [H&5 61
B EMBWIBLD  YeuiTige0 LWL HSLILIL B6iTeren.

BH60TEH BTN
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CHO/ROO/J.NJ3/2020/12
Li6uon LILIT6YTi

YLD & HBMBHHEHHHTN CHFW HmleusubdHenr 2019 b ewi  ngsdl wrsh 31
D HaFH (PIgeImLbH IHLHH MBI B &HbInBBIbH6T BBID FULFalwmer UflFevenend
Copmauiun® OaTLjuTs 2018 b yewigsd 19 b Revdsd  CHFlw  HeidbsTuleyF

FULHHe 12 b LfleiBHemoaind HelbsTUINTeN] HTUSHH6T DN dHend.

Cuomuy Sfbmd RHHIL T DI UL (HETETGE.

W.P.C.aMl& oy SHalen
SHE0ISSBTUISUTENT  [BTUISLD

Wygser - 01 - Geweoreny, 2 wijssval, QHTHLHI LD WOBDBID LHHTHS HMIOFSH

02 — QFweomeny, M, QUTHEMTHTT WBEBID CETeTend DNHHSH DMOF S

SYUUDL S HBMBHEHHBTN CHFW BipleuenddHlenr 2019 oo e Mgsel wwIsD 31
D HaFH (PIgeuemLbH IHLHHMBHTE B &HbInBpIbHeT WwBBID FULFawrer uflFevenend
Copemeuliun®h OHTLjuTs 2018 o4b  yewiged 19 b RPevdd CarFlw  seubsTUla)F

FlLHFHer 12 ouid LNfleBoHemioaiTs HembsTulamen] HTulbHH 6T DIlbemD.

1. pHsamBHI

1.1 wemeriflujeiten SILILLFTWID
YLD S  HBMBHEHEBT  CHFW  Hpeusndhadlesr 2019 b yewoi(  LOTFSHLH
I 31 b FaHsGiu BiF BmevamByl WBHID JSSEHULT  HenseiseE
QD  QIMHLSHIHMSTN  HFH  CFWeOTBBINSES FoBml, 2 FeMWlILnE OTBBRIG6T
OHTLIuTe  SmBY LBHIL GPSS SHESWLST Dnsesd b  ebLSS BT
B OUTUIF60 FnB LOBWILD b1 8516 Fn (B3 113185 8 (6Th &5 BT 60T GMIIL|H6IT 6T6OTLIGOT
(WPEHIHWHBHIQPpenL W Bl (hd CaTetensseiles FTITOFD SiLmibeors 2019 b
eI WIFsY  rHD 31 Qb HEHUILET  HenBaIdLbBH  IHL HIBHT6T
HHEFBBBldmae Sevmind FarbTuis CaFraelsds @luirdler sirdlulsvenoiier 154
(1) b 2 _mriyenyulsveten eBUTHHEBL T CFTHEH eurTdldsiiL Galemngul 2018 SLID
aemrgen 19 o @evdsd  CHFw  sewdETUINF FLLHH LIFHTID 66
uewiliedr &P  sewbHTUIe]  COFLwlLLel.  Gevmend  FepTwd  CarFelFd
GlwyFler  oipFwevenolnienr 154 (6) opb 2 milge»yuisveien  gBUTHHEHDHE
SIMLORITSH 6160 Bl DI HENBUITEIH] BHT6VHBITLOH 6L LT T@HLOGTBH MBS F
FoJUl S S LILGBLD.
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gl Sdbensuisd pemsrlifluleiten S NWgTLSSHBETET  SigliLienL_uiled
alufldsiul’ L el whissT Holjbs Boeuearsder 2019 b ouemiB syl TS
31 b HaFHuled 2 eTemeuTmrer HFH HenevbdmBul BBID JBHMmS  (PIQe|BID
QML HHBETEN HHF CFWBLTHHE6T WOBBID HHILUTUIFFO FnByl 6TaTLIET S6VHINd
SIF  HopuleT  HEHBTUIR|  HUIDBIGEHHE  DMDGITH 2 EIeNOWITETHID

Bwrwiomer Hlensvenioenul GeuelliLBoHa Idemen 66l sTedhl SILNILNFTUWLDTELD.

1.2. wemelidlujsiten SIATTWLISHSHDBSTOT DiIQLILIEHL

(o) SUUMLE SBOBHEHESBT  CHFlW  Himeuendhglenr  LLBuM  HieHBSH6IT
FLOUBSHLOTSH AITUIFS BLISHHIHL  CoBosreteugsreng (peTemIflemLp
UenfWmeTeld  DISBSFHHTeN  CFeveysmsl HembdHled 61BGHH60 OHTLTLIL
LNedrLBmEeemTigu BB (B CsTeiTena b FnBBIBH6IT60

OeueMdBOBTemy LB STLLLLL 9 [HbHaI606m6V.

() Qovmiend IF  HOB  HWSBSL(H  Hlwwmder 07 QO 65 b
L& &HHeMLOaITSH SIMFWITSH CFTHHIBEHHHTH alleneT SImenIenL_ U
GUMLD6Y & &HTEVLD QUBLTHSHLD Wenmu16)ds &L LIBGSHSHLILIL TeDLOWIT6D (.
132,990,941/ QuIgwiment SIMFWITF CFTSHHISHSH6N (LP(DEMLOWITE
CapUIaNenL I HHSHTEVID OHTLiIHEI LIS 19[B&) 61 BB
AUBHBHSHIL 6 D6  LIFHMID  wHOIILL  Heuewm ERevmieNd  DTFHIMB
sembsL (B BwomssT 03 @BE  omwers  Wenmule]  CFuusBE

BLOIGHND 61[HHBLILILIG(HBHHANEL6M6V.

(@) swsEsTUe aBLESSHE @miduisd srewin L 118,388,385/- oydlw
o N HWIBB(BLL FIOUBSIOTH ReOmIeNd DJF  HOB  HewidbDL(h
BWOHIE6ET7 @60 90 b UbHHG MWaITE  FnBBIGSH6Ned  CHemeuuwimeo

OeueMbBOBTamTenal GF U185 [HHH606mM6D.

() 2018 b euEBLHHeT  GQUTHLSIIIH  BLoNQHMBUID DI WIT6ITLD
SHITEUuTLILIL_ L (Th 5,693,070/- OuEBISujemL_wl OHTen60HHI Guimenr
CFTHEHIEHMEN  HMHH I BHH DBBBINSBEG BLOGDHDS 6IBHBTH B
H6m6VdHFnBN3lE6v QFTdHaIHH6N o L 6DLD&H6IT CF6v6) B 6T LOMBMILD
2 LISJEMIRIGEMET &SI ST LI IQHHHIHI.

(2.) PmeusisHen Babamppibaeisy s L’ L gy 28,622,151/- Gumpioguwime
&memll OB 2 fhend o Mg OCFuleusBed GNHH HHEILDH6IT

BHeIBHBTUINNMBE  FLOTLILNSHSLILIL 19 ([HH6M606M6V.
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13

14

1535 b Fn B3I B 6T FLDLI[HGLOT 60 (PSTMOSHHINSHI AT HILD & BUT’_ (B
Srifenflengid GUTBILIL|dS6iT

BQVhINE DTF HMBH HWIHDHL (H HUIIDBRIBEHHE DIEMOITH 2 6HTeNLOUITEIHID
BuwmwTersiomrel  ChTHend  alpBIGS il alendulled HFHd FnBuBIbHmend
SWTHLUSBGHD  COTFIQH6T  LOBBID  HOUBIHET — HTJENIOTES  BLULS  Fnlgul
QurmemTenoWITeN  LIBFBBI BB HHE FmBBIEHmeNS SWTHHEDS  dnlgul

auensUleoTel 2 6iTeNed &L BUUTLI9B@GD (PHTEMIDSHSHIOID GUITBILILEDL WSHTESLD.

BHbambBulbeeT  HUTfeGn  Burgdl  HpeuaihHemnd  OHTLIHEID  BLISHHF
CFsbeID SUIVIHID  SHTLDTRNHHED (PHTILDGHHINSHIH  CUIBILILTGD  6T6TLICHTH
PBTOWHBIND  BBIOINHDS  (PROBISSHIUSBES SGHIOTUTE  Di6vevH  Bouml
g8pemIld  WTBBINPEET  ReveoTHHBGW BuTkl CFWBUTL ML HBIHHINSBE
BLONQHMS 6IHHLIT HT OHTLIHHID BLISHHF OF600ID  DHgliLienL uiedr
BFH  HBGH6ET  MeUHH0 OBEMID  HipeuenhaHledr  QOHTLIFHWTS  BLIHHEF
CFsvausmB& W L WKIGMET  HeWILBaIHID (PHTMDHHINISHHET  CUTBILILITEGLD.
poeershSHenr  OHTLFFAwmenr  RdlybsE ol wmismen  Ceuelld6laTemiyeals
(WPBTEMLDGHHINGHIH6  QIUITBILILITELD.

sLOUUT. (S SIUlenCy BpeuansHen B opfidmauisd  GFwLBUTL 6L
CoBumiensy GFUIISHBEGL QUITBILILenL Guimgmeuf.

2018 ob ouewngsdt 19 b Revdsd CHAlw semidbsTUINF FLLSHH6 2 LI
fley16(i) I16;) SIDIDAUTH 15\ m16) 63 ) uTT60 QIHLMHS LOMBMID
BT60HBITLOSHHMBESFul i FnBmISHBH6IT SWMfleslLbhersHBE JHIUTH
HIBIUGILOTENH — DHMIMLUI  eULOTeND,  GFsveisnd, OCaFTsHgibseT  OBEBID
QuTBILILB&H6IT (O3] (I W) : (LpEDMUIT 6T 5[CE1 LOBMILD SN HENBSH6IT

GuenllFOFsvsvsy Geustii(Bd 6Teuids CaMILILIBABIBEI.

P&Hs FmBpibsellen Hewiasruley OHTLIUTES SHenidbaTUleuTenfle QUITBILL|SE6iT
QL BOTHHOTE HHd FmBBIGHT CTFy DVVH  HOUBIGHETET  HTTENILOTSH
ML &Hamlgul QLI (TF 60T 6MLDULIT 60T LImLp FnBmIHH6TNed B Al BUL L HTH
[HIWITWILDT 60T 2 mIFHILBHHSH06OTeTEnMBLI QuBBISHCSBTETEUSI LOBMILD 6160 G|
SINNATTWSHNS 2 _6eNL BBl HIGHTUINTENT  BTUWSHHET I HmBHEmULI
QULDMBIE H60 616U ) CBITeHEHLOTGD. BIWITWILDT 63T 2 mIFNILBHSH60T6NHI
® _WITIOL L Gglevmenr 2 mIHIUBHHSH60 QBT SmUlenid (ORI
HMHBTUIE)]  BUIDBIGBEHHHMIDNTE  HewidbeTule] GoBosTenend CuUTH  Dig
aIGUTHID  QuTHeemOWITe  LIBL  FnBpmibHeriler  G6060TeNID  6I6ITLIGH6H
o BIFNILBHHSHO60T6IB6V6V. LIBLD FnBBIHSH6IT GomFIg H6iT SIGLVG)
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H6)WIH6M 6 (HHSHI 61L& dn (BLD 6T6OTLIGHIL_ 63T, (QILIIT (75 6U0T GMLDULIT 60T 6D GUULIT &b 6| LD
SHBUILUGSBe, Siewal  HOMWTHEUT  DisLeVGHI  Fnl LTHCT  RbH  HHdb
FnB1I5856M61T SlQLILIEDL WITSHEH Q& memt(h LGS TeIN SB61TT60 6T(hbHLIL(BLD
QurmenTeHTy  FHwmenr HFoTehimeTsy OCFUaTSGHF OCFVIHHH FnlQUIGT 6160

THTUMTTSHBLILIGS BSI.

sleopary  OeueflliuenL  wB@BID  OHTOBHIEHBL  LeTemeniuL6  E6VBIeNSHSH
HMHBTUIE)]  BHUIDBIG6T6T  LITHTTID  6T60T60T60  HewlbSMUIe]  GEFUILINILL L .

DIHSHIL 60,

o QGurFgseT OBBID HOUBIHET HTJEWIOTH  [HFHBImBMISHHT60  GBUL S
FalgWl QUITHETITENLOWITEN LIBLD FnB)l SILTWHISN6T SemibTamid CuTgid
Lo 19681 Cural  FhHTULUSHBGHU  CQUTHSHHLIOTET  H6WIHBTUIOF
CFwei(enBEmend HILLOBeUSHT cpsvld GLOTFIQHET  DI6L6VSHI  HeUMIFH6IT
STTEOIONS  GBULEIIQU  SIUTWRISMeTSH  HalJHHd  CHTeTaSHBE&HD
CurgioTeNGId OBBID  CUTHHSHLOTEIHIOTEN  HEIHHTUIOF  FTeIBIH6N6NL
QuBBIHGHT6ITETEL 6160 G SINUAgFTWSSH B ST 60t SlQLILIEHL WITSH
SIS BG. QUIT (H6wTEMLOULIT 63T LB FnBslevrTeL JMUL SHanlgul
FHTHHHI M el CTFHNTEL GBULSIngUl HTHBIOMRIH UTFULISHTS
QBHUUSHIL T HOUBTEN  Fnl I96N6WT6), HOUBTEH EUMIHIHN6NSH HWITFHEH60,
CouamipOoaiGm el BalhHed  SievevdH 2 _6ienedds  SLBUUTL ML
SlLF CFuimed CrFigseT gBLL  STTENIOTS  DIENLOSI6IB6I.

o FHHIIUSHBGLU  QUTHSDHIOTET  HEIHSTUINF  CFULISI(LPNBHMETS
SO QurmLB 2 _6iendd S HUUTLIgensT LUBMSIul  ellendbaddmaLl
QuBLIE OHBTEWILTEVID, DFH HBeUTHHT 2 6iTeNdd &L (HULITL 196
LWIDISHHSHenD  Heitentd QHTLjfumer SLIuuFTwGoreienssd s flaldsaLd

CrHTHHHIMHTH  BI606V.

o LWTLBSHSILL oo HewibsL B CaTeTmdsaien OUTHSSUILTH  LOBBID
HMHSH.B  HUIGHMNOBHID  (PHTMOHHIOUSHHeTe0  GLoBOSBTeTeniLIBLD
CaTLFymLW  GeueflliLBHHeoEeMerHId  HumwbHereno  UBs A UTH
OFu1gH60.

®  FIDLUQIBIBET D6V6VH  [HEMEVEDIDHET  HT6WIOTS  HBIITHHT  GHTL T
@iy QFHTLIUTES  CQUITHETHOWITE  HFFWIOBB  HeiTenLD o GUILIT
el OHTLTLID  GUBBIGOHTETONILL L HewibaTUle)] FIL_&Umhigener

SlglILenL WTHH BTy HewibdHl (HHeTed  BHnleuarshden Ty
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FLOLIHSHLOM6E0 SIQLILIENL 6D FHUBSSHID OHTLTL5HSH6d6emID
SIOTANSHUILUBHMBH.  CUTHEMTENIDWITRT  [HIFFUIDDBB  HETGNID 2 61T6NHTH
BreT (el — eumGeuemmuie  HFHdbamBpibaeisy GHTL LML W
CeueNBOBTEITOBET — QBHTLTUTR  6T60FHl  HewibHTUIR] DN dHemnduilsy
SUSHTeD  CFsuHHIOTEBT  DsVeVEH,  bH  GelerSH6BTemIT6|H6i
GUTHILDTETENAUUITS Bevemev6lLIGT6ed 6T6uT G| SILNTTULISHDSH
rBSlwWenos@EGImE®T  Breir  CoHmylLBaCBer.  steueuTBTUlaID  6T3THT6V
FIDLIQIMIBET  DI6V6VH!  HlemeVemIDE6T 16&H GHTLT S HenmalBpiQu b
CeaueabOBTamITaHeT 2 6iell L B gFmBpibselled FoFiili] &l Lenilil]
BEID 2 6T bsld  HIT 19BE 2 L UGHSIUGSHIL 6T DNHBHTH
SlQLILIDLUWLTH  DDWHSH OCBTHEHHED QITHRISEVEH6T LOBBID  FLOLIGIRIS6N
QUT®HSHSHLoT60T LOBOBILD  Hwrwome  aImsuled  HHHImBBISH6TE0

2 oML SSULL (B auemsulsd HILTE CFuigs.

6T g HETHBTUINND E)6ulml  HTWILLL L  HEWIHHTUIR|  HeTBHLIGLILGHSE6T, LNsHTen
2 6iend  SLGUUTLEG  UsvaiibidsT  LOBBID  gewenl el Whisel  GHTLjurs

sLOUUTL (S SIUTHHE DABYBISSLILIL (BTN

gomenl FULL g ChemeuLmBaser OHTLjuTer Siplobams.

2018 &b oyemngent 19 b Revdbd CHFAW HeWSHTUINF FLLSHHBE DIMLONTH
BIp GSBIUILIU@GLD CamemaulILTBHaH6i O TLFLN60 allGFL QHIHBBHH6I

9 _6ITeNML & &BLILIBHLD.

o 2018 b oyemiged 19 b Revds CHFlw sewidbasTuieydF FLL Sl Lifley
12 (o) @1 Coemeutiun@emefen  LIgsrpd  eleigdl S endUTled
S SHBTUIHGL_LIBSHBHLILL L & ([ &S 361 601 SIQLILIEHL LT & 860
alufldaiul L el wWhisemnend SHaljbdh HeubbTUINGETE CHMAUUITRT FoH6v
HBAIVH6NT  IOBBID  OHelleyUBHHe0H6T HTHHID HJHH HewIHBTUINBHTH
Cohemauuimedr  FH60  HEBOULHET  BEBID  OHeleUBHHEOHE6T  6TETENITED
QupiL L B@xT®H eteigl LiflFevementuiled ST L IILGID all&HdHHe0 (LpendmUlTe g

DB Eme BpleansHe0 CuentiLl B eIbSHIGT6NEI.

o 2018 ob Syewngedt 19 ouib Revdbd GewibHTUINF FULSHer 1Tfley 6(1)
@) @ev GIUILIULL  CHMAULTBHEHHE NMOITH  HBIEI6TEHS 60
HHBFnBBIBHET HLhH QIMHL SHHIL 63T FLOLILI[HE 1360
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2.1.

2.2.

o 2018 b Syeuiiged 19 b Revdd SamibaTuaF LSS Lfley 6(i), w,
(iv) @ eIl GComeuur®hamelen L SLbH IMHLSHIH6ED 6I6iI6NTe0
ComesmeiTemi L Furfl sasei FOTUINSSIUL L 1585 b FnB313185 & 611160

2 _6leNL_&&LILIL (H6iTer6nT..

GuoBOsTsTenILL L QFWBUTEEET  WBMID  CUBBIGOSETsTeNILL L Frl_dwinhise e
SlgliLenL_uilev, L6316 (LD FnBWISSH6I BxhemaulILBSHHILGSHHIILILL FH6V
@ILIT (TF6U0T 6MLDULIT 60T el Wikl eiileor Gumgib SI6USHTEUMHIGBENT 6T6M&UU|LD

BGLoBOET6ITMIILIL eil60emev.

2018 oyib oyewigslt 19 b Revdd HewIbHTUINF FLLSHHe Lfley 12 (F) BB&
SIMAITSH HIBIUTHHTEL MBFFTHHIL UL L JOHMID eLILIHHHH60  [BN3I6N6s 5 S 601
SLBUUBSHID Semwlidler  siuBraid 2 mIiilen] afHHHD-FIIH  SHeeNSGS W

CHIQWITEN SIV6VHI LOHMBLPEHLOTE Y TeUHMBHDH O\BTENIG(HHH M.

