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T, MIH3TIY - 19 ATHEN e (ICAR-DCR), TR 1 afteh JfaaeH 2019 T&Id L g 37T &Y
3V B @1 © | 39 wiaded | el swafy & Srm, deum wi nfafafesl & we @Y e GuR, BUd e, wEA
e, THECR Wkt T WifiTeh! SHaiaon o &5 § Sifae &l T8 Ieoramd STTHM IUaiseri W Yehtel STel
TR

THHE GUR & ST, T T THE FHIIsHHT § A § : S a1 Gufad shie] Gohdi o1 e s & fore gote
T, FAERT RO HA alel SI9891 | 1S 3R H GUR o ¢ JSH SRk, I 70N, 2 Akl o1 (TMB)
QT[T S S 07 o foTT SHRed Wi o1 AEIUE0H HAl, IS hTs] Hel T[Urerdl aTet his] Y&l bl JgaH
AT, G&H