2018 oy Syevingedt 19 b Qevdd HewIbHTUINF FLLSHHa Lfle) 12 (2o) @BE&
Simwalrd, LUsieumeuen  Haljbd HoeusnbdHen SLBUUGSHSHID  SieDLOLILT6IT6L
aUPmIBLILIL (BeiTen  gJ8pemid  LIFCWImTdSaslLL HHES  61(10HBHI  cpsolome  FL L SHghIL Ceorm

SI6V6VH!  gJEmeTl  QUTHieUTer  ivevdl alCFL  LewlllemIHemL Gem  Hmieueomeg

B 6u0THIB| LI ([HE B 61 606M6VL.
FLL gBUTGS6N/ SHLLm6HSTa QBHTLTL alluyLd
(21 @60mINSH FeUBTUIS Gargelgs

Glwrdler BHHLgoTeos Coemeu

(i) 2018 QU(HL &I 61
B@udyorennd 101 oBpID QurmLssIII (G  Gupalenmed
B fyomenid 104 SHTEITLO6D CumuweitengTa

SIENLWIT6NLD STEwTLILIL L

5.5,693,070/- QuUBIDSS W6
RQeGuefl 332 Q& HTLFLiev
B ULITIDTEN0TS5 S BHMOITS
[BL_6)IQ 60
TBHBLILLIQTTHHIL 65T DiauBnslev
a5.344,915/- QuBIDGS w6t
QU@L _B6lT  MIifeuTd  FenLuile
furfle 15H glgedphal
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(i)

Bg Wgomewio 770

(&) 1971 b syevonigent 38 b Bevdhsd

(&)

P&HF FlLsSHer Lfley 14

1978 sl 19 <b HeHw 842
D QNevdd HeomCFFF FHmlodens

SIBBBINHBSG BL6YUIQEH60SH

61(B &S LILIL_19([HIHSHEMLD.

2018 QIHL HFH G0
QUL Bewlini B  Femuullemmed

LWIeiTLITL QM@  61(h&H&S  (LPIQUITSH

QUIT(RHL_B6TTTSH Fumfla
Guwin L  29,853,300/-
QUL WiTeDT @eTO\LI6oTLIf]
aUNSH 397 GaTLiLiev

BSHUINTOTEHHBEG DIMLOITH

BLAUQHEMS  61(HEHSBLILILQTTEnLD.

2018 GUBLSIHBE SIMLDITH
Buig UL MTHS LOBILD
HHBTUIEY  UBLHSH  [HBH6L
QBLTHS DB HMS
HeIbETUIe)  SHaFHwmer 2018
Go 15 AHasgdHurgd Gurg

SWMfaHLILL 19 [HEH6) 606m6V.

Oupiod  5.1,028,584,797/-

By bS]y QTS gIdbeH60
OHTLiTLT60 TH 6M60UIT 60T
CFTHHIHSH6N [l
BGuiswi & O\ 613l (b B 60EM6VL.

2018 oylb syeuingedt 19 b Qevdbd HebsTUlaF FLLSHHen Lifley 12(er)

@0 GBPUILL  Coremeuun@Bser Ly S SEUILLUGLD  DieUSTENmIS6NT

saljbed  BoeuaISHET DS BIThIB6T

L6001 B 61T CFwBUTHEHEHHE

SIMDNTH DI6V6VTH 6IMBUT6D [BLAIgHMB 61[HHBLILIL (HETerHI.

SIFBTIBISET, CFWBLTGSH6IT

LOBBID &L EMLDSHEIT

(o) 2014 G 29 gexrw Uydiussiiureny (ymuiFd) uselda

Aevdbsd DMS/608 Gsmewi 3
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(LpHTEMIDHHION Cremen oI BFIII]  QFUIISBHTE IO
LenfILmemflen  &lg&HLD CuBLBIBHCSTHHBLILIL 19BN aID D)
QUHLHFH MG LD SIFHBLOT6N &HIT6VLD

sLBH®UNID  Siiugel  GeuBpiLLb

BIyLLeuHBE BL6IQ DS
1B BLILIL g (53 H6) 606M6VL.

(=) Beomiens gopTs 2017 <yeuemll 19 @psHed 2018 umiGed
Cargels Gwrder 18  ecusnguieomenr  HTVHL L HHBHTH
sruanelgdaCsrene  XII oup  Gerepby LIV 60605 BB G 3560
SIGSHwmuib FCreroL Guymdflwiy ugHeiluiso

uewliyfluyo  Guyrdflwy @mey QUUbS
SULemLuled BB  DIDILSH HSH
QUM SSLILLIQHHSHT]. DIHBEHTSH
PBaussSHen  Bijoursd G pallemed
2017 gl 7 S HaFH  1WpsHeo
sTuen  algd  Camemeuuleir 656ydHment
DIHSHWMTUIGHI 6D W HLOEhd W 6061
(LPEMBEMLD 6601
B PSLILGSSUILLQBHSSI-

2. 2018 &b yevngent 19 oup Revdd ChrFlul demidbaTuledF FULHHem Lifley 12(g)

R0 @PUILLUL Beitenm  CHemeulILTI9B@& — DIeDOAITH,  LIHIQIHLD — DIQUSHTEURIH6I

HNThH HmeITHH elemiseT 2 flul elddeT wBpID LFoTeumiseEnhds@ b

A SHHWETOSHHID — LUWIBIHOSHSHIOTE  @F  (pemmenoulsd  OBmeTLpSHeD

CFuwwiu’ GO uWeTUBHSHSLILL19(HEHEH 606M6V.

(21

(=4)

BoIeIeSH S BHTH Q(HRISENENIHS QLoeT QLI [H6IT &1L enLoLIGILITeiTenys
AOSHTLIIUSBHTE HewTdLer 2016 b Sewi(h LmiGed THD 28 b HH
. 2,200,000 OsrenssE @UUBSID veFFTHHLIIH @0.660,000/- (WwHuswoTS
CFISHILL1HHHFH. DAHBHTH  HEWIMDB6T  OBBID  Hewiedll SHFIILITSHBRIG6NT
Qameieuane] CFUIMSBHTS TFHEY OIS 27 Wb HHH wWpHeo 2019 wrd 02
0 HadH  euemyuievmen  HMeVHL L HHBESH6T  Bmleusonengl  5.6,864,960/-
CFevadl_(BeitengiLer 2019 syl 31 b HesFwurtew Curd  SEHS

&L 6wl Tenen er0HTL &S HHH606M6V.

HMBBMUIE)| QML HHBHT  HHHSUU L QUBINHH H LEHBEH DMD6ITH
QU BOWTHSH peiiBammioneng 46% omdar6LowimELb.
UG 59
aUBLIBS sifldens 2019 [s0p]



2.2 Coup HeIBHTUIEY DICUBHTNLILIGHS6IT
(D) 2 6eNd  HEIGBTUINITED  HEWIHHTUIR  IHLHHMINT  OBBID  HLHDH
QUL HHIET FOTLISSUULL HTem DeuSHTallibosn 40 @60 32 DieugHTelllI s a6l

Ffl QFUINSHBE BLAIGHMD 61[HBBLILLIQHBHHEL6M6V.

(=) 2019 wrjslll 31 b HeHulsd PmeuensdHen enemiuienr 15 USHalHEHHE 29
CeuBpiLruse Hlevallwgi 61 euBpsiGev Cweital LMNEGWalsd 10 CeuBmiL Mgl
Bevelen OQFevey Fmym mAuiseEndEeT 14 Guy Gevdsions S mbaHeoy.

(@) oriFdl  pLegdmS  OHTLIUTE  SgludL. SBnSHEHHET  Chdlw
BBINISHHISHTH  IDILSHGSLILLL S eneniullemfledr  eTemremnidendsull e g (33%)

CouBpliLomed  STELLGUSTE P  HpeusbdHer  SglienL.  CrTHsmigsemen

SIMLUSBEG UTHUW HOLWTH 2 6T6NG.

() (LPHTEMLOSHHI6N Caemeusmseir 8616001 & & 611 5> &) 601 Lieoon LILIT6TIf ] 60T @605 HID
DMS/25/02/7/277 QarewiL 2011  dsHeny 11 b HeHu  SeHHHBE
wpyemitad 2016 emgh 02 b Had DHijaurssgGpalamsd 2013 umiGel  (Pp&H6D
IWPVIHG QIBLD uenduled CHTYEIL L Ssvieusofsst 13 Guy s QHTHHEIL L
SIGUEVT LGHNBHEG HIUILOBSUILILIQ[HHSH6].

(2) Ouresib . 727,748,547,724/- QUEpILAWITET DisVIeNe0H 2 _LIGTERIBIGT  euTlH
FMemeL LSHHBMIS6T LOBBID ITHeImIGsT CHTLTLI6L eumLIbhS CuTmL  SHenlii®

SIPHMS  FLOTUILNSSLILL 195 H6)606M6L.

(2sm) eeipT  CHTiL olelmHHEF  Feuulemed 1990 el 08 o Hed
PoessHng widplulL 14 gésf 02 @l 17.5 Cuigierd eallerogyem(psnLul
FBhHHTenel  CHT L MHevdsHB@eflw  sremluileniel  FULFSHWTRT S EHENBMUI

OUBBIHCHTEITET BLAIYHMB 61[HH D (HEHHNELM6L.

(61 &LbHD UBHLMHIGBEMND cpsuHel  CFWBBILLBISEHEHSTE @HIHHB  Geuwil L
. 63,862,681/- Osmens GUHs usmiluler GuTmL G HFCWrdssiuLTg 860
5.51,287,288/- syemig 2018 sl 27 b Had pF eumdownainisd (WpHeSH

EFuIwIILL_ (HeiTengl.

Lifeimuy.11.8. el e

S0 BTUISTENT  [HTUISHLD
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11. seussTUieTen BTWSHIHeT SPdmes OHTLIUTRT QLEDHBISH6T FenLiuller
S|UBHTGIIH 6T

B OQumPCuWIiUTGD  .OFHefeyseT GBheauliLiger  FmEseNHHeoTer DNl
QUTH SHBHALD.)

1971 &b Spemigedt 38 S BeLdHBHSH HHF FULSHer Lfley 13(7) (@) Be1 LAFSMID
2019.12.31 &b SHadh wyaBp  SeBSGw  SIQlLmLE  SBmBHEhHBTar  ChHdlw
BoIaiHHar HHH FmBBISH6T WBBID gewerwl el wmser G TLJileomer 2020, £3°631
reb 2310 FHak Oeueuill L  SewidbsTUIeuTeT HTWSHHaET  SBibend CHTLjurs 2021
CalLbuy wrHbd 11 HeHUI LU L HLEHHIH6T FenLUTET DIEUSTEIRIGHET.

1.4.2. GLRIENS F & SHAVIHDL WILOMRISETHL 63T @) 6WIBIST 6HLD

(a) @eomns SPF FHOWs SENSSEL G BHwww - 03

NIFS  @eumev SI6UI] BH(ETHEDL_UL SLTTUIFSHF QawmurBEeT @z TLFuTsL
UeuppiuGdem o flu  seuss (b OCaTaTndEmul  aHTETVHH0  BldHd
gapmisefed CeuellliubGoHHIusDGHS GHNGHIH CsmeTemiul (HeTengl.

(b) @evmIns o Homs SeNsSLG Buww - 07

UL B (pmDWeeors QFmshgisseT OaTLumer WeTHII G dANHmHH6T
e saUummieten Gurdsvid, &mewll WMHMID SLIQLBISET SiLBIBeOTeT LsOGeUM
QFT &35S 616 DI M BB 61T 20T X: T (AIH])) Gouemtigu|6iTeen. GG
BeToAIIL(h sinsmaset QHTLIIN, 2 flu FFuubhssHe0sat GomGsmeTemiiuLo.
SIHDBHEMLOUI, OaTLFFdwmsLl UweTUBSSLILIL 66ITern [B6DL(LPENMUIEOEVT &
Qarsaibsamer Qudaeat Wenmule] Gauiwliu@LD.

1.43. @aiasS  [BHdb CEHTeTenHEH6IT

(@ NIFS @emmed SwufsEpmLW  SpgTuIFHF  Qewpur®Gser  OHTLIUTSL
deuppiuGdam 2 flu  seusdSl (hd OsmeTtemsamw  aHTBTeuHH0  HiFHd
apmiseied GeuefliuBeEINsDGHS GHNEHHIS sTaTeamlUL (HeTeng|.

(b) @ssezeilar Wanoduldh OCsTLINN BmeuaisdHed VeupplubGdeam o flw
BHeIHSL_(Hdb QBTETENSHMU THTBT60HH 60 =S FnMHMIH6T60
QaueliubBESBIUBDGHS GHNSHIE CoTeTemiul (HeTengl.

1.44. emibdS _BH GHOBUTHSSIT

(@) 6890 uysSsamseiledy OQuTEL SanssGY  JMEmasulsd  uHwlul Geren 6
USSBEIGHNT SIHENG 2 L UBHSHSUULAI0M6D 61601 HwTheTUl6e]  MwalarTallsd
Oaflelssiul (heten Gurdeib, G@meTeuste GEFuILILLL LSHSHHBEIH6T NaHanGeu
HEWIHGH6M0 2 _aTeNLsslUl(BeTenel 6 @HSTe0  MWSSHTLILGEETNGI.
SLEBBIHET  FOUWIST IRSHTISHDEG 2 LU’ ®H, 2000 @@  (pevteored
OFHTEMVHD LS SHBRIBH6N OsxTLFLI60 FrOFwIeusn& THL_6LI19 & 65 & WIT 6T G|
GomOsmeTeniILBASBIMI). 1998.09.01 OFHTL&HSLD 2021.05.21 6U6M T ULIT 63T
asmeoliuGdHuienr Gumgl euGBLIBS Setuaiiysentasll  QuUDMIECBTeTaTULL (HeTeN
1631 yssamisefed  almev  GIUILOUL(BeTen YSHSBRISmeT  LOTHSHTLD
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(b)

(©)

(d)

1.4.5.
(@)

(©)

BB GHSB6Me0 uHusNGFw BLeugdbmEBHeT GmOETeTemiul_ (HeTerner. GeaisFiiy
S}, 6LETIEIH ETh () S|EMLOUT S, BITELHHS eVI6T6T F5H6V L& HBMBISH M6V LLD
oAb eusn@ WeatGwmOwiuGeausiLer LHNyFfenemumeigdl DUSHST  LPEVLDTH
THTBTOHHV HFSBULL (HEI(HLD.

@Fe0  GPIUILLUC(BeTen QuupindseT  WeTdmemIULILUUL BeTengiLer 2 flu
QarhaIBHMme FT6| GFwieusm@Gilw udeyser GuemTiiLL (HeTerme.

Blneuenssreo 2018.05.04 @60 BLASHUULL @mFl Qurgl eevdHe g Lpsiten
OurpLaBan  oSemeu  Sp@Ww.  ep.  56,670/- Oxmens  QumiodujeTen
Gumanmliul BeTen pm (06) GHTGHHI QUIHLBEDHL JTWFH6T, (GH6NHLIQH6NT,
QeuefGwpmid Westeldn) Bureimeupenmsd CETeI(HeTeNe. 6THTHTED 6J60D EITMIEV
BUOUTHLBMET JHH GHMDHSH dmreurd Gumiodulsd alpusm@ 2018.06.09
o HadH BOLOUDD BEUIHBTUIR| LOOMILD (HEHTMDSHHIND G(DH Fnl L SHHlev
SyoTeNsslIUlBeTengl. BmL(pempuisosond Carsaibaseian  WeTodlih woHmib
o flu  semiuenienw HmGaunmisansG (Waiaiflento  eupmId 660D G6STMlEneu
Bewi(Bd  BLISHS  (PRWTHIETNH.  HTHETVHH0 2 flul  QUOEBIGHBM6MTULD
Friubsseosmenud CmlaTaTeusnGHd GMHHIS CaTaTeniul (HeTeng.

ENQULERL Femuuileot SIRSHTTHHMGS o Lul(h [HEDL(LPENMUIGOEVTF
QFT I H 6N 601 3Ty udeayQFwiwiul_(heter  BlmieueTHHMGHF QFTHSHLOT6E
¢5.900,712.18/- Oamenad OGQumiodHujeien 09 OCFTHFHIBHMET  H(HLOLMBHEIT
®606VITLO6D udHaN Oy & QFWIusnGflu [HL_6UIQ & 60 & WITE0T G|
GmOsmeTemiiLL (herengl. SbBHWTRIH Bempwl auenyliy SpUIednl D QaINened
sriluger QuTBLB SpsE wrstean  aloustw  SmwsFdammsd  NIFS @ng
QULPRISLILIL L G, GSMNHD B(HSHHIL_L DTS BlenmeyQF Il (HeTerm gL 68T
o usJeuImIGeT  wWmeb o flui  omwFar 2 amLemwulGBw 2 _elere.
grpdwurers NIFS @n@flug 6060, QFTHEH aumBHeTe0 2 66 el (heTen
ap. 900,712.18/- OQgrems Guuuodwmer BIL ublseT GuTELUY EISTIQUNE
o GIT6ENEN  GIVIUGIL T iemeU  LOTHE] FemUWTED LWRTUBSSLILBSOITE0, 2 Flul
OxTLFUTLm6L GmOsTaTeusm@GHd GMHHS CaTeTeniul (HeTeng.

SHMHSTUINF FTAIB E6060TENLD

Bleweowmenr QFTHHIHHT UHCaULIgemeT (pempWTHl GUamieuBeT (LPSHH  LIQUITS
BlmeueisHent  Bleweowimenr  QFTHHIGBH6eMeT  TOHII I9METen el UflFevenest
[H L6119 & 65 & & 61T o flu Qurgl LI 6UMBIG (6TH (&) SIMLDEUTHLI Uisa
QWL (heTenedl.  SHMewldHeT  LOMMID  HLIGLBIGET  SILEIG6OTe  LIsoBoum)
QFTHHIGBHEHEHHBTE 2 _Flul WeTodiL(h mdamawrarg CQuDmIbOsTeaTemiubheHe0
Gouewwi(ho. MHOBTME SNdHmEBH6T  CUDMIBCQBTEOTEOTULL L 6L 68T  [Hlen60UIT60T

QFTHSHIHDH6N uHGouLmeng y&w FTIL(H 5605 6THL 65T alenyaileo
BnepiubSSULBLD.

o suEHenTaill Gamail UTLOLIEY SHITJ6UILOM & B60018 0B (HLILITEUT G
STLOSHLOTSIUIEHLOUIT 60 &6018 QB (HLIL L EEE: L)) HEMIBHBTUIO S HTF

FollsaiuLaleoenso. Gensu 2020.10.29 ey FoFLldalUL (Heerme.
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1.5. FLLBIEs6, a6, LIFOTemmiEsT BHID (PETMWHSHIONG HILOTIMIGEHL T E6ImhISTENLD

(a)

(b)

(d)

(€)

(f)

OaTemevbhd  QUTEHLSBMeNS  HewiLmeudet  Qurepl®G o u QurgeTelurd
ulyweosefesn CuamimawTand LTWLISSIUL (heTengl. OsTemevbd CUT[HLS6MTHS
Oxofleuts GemisTewiliul (heimen QuUTBHLBmen @miHwns 2 L enwulsd neusHhHbd
2 HHCWTHSHFHTHeMeT Ul lgwensod  Fojuldes@orm Qur@pl — seus0s®BUYF
FoUWLTeNE  MensSHueTengii e 2 flul  HoHeusddemen Wenmuley OQFuigh etery
BHO FOTEEISEhEEH AMAITES BLalgbmBWTEIHE ComGsmeTemiiLdbLD.

2016.05.03. o GI(hEHBLUULL  STOTASHIHNG DW6UTE  BHimeuennsder  ¢h.
344,915/- Qaremas Quuodwner CFHTemehs CUTHLBET DLEBHBISET  FenLUT6T
SBESHMTHIHDG 2 Lu’ B udendiys QeuwiulLer [@emewiy 2)(C)]. QumrmL
Be1 s 0B BHLILF genuueormed vwetu(bs S PIRUWITSH QumrpLsenTs
@emisTewilUL(heten  QUTBLB6T  alemeudUi (hs HenewibsenssTe0  HLIH
Qe  oipeidaey  Seupenpl CQurg  geow  @ehled elMUBMBTET
BLaUgSHmBWTeng CombasmemsmiuLo.

sOOUTIEE 2018 b SWIYMETET UBLTHS SiNEmae HWTfeseorers (Hrisen
LoMHMILD HLOLD QmEUWIFLILE6T) WisHH QauwiwiuL (HeTen gL 6ot HLOLD
QurPOuwiiureig SWTFOFUWOLGHHGIDS. BFQFLMPHDWITEIH 2 _60H6MTaIW
Gamail UFDLUE STFEUITS HTLOGHLOTHUWSI.

Ourg Piouts appPésms . 30/2016 Gne mwans afOUTHT HISTeF
Gargemenwineng BnOsTaTousHGHFW BHLougbmsd GmbaTeateariubLD.

o flu 2 HHCUTHHDHTHEHH G IO (0 F: BlemeuterL L 60 CLPEVLDIT S
PSS ILLBeTengiL et Chremeuwimesr  FIUUbBSHHeoBmen  GoMHOBTETEUSMEGH T
BLaUgSHmBWTeng GombasmersmiuLo.

2. P& enmuley

2.1. Plds QBmeTendH6iT

3. Qewpurl® Lenmuley

3.1. (pBTEMLOSHGHIUS (& DDLUIT(HES6NT

(@)

(b)

(©)

(d)

salbuy  GCamemeusensn  @mempluBsaionn 2 flu 2 SHCWTESHTHEHDHG
2 L emguimas SieldaUUL (HeTemgIL 6 G QFwmumrHaer (LPEDDHWITS
SPOUGSSLILGBSGTmeT.

alBupenm QasTLIuTer  alBUpenmd SlWI(HHMeN IBIEHIHH60 WOOHMID  JeneTul
QaFwmur B a6 OaTLTLI60 aGFL 0@ QFVISHHIUBD (S G EFA:
QameTenULL (HeiTeng).

ERP Qasr@dular QswmpurLmerg 2021.05.01 @elhbaH 4T0LSSLLL (HET6TS).
Grry BuissHFHILaT euat Uydessmenuyd OQupmis OC&TaTHSID  LW6TTHEHSE
gBxHemILd dy&dlemenser 6T(LPLOTUTl6T SIS SHHLOTM) 31, BevmFement
QULPEIGSLIL(HSSTMSI.

AsaTenisaTar 2 _flowenw  Bepllusmasrer omi» 2 mIHGWT  DieLeVG
auemguLBom NIFS @Lb Gevemev etaiugiLest  Capdw  efLewoly  slel[m&HS)
usHLD 63
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(€)

aFsrrFamuuiemed  1990.06.08 o>  HasHAwSIm @F  Speuewid  THAHTGLD
aupmIsIUL(BeTengl.  &mewll QHTLIUTE el wkisamensd OHTLTuSNEG GHNHS
SLEUEIDT6IG  CUTHIDTETIH  DIVEL  DLMBWITED, BHENEUWITET DY 6LIIIRISHGTHLD
geweiwl  QFwupur(hesEpd  Bleujsd  GEFuwliu@deimer.  2021.03.20 o
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1.

INTRODUCTION

Vision

“To be a world-renowned center of excellence for research In
fundamental studies.”

Mission

“Initiate, promote and engage in advanced research in fundamental
studies for the enhancement of scientific knowledge, human
resources, and national development”
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Director’s Message

In 1981, the National Institute of Fundamental Studies was established with the vision of
being a centre of excellence in basic research. Currently, we are engaged in a range of
research programs which has a direct benefit to Sri Lanka sustainable development. In
addition, we train (postgraduate students; Ph.D. and MPhil) that requires to support the R&D
and industrial needs of the country. These targets were achieved with the help of our core
research team who have a solid reputation in their respective fields.

All of our Institute’s programs focus on three major aims: finding solutions to major national
problems through basic research; training high - quality post - graduate students that this
country needs for sustainable development and promoting science education in the country
so more students are attracted to a career in science and thus utilize their skills for national
development. NIFS has trained more than 1500 postgraduate students in the last 40 years
and most of them are in very senior positions in the country. Through this we were also able
to minimize brain drain from the country.

The National Institute of Fundamental Studies is well on its way in becoming the centre of
excellence for basic research required by the country to resolve major national issues. We
will also continue to produce high-quality graduate students that the country needs to
improve the science and technology sector and economic sustainability.

Prof. Saman Seneweera,

Director,
(Chief Executive officer/Chief Finance officer)
National Institute of Fundamental Studies
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OBJECTIVES OF THE INSTITUTION

Initiate, promote and conduct research and original investigations in fundamental studies in
general with particular emphasis on mathematics, physical and chemical sciences, life
sciences, social sciences and philosophy, taken in the broadest sense; to collaborate with
public and private institutions as may be necessary to develop applications relevant to the
studies conducted.

Arrange lectures, meetings, seminars, and symposia in pursuance of its research work and for
the diffusion of scientific knowledge;

Invite scientists in Sri Lanka and from abroad, who are actively engaged in creative work to
deliver lectures and participate in its research activities;

Establish and maintain liaison with scientific workers and scientific institutions in other
countries and promote international co-operation in matters relating to the aims and objects
of the Institute, while taking care to protect and promote the national interest;

Provide training, guidance, and assistance for research leading to the award of post graduate
degrees by institutions recognized by the University Grant commission established by the
University Act, No.16 of 1978.

Do such other acts and things as may be necessary to promote the aims and objectives of the
Institute.

The institutional research objectives were met through six research units under 19 research projects
mentioned below and the technical and administrative staff ensured the smooth operation of the
Institute.

RESEARCH UNITS

ENERGY & ADVANCED MATERIALS RESEARCH UNIT

Condensed Matter Physics &Solid State Chemistry research project
Energy & Advanced Material Chemistry research project

Material Processing & Device Fabrication research project
Nanotechnology & Advanced Materials research project

THEORETICAL PHYSICS & COMPUTATIONAL STUDIES RESEARCH UNIT

Quantum Physics & Applied Electronics research project

NATURAL PRODUCT & FOOD CHEMISTRY RESEARCH UNIT

Food Chemistry research project
Natural Products research project
Nutritional Biochemistry research project
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MICROBIOLOGY & CARBON SEQUESTRATION RESEARCH UNIT
Bioenergy & Soil Ecosystems research project
Rhizobium Project research project
Microbial Biotechnology research project

EARTH, ENVIRONMENT & BIODIVERSITY RESEARCH UNIT
Earth Resources and Renewable Energy research project
Environmental Science Research Programme research project
Evolution, Ecology & Environmental Biology research project
Plant & Environmental Sciences research project
Plant Taxonomy & Conservation research project
Primate Biology research project

MOLECULAR BIOLOGY & BIOTECHNOLOGYRESEARCH UNIT
Molecular Microbiology & Human Diseases research project
Plant Stress Biology & Molecular Genetics research project
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2. NIFS ORGANIZATIONAL CHART

mems) Research Units
memmmp  Energy & Advanced Materials

e Condensed Matter Physics & Solid State
Chemistry

e Energy & Advanced Material Chemistry

e Material Processing & Device Fabrication

* Nanotechnology & Advanced of Materials

=) Theoretical Physics & Computational Studies

® Quantum Physics & Applied Electronics
Board of Governors

) Natural Products & Food Chemistry
Research Council «  Food Chemistry
¢ Natural Products
e Nutritional Biochemistry
) Microbiology & Carbon Sequestration
e Bioenergy & Soil Ecosystems
e Microbial Biotechnology
e Rhizobium Project
=) Earth, Environment & Biodiversity

e Earth Resources & Renewable Energy

] ¢ Environmental Science Research Programme
Director ——) e Evolution, Ecology & Environmental Biology
¢ Plant & Environmental Sciences

¢ Plant Taxonomy & Conservation

e Primate Biology

=—m==) Molecular Biology & Biotechnology

Molecular Microbiology & Human Diseases
Plant Stress Biology & Molecular Genetics

=)  Secretary Administration Division

Accounts Division
Audit &

Management Procurement & Laboratory Division

Committee o
Computer Division

Instrument Maintenance Division

IT1H1ITL ..

Colombo Office
Internal Audit Division
Library Division

Research Office

(i

Science Education & Dissemination Unit (SEDU)
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3. BOARD OF GOVERNORS 2019

NIFS is administered by a twelve-member Board of Governors includingProf. Janaka
BandaraEkanayake,as the Chairman.

Chairman -Appointed by H.E the President

e Prof. Janaka BandaraEkanayake, Department of Electronic and Electrical Engineering
Faculty of Engineering/ University of Peradeniya

Members
Ex-Officio members
e The Advisor to the President on Scientific Affairs
e Prof. Mohan De Silva, Chairman/ University Grants Commission
e Prof. SamanSeneweera, Director/ NIFS

Appointed by H.E the President

¢ Prof. Sarath G. llangantileke,Independent Consultant on Post Harvest technology of
Food Crops

e Prof. Missaka P.B. Wijayagunawardane, Department of Animal Science/ University of
Peradeniya

e Dr. Ravi Weerakoon, Consultant Anesthetist Teaching hospital. Kandy

Appointed by the Minister
e Prof. Upul B. Dissanayake, Vice Chancellor of University of Peradeniya
e Dr. A.D. Dharmapala, Department of surgery/ University of Peradeniya

Elected by the Research Council

e Prof. Namal Priyantha, Department of Chemistry, University of Peradeniya
e Prof. M.C.M. Igbal, Associate Research Professor/ NIFS

Appointed by the Treasury

e Mr. J.M.U.P. Jayamaha, Additional Director General/ Dept. of Public Enterprises,
Ministry of Finance

Secretary to the Board of Governors/ NIFS

e Dr. P.S.B. Wanduragala
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4. RESEARCH COUNCIL 2019

Research Council whose membership comprises university academics and researchers of the NIFS,
served as an advisory body.

Chairman
e Prof. Saman Seneweera, Director/ NIFS

Members
Appointed by H.E the President
e Prof. D.M.D. Yakandawala, Department of Botany, Faculty of Science, University of
Peradeniya
e Prof. Ruwan Duminda Jayasinghe, Faculty of Dental Studies, University of Peradeniya

Nominated by the University Grant Commission

e Prof. HM.D. Namal Priyantha, Department of Chemistry, Faculty of Science,
University of Peradeniya

e Prof. R.L. Chandrajith, Department of Geology, Faculty of Science, University of
Peradeniya

e Prof. G.K.R. Senadeera, Department of Physics, The Open University of Sri Lanka

e Prof. L.R. Jayasekara, Department of Botany, Faculty of Science, University of
Kelaniya

Ex-Officio:
Senior Research Professors, Research Professors, Associate Research Professors & Senior
Research Fellows of National Institute of Fundamental Studies
e Prof. A. Nanayakkara, Senior Research Professor
e Prof. ). Bandara, Senior Research Professor
e Prof. U.L.B. Jayasinghe, Senior Research Professor
e Prof. G. Seneviratne, Senior Research Professor
Prof. M.A.K.L. Dissanayake, Research Professor
Prof. D. S. A. Wijesundara, Research Professor
Prof. G.R.A. Kumara, Research Professor
Prof. R. Weerasooriya, Research Professor
e Prof. S.P. Benjamin, Associate Research Professor
e Prof. M.C.M. Igbal, Associate Research Professor
e Prof. N.D. Subasinghe, Associate Research Professor
e Prof. D.N. Magana-Arachchi, Associate Research Professor
e Prof. N. Marikkar, Associate Research Professor
e Dr. R.R. Ratnayake, Senior Research Fellow

Elected by the Research Fellows of National Institute of Fundamental Studies
e Dr. H.W.M.A.C. Wijayasinghe
e Dr.R. Liyanage
e Dr. I.P.L. Jayaratne

Secretary to the Research Council
e Dr. P.S.B. Wanduragala
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5. AUDIT & MANAGEMENT COMMITTEE 2019

Committee Members

1.

Mr. J. M. U. P. Jayamaha (Chairman)
(Treasury Representative)
Additional Director General
Department of Public Enterprises
Ministry of Finance

The Secretariat

Colombo 01

Prof. Sarath G. llangantilake (Board Member)
1/53, Victoria Range Bungalows
Kengalla

Prof. Missaka P. B. Wijayagunawardane (Board Member)
No. 118, George E de Silva Mawatha
Kandy

Prof. M.C.M. Igbal (Board Member)
Research Professor

National Institute of Fundamental Studies
Hanthana Road

Kandy

Secretary to the Committee (Convener)

5. Dr.P.S. B. Wanduragala (Secretary to the Board)
National Institute of Fundamental Studies
Kandy
Observers

6. Mr.S. W.D. N. Wickramasinghe

Audit Superintendent
National Audit Sub Office
University of Peradeniya
Peradeniya

Mrs. H. D. Anuruddhika

Chief Internal Auditor

Ministry of Science, Technology and Research
3" floor

Sethsiripaya Stage One

Baththaramulla
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By invitation

8. Prof. Saman Seneweera (Board Member)

Director / CEO / CFO
National Institute of Fundamental Studies
Kandy

9. Mrs. P.S. S. Samarakkody
Accountant
National Institute of Fundamental Studies
Kandy

Assisted by

10. Mr. Indika Wijesinghe

Internal Audit Officer
National Institute of Fundamental Studies
Kandy
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6. DIRECTOR’S REVIEW 2019

We are a national institute mandated to conduct fundamental research to advance scientific
knowledge and find solutions to burning national problems. Despite the challenges we have faced
in the past year, we have made a tremendous progress in our research outcomes, institutional
development and knowledge dissemination while engaging in important national programs.

Last year alone, our scientists published over 75 research papers in international and local
journals. In addition, 145 research articles were published as conference proceedings and
abstracts. They have also attracted funding to the tune of Rs. 19 million and formed 55 strong
research collaborations and networks both nationally and internationally.

Even though, NIFS gives prominence to basic/fundamental research in line with its act, our
research work aligns with the UN Sustainable Development Goals.
Achieving Sustainable Development Goals (SDGs) the UN in Percentage form is given below;

0,
" 5.9% 2.6% " 17% = 2.0% QUALITY EDUCATION,

CLEAN WATERAND & 459 11.4% GOOD
SANITATION, 7.0% HEALTH AND
_ WELL-BEING,

-

15.5%
BELOW
WATER,
7.9%
- .-

ACTION, 8.2%

AFFORDABLE AND
CLEAN ENERGY, 7.7%

= DECENT WORK AND ECONOMIC GROWTH
= ZERO HUNGER
NO POVERTY

Figure 1.Achieving Sustainable Development Goals (SDGs) in 2019

Agriculture and Physical Sciences
veterinary 3%

Technology Scier.1ces & Food
2% Sciences 2%

/ Earth Sciences
_— 5%
Environmental
Sciences \

16%
Figure 2. Field of Research areas covered based on UN categorization in 2019
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The financial progress of the recurrent and capital expenditure incurred during year 2019 is
indicated below. Accordingly, out of recurrent expenditure, 69% of total expenditure was
made to meet the personal emoluments and the balance was made to meet the other
expenses. Out of the capital expenditure, 44% was incurred to meet laboratory equipment
and balance was expended to meet the other capital expenses.

Traveling
Expenses
0.19%
Suppliers

/ 3%

’ Maintenance
- s Expenditure
‘ 2.43%
727N

Services
9.22%

Figure 3. Details of the recurrent expenditure in year26838

Mega Project

3.69%

Land & Land

Improvement
3.12%

Library Books
0.35%

Tool & Implement
0.03%

M Lab Equipment H Office Equipment M Building & Structres

1 Mega Project Land & Land Improvement M Library Books

B Tool & Implement

Figure 4. Details of the capital expenditure in year2019
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Currently, our Institute is equipped with state-of-the-art facilities for advanced research. All
research activities are led by an internationally qualified expert pool of scientists. For the first
time, we have also appointed on visiting basis 18 adjunct professors to NIFS from across the world,
and they work with NIFS scientists to find solutions to broad scientific problems. Our motto is:
even with limited facilities, produce the highest quality research outputs, gain international
recognition and inspire the whole nation by developing the country economically and socially.

One of the core objectives of the NIFS is to train high-quality postgraduate students to contribute
to national development. Over the past 40 years, we have trained about 1,500 high-quality M.Phil.
and Ph.D. level postgraduates; Through this process, we have minimized the brain drain and lifted
the academic vigor of our national universities. Presently, we are closely working with the
Ministry of Higher Education, Technology and Innovation to establish the first NIFS affiliated
graduate school in the country. This ties in with one of our core objectives: to train postgraduates
within the country to a standard commensurate with training given in any world class institution.
Presently, there are about 20 Ph.D., 50 M.Phil.,, 10 Masters and 45 undergraduate students
undergoing training at NIFS.

NIFS is also extensively involved in science dissemination among school students, by conducting
the School Science Program - one of the oldest programs in the country, and we continue to
strengthen the program to meet the needs of budding scientists in the country. During 2019, we
also extended our dissemination activities to the general public through our participation in three
national Science, Technology and Innovation exhibitions and the first Open Day.

The projects conducted by our research scientists are primarily focused on addressing burning
national issues like, COVID-19, human-animal conflicts, chronic kidney disease, food and nutrient
security, water quality, natural resources and renewable energy, while generating fundamental
knowledge that is required to address these issues. NIFS is on a fascinating path of growth and
development in the coming years.
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7. SUMMARY OF THE PERFORMANCES OF INSTITUTE IN THE YEAR
2019

7.1 Scientific achievements

e For the NIFS, according to the Act, it is mandatory, and important to publish the research
findings in high quality indexed research journals. In the year, 2019 the institute has
published articles in;

= 25 research papers in Science Citation Indexed (SCl) journals
= 33 research papers in Science Citation Expanded (SCI) journals
= 19 research papers in other refereed journals

e |n addition,140 research articles were published as conference proceedings and abstracts. In
addition, six books/Monographs & Book Chapters were published. Furthermore, 05 articles
were published in magazines & newspapers to disseminate the details of the scientific findings
to the general public.

e Scientists were capable of attracting funds for their research projects; 12-new grants & 33
ongoing grants

e We have 55 research collaborations out of which 04 were initiated in the year 2019.
Details of the Research collaborations with universities & institutions

Australia
¢ Queensland University of Technology
¢ University of New England
¢ University of Western Sydney
e Western Sydney University
Bangladesh
¢ GonoBishwabidyalay (University), Savar, Dhaka
Canada
¢ Dalhousei University,
e University of Guelph, Canada.
Germany
e Georg-August-Universitat Gottingen, Gottingen,
e Zoological Research Museum Alexander Koenig (ZFMK)
Italy
e University of Parma
Japan
e Shizuoka University, Japan
Norway
e Western Norway University
Pakistan
e University of Agriculture, Pakistan
¢ National University of Medical Sciences Rawalpindi, Pakistan
Sri Lanka

e Open University of Sri Lanka, Nawala
- e Sabaragamuwa University of Sri Lanka

e South Eastern University of Sri Lanka

¢ University of Colombo

¢ University of Jaffna
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e University of Kelaniya,

e University of Peradeniya,

e University of Rajarata

e University of Ruhuna

e University of Sri Jayawardenapura

e University of Uva Wellassa

¢ University of Wayamba

e Atomic Energy Board, Sri Lanka

e Aquinas University College

e Coconut Research Institute, Lunuwila
¢ National Herbarium, Peradeniya

e Respiratory disease treatment unit, Teaching hospital, Kandy

Sweden
e Chalmers University
e University of Gothenburg
United Kingdom
e University of the West of Scotland
¢ Natural History Museum, London
¢ Buckingham Centre for Astrobiology, Buckingham
e University of Aberdeen, UK
United State of
America e Georgia State University, USA

e (California Polytechnic State University, San Luis Obispo

e Research Supervision enhance the science knowledge hub and this capacity building process
save millions of rupees which would have been spent overseas for postgraduate studies.

Degree completed in progress

PhD 5 15

MPhil 7 49

MSc 1 10

B Sc research project 12 36
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7.2 Progress of Research Projects

7.2.1. Bioenergy & Soil Ecosystems research project
Project Leader —Dr. Renuka Ratnayake

Introduction to Research Project
Global warming has come to its injurious level that a thriving need lies in mitigating
the Carbon dioxide build up at the atmosphere. Soil Carbon sequestration is the
process of removing atmospheric CO; via plant photosynthesis; the atmospheric CO,
is captured and diverted to soil as soil organic carbon where it’s become stable for
thousands of years. Soils contain more carbon than all terrestrial vegetation and the
atmosphere combined and is one of the most active carbon sinks on Earth, second
only to oceans. The main objective of the Soil Ecosystems project is to determine soil
C sequestration potential, its dynamics and the method of improvement in different
major vegetation types of Sri Lanka such as natural and plantation forests, wetlands,
agricultural plantations, farm lands, home gardens and small holder cultivations etc.
The potentiality of coastal ecosystems such as mangroves and intertidal saltmarshes
will be studied for capturing and storing of atmospheric carbon as aboveground and
belowground biomass and in sediments. As the first step mangroves and saltmarsh
ecosystems located in Northern Sri Lanka are under investigation. A study has also
been initiated to develop a baseline soil information system for soil C and other
nutrients for paddy growing soils in Sri Lanka. Estimation of C stocks in soil and
preparation of GIS based map are main outcome of this project. Kandyan home
garden systems have also been studied for soil C sequestration potential.
Microbial cellulases have shown potential application in a wide range of industries
including biofuel, pulp and paper, textile, laundry, food and feed industry, agriculture
etc. The present project focused on studying the potential applications of enzyme
extracts obtained from locally isolated cellulolytic microorganisms in different value-
added products and processes. Research conducted so far indicated that locally
isolated microorganisms and their enzymes can be effectively used in industrial
processors to replace commercially available enzymes with high cost. Another study
has been initiated to investigate the genetic diversity of cyanobacteria in different
water bodies of Sri Lanka with their taxonomical identification, nutrient profiling and
toxin analysis. The project also focuses on the establishment and maintenance of
cyanobacteria culture collection which facilitates the preservation and conservation
of pure cyanobacteria strains present in different types of water bodies and stress
conditions in Sri Lanka not only for the academic and industrial research but also for
future reference.

Activities carried out during the year

Investigation of genetic diversity of cyanobacteria in different water bodies of Sri
Lanka with their taxonomical identification, nutrient profiling and toxin analysis.
Microbial cellulases: application in biofuel production and other value-added
products and processes. Development of baseline soil information system for soil
Carbon and other nutrients for paddy growing soils in Sri Lanka.Carbon Stock in
Mangrove and Salt Marsh Ecosystems of the Gulf of Mannar Region of Sri Lanka.

Overall performance of the Project

We published the first digital soil C map for a forest in Sri Lanka. GIS based map has
been prepared to show the distribution of soil C and other nutrients in Knuckles forest
region. Nine agricultural land uses in Northern Sri Lanka has been covered for soil
fertility parameters. This is the first detail soil survey conducted in the Northern part
of Sri Lanka after 1987.
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7.2.2. Condensed Matter Physics & Solid State Chemistry research project
Project Leader — Prof. M.A.K. Lakshman Dissanayake

Introduction to Research Project

Condensed Matter Physics & Solid State Chemistry project at NIFS during the year
2019 focused on the synthesis and characterization of technologically important novel
solid state and quasi-solid state (gel) materials for energy generation and utilization.
During this period, the group has carried out several sub-projects on developing
efficiency enhanced dye sensitized solar cells by (a) Enhancing the photocurrent by
plasmonic effect using silver nanopaticles, (b) nano-strutural modifications to
titanium dioxide (TiO;) photoanodes, and (c) Studying the effect of polyaniline on the
performance of dye sensitized solar cells fabricated with poly(ethylene oxide) based
gel polymer electrolytes.

Activities carried out during the year 2019

During 2019, three research projects on efficiency enhancement in dye sensitized
solar cells have been completed successfully by our group.

° Ag colloidal nanoparticle-incorporated plasmonic TiO;
(nanofiber/nanoparticle) double-layer electrodes for Quantum dot sensitized
solar cells.

The overall efficiency and short-circuit current density of the plasmonic QDSSC are
enhanced by 15% and 23%, respectively, with respect to the QDSSC without Ag
nanoparticles. The enhanced performance of the plasmonic QDSSC is evidently due
to the enhanced optical absorption by localized surface Plasmon resonance effect by
the Ag nanoparticles in the TiO, double layer photoanode and the resulting increase
in the short-circuit photocurrent.

° Hierarchically structured TiO2 microspheres (MS) for efficiency
enhancement in Dye Sensitized Solar cells.

TiO, P25/ TiO, MS based DSSC delivered a highest short circuit current density of 14.80
mAcm™ with an efficiency of 7.38%, while the efficiency of DSSC fabricated without a
scattering layer showed only 6.68% efficiency. The efficiency enhancement is largely
due to the improved photon absorption facilitated by superior light scattering as well
as higher dye loading byTiO,microspheres.

° Effect of polyaniline on the performance of dye sensitized solar cells
fabricated with poly(ethylene oxide) based gel polymer electrolytes.

The DSSCs fabricated with 1.5% PANI incorporated polymer electrolyte showed an
efficiency of 6.56% while the DSSCs without PANI in the electrolytes showed an
efficiency of 5.00% under the illumination of 100 mW cm? (AM 1.5) simulated
sunlight.

Overall performance of the Project

All our projects were focused on developing low cost and high efficiency dye
sensitized solar cells in order to fabricate solar panels which can be used to provide
solar electricity at affordable prices to the industries and households in Sri Lanka.
These solar cells are still in their research stage and it will take a couple of more years
for them to be developed as proto-type solar panels to produce electricity. These are
in line with the renewable energy policy of the government.
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7.2.3. Earth Resources and Renewable Energy research project
Project Leader- Prof. N.D. Subasinghe

Introduction to Research Project
Main aims of the ER & RE project are to find and develop new energy and earth
resources as well as to improve the efficiency of selected existing resources.
Sustainable utilization of known mineral deposits as well as finding hitherto unknown
deposits will contribute to the economic development of the country. Understanding
the nature of mineral resources and rocks as well as the geothermal resources in Sri
Lanka will shed more light on the origin of lithological zones of Sri Lanka. Mapping
natural radon levels and evaluation of mineral resources, with a focus on their origin
and economic potential are also carried out as sub projects.
A pioneering research project on Thermoelectricity focusses on generating electricity
directly from heat, as well as to increase the overall efficiency of an existing system
by ‘scavenging’ and converting waste heat to electricity through co-generation.
Evaluating geothermal resources: Field work was carried out in selected areas to
collect subsurface information using geophysical methods.
Resistivity (2-D profiling) and magnetic surveys were carried out around Nelumwewa
and Mahapelessa areas, mainly to understand near-surface features. In addition,
previously collected magnetotelluric and TDEM data were processed, inverted and
interpreted to get information on deeper structures. This information will help to
understand the origin of geothermal springs and evaluate their potential for
development.

Exploring new earth resources & understanding existing ones: A large number of rock
and mineral samples were collected around the country and analyzed to understand
their mineralogy, mineral reactions and possible origin. Petrological analyses were
mainly carried out using optical microscopes. Mineralogical and geochemical analyses
were also carried out.

Development of new low-cost thermoelectric material and modules: Experiments
were conducted to develop thermoelectric material using products based on Sri
Lankan graphite. Thermoelectric materials can convert heat into electricity without
any intermediate stages. Graphene oxide and and reduced graphene oxides were
successfully used as thermoelectric material

Developing renewable energy sources and improving the efficiency of energy use are
imperative to save energy as well as the environment.

Thermoelectric generators can convert any type of heat, especially waste heat into
useful electricity. Production of thermoelectric material from low-cost, locally
available mineral (Sri Lankan graphite) was attempted and the results are promising.

A low-cost thermoelectric module capable of charging mobile phone using a candle or
oil lamp was developed. This can be used as an emergency power-on-demand device,
or in outdoors where no other charging source available.
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7.2.4. Energy & Advanced Material Chemistry research project
Project Leader — J. Bandara

Introduction to Research Project

The main objective of the Energy & Advanced Material Chemistry project is to carry
out research on renewable energy and specifically our research is mainly focused on
chemistry and physics of new materials for the conversion of solar energy into
chemical and electrical energies. Under the broad theme of solar energy conversion
into useful energy, the project has several sub-projects such as
photocatalysis/catalysis, solar cell and environment remediation. In the
photocatalysis project, we construct artificial chemical devices mimicking
photosynthesis to collect, direct, and apply solar radiation, for example to split water,
convert atmospheric carbon dioxide and thus produce various forms of
environmentally clean fuels. Our research is mainly focused on the production of
hydrogen by water splitting reaction where hydrogen is considered to be the future
energy source. Also, water splitting reaction is still one of the unresolved problems in
physical chemistry and we are trying to understand how an electromagnetic energy
be efficiently converted to chemical energy? i.e  can water be efficiently split to
hydrogen and oxygen using solar energy? Can we convert CO; into useful chemicals?
Additionally, the group is actively carrying out research on environment remediation
where we investigate novel low-cost water and air purification methods for
abatement of industrial pollutants by using sunlight.

Activities carried out during the year

Hydrogen production by Photocatalytic water splitting is considered as one of the
most important renewable paths but a reliable hydrogen production system yet to be
achieved. The biggest problems encountered in photocatalytic water splitting systems
are that poor response of the most of the stable photocatalyts to visible light and it is
challenging to achieve an efficient separation of excited charge carriers, i.e electrons
and holes. Introducing of defects in high bandgap materials is one of the promising
strategies to  simultaneously tailor the band gap and control the life time of
photoexcited electron—hole pairs. A strategy was developed to induce oxygen
vacancy defects in SrTiO; powders via the reaction of NaBH, at high temperature
(550°C) in the presence of a mixture of Ar:H2 gases. The high temperature treatment
of SrTiO; powders resulted in electron doping of SrTiO; due to oxygen vacancies
triggers the development of a highly visible active SrTiO; photocatalyst with a
remarkable 10-fold enhancement of H; evolution activity. In highly reduced SrTiOs,
deeply trapped stated are filled by electrons via reduction treatment (or electron
doping) and the findings can be easily adapted to other high-band gap semiconductors
to enhance the visible light photocatalytic H, generation reaction.

Thin-film solar cells technology is one of the solutions for expensive silicon solar cells.
Antimony sulfide (Sb,Ss) solar cells have demonstrated an efficiency exceeding 7%
with a liquid electrolyte when assembled in an extremely thin absorber configuration
deposited via chemical bath deposition. We developed solid type Sb,Ss solar cells with
P3HT as hole conductor material. The efficiency of the Sb,S3/P3HT based solar cell is
~4.0% and exhibit high stability under ambient conditions. Investigations are being
carried out to enhance the solar cell efficiency of these solid state solar cells.

Developed Solutions to address current issues in the country
We have developed a laboratory scale reactor for the treatment of waste water of
service station and the laboratory scale reactor was further developed and scaled up
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to treat the waste water in service stations. Trials will be carried out in coming
months.

7.2.5. Environmental Science Research Programme
A. NIFS Water Research Project
Project Leader — Professor Rohan Weerasooriya

Introduction to Research Project

Most researchers often consider environmental science as an applied discipline.
At what underlying fundamental level of understanding does environmental
research need to attain to evaluate the delicate processes that control nature?
The NIFS Environmental Science Research Program is formulated on molecular
level addressing of hitherto date unsolved Sri Lankan environmental problems
that have no or ambiguous solution in the world. The NIFS Environmental Science
Program Water Research Group focuses on the atmospheric, water, and soil
ecological processes and to elucidate intrinsic factors that control water quality.
During the year 2020, the researchers from national, regional and international
laboratories collaborate to unravel the mystifying behaviour of natural water
quality.

Activities carried out during the year

Electrodialysis reversal (EDR) process contains a frequent reversal of the direction of
applying DC potential to their electrodes. This step added as an extension to typical
electrodialysis (ED) systems to address fouling phenomena observed in ion-exchange
membranes (IEMs) by performing a "self—cleaning" mechanism. However, membrane
fouling in IEMs is still challenging to EDR based desalination applications regardless of
its "self—cleaning" mechanism. The aim is to assess the suitability of the method to
remove salinity and hardness from 37 locations of the dry zone. A membrane-based
method based in our laboratory will use as the reference for efficiency assessments.
Additionally, anode materials required for the EDR process will develop using Sri Lanka
vein graphite as a starting material. Within the year, the modified EDR system will
operate at a laboratory scale.

Electrochemical sensor development: We will synthesize three-dimensional reduced
graphene oxide with varying degree of wrinkles and folds. The morphology of the
reduced graphene will also be engineered by an etching to reduce self-aggregation.
The properties of the graphene with different etching will also be characterized.
Modified glassy carbon electrodes will develop using new materials for rapid
detection of toxic metal ions by in situ electrochemical methods. In separate work,
the nitrogen-doping graphene (N-rGO) will be synthesized by one-pot facile
hydrothermal method for electrochemical detection of trace metal ions. Here, the
nitrogen-rich urea will be selected as N precursor and intrinsically modified the
electronic properties of graphene. The theoretical band structure, band gap and
density of states (DOS) of graphene, rGO, N-rGO, and Hg(II) with N-rGO will be
computed using Quantum Espresso (QE) (public domain code).

New Proposals for Funding: Kandy Lake Restoration and Kelniya River shed
management proposals will formulate for funding. The Kelaniya River watershed
proposal will submit collaboratively with the Adjunct Professor (Prof. Wei) for funding
from China.
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B. Materials development & pollution remediation
Project Leader — Dr. Lakmal Jayarathna

Introduction to Research Project

Environmental Science research program has been considered as an area of both basic
and applied science. However, at NIFS it takes a different perspective in setting up
environmental research programs. In essence the NIFS Environmental Science
Research Program focused on addressing the fundamental scientific aspects of
pressing environmental problems in Sri Lanka with global interest. Environmental
pollution is one of the major results of modern development. Remediation of
pollutant materials from water, soil and air is the most focused. Monitoring and
understanding of the basic and fundamental mechanisms of the pollutant materials
in nature is much more important. Advanced materials such as nanomaterials and
composite materials play vital role in various applications.

Goals & Objectives of the project are development of smart nanomaterials for
pollution control and remediation employing zeolites, composite materials, Sri Lankan
vein graphite and solid wastes and value addition to local materials by converting it
to high demanding end products. For that, under-utilized and cheaper row materials,
waste products utilized to develop new materials.

Activities carried out during the year

Activity |

Synthesis of Nano- zeolite-A (LTA) with aid of SDS as particle size-controlling Agent
Activity Il

Synthesis, characterization and determination of the catalytic activity of Fe and Cu
modified zeolite catalysts.

Activity llI

Zeolite based catalyst for NOx, SOx reduction

Activity IV

Surface modification of super-paramagnetic Magnetite nanoparticles for bio-
conjugation

Activity V

Development of rapid lateral flow diagnostic kit for Dengue

Significant scientific research findings and inventions during 2019:
. Development of environmentally friendly method to synthesis nano zeolite.
. Method of lateral flow detection kit for dengue.

C. Air Pollution & Risk assessment
Project Leader- Dr. G. Bowatte

Air pollution is a global public health issue. Annually about 7 million people die from
air pollution exposure. It is the top environmental risk factor associated with burden
of disease. In Sri Lanka, air pollution exposure is a neglected health risk for humans.
Air pollution is ubiquitous and whole population in a given areas is exposed.
Therefore, even small increase may pose a high risk at the population level. Exposure
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to air pollution leads to development and exacerbations of respiratory and
cardiovascular diseases. The health burden pose on Sri Lankan economy by air
pollution has significant consequences by affecting economic growth as well as
welfare.

Air pollution modelling is used to estimate population/individual level exposures
which are important in health risk assessments. Research project at the “Air Pollution
Modelling and Health Risk Assessment” group aimed at modelling air pollution in Sri
Lankan urban and rural areas, estimating health risk associated with air pollution and
evaluating performance of air pollution control methods. Hence, the information
generated can be utilized to identify vulnerable groups, high risk areas, provide
recommendations to implement policies to reduce pollution. The research of this
group will provide evidence targeted at controlling air pollution by implementing
policies.

7.2.6. Evolution, Ecology & Environmental Biology research project
Project Leader - Prof. Suresh P. Benjamin

Studies in my lab are currently on plants and animals in terrestrial and freshwater
ecosystems worldwide, with a special focus on the Western Ghats-Sri Lanka
biodiversity hotspot. The primary focus, however, is the largely unchartered fields of
invertebrate and small plant biodiversity. The invertebrate fauna of our country
remains largely unexplored, with most studies originating during the colonial period.

Activities carried out during the year
*  Molecular Phylogeny of Goblin Spiders with a Revision of Selected Genera
(Araneae: Oonopidae) of Sri Lanka
*  Molecular Phylogeny and Systematics of Jumping spiders (Araneae:
Salticidae) from Sri Lanka

7.2.7. Food Chemistry research project

Project Leader — Prof. J.M. Nazrim Marikkar

Introduction to Research Project

Food Chemistry project at NIFS focuses on exploring the application of food chemistry
to add value to under-utilized plant resources to address food security. Food security
is a problem of national importance for Sri Lanka in the context of climate change. In
this backdrop, adding value to the under-utilized resources is a good strategy as Sri
Lanka is a tropical country with a rich bio-diversity of plant resources.

Activities carried out during the year

Ms. S.S.K. Marasinghe, research assistant, participated and presented a paper at the
International Tropical Agriculture Conference TROPAG 2019, Brisbane, Australia, 11-
13" November 2019. She again participated and presented another paper at the
International Conference on Agriculture and Food Security 2019, Colombo, Sri Lanka,
08-09™ August 2019. She again made a presentation at the Young Scientists’
Symposium of National Institute of Fundamental Studies, Kandy, Sri Lanka,12®" June
2019. Ms. Rasika Gunarathna, research assistant, participated and presented a paper
at the RESCON-2019 conference of PGIS, University of Peradeniya. Prof. Nazrim
Marikkar participated as a resource person at the Stakeholders’ Workshop for
curriculum revision of BSc (Food Sci & Technol) program of University of Peradeniya.
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| addition, he acted as a resource person and or a member of the scientific committee
to review manuscripts submitted for several international scientific journals,
Nutricon-2019 international conference, and RESCON-2019 conference of PGIS,
University of Peradeniya.

Prof. Nazrim Marikkar and Ms. Rasika Gunarathna participated as a resource person
in the Shilpasena Exhibition held from 26 — 29" September 2019.

Developed Solutions to address current issues in the country

During the year, research focus was given to utilization of coconut testa as a by-
product generated from coconut processing industries in Sri Lanka. As wet coconut
testa constitute around 18% of the kernel weight, an estimated 30,000 Kg of testa
would be coming out of 100,000 nuts processed by the industries. Our studies showed
that every 2.0 Kg of dried testa would generate about 900.0 g of flour. Hence, roughly,
6750 Kg of testa flour could be generated from 100,000 coconuts. In this way, by-
product utilization would enhance the economic value of coconut.

7.2.8. Material Processing & Device Fabrication research project
Project Leader — G. R. A. Kumara

Introduction to Research Project

This project is involved in basic study and experimentation in Material Processing and
Device Fabrication with an emphasis on graphite, graphite-based devices, carbon
supercapacitors and investigations related to solar cells and other electronic devices
based on new materials primarily generated from local minerals. Work related to
graphite including the exfoliation of graphite, its derivation into graphene plates and
preparation of graphene thin films and their use in electronic devices is also
conducted through this project. Furthermore, the project conducts research in the
area of extremely thin absorber solar cells and the development of hole conducting
materials used in these solar cell devices. The project is also involved with the
conversion of waste materials, such as coconut shells, to highly porous and
electronically conducting activated charcoal for versatile applications in electronic
devices such as supercapacitors and counter electrodes of solar cells. Use of expanded
graphite derived from Sri Lankan vein graphite is also tested in relation to water and
air purification and cleaning of oil spills in water.

Activities carried out during the year

A simple procedure is discovered for producing high electrical conductivity and highly
porous activated charcoal from coconut shells. This activated coconut shell charcoal
was used for preparation of supercapacitor electrodes, which gave the capacitance
elevated to the level of 175 F/g. Supercapacitor electrodes are usually fabricated using
powdered activated charcoal and binder. We have replaced the synthesized binder
with natural jack fruit latex, hence durability of capacitor was increased due to jack
fruit latex binder insoluble in aqueous solution. Another application of this activated
charcoal was depositing them on conducting tin oxide glass as a thin film, to be used
as the counter electrode for dye-sensitized solar cells (DSCs). The efficiency of the
solar cell 7.85% obtained exceeds, values obtained from other forms of activated
carbon derived from bio-materials. Ability of using ionic liquids as solvents for
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electrolytes in DSCs has been studied since low boiling points and high vapor
pressures of organic solvents limit the long-term stability of DSCs. Another area of
work has done by this period was fabrication of perovskite solar cells using Cul as hole
transporting material which leads to obtain 8% efficiency with simple pressing
method of Cul. Designed and developed a novel, low-cost, one-step method to
recover waste graphite attached to wall rocks of graphite mines using a simple
chemical solution and to convert the graphite powder thus obtained to super
expanded graphite. We have developed a novel and innovative method to remove oil
in oil spills and to recover the spilled oil using this super expanded graphite. Further,
super expanded graphite derived from this process was used for the production of
graphene.

Developed Solutions to address current issues in the country

Oil spills are a world-wide problem and cleaning of oil spills involves tedious and
expensive procedures. We initiative to commercialize the applications of super
expanded graphite for spilled oil removal and electrode fabrication during this period.
Electronically highly conducting and porous activated coconut shell charcoal was
prepared by an innovative novel process which can be carried out in isolated domestic
scale or in large industrial scale to convert and add a great value for the material to
be used in electronic industries as well as in water and air purification. Usage of this
waste product of coconut shells supporting the national effort of eradicating dengue
and other mosquito-borne diseases.

7.2.9. Microbial Biotechnology research project
Project Leader — Prof. Gamini Seneviratne

Introduction to Research Project

For non-legumes like rice, maize, vegetables, tea etc., we invented Biofilm
biofertilizers (BFBFs) in 2003. This was commercialized in 2014. For rice paddy, this
was researched in collaboration with RRDI, Batalagoda, and first introduced to
farmers’ fields in 2015, and the product was commercialized in 2016 in small scale.
Thus far, the effectiveness of BFBF has been proven over thousands of acres by
reducing chemical fertilizers NPK used by the farmers up to 50%, while increasing
paddy yields from 10-30%. In the future, this will save billions of rupees to the country
by cutting down chemical fertilizer’s imports, while also saving the health of people
and the environment. This program is also in line with HE the President’s concept of
introducing organic and biofertilizers to agriculture in Sri Lanka.

Activities carried out during the year

During 2019, we studied the effects of BFBF application on environmental and health
aspects. In one study, paddy soil carbon sequestration (SCS) or storage with BFBF
application was analyzed and compared with that of farmers’ chemical fertilizers (CF)
alone application in 25 representative locations in several districts of Sri Lanka
throughout three consecutive seasons Yala 2018, Maha 2018/19 and Yala 2019. This
is important for reducing atmospheric CO, content, which leads to mitigate global
warming and climate change. Further, this can earn foreign exchange through carbon
trading, i.e. highly CO, emitting industrialized countries pay to countries which store
C through SCS in their soils. Interestingly, it was found that if we would convert total
annual paddy cultivation of ca. 2.5 million acres from farmers’ CF practice to BFBF
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practice, we would be able to add another ca. 190 billion rupees to the country’s
economy in the next five years. A similar effect was observed in tea cultivation too. In
another study, we developed a simple lab method to detect whether leafy vegetables
are organic or not. Here, a simple lab culturing of leaf disks for microbial growth was
used as an indicator to detect this.

Developed Solutions to address current issues in the country:

In 2019, the BFBF was introduced to 4,000 acres of rice cultivations in Hambantota,
Polonnaruwa, Kurunegala, Ampara and Mahiyanganaya. This reduced CF use by
farmers up to 50%, thus saving human health, economy and the environment.

Paddy SCS will address the issue of global warming and climate change.

7.2.10. Molecular Microbiology & Human Diseases research project
Project Leader — Prof. D. N. Magana-Arachchi

Introduction to Research Project

Our research was focused on microbial ecology in different environments and the
effect of microorganisms on human diseases. We concentrated on both
communicable (CD) and non-communicable diseases (NCDs) that affect humans
globally and nationally and tried to understand these scientific problems on a
molecular microbiological scale.

Activities carried out during the year

The main six research activities of the year 2019 were, research on pulmonary
diseases and microorganisms in which the study on role of lung microbiome in lung
cancer and bronchiectasis patients was completed. The study on Genetic
characterization of drug resistant Mycobacterium tuberculosis from Sri Lankan and
Pakistani TB patients and identification of their associated biomarkers is in progress
while the study on identifying Mycobacterium tuberculosis isolates belonging to the
Beijing lineage from TB patients in Kandy, Sri Lanka was also completed. The other
five research activities are study of diversity and distribution of thermophilic
microorganisms in hot springs of Sri Lanka: A metagenomic approach,
characterization of resistomes in selected environments of Sri Lanka, an
epidemiological study on Asbestos related occupational health problems among
asbestos industry workers in Sri Lanka, enrichment mechanism of CKDu-risk factors in
ground water, their uptake pathways and potential remedies and to conduct balloon
flights over Sri Lanka to detect possible ingress of cometary microorganisms &
particulate matter.

e Findings of lung microbiome study revealed that Corynebacterium
tuberculostearicum and Keratinibaculum paraultunense were present only in
lung cancer patients which can be considered as markers for the particular
disease.

e Study on Beijing Lineage Mycobacterium tuberculosis strains, revealed that
26% (95% Cl: 18%-35%) TB patients were infected from Beijing Lineage.
Prevalence of Beijing Lineage was significantly higher among those with high
sputum smear grades (2+ and 3+), who travelled abroad and among young
people who are less than 35 years.
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e Study on impact of microbial air quality on paediatric respiratory health in
Kandy, higher proportion of urban preschool children (57.97%), suffered from
at least one respiratory disease (upper respiratory tract infections, rhinitis,
wheeze, etc.) compared to rural preschoolers (31.17%). Additionally,
inhalation dose rates were also high among urban preschool children, both
indoor and outdoor (2.00 x 10* and 1.05 x 10*cells/kg day).

7.2.11. Nanotechnology & Advanced Materials research project
Project Leader — Dr. A. Wijayasinghe

Introduction to Research Project

Sri Lanka possess a large variety of economically useful minerals that are still exported
as cheap raw materials. Though they have the potential to play a major role in global
nano-tech and other high-tech industrial applications, proper value addition to our
minerals, by upgrading for these applications, is lacking. Therefore, this project highly
emphasizes on performing fundamental, but target oriented, advanced scientific
investigations through developing our mineral resources for those highly profitable
technological applications. Investigation on novel advanced semiconductors for
energy conversion and storage applications, mainly for novel rechargeable batteries,
is another important research area carried out by this project. Under that, a number
of research investigations are being performed to develop transition metal-based
semiconductors by introducing modern nano technological techniques and processes.

Activities carried out during the year

Development of low-cost and performance enhanced advanced materials for energy
conversion using low-cost and nano material synthesis techniques: In order to
understand the mechanisms controlling the morphology and size of particles from
micron to nano scales, the effect of the precursor on crystal growth in nano particle
formation has been investigated under this sub-activity. Moreover, advanced
fundamental scientific investigations have been carried out with an ultimate objective
of developing performance enhanced transition metal semiconductors for the
electrode application of electrochemical energy conversion

Development of materials for the electrolyte and electrode applications in upcoming
Na-ion and Mg-ion batteries: Laboratory cells were tested with our developed Na-Ni-
Mn-Co oxides doped with cheaper transition metals as the cathode material and our
developed Na;TisO7; nano structured anode material. They revealed promising
performance for the electrodes application in Na-ion rechargeable batteries.

Electrochemical performance investigations of Li-ion rechargeable batteries: Our
investigations carried out on locally fabricating of full Li-ion rechargeable coin cell
battery with developed Sri Lankan graphite as the anode material and our invented
nanostructured transition metal oxides as cathode materials, resulted very promising
performance with higher capacity, durability but importantly at a lower cost.
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Overall performance of the Project

“National Center for Advanced Battery Research (NCABR)"”” was established attached
to our project at NIFS. This NCABR is a laboratory facility open for all research groups
working in the country on developing local minerals for battery and energy related
applications. Further investigations have been started to fabricate bigger battery
types such as pouch cells.

7.2.12. Natural Products research project
Project Leader — Prof. U.L.B. Jayasinghe

Introduction to Research Project

The overall objective of the Natural Products Project of the NIFS is the identification
of bioactive extracts and compounds from natural sources, as potential resources for
control of human and plant diseases. Research activities have been focused on the
chemistry and bioactivity of secondary metabolites from plants, fungi (including
endophytic fungi) and edible fruits of Sri Lanka. Another area of research has been the
identification of polyphenols found in tea, medicinal plants, edible fruits and spices
using Liquid Chromatography - Mass Spectrometry (LC-MS) and also studies on the
cause and control of postharvest fungal diseases, the Stem-end Browning and three
physiological disorders, Fruit pitting, Lenticel Darkening and the Internal Pulp
Browning of mango var. TomEJC in edible and export-oriented fruit crops. These
research activities are very wide and represent basic research on the field of natural
products chemistry, pharmaceutical research and new materials.

Activities carried out during the year

Project of the NIFS are mainly on the following four areas.

(1) Investigation of extracts from plant sources and, epiphytic and endophytic fungi,
for use in agriculture and human health

(2) Chemistry and bioactivity of edible fruits

(3) Plant secondary metabolites and LC-MS profiling of bioactive extracts

(4) Study of the cause of management of postharvest diseases and disorders that
adversely affect the export potential of mango var. TomEJC.

Chemistry and bioactivity of fungi associated with medicinal plants, edible fruits:
Currently we are studying the chemistry and bioactivity of secondary metabolites
produced by the endophytic fungi isolated from some medicinal plants. Several
secondary metabolites with interesting structural features and some useful
bioactivities have been isolated.

Enzyme inhibitors from plants: Secondary metabolites isolated from Myristica
fragranc, malabaricone C (1), 3-(3-methyl-5-pentyl-2-furanyl)-2(E)-propenoic acid (2),
licarin A (3), maceneolignan B (4) and elemicin (5). Compound 1 showed the highest
AChE inhibitory activity (ICsp 2.06 * 0.04 pug/mL) and antioxidant activity (ICsp 6.56 *
0.02 pg/mL) while compound 2 displayed the most potent a-glucosidase inhibitory
activity (ICsp 50.91 + 0.01 ug/mL). This is the first report of a-glucosidase inhibitory
activity of2. Results indicate that the aril of M. fragrans showed good
anticholinesterase and a-glucosidase inhibitory activities and antioxidant effect in-
vitro that have a potential to be use as the treatment of Alzheimer’s disease.

Fungal Metabolites: Secondary metabolites were isolated from an endophytic fungus
Biscogniauxia capnodes and identified as Chromatographic separation of this extract
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furnished 2 isocoumarins, reticulol (1) and 6-O-methyl-reticulol (2), and 2
dihydroisocoumarins, 5-methylmellein (3) and 7-hydroxy-5-methylmellein (4).
Compound 1 showed moderate antioxidant activity against 2,2'-diphenyl-1-
picrylhydrazyl radicals (ICso value, 58 pug/mL). This is the first report of the isolation
of B. capnodes as an endophyte, as well as the compounds 1 to 4 from B. capnodes.

Postharvest diseases and disorders of mango var. TomEJC: Eight fungal pathogens
associated with the Stem-end Browning (SEB) were isolated and identified, their
pathogenicity was confirmed. Pre- and postharvest management practices were
established and recommended. The cause of fruit pitting was shown to be a deficiency
of elements through fruit tissue analyses by ICP. Addition of a supplementary fertilizer
mixture reduced the incidence of fruit pitting below 1% which was recommended for
pitting management. Lenticel Browning (LD) results from entry of excess water into
lenticels and could be reduced by altering certain postharvest handling practices.
Development of Internal Pulp Browning (IPB) was found to be related to some
physiological and weather factors. The disorder could be prevented by alteration of
fruit harvesting criteria.

Overall performance of the Project

e Continuing the of the identification of biological active extracts / compounds
from Sri Lankan plant and fungal flora

e Complete understanding of the causes of a postharvest disease and three
disorders and development of pre- and postharvest management practices.
Overall, the outcome of the project significantly reduced the loss of good
quality fruits to be harvested and postharvest losses and also increased the
availability of exportable mango fruits.

7.2.13. Nutritional Biochemistry research project
Project Leader —Dr. Ruvini Liyanage

Introduction to Research Project

Nutritional Biochemistry project focuses on various aspects of functional and
nutritional properties of foods and covers a wide area like functional and nutritional
properties of food, food safety, and bioavailability of food to improve health and well-
being of people. Findings would help to make healthy food choices, reduce disease
and illness risks, and to gain knowledge of nutritional and functional properties of
both utilized and underutilized foods.

Activities carried out during the year

In year 2019, Nutritional Biochemistry Project focused mainly on three projects as
described below.

Functional and nutritional properties of food: Under this research theme, studies are
done to assess the antioxidant, enzyme inhibition (amylase, glucosidase, and lipase),
radical induced DNA damage prevention and identification of active compounds. In
addition, in vivo and cell culture studies are also done for further confirmation of
functional properties. At present there are three ongoing studies such as assessing
functional properties of some starches and commonly consumed Ayurvedic plants in
Sri Lanka and investigating nutritional and physicochemical properties of raw and
processed Artocarpus nobilis seeds native to Sri Lanka.
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Bioavailability of food: Bioavailability is the degree to which food nutrients are
available for absorption and utilization in the body. It is a critical issue for many
nutritional concerns. In this study, bioavailability of nutrients and antioxidant
compounds in legumes have been studied. Further, the effect of boiling and simulated
digestion on prebiotic activity of legumes have been studied.

Effect of Biofilm-biofertilizer on nutritional and other functional properties of rice:
Biofilm biofertilizer was developed at NIFS with the aim of reducing chemical fertilizer
usage to minimize the environmental pollution and to reduce the cost of agriculture.
Although this fertilizer has been introduced to various crops already the effect of this
fertilizer on nutritional and functional properties of crop harvest have not been
studied. Thus, in this study in collaboration biofilm biofertilizer (BFBF) project at NIFS,
nutritional biochemistry project has been investigating the effect of BFBF on
nutritional and biochemical properties of selected rice varieties grown in Sri Lanka.

Developed Solutions to address current issues in the country

All the above studies were conducted to find solutions for non-communicable
diseases in Sri Lanka. Findings are useful to validate the health benefits and bioactive
properties of Ayurvedic plants and to identify most suitable starch sources for
diabetes. From the preliminary findings it was observed that there is a favorable effect
of biofilm biofertilizer on nutritional and functional properties of rice varieties and
this would be helpful in popularizing the usage of BFBFs in Agriculture.

7.2.14. Plant & Environmental Sciences research project
Project Leader —Prof. M.C.M. Igbal

Our research is concerned with (i) Environmental Remediation of pollutants using
plants and plant biomass, (ii) Synthesis of metal organic Frameworks (MOFs) to adsorb
pollutants, (iii) Recycling phosphorous from waste water, and (iv) Micropropagation
of tree species for Restoration of degraded dry forests.

Our researchers have identified the use of plant materials, and polymer-silicate
materials to remove heavy metals and textile dyes from wastewater. A MOF was
synthesized capable of converting carbon-dioxide gas (CO;) to useful organic
compounds. To recover phosphrous from farm effluent water, aquatic plants were
identified, which after absorption of phosphorous can be used as a bio-fertilizer.

To restore the degraded dry forests in Sri Lanka and restore the ecology, different
applications of plant tissue culture technique in forest improvement were conducted.
We developed experimental techniques such as organogenesis and embryogenesis
with different plant parts to micropropagate the tree species (Madhuca longifolia and
Manilkara hexandra). Plant micropropagation technique was applied on Stevia
rebaudiana, a plant species identified as a non- caloric, zero glycemic alternative
sweeteners. Due to its poor germination, tissue culture protocol was developed to
produce a large number of plants with improved vegetative mass using Coconut water
as low-cost natural media enhancer.

Activities carried out during the year

Submission of research articles, attending to national and international conferences,
Conducting Lectures and practical sessions for GCE A/L students (Tissue culture),
Training was conducted for potential entrepreneurs who wish to start new ventures
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in plant tissue culture), Training and guiding undergraduates and participated in
national exhibitions Shilpa Sena.

o Development of adsorbents to remove textile dyes and heavy metals.

e Identification of phosphate hyperaccumulators.

e Protocol development for mass propagation of Stevia rebaudiana.

e Publications in peer reviewed journals, conference abstracts and a book
chapter.

7.2.15. Plant Stress Biology & Molecular Genetics research project
Project Leader —Prof. S. Seneweera

Introduction to Research Project

Creating global benchmark yields in paddy and minor crops:

The current national average rice yield is close to 4.2 MT per hectare which increased
from around 2 MT/HA in the 1970’s to 4.2 MT/HA by the early 2000s. The current
average yield remains stagnant despite 95 percent of Sri Lanka’s rice crop extent being
brought under improved cultivars. Traditional cross hybridization and selection is still
a widely used strategy for developing cultivars with a higher yield in Sri Lanka. The
already low yield potential of Sri Lankan rice is further challenged by the following
factors; increase in the cost of production, and inevitable climate change. A major
knowledge gap in understanding key traits and genetic components contributing to
rice yield and how physiological and molecular traits interact with the environment to
maintain the yield potential still exists. The root cause for the low yield potential of
Sri Lankan rice is the decades of negligence in the adaptation of new scientific
technology in plant breeding. In the developed world, advanced plant breeding
techniques like gene mapping, high throughput phenotyping, and gene editing based
crop improvement are widely used, making significant progress in yield enhancement.
However, in Sri Lanka, such genetic and molecular tools in plant breeding are not
being used. In this project, we propose an innovative methodology to increase rice
yield potential by designing a new ideotype. This will be achieved by identifying key
physiological and biochemical traits associated with rice yield together with genome
mapping and transcriptome comparison. The proposed study will adapt
multidisciplinary sciences including transcriptomics, bioinformatics, biotechnology
and plant physiology. The final objective is to generate fundamental knowledge to

develop a new plant ideotype having high yielding potential and climate insensitivity,
ultimately delivering greater socio-economic dividends.

Develop plant demand-based nitrogen fertilizer using hybrid nanomaterial:

Nitrogen (N) is the element that plants require in the highest quantity. Availability of
N is one of the keys limiting factors in crop productivity in agricultural systems.

Uptake, assimilation, translocation and remobilization are the main steps involved in
the use of N by plants. Plant N uptake from the soil depends on environmental
conditions, soil type and plant genotype. Approximately, 50-70% of N applied to the
soil is lost, mainly due to surface run-off, leaching of nitrates and volatilization of
ammonia. Extensive use of N fertilizers results in excessive emission of N,O, a major
greenhouse gas that largely contributes to global warming. Therefore, one of the
major research challenges today is to improve the nitrogen use efficiency of crop
plants. Nanotechnology is being identified as a new avenue to improve nutrient use
efficiency. Fertilizers can be designed in such a way that they release nutrients in a
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controlled manner which synchronizes with the needs of plants. Therefore, we aim to
develop an environmentally friendly, cost effective, biodegradable, controlled release
nano fertilizer system with high nitrogen use efficiency.

Activities carried out during the year

Creating global benchmark yields in paddy and minor crops:

has obtained breeder seeds of 20 local rice varieties available in RRDI, Bathalagoda,
11 local rice varieties from Ambalanthota and Labuduwa, and 50 traditional varieties
from PGRC and have initiated seed germination for multiplication process. Another
50 international cultivars have also been obtained to be utilized for this study. DNA
has already been extracted from local rice varieties and all DNA will be subsequently
genotyped using high-density rice array (HDRA) that consists of 700,000 SNPs to utilize
them for high throughput genotyping. Association mapping will be employed to
identify specific functional genetic variants linked to phenotypic differences in a trait
to facilitate detection of trait causing DNA sequence polymorphisms. These genetic
traits will be utilized to develop a rice ideotype having a higher yield potential.

Develop plant demand-based nitrogen fertilizer using hybrid nanomaterial:

We have synthesized 4 different types of nanoconjugates and characterized these
materials using Fourier Transform Infrared Spectrometry (FTIR), particle size analysis
(PSA), X-Ray diffraction and CHN Analysis. The testing of these materials with rice
plants is under way.

7.2.16. Plant Taxonomy & Conservation research project
Project Leader - Prof. D.S.A. Wijesundara
Introduction to Research Project

The Plant Taxonomy and Conservation project focusses primarily on,

a) Taxonomic and Biogeographical Studies of flora of Sri Lanka,

b) Restoration Ecology,

c) Sustainable Use of Sri Lankan Plants,

d) Factors affecting the conservation of flora of Sri Lanka including Invasive Alien
Species, and

e) Preparation of the National Red List for flora.

One of the main tasks of this project is to maintain and develop the NIFS-Popham
Arboretum at Dambulla.

Activities carried out during the year

The woody vegetation of one third of the NIFS-Popham Arboretum was mapped on a
GIS map. The research on restoration ecology and regeneration is continuing. The
interpretative signage including maps and informative panels on both flora and fauna
within the arboretum established. The foot bridges, camp site toilet and
accommodation facilities were renovated.

A research project on factors affecting photosynthesis of trees at the NIFS-Popham
arboretum conducted was initiated and the research activities on natural products
from medicinal and invasive plants were carried out in collaboration with Universities
of Peradeniya and Jayawardenapura.

During the field visits conducted, 30 species out of 31 recorded species of genus
Syzygium in Sri Lanka were collected. The collection is included 250 specimens which
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contained voucher specimens, DNA samples and reproductive material collected in
FAA for dissection.

Work related to the compilation of National Red list for flora was continued with the
assistance of expert teams conducting meetings at the National Herbarium.

Developed Solutions to address current issues in the country

e Several tree Species that can be used successfully in reforestation work in the dry
zone were identified

e Some antifungal compounds were extracted from Invasive Alien Plant species

e Some extremely rare and endangered plant species were rediscovered and
included in the National Red list

7.2.17. Primate Biology research project
Project Leader —Prof. W. Dittus

The research involves observational studies of monkeys (primates) in their natural
forest habitats. Our aims are to: (1) establish new knowledge concerning the
evolution of social behavior in primates; (2) provide a scientific basis for nature
conservation; and (3) disseminate new knowledge through scientific publications and
professionally produced documentary films. These popular media serve not only to
educate and entertain, but also to gain public support for conservation in the local
and international communities. To date more than 30 such documentaries have been
produced, more are planned for the future. The films also advertise a positive image
promoting tourism in Sri Lanka.

We test scientific hypotheses of social evolution and behavioral ecology through an
interdisciplinary approach that examines the Darwinian outcomes (in terms of survival
and reproductive success) of the various inter-relationships among parameters
involving population genetics, genealogy, anatomy, epidemiology, physiology,
environment and behavior. In practice, at our study site at Polonnaruwa (Sri Lanka),
we have identified several thousand individual monkeys. For each macaque (Macaca
sinica sinica Linnaeus 1771) we have monitored its behavioral, genealogical,
ecological and demographic history. To this end we require large samples over an
extended period to assure statistical soundness (longevity on wild monkeys may
exceed 35 years).

7.2.18. Quantum Physics & Applied Electronics research project
Project Leader —Prof. Asiri Nanayakkara

Introduction to Research Project

In Theoretical Physics and Computational Studies Research Unit at NIFS, we use the
tools of theoretical and computational physics to address, explain and understand the
physical world surrounding us. This research unit consists of projects under the areas
of foundations of quantum mechanics and Single Bubble sonoluminescence
(Mysteries of Energy Focusing Phenomena). Specifically, the Quantum Physics
Research Group is currently engaged in investigating fundamental aspects of
Quantum to Classical Transition, Quantum chaos, Quantum Computing and Quantum
non-locality.
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Activities carried out during the year
During 2019 we continued carrying out several investigations with regards to
guantum and classical correlations and periodic nature of quantum random walks.

In the paper (2010 Phys. Scr. T140 014035), Stefanek et al has proved that for any
four-state quantum walk, there cannot be cycles longer than two steps. Our
investigations revealed that they have not used the most general form of
characteristic polynomials in their proof. Consequently, the result is not generally
valid and hence there can be quantum walks having cycles longer than two steps.

7.2.19. Rhizobium research project
Project Leader —Prof. S. A. Kulasooriya

Introduction to Research Project

Rhizobia are soil bacteria that form symbiotic root nodules with leguminous plants
which enable them to fix atmospheric N, and provide it to host plants. In this project
we isolate, screen and select efficient rhizobia, prepare inoculants with them and
supply such inoculants to farmers to apply to legume crops. By inoculation we
increase nodulation in the targeted host crops, increase their N; fixation and minimize
the application of chemical N-fertilizers such as urea to them. In this manner we have
so far been able to completely replace urea applications to soybean, mung bean,
vegetable bean, groundnut, long bean and the fodder crop clover.

Activities carried out during the year

Development and distribution of rhizobial inoculants continued throughout the year.
Demand for inoculants for vegetable beans increased. A chemical N-fertilizer
response curve done in a field trial with vegetable bean (Phaseolus vulgaris) at
Ankumbura confirmed that urea fertilizer can be replaced completely by inoculation.
Assessment of weed growth in this experiment showed that a 60% reduction in weed
biomass could be obtained by replacing urea application with rhizobial inoculation.
All the rhizobial strains used for field inoculation of different crop legumes were
subjected to molecular characterization. Results showed ten clusters at 70 %
molecular similarity coefficient and four clusters with 100 % similarity. Based upon
the Maximum Likelihood tree search conducted using 16S rRNA gene sequences on
the most commonly used 5 strains, isolates were identified as Bradyrhizobium sp.
(Green Gram), Rhizobium sp. (Soybean, Vegetable bean and Clover) and
Sinorhizobium sp. (Groundnut). This is the first record of Sinorhizobium in Sri Lanka.
Yet another study was done as a part of a M.Sc. research project by a student of the
University of Peradeniya. This was on isolation of phosphate solubilizing
microorganisms associated with legume plants and evaluating their P-solubilizing
abilities using Azolla as a bioassay plant. Among 3 bacterial and 2 fungal isolates
tested, best P-solubilization was obtained with the fungal isolate identified as an
Aspergillus sp.

Extension work for demonstrating and popularizing rhizobial inoculation continued.
Field trials were initiated to test the efficacy of rhizobial inoculantion of groundnut in
collaboration with officers of the Wayamba Provincial Agriculture Department.

Overall performance of the Project

e Continuous use of chemical fertilizers had not only become an economic
burden to the country, but it also aggravates environmental pollution.
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e By rhizobial inoculation it had been possible so far to do away with urea
application to soybean, mung bean, vegetable bean and groundnut.

e  This will minimize both the cost and environmental pollution in the cultivation
of these crops without any reduction in crop yields.

7.2.20. Aversive Geofencing Technology to Mitigate Human-elephant Conflict
Project Leader —Prof. Saman Seneweera

Introduction to Research Project

Anthropogenic activities such as urbanization and agricultural expansion has affected
wildlife populations in many different ways. While in some cases, species tend to
adapt to the changing environments and subsequently thrive, in other instances it has
led to loss of species. With habitat loss and fragmentation, wild animals compete with
humans for limited resources, resulting in conflict. The Asian Elephant (Elephas
maximus) plays a major role in human-wildlife conflict across its range. This conflict
has resulted in the death of both elephants and humans and large-scale damage to
crops and property. Electric fences are the most commonly used method to mitigate
this conflict. However, they are expensive to build and maintain, create undesirable
non-target impacts, and can be ineffective given that elephants sometimes learn to
break these fences. The rise in incidents of conflicts with elephants has triggered the
need to seek alternative and more flexible options to mitigate this problem. Aversive
Geofencing Devices (AGDs- satellite linked warning collars) is a novel approach
currently used on domestic farm animals for grazing management. This system allows
farmers to create virtual fences using computer software, while the GPS collars are
programmed to emit an aversive signal automatically when the animal reaches
virtually fenced boundaries. This recent advance in virtual fencing technology has the
potential to revolutionize the management of human elephant conflict but requires
field-testing and refinement. This project tests the AGD technology on captive
elephants at Pinnawala Elephant Orphanage to determine its effectiveness in
managing elephant movement. If successful, AGDs will then be tested on wild
elephants to determine its effectiveness in managing elephant movement around
human habitations.

Activities carried out during the year

A National Research Council Grant was received in 2019 to carry out this project. The
study is being conducted on selected elephants at the Pinnawala Elephant Orphanage
in a linked series of pen trials focusing on product design, efficacy and the welfare of
elephants. This project is conducted by Prof Saman Seneweera, Mr. Malitha
Senanayake and Ms. Surendranie Cabral de Mel, in collaboration with Dr. Benjamin
Allen, University of Southern Queensland, Prof Devaka Weerakoon, University of
Colombo and Prof Ashoka Dangolla, University of Peradeniya. During the first year of
the project, preliminary data on behavior and fecal samples were collected from
which cortisol hormone (the hormone used as an indicator of physiological stress) was
extracted. The prototype collar that can emit a range of warning signals was also
designed and will be tested on the elephants. Welfare outcomes in response to
warning signals will be determined by studying the behaviour and physiology of the
elephants at different stages of the experiments with AGDs. We have developed a
GPS tracking elephant collar to mitigate human elephant conflict.
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7.3 Progress of the Science Education & Dissemination Unit (SEDU)-2019

Objectives:
Foster the exchange of technical and scientific information among the scientific community &
promote the public understanding of science.

Forums for the scientific community:

e Special lectures: intended to provide a quick forum for the NIFS scientists and Research
Assistants with the eminent scientists visiting the institute and the country

e Journal club meetings: organized for the IFS Research Assistants, for them to get an
opportunity to discuss their research problems with the scientists and their peers

e International/National Workshops, symposia and conference

Promotion of public understanding of science:

To build up a scientific culture and to enhance the science tempo of the school community
workshops, science camps and training sessions were conducted. In addition, the SEDU conducts
programmes for the popularization of science through electronic media as well as printed media.
SEDU is engaged in popularization of science and disseminating research findings of NIFS in
different ways of communication. It holds and daily updates social media networks of NIFS and
SEDU such as Facebook, Twitter, and LinkedIn which easily enable science communication and
dialogue and official websites.

Summary of Progress of the Division, based on the Key Performance Indicators (KPIs)

A. Events Held:

Category Number of Target Group Number benefited
events held

Exhibitions (Local) 03 General Public 185,485

Laboratory visits 08 Scientific & School 220
Community

Special 13 Scientific community 424

Lectures/Discussions

Symposia 2 Scientific community 100

Workshop 03 School Community 170
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B. E-programs:

Programme

NIFS e-outreach
(Status: Ongoing)

Facebook page
Google My Business
LinkedIn

Twitter

Web site

YouTube

Science Message Service
(Status: Ongoing)

Blog

Emails

Facebook Page

Twitter (Sinhala and English)
Website (Sinhala & English)

Science YouTube Channel
(Status: Uploading currently on hold)

Mobile Apps for Science Students

(Status: Uploading currently on hold)
Periodic Elements game App
Sinhala Science Glossary App

Sinhala Science Website
(Status: Currently On hold)

Total benefited

Performance in the year 2019

(Performance Indicators) Number benefited
Post Reached 214,446
Views on Google Maps & Search 179,297
Post Reached 190
Post Reached 5,994
Page Views 22,000
Views for videos 10,166
Page Views 6,701
Emails sent 6,720
Post Reached 99,016
Post Reached 89,159
Page Views 29,559
Views for videos 188,347
Downloads 34
Downloads 6,510
Page Views 6,000
864,639
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7.4

Progress of the Library - 2019

The Library of the National Institute of Fundamental studies continued to provide information
and reference service to NIFS research staff and permitted scientific community on their
inquiry.

The library was engaged in the following services during the year

Provided reference and lending services, document delivery, resource sharing, inter-library
loan facility, information alert services, new item arrivals alert service, sourcing web-based
electronic journals and articles, Scientific Literature Updating Service (SLUS), provision of the
updated and necessary information to the NIFS' administration such as government circulars,
E-code, etc., access to the internet using updated computers and facilitating library users with
photocopying and scanning facilities.

Scientific Literature Updating Service (SLUS)

Scientific Literature Updating Service was set in motion according to the suggestion of the
library committee, and the service is provided to the scientists of NIFS. When a scientist needs
scientific literature updating on a selected topic, the keywords can be forwarded to the
Library. Monthly or weekly updating can be done depending on the request. The NIFS library
started this service before Elsevier and Springer Nature started similar services.

The project of the compilation of research literature of pioneering scientists related to the NIFS
was started by NIFS Library

This is a project set in motion to honor and pay tribute to our former Scientists. In the first
phase, it was decided to collect the literature of the following scientists. Prof. A. Kovoor, Prof.
C. Ponnamperuma, Prof. C. Wickramasinghe, Prof. C.B. Dissanayake, Prof. K. Tennakone, Prof.
S.A. Kulasooriya. We hope to broaden our reach in the next phase. Accordingly, the library
received 17 books written by Prof. C. Wickramasinghe. And also, it received an online access
facility to the research article collections of Prof. C. Wickramasinghe through the center for
Astrobiology in Sri Lanka.

India Corner in the Library

On 9th July 2019, Assistant High Commissioner (AHC) Dhirendra Singh inaugurated India
Corner "Bharat EkParichay (Know India): Sharing knowledge with the world" at NIFS. AHC
presented various books on Indian art, culture, and values to Prof. Saman Seneweera,
Director, NIFS, for the established India corner.

NIFS Library Services in year 2019

250
200 ==@==Book Borrowing
150 Reader Services
100 Article Request (Online)
50 A Other Services Providing
\ / \' (Photocoping & Scaning)
M
0 =

Jan. Feb Mar Apr May Jun Jul Sug Sep Oct Nov Dec
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7.5 Infrastructure development

Followings are the major infrastructure developments that were completed during 2019;

Construction of a new green house at the basement of the old building
Construction of Barbed wire fence at Dambulla arboretum

Installation of 150 KW Solar Energy system

Renovation of Science Education & Dissemination Unit

Renovation of the main auditorium stage

Setting up of the National Battery Lab

7.6 Major instruments purchased

Following major instruments were purchased during 2019

FTIR spectrophotometer

Fume hood acid resistance

Modular Multichannel Electrochemical Impendence
Spectroscopy/Potent stat Galvano
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8. NIFS Staff strength

8.1 Summary of NIFS Staff

NIFS STAFF BY WORK TYPE 2019

Research staff

17%
Qualifications of the Staff members 2019
Below O/L_\
7%
H PhD
m MPhil
MPhil
3% MSc
~__MSc BSc
4% B GCE A/L
B GCEO/L
Below O/L

Age of the staff members 2019

below 31 years

329 B Over 50 years
(]

W 41-50 years
B 31-40 years
below 31 years

41-50 years
11%
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8.2 NIFS Staff 2019 by service Level*

Research Professors
Associate Research Professors
Senior Research Fellows
Research Fellows

Senior Managers | Secretary

Coordinator/SDU

Middle
Managers
Accountant

Chief Technical Officers

Laboratory Manager

Scientific Officer

Senior Assistant Librarian

Senior Personal Secretary to the Director

Tertiary level
Accounts Officer

Administrative Officer
Communication & Media officer
Internal Audit Officer

Secondary Level
Senior Staff Assistants
Technical Officer Grade Il
Library Assistant Gr. Il
Management Assistant Gr. lll

Primary level
Driver- Special Grade

Machinist — Special Grade

Mason - Special Grade

Laboratory Attendant- Special Grade
Record Keeper - Special Grade
Audio Visual Assistant

Karyala Karya Sahayaka- Driver
Office Machine Operator

Driver Gr. Ill

Lapidarist Gr. lll

Machinist Gr. lll

Electrician Gr. llI

Office Aid

Primary Level -unskilled

Service Level* Category Number of
employees
Senior Level
Director 01 (contract basis)
Research staff Senior Research Professors 04

04 (contract basis)
05 (contract basis-01)
03

02 (contract basis-01)

In addition, forty-one Research assistant positions are on contract basis.
*based on 2/2016 circular sub schedule 11l
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8.3 Staff Recruitments & end of service
8.3.A. Staff recruitment 2019

Research Assistants (Gr.l)
Ms. D.M.D.M.Dissanayake
Ms. Rasika Gunarathne
Ms. N.D.U.S.Nakandala
Ms. Maheshika Perera
Mr. U.M.B.Premarathne
Mr. R.A.Rathnayake
Mr. I.B.Samarakoon
Ms. A. Sathkunanadan
Ms. S.M.V.K.Sewwandi
Ms. K.M.De Silva Subaseela
Ms. M. Tharmarajan
Ms. S.M.N.K.Thilakarathne
Ms. D.P.Ubeysekara

Scientific Officer
Dr. Shalini Rajakaruna

Primary Level-Unskilled
Mr. D.W.G.A.C.Dodamwala
Mr. S.M.Malith Hasun
Mr. P.G.N.S.Wijewardane

8.3.B. End of service 2019

Research Fellow
Dr. Gayan Bowatte (resigned)
Research Assistants
Mr. A.M.K.L. Abeykoon (resigned)
Ms. E.M.U.A.Ekanayake (end of contract)
Ms. H.K.S5.N.S.Gunaratne (end of contract)
Mr. G.D.K.Heshan (end of contract)
Mr. J.A.D.M.N.Jayakody (end of contract)
Ms. S.D.Jayasekara (resigned)
Ms. S.K.Jayasekara (end of contract)
Mr. B.A.Y.B.Jayawardena
Ms. M.G.N.Perera (resigned)
Mr. N.B.Suriyaarachchi (resigned)
Ms. M.A.Y.N.Weerasinghe (resigned)
Chief Technical Officer
Ms. D.M.K.Lakshmi Kumari (retired)
Driver (special Grade)
Mr. K.M.Ariyawansa (retired)
Mr. R.S.K.Gunawardena (retired)
Office Machine Operator
Mr. M.A.P.Perera (retired)
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8.4 Capacity Building / Skill Development Programs

Name

Name of the Training Program

Institute / Training Provider

Funding Agency/ Institute

Time period

Mr. Viraj Ekanayake

Distance Learning Course on
“Cyber Security”

Bangladesh Research and
Education Network (BdREN)

Facilitating Distance Learning
using Digital Conference
facility project from
Asi@Connect

One Month

Mr. S. Senthuran

International Workshop
on Introductory Training Course in
Nano fabrication Technologies

Centre for Nano Science and
Engineering (CeNSE), Indian
Institute of Science, Bangalore,
INDIA

Government of India

Eighteen days

H.D. Jayasinghe

Molecular training on plant
systematics

Singapore Botanic Garden

National Herbarium,
Department of National
Botanic Gardens, Peradeniya

Eighteen days
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Ms. S.K. Jayasekara International Training Programme | Delhi Institute of Technology, Delhi | Twelve Days
on Biogas Production, Power
generation and Vehicular
Application
Miss. T.K. Bowange International Training Programme | Delhi Indian Technical & economic | Twelve Days
on Biogas Production, Power Cooperation
generation and Vehicular
Application
Ms. J.M.P.S. International Workshop on TDR Colombo International union against Twelve days
Madamarandawala operational research workshop tuberculosis and lung
diseases
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Name Name of the Training Program Institute / Training Provider Funding Agency/ Institute Time period
Ms. J.M.P.S. International Workshop on Asia Colombo International union against Nine days
Madamarandawala SORT IT operational research tuberculosis and lung
course-Module 2 diseases
Ms. D.P. Bopearachchi International Conference Institute of Science (IISc), Institute of Science (IISc), Six days
on Student Conference on Bengaluru- India Bengaluru
Conservation Science (SCCS)
Ms. W.B.C.P. International Workshop Moscow, Russia Ministry of Science, Six days
Weerarathne on Internship in minerological Technology and Research
study of asbestos-bearing
materials by optic microscopy and
X-ray powder diffraction analysis
Miss. S.K. Jayasekara National Workshop Royal Botanical Garden, Fee exempted Three days
on ldentification of non-lichenized | Peradeniya
fungi and Mushrooms
Mr.L.C.U.S.B Bamboo Processing in Sri Lanka United Nations Industrial Global Environment One day
Lekamge Development Facility (GEF)

Organization (UNIDO)
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9. AUDITED FINANCIAL STATEMENT 2019

9.1 Summary of Financial Results

9.1.1 Comparison of Expenditure with previous years

9.1.1.1Recurrent Expenditure comparison- five years

Rs.”000
2015 2016 2017 2018 2019

Personnel Emoluments | 113,491 | 122,808 | 122,430 | 137,142 | 157,177
Other recurrent 61,473 67,293 76,188 | 77,815 69,062
expenditure

Total 174,964 | 190,101 | 198,618 | 214,957 | 226,239
250,000

200,000

150,000
100,000
50,000
0

2015 2016 2017 2018 2019
H Personnel Emoluments Other recurrent expenditure H Total
9.1.2.Capital Expenditure comparison- five years
Rs.”000
Year 2015 2016 2017 2018 2019
Acquisition of fixed 741 4,782 5,874 | 19118 | 15,813
assets
Building Construction 43,852 | 125,261 | 110,674 | 58,374 | 66,025
Research & - - - | 15,458 3135
Development
Total 44,593 | 130,043 | 116,548 | 92,950 | 84,973
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9.2 Summary of financial results for the year ending 31.12.2019

Recurrent Capital
Amount (Rs. ‘000) % Amount (Rs. 000) %
2018
Budgeted 276,189 100 267,516 100
Approved 190,000 68.79 120,000 44.86
Released 185,023 66.99 98,194 36.71
2019
Budgeted 338,993 100 546,250 100
Approved 201,171 59.3 81,000 14.83
Released 201,171 59.3 48,300 8.84
Recurrent Expenditure- 2019
Traveling Expenses
0.19%
44\ Maintenance
Services Expendlture
9.22% 2.43%
Suppliers
3%
= Traveling Expenses = Maintenance Expenditure = Suppliers
Services = Other Expenses = Personal Emoluments

Capital Expenditure 2019

Mega Project

3.69%

Land & Land

Improvement
3.12%

Library Books
0.35%

Tool & Implement
0.03%

M Lab Equipment m Office Equipment M Building & Structres

[ Mega Project Land & Land Improvement M Library Books

H Tool & Implement
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9.3 Statement of financial position

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES SRI LANKA
STATEMENT OF FINANCIAL POSITION AS AT 31.12.2019

(RESTATED)
SLRs SLRs
NOTE 2019 2018
ASSETS
CURRENT ASSETS
CASH AND BANK BALANCES 1 108,990,251.49 150,529,456
DEPOSITS PREPAYMENTS & ADVANCES 2 26,948,257.89 14,022,035
DISPOSAL OF FIXED ASSETS 59,669.77 59,670
FESTIVAL ADVANCE FUND INVESTMENT 300,000.00 300,000
CONSUMPTION LOAN FUND INVESTMENT 303,481.01 296,325
INTEREST RECEIVABLE FOR FIXED DEPOSITS 7,814,723.76 7,244,022
STAFF CONSUMPTION LOAN 3 5,015,609.06 4,805,947
ADVANCE AND OTHER RECEIVABLE 4 161,317.94 241,747
STOCKS 5 1,800,759.50 2,298,338
151,394,070.42 179,797,540
NON-CURRENT ASSETS
WORK IN PROGRESS 6 6,227,761.41 17,455,040
PRELIMINARY EXPENSES FOR CONSTRUCTION 332,319.49 711,307
PROVIDENT FUND INVESTMENT 7 122,736,536.35 111,505,089
TRAINING CAPACITY 949,197.40 949,197
MEGA PROJECT- RECHARGEABLE BATTERIES 2,116,425.75 939,080
PROPERTY, PLANT AND EQUIPMENT 8 593,722,817.84 593,312,493
726,085,058.24 724,872,206
TOTAL ASSTES 877,479,128.66 904,669,746
LIABILITIES
CURRENT LIABILITIES
ACCOUNTS PAYABLE 9 8,014,385.22 8,981,445
ACCRUED EXPENSES 10 3,131,903.55 3,351,446
11,146,288.77 12,332,891
NON CURRENT LIABILITIES
SPECIFIED FUNDS & GRANTS 11 156,978,269.37 150,873,195
DEFERRED LIABILITIES 12 188,461,590.38 109,852,958
345,439,859.75 260,726,153
TOTAL LIABILITIES 356,586,148.52 273,059,044
NET ASSETS 520,892,980.14 631,610,702
NET ASSETS/EQUITY
CAPITAL FUND - SPENT 13 670,608,789.86 668,452,882
- UNSPENT 63,862,681.00 99,020,834
PRESIDENT'S FUND - SPENT 7,078,501.15 7,078,501
ASSET REVALUATION RESERVE 118,388,385.47 118,388,385
INSTITUTE FUND (3339,045,377.34) (261,329,900)
TOTAL NET ASSETS/EQUITY 520,892,980.14 631,610,702

The Accounting polices on pages 1 to 3 and other notes on pages 11 to 32 form and integral part of these
Financial Statements. The Board of Directors is responsible for the presentation and preparation of these
Financial Statements. ’

Secretary
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9.4. Statement of financial performance

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES

SRI LANKA

STATEMENT OF FINANCIAL PERFORMANCE FOR THE YEAR ENDED 31.12.2019

OPERATING REVENUE
RECURRENT GRANT
OTHER INCOME

EXPENDITURE
PERSONAL EMOLUMENTS

TRAVELLING
SUPPLIERS & CONSUMABLE
MAINTENANCE

CONTRACTUAL SERVICES
DEPRECIATION

OTHER EXPENSES

TOTAL OPERATING EXPENSES

DEFICIT FROM OPERATING ACTIVITIES
FINANCE COST

PROFIT/(LOSS) OF FIXED ASSETS

NET DEFICIT FOR THE YEAR

ANNUAL REPORT 2018 [English]
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14

15

16
17
18

19

20

(RESTATED)

SLRs SLRs

2018 2018
201,171,000.00  185,023,000.00
38,433,128.88 23,958,585
239,604,128.88 208,981,585
157,176,641.27 137,185,994
437,162.50 1,290,869
6,986,476.91 15,444,754
5,496,986.05 7,736,718
20,865,505.24 22,072,459
92,272,862.18 85,070,357
35,276,043.06 31,25,231
318,511,677.21 300,056,382
(78,907,548.33) (91,074,797)
(200,049.93)  (8,483,398.08)
(79,107,598.26) (99,558,195)




9.5 Statement of cash flow

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES SRI LANKA
STATEMENT OF CASH FLOW FOR THE YEAR ENDED 31.12.2019

Cash-Flow from Operating Activities
Deficit for ordinary activities

Non Cash Movements

Depreciation
Amortization of the Deferred Liability
Loss on Disposal of Capital Assets
Provision for Gratuity
(Increase)/Decrease Staff Consumption Loan
(Increase)/Decrease Stocks
(Increase)/Decrease Advance and other
Receivable
(Increase)/Decrease Deposits, prepayment
and Advances
Increase/(Decrease) Accounts Payable
Increase/(Decrease) Accrued Expenses
Gratuity Paid
Increase/(Decrease) Differed Liability

Net Cash flow from Operating Activities

Cash Flow from Investing Activities

(Increase)/DecreaseWorking in progress
Purchase of Property Plant & Equipment
(Increase)/Decrease Int.rec.for Fixed Deposits
Construction
Investments made- Provident Fund

- Consumption Loan Fund

-Mega Project

Net Cash Flow from Investing Activities

Cash Flows from Financing Activities

Government Capital Contribution
Specific Funds and Grants

Net Cash Flow from Financing Activities

Net increase/ (Decrease) in cash and cash equivalent

Cash and cash equivalent at beginning of period

Cash and cash equivalent at the end of the period

(RESTATED)
REFERENCE SLRs. SLRs.
2019 2018
Page 5 (79,107,598) (99,558,195)
(79,107,598)|  (99,558,195)
Page 19 - Note 8 92,272,862 85,070,357
Page 27 - Note 14 (16,279,756) (4,485,370)
Page 5 200,050 8,483,398
Page 30 - Note 20 6,932,429 6,075,930
Page 4 - Note 3 (209,662) (177,058)
Page 4 - Note 5 497,579 45,278
Page 4 - Note 4 80,429 (57,386)
Page 11 - Note 2 (12,926,223) 7,781,569
Page 4 - Note 9 (967,060) 2,481,178
Page 4 - Note 10 (219,542) 133,486
(3,136,442) (571,238)
6,438,257 4,484,631
72,682,921
(6,424,677) 9,706,580
Page 4 - Note 6 11,227,278 (15,295,040)
Page 19-Note 8 (87,805,084) (75,981,068)
Page 4 (570,702) (631,078)
Page 4 378,988 (108,620)
Page 4 - Note 7 (11,231,447) (22,230,737)
Page 4 (7,156) (28,178)
Page 4 (1,177,346) (939,080)
(89,185,469)| (115,213,801)
Page 6 48,300,000 98,193,544
Page 4 - Note 11 5,770,941 31,580,329
54,070,941 129,773,873
(41,539,204) 2,466,652
Page 11 - Note 1 150,529,456 126,262,804
Page 11 - Note 1 108,990,251 150,529,456
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9.6 Statement of changes in net assets/equity

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES

SRI LANKA

STATEMENT OF CHANGES IN NET ASSETS/EQUITY FOR THE YEAR ENDED 31.12.2019

ATTRIBUTABLE TO OWNERS OF THE CONTROLLING ENTITY

BALANCEAS AT 31
DECEMBER 2018

ADD: FUND
ADJUSTMENT IN LAST
YEAR

BALANCE AS AT 31
DECEMBER 2018
(RESTATED)

REVALUATION
DEFICIT/SURPLUS

FIXED ASSET
PURCHASE FROM
GRANT

ADDITION DURING
THE YEAR TO
INSTITUTE FUND

DEFICIT FROM
OPERATING
ACTIVITIES

DESPOSAL OF FIXED
ASSETS

CAPITAL FUNDS
RECEIVED FROM
GOVERNMENT &
OTHER SOURCES

TRANSFER TO
DEFERRED LIABILITY

BALANCE AS AT 31
DECEMBER 2019

CONTRIBUTED
CAPITAL

PRESIDENT
FUND

REVALUVATION
SURPLUS

INSTITUTE
FUND

TOTAL NET
ASSEST/EQUITY

842,627,084.00
(75,153,367.60)

7,078,501.15

118,388,385.47

(265,649,541.04)
(193,665.00)

4,513,306.28

702,444,429.58
(75,342,032.60)

4513.306.28

767,473,716.40

48,300,000.00

(81,302,245.54)

7,078,501.15

118,388,385.47

(261,329,899.76)

1,198,455.68

(79,107,598.26)

193,665.00

631,610,703.26

1,198,455.68

(79,107,598.26)

48,300,000.00

(81,108,580.54)

734,471,470.86

7,078,501.15

118,388,385.47

(339,045,377.34)

520,892,980.14
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9.7 Accounting policies year 2019

NATIONAL INSTITUTE OF FUNDAMENTAL STUDIES - SRI LANKA

SIGNIFICANT ACCOUNTING POLICIES YEAR ENDED 31ST DECEMBER
2019

(1) GENERAL ACCOUNTING POLICIES

1.1 The financial statements have been prepared on the basis of historical costs in accordance
with the Sri Lanka Public Sector Accounting Standards for the accrual basis accounting and
no adjustments have been made for inflatory factors affecting these accounts, instead of Motor
Vehicle re-valuation according to the special Re-valuation committee.

1.2 Similarly Laboratory Equipment, Machinery Tools & Implements, Refrigerators, Air
Conditioners, Communication Equipment, Office & Miscellaneous Equipment, Sports ltems
are rr]e— valued by the Special Re-valuation Committee and there is no inflator factors affecting
to the accounts.

1.3 The value of Revaluation of Fixed Asset in 2011 and the value of Motor Vehicle in 2015 and
2018 have been shown as Revaluation Reserve being adjusted by Institute Fund Account. The
Revaluation of Motor Vehicles has been done by Examiner of Motor Vehicles of Department
of Motor Traffic, Kandy with effective dates of 16.02.2015, 20.02.2015 and 27.08.2018 at
current market value.

1.4 Previous year figures and phrases have been re-arranged wherever necessary to confirm to
the current presentation.

1.5 CONVERSION OF FOREIGN CURRENCIES
All foreign exchange transactions are converted of the rate of exchange prevailing at the time
the transactions were affected. Non-resident foreign currency account balance has been
translated at the rate of exchange prevailing at the date of Statement of Financial Position.

1.6 TAXATION
Under the provision of sections 8(a) (xxxix) and 42 (ff) of the Inland Revenue Act No. 28
of 1979 (as amended) the Institute is exempted from income tax in Sri Lanka.

(2) ASSETS AND BASES OF THEIR VALUATION

2.1 STOCKS:
Stocks have been valued at historical cost basis and all issues are valued at FIFO Basis.

2.2 FIXED ASSETS:

2.2.1 The cost of fixed assets is the cost of purchase or construction together with any incidental
expenses thereon. The fixed assets are recorded at cost and accumulated depreciation which
is provided in the depreciation on the basis specified in 2.2.6

2.2.2 écquired the Grid Tied Solar Net accounting System, recognized as Building and
tructure

2.2.3 The cost of Library Books includes a Heritage Asset (Mapping Report) amounting to
Rs. 1,097, 477.65 which is not depreciable.

2.2.4 The cost of Lab Equipment and Office & Miscellaneous Equipment includes Assets which
are kept for display purpose and are represented at Written Down Value of Rs.
16,317,450.00 and Rs. 770,940.00 respectively.
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2.2.5 Fixed assets received as Donations, have been recognized as Deferred Liability from year
2018.

2.2.6 DEPRECIATION OF FIXED ASSETS
The provision for depreciation has been calculated on the cost of fixed assets in order to
write-off such costs over the estimated useful lives as follows:

Motor vehicles 20%
Library books 33.33%
Building 10%
Lab Equipment 10%
Sports goods 33.33%
Computers 25%
Computer Software 25%
Furniture & fittings 10%
Communication 10%
Air - Conditioners 10%
Refrigerators 10%
Machinery Tools & Implements 10%
Office & Miscellaneous

Room Linen 33.33%
Crockery Cutlery & Canteen Equipment 33.33%
*Safety Equipment 10%
Office Equipment 20%
Sundry Assets 10%
Expandable Assets 10%

* Safety Equipment - Rate of depreciation had been changed from 33.33% to 10% with
effect from 1999.

The depreciation of Fixed Assets is provided from the date of purchase to the date of
disposal.

2.3 INVESTMENT
Employer's and employees' contributions made towards the NIFS provident fund has been
invested in fixed deposits at the National Savings Bank.

2.4 Contribution made towards Consumption Loan Fund has been deposited in Savings
Account at the National Savings Bank.

(3) LIABILITIES AND PROVISIONS

3.1 All known liabilities and provisions as at the date of the Statement of Financial Position
have been provided for in the accounts.

3.2 RETIREMENT GRATUITY
Provision is made in these Accounts for retirement gratuity payable under the payment of
Gratuity
Act No.12 of 1983 in respect of employees with 5 or more years of continued service in
the Institute.
This item is grouped under deferred liabilities in the Statement of Financial Position.

3.3 NIFS. PROVIDENT FUND
Members' fund as at 31st December 2019 are shown under Specified funds in the
Statement of Financial Position.
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(4) REVENUE RECEIPTS

4.1 GOVERNMENT GRANT
Government grant received during the year under review towards the recurrent expenditure
has been charged to the Statement of Financial Performance for the year. Total revenue and
capital funds of the Institute accumulated from the previous years have been shown as
Institute funds in the Statement of Financial Position.

4.2 FOREIGN AND OTHER GRANTS
All foreign and other monetary grants received during the year, are dealt with by charging to
the Statement of Financial Performance to the extent of such grants recognized in the
Financial Statements do match with the associated costs incurred during the year. Unspent
grants during the year are shown under specified funds and grants in the Statement of
Financial Position.

4.3 RESEARCH GRANT FUND
The unutilized specified grant balances have been shown as the Research Grant Fund under

Specified funds & grants in the Statement of Financial Position.

(5) UTILIZATION OF BUDGET ALLOCATION
The Revised Budget Estimate has been shown in the estimation and the previous year
Capital Funds have been utilized in the reporting year.

Accountant
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10. REPORT OF THE AUDITOR GENERAL ON THE FINANCIAL STATMENT

(This is a translation. Please refer the repot in Sinhala for the original)

Report of the Auditor General in terms of Section 12 of the National Audit Act, No. 19
of 2018 on the financial statements and legal and regulatory requirements of the
National Institute of Fundamental Studies for the year ended on 315 December 2019.

1. Financial Statements

1.1 Qualified Opinion

The statements of financial position of the National Institute of Fundamental Studies
as at 31%t December 2019 and the financial statements comprising the statements of
financial performance and cash flow statement for the year ended on 31t December
2019 were audited under my direction in pursuance of the provisions in the Article
154(1) of the Constitution of the Democratic Socialist Republic of Sri Lanka read in
conjunction with the provisions of the National Audit Act, No. 19 of 2018. In terms of
Section Article 154(6) of the Constitution of the Democratic Socialist Republic of Sri
Lanka my report will be submitted to Parliament in due course.

It is my opinion, except for the effects of the matters described in the basis for the
Qualified Opinion of my report, the financial statements as at 315t day of December
2019 comprising the statements of financial performance and cash flow statement
reflect a real and fair view of the institute as per the Sri Lanka Public Sector Accounting
Standards.

1.2. Basis for the Qualified Opinion

(a) Though the primary task of the National Institute of Fundamental Studies is
conducting researches on several disciplines, the accounting policy which needs to
be followed while computing the respective expenses has not been divulged in the
financial statements.

(b) In terms of the paragraph 65 of Sri Lanka Public Sector Accounting Standard No. 07,
since the effective duration of immovable properties have not been reviewed
annually, though the immovable properties worth of Rs. 132,990,941/- have got
depreciated they have been used continuously and there was no action undertaken
to adjust the estimated fault in accordance to the Sri Lanka Public Sector Accounting
Standard No.03.

(c) Regarding the actual accounts balance of Rs. 118,388,385/- which was at the end of
the audit year, in terms of the paragraph 90 of Sri Lanka Public Sector Accounting
Standard No. 07 the required disclosing was not done in the statements.
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(d) In the case of misplaced assets worth of Rs. 5,693,070/- which were identified
during the board of survey of inventory items in 2018, without taking action to
remove them from the accounts, they have been shown under the assets,
properties, expenses and equipment in the statement of financial position.

(e) In order to confirm the title regarding the land worth of Rs. 28,622,151/- shown in
the financial statements of the institute, the said information has not been
submitted for the audit.

1.3. Responsibilities of the Management and Governing Authorities on Financial
Statements

The management is responsible for the preparation of financial statements that give a
true and fair view in accordance with Sri Lanka Public Sector Accounting Standards and
for such internal control to enable the preparation of financial statements that are free
from material misstatement, whether due to fraud or error.

During the preparation of financial statements, the management is responsible for
assessing the Institute’s ability to continue as a going concern, disclosing as applicable,
matters related to going concern and using the going concern basis of accounting
unless management either intends to liquidate the Institute to cease operations, or
has no realistic alternative but to do so.

As per Sub-section 16(1) of the National Audit Act, No. 19 of 2018, the Institute is
required to maintain proper books and records of all its income, expenditure, assets
and liabilities, to enable annual and periodic financial statements to be prepared.

1.4 Auditor’s Responsibilities for the Audit of the Financial Statements

My objective is to obtain reasonable assurance about whether the financial
statements as a whole are free from material misstatement, whether due to fraud or
error, and to issue an auditor’s report that includes my opinion. Reasonable assurance
is a high level of assurance, but is not a guarantee that an audit conducted in
accordance with Sri Lanka Auditing Standards will always detect a material
misstatement when it exists. Misstatements can arise from fraud or error and are
considered material if, individually or in the aggregate, they could reasonably be
expected to influence the economic decisions of users taken on the basis of these
financial statements.
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In accordance with Sri Lanka Auditing Standards, | exercise professional judgment and

maintain professional scepticism throughout the audit. | also:

Identify and assess the risks of material misstatement, of the financial
statements, whether due to fraud or error design and perform audit procedures
responsive to those risks, and obtain audit evidence that is sufficient and
appropriate to provide a basis for my opinion. The risk of not detecting a
material misstatement resulting from fraud is higher than for one resulting from
error as fraud may involve collusion, forgery, intentional, omissions,
misrepresentations, or the override of internal control.

Obtain an understanding of internal control relevant to the audit in order to
design procedures that are appropriate in the circumstances, but not for the
purpose of expressing an opinion on the effectiveness of the District
Secretariat’s internal control.

It had been included that structure and contained of the financial statements
are based on transactions and events appropriate and fairly included when
presenting the financial statements as a whole.

Evaluate the overall presentation, structure and content of the financial
statements including the disclosures, and whether the financial statements
represent the underlying transactions and events in a manner that achieves fair
presentation.

| communicate with the Accounting Officer regarding the other matters, significant audit

findings, including any significant deficiencies in internal control that | identify during my
audit.

2.

Report on Other Legal Regulatory Requirements

The following facts are expressed according to the National Audit Act No.19 of 2018.

According to the Section 12(a) of the National Audit Act No.19 of 2018, expect
for the effects of matters described in the Basis for the Qualified Opinion of my
report, relevant information and explanations have been obtained reasonably,
which is my opinion were necessary for the purpose of the audit, and the
Institute has maintained financial records.
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e According to the Section 6(1) d(lll) of the National Audit Act No.19 of 2018, it
could be expressed that the financial statements presented are consistent with

the preceding year.

e According to the Section 6(1) d(IV) of the National Audit Act No.19 of 2018, the
recommendations made regarding the financial statements of previous years

were included in the financial statements.

Based on the procedure carried out and evidences gathered, in all material respects, no

observations were made which required the following statements.
e According to the Section 12(d) of the National Audit Act No.19 of 2018, any
member of the governing body of the Institute has any direct or indirect interest

of non-commercial nature in any contract entered into by the Institute.

e According to the Section 12(d) of the National Audit Act No.19 of 2018, the
Institute has not complied with any applicable written law or other general or

special directions issued by the governing body of the Institute, except for the

following.

Reference to Laws, Rules and Regulations

(a) Financial Regulations of the Democratic
Socialist Republic of Sri Lanka

(i) Financial Regulation 101 and Financial

Regulation 104

(ii) Financial Regulation 770

ANNUAL REPORT 2018 [English]

Non-Compliance

Regarding 332 inventory items
worth of Rs. 5,693,070/- found
misplaced by the Board of
Survey Committee of 2018, the
action has not been taken in
terms of the Financial
Regulation and the action has
been taken to write off the
items worth of Rs. 344,915/-
from the register upon the
recommendation of the Board
of Governor’s.

Regarding 397 inventory items
worth of Rs. 29,853,300/-
recommended by the Board of
Survey Committee of 2018 as
those could not be utilized, the



action has not been taken in
terms of the Financial
Regulation.

(b) Section 14 of the Finance Act No. 38 of Finalized copy of the Annual

1971

Report of the year of audit
2018 was not prepared on the
date of audit, 15t of May 2020.

(c) Treasury Circular No. 842 dated 19" In the case of fixed assets

December 1978

worth of Rs. 1,028,584,797/-,
those have not been
maintained as permanent
assets.

e In terms of the provisions cited in Section 12(g) of the National Audit Act

No.19 of 2018, despite of the matters described in the qualified opinions of

my report, as inconsistent with the powers, duties and activities of the

institute the action has been under taken.

Powers, functions and duties

(a) Letter of the Director of
Management Services bearing
No. DMS/608 dated 29™ May
2014

(b) Chapter XlI of the Establishment
Code of the Democratic Socialist
Republic of Sri Lanka

Observations

For the post of Deputy Director (Research)

though the approval has been obtained to

recruit for the contract period of 3 years and

though more than one year has passed,
action has not been undertaken to fill up
that vacancy.

For the period from 19t August 2017 to 18
March 2018, a Professor who was serving in

the post of Senior Professor in the

University of Colombo was invited on leave

approval. In favor of that an additional leave
system was found introduced by the
Administrative Committee of the institute
since 7" October 2017 in the leave related

chapter of the Establishments Code.
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As per the requirement mentioned in Section 12(g) of the National Audit Act No. 19 of
2018, the resources of the institution have not been procured and utilized in accordance
to the relevant rules and regulations in an efficient and effective manner except for the
following observations.

(a) In order to establish an integrated software for the institute a contract was signed
with the private party on 28™ of March 2016 for the sum of Rs. 2,200,000 and Rs.
660,000/- was paid as the advance money. In order to purchase computers and
computer spare parts for that, the institute has spent Rs. 6,864,960/- during the
period from 27" December to 02" February 2019 and has not established the
respective structure while reaching 315t December 2019.

(b) The overall performance as per the rectified procurement plan for the audit year is
only 46%.

3. Other Audit Observations

(a) Out of the 40 observations submitted by the Internal Audit during the year of audit
and preceding year, action was not taken to adjust 32 observations.

(c) As at 315t day of December 2019 for the 15 posts of the cadre of the institute 29
vacancies existed and out of them 10 vacancies existed in the Bidding Committee.

(c) Since 1/3 (33%) of the approved cadre of the National Institute of Science for
research activities remaining vacant, it is found as a big barrier to achieve the
fundamental objectives of the institute.

(d) In contradiction to the letter of the Director of Department of Management
Services bearing No. DMC/25/02/7/277 dated 11t April 2011, 13 Technical Officers
have been appointed for the post of Chief Technical Officer with effect from March
2013 by the Administrative Committee on 02" January 2016.

(e) Regarding the office equipment, library books and vehicles totally worth of
Rs.727,748,547,724/-, the annual board of survey report was not submitted.

(f) In order to obtain the legal possession of the land entitled to the Kantana Estate in
extent of 14 Acres 02 Roods and 17.5 Perches which was transferred to the
institute on 08" day of June 1990 by the Janatha Estate Development Board,
action has not been taken.
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(g) Out of the sum of Rs. 63,862,681/- which was allocated for the capital expenditure
during the previous years, Rs. 51,287,288/- has been invested at a state bank
without getting utilized for the said task.

W.P.C. Wickramatne
Auditor General
Issued on 23" June 2020
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11. OBSERVATIONS OF THE BOARD OF GOVERNORS FOR THE REPORT OF THE
AUDITOR GENERAL

(This is a translation. Please refer the repot in Sinhala for the original)

Observations of the Board of Governors on 11t September 2021 with regard to the
Report of the Auditor General issued on 237 June 2020 on the Financial Statements and
other Affairs of the National Institute for Fundamental Studies for the year ended on
31.12.2019 in terms of Section 13(7)(a) of the Finance Act No. 38 of 1971.

1.4.2 Non compliance with Sri Lanka Public Sector Accounting Standards
(@) Sri Lanka Public Sector Accounting Standard - 3

Noted to disclose the relevant accounting policy followed by the NIFS in respect
of their research activities in the Financial Statements in the future.

(b)  Sri Lanka Public Sector Accounting Standard - 07

Although revaluation reports of many Non-Current Assets have been received,
reports of several assets including land and buildings are to be received. As per
the said revaluation reports, relevant adjustments will be made. Accordingly,
values of Non Current assets that will continue to be used will be revised.

1.4.3 Accounting Policies

(@) Noted to disclose the relevant accounting policy followed by the NIFS in respect
of their research activities in the Financial Statements in the future.

(b) Noted to disclose the accounting policy followed in respect of revaluation
reserves of the institution in the financial statements in the future.

1.4.4 Accounting deficiencies

@ Although the audit query states that 6 books out of 6890 books entered in the
Board of Survey report have not been accounted for , it is hereby informed that
the books purchased already have been taken into accounts. Action is being
taken to make adjustments regarding 105 books which were misplaced before
2000, subject to the approval of the Board of Governors. Steps have been taken
to enter into the accounts only the price quoted books, out of 1631 books which
were received as annual donations during the period from 01.09.1998 to
21.05.2021. As per the acquisition documents, it is proposed to revaluate all
the books in the library and the issue will be resolved thereby in the future.

(b) The values mentioned here have been resurveyed and records were kept to
dispose the relevant assets.
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(©)

(d)

Those are the remaining items of the last public auction held by the institution
on 04.05.2018. The aforesaid six (06) lots of goods amounting to sum of Rs.
56,670/- contain tires, Fridges, exhausted fans etc. It was decided at the Audit
and Management Committee meeting held on 09.06.2018 to sell these items at
least at half of the value at a future auction. An auction could not be held again
due to giving priority to revaluation activities of non-current assets of the
institution and performing relevant field work. Noted to take appropriate
arrangements and adjustments in the future.

Subject to the approval of the Board of Governors, action has been taken to
write off 09 assets with no returns amounting to sum of Rs. 900,712.18/- not
belonging to the institution which were entered to the accounts under noncurrent
assets. These funds were given to the NIFS by the Eastern Provincial
Agricultural Ministry to establish a Tissue Culture Laboratory, the said project
was completed and all the equipments are in the possession of the relevant
Ministry. This fund is not belonging to the NIFS. Water pumps contained in
assets items amounting to sum of Rs.900,712.18/- are located in the Bogambara
Bazaar and as they are now in used by the Municipal Council , notes were kept
to deal with the relevant correspondence.

1.45 Lack of evidence for audit

1.5

(@)

(b)

Field inspection activities for revaluation of Fixed Assets of the institution have
been completed as the first stage in maintaining the Fixed Assets register
properly and as per the relevant forms General. Relevant revaluation report of
several assets including lands and Buildings should be received. The Fixed
assets register will be updated with new adjustments as soon as the balanced
reports are received.

Survey reports were not submitted to audit as the survey was delayed due to
Corvid pandemic. This was submitted on 29.10.2020.

Non Compliance with laws, rules, regulations and Management decisions

(@)

(b)

Maintenance of Sub inventory lists has been commenced with a view to find the
lost items. Board of Survey has instructed to submit the details of the officers
who held the last custody of the items which were clearly identified as lost items
and action will be taken in accordance with the Financial Regulations after
scrutinizing the relevant information.

As per the decision taken on 03.05.2016 lost items of the institution amounting
to sum of Rs. 344,915/- were written off subject to the approval of the Board of
governors (Annexure 2)(c) Items identified as unusable items by the Board of
Survey are to be assessed by the Valuation Department and action will be taken
to sell them in a public auction thereafter.
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3.2

(d) Presently, preparation of Annual reports for the year 2018 (Sinhala and English
translation) has been completed and the Tamil translation is being prepared.
This process was delayed due to Corvid pandemic.

(e) Action will be taken to do the fuel combustion test according to the Public
Administration Circular No. 30/2016

()] The relevant officers were instructed through an internal memo and action will
be taken to make necessary rectifications.

Financial Review

Financial Policies

Operational Review
Management deficiencies

@ The relevant officers were informed to immediately update the personal files
and the said activities are being implemented properly.

(b) Noted to draw special attention on approving of leave chits and other activities
related to leave.

(© Live run of the ERP system has been commenced from 01.05.2021. It is also
advised to be informed of, if any problems arise to the users who are also taking
hard copies in parallel with the live run.

(d) NIFS does not have a Deed of Transfer or a plan to prove the ownership to this
land and only a document has been granted by the National Housing Development
Authority on 08.06.1990. As the said document is not sufficient to proceed with the
matter related to the land, necessary documents and other activities are being
fulfilled. Our lawyer was instructed to take further action on this issue at the Board
meeting held on 20.03.2021.

(e) Documents not yet provided are being received and the relevant documents will
be collected as soon as possible to cover the liability of all the assets of the
institution.

Controversial Transactions

Action will be taken to deduct half day leave for additional short leave obtained.
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3.3 Deficiencies in contract administration
The main reason for building the fence around the Arboretum estate, Dambulla was to
prevent unauthorized entry and forcible seizures. As well, it has been reported during
recent times that poachers had entered the Arboretum estate at night to hunt deer.
Therefore, it was needed to build a fence as soon as possible to protect the said estate.
If we waited for surveyor to survey the land and make the plan, it would take a long
time.
Therefore, it was decided to construct the fence as soon as possible, considering the
original live fence which was built at the time of acquisition of the estate, as its
boundary. As per the audit observation speedy action will be taken to survey the land
and to verify the boundaries.
3.4  Human Resource Management

| would like to bring to your attention the following vacancies and surplus identified
during the audit with necessary explanations.
(a)

Post Approved |Actual |Vacancies |Surplus |Explanations

Cadre

Research Staff - Permanent 18 11 07 -

Research Staff - Contract | 09 07 02 -- (i)

Basis

Deputy Director 01 - 01 - (i)

Research Assistant - Contract | 41 32 -- -- (iii)

Basis

Communication & Media | 01 - 01 - (iv)

Officer

Private Assistant to the | 01 - 01 - (V)

Chairman

Driver 08 05 03 - (vi)

Office Assistant 03 02 01 - (vii)

Librarian 01 - -- -

(viii)
Senior Assistant Librarian -- 01 -- 01
Chief Technical Officer 02 13 11 11
(ix)

Technical Officer 14 03 -

Management Assistant - Non | 17 18 -- 01 (x)

Technical

Library Assistant 01 - 01 - (xi)
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Post Approved |Actual |Vacancies |Surplus |Explanations
Cadre

Audio - Visual Assistant - | -- 01 - 01 (xii)

Contract basis

Explanations

(i)

(i)
(iii)

(iv)

v)

(vi)

(vii)

(viii)

(ix)

(x)

There are practical difficulties in filling these vacancies due to
deficiencies in the required financial provisions and complications in
providing physical facilities including laboratory equipment.

The answer given to the audit query No 3 (b) is applicable to this issue.

Advertisements have been published in the newspapers and institutional
website to recruit Research Assistants on contract basis for 7 projects
and interviews will be conducted for selected candidates as soon as there
is a change in the instructions given by the government to suspend
recruitments. Relevant web page and the paper advertisement is
submitted herewith marked as annexure 2.

Applications have been called through paper advertisements for the
posts of communication and Media officers and written tests have been
conducted and candidates have been already listed. Interviews will be
conducted for selected candidates as soon as there is a change in the
instructions given by the government to suspend recruitments.

Approval has been requested from the Department of Management
Services to recruit an officer to the vacant post of Private Assistant to
the Chairman. (Annexure 01)

Applications have been called through paper advertisements for the post
of Drivers and interviews also have been conducted for the selected
candidates from the practical test and interviews will be conducted for
selected candidates as soon as there is a change in the instructions given
by the government to suspend the recruitments.

Applications have been called through paper advertisement for the
vacant post of Office Assistant.

Explanation given under audit query No. 3(e) — Librarian and Senior
Assistant Librarian, is applicable to this issue.

The explanation submitted in respect of audit query No. 3(d) is
applicable regarding 11 additional officers in the post of Chief Technical
Officer and 11 vacancies in the post of Technical Officers.

Approval of the Department of Management Services has been obtained
for the additional post of Management Assistant — Non technical.
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(b)

(©)

(d)

(xi)  Recruitments have been made to the approved post of Library Assistant
and the said officer serves in the said post w.e.f. 24.10.2014.

(xit)  The explanation given in respect of audit query No 3(e) is applicable to
the post of Audio-Visual Assistant (contract basis)

The post of Deputy Director (Research) should make a high contribution to the
researchers conducted in the institution and should act to attract foreign research
grants. Therefore, this post should be filled by a high level Research Scientist
and should be given the same salary as a University Professor is entitled. A
request has been made to the Department of Management Services to give
approval to increase the approved salary scale entitled to this post up to UAC5
(2006) from UAC4 (2006). In response thereto, Department of Management
Services has informed by their letter dated, 27.03.2017 that the UACS5 salary
scale cannot be applicable to the said post. In addition, by their letter No.
DMS/E2/62/7/277 dated 11.04.2011; instructions have been given to apply
UAC4 salary scale to the said post. (Annexure 05). Therefore, action will be
taken to discuss with the Department of Management Services regarding the
discrepancy in the approved salary scale for the post of Deputy Director
(Research).

Research Assistants are usually recruited on contract basis. They are leaving
after the contract period and thereafter new appointees are recruited. Due to this
circumstances, there is a temporary shortage of several officers. As per the
government regulations, action is being taken to fill these gaps. Applications
have already been called through paper advertisements for 7 projects.
Interviews will be conducted as soon as there is a change in the instructions
given by the government to suspend the recruitments. The answer submitted for
observation 3(b) of the audit query is applicable to the vacancy in the post of
Deputy Director of the Institution.

The institution had a special leave policy for their staff. The said policy was
updated on 07.10.2017 by the Board of governors. The relevant leave policy of
the staff is attached herewith. (Annexure 04). Prof. Asiri Nanayakkara requests
paid leave from 19.08.2019 to 30.07.2020 (Until his 64" birthday) as per the
part “e” of the leave policy of the NIFS to engage in research activities while
working at the university .His leave application from 19/08/2019 up to
18/03/2020 (Until his 64™ birthday) was approved at the meeting of Board of
Governors held on 16/08/2019.This decision has been taken as per the method
of approving leave in the university system. That is because the Lecturers and
Professors of the NIFS are paid the same salary as in the university system. In
addition, the Board of Governors decided that if he wants leave after

18.03.2019, he should inquire the said matter from the Ministry.
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4.2

4.3

Accounting activities and good governance
Cooperate Plan

As per the relevant Public Enterprises Circular, action is being taken to prepare a
compact plan for a period of 5 years and at present significant progress has been made
in this regard. Assistance of the Ministry of Higher Education, Technology and
Inventions is obtained for the purpose and this is updated before commencing each year
and steps have been taken to obtain proper approval from the relevant parties.

Action Plan

Arrangements have been made to prepare the action plan from the year 2020,
incorporating the key performance indicators for the relevant year so that the overall
objectives of the organization can be achieved.

Internal Audit

Noted to expedite the rectifications related to observations.
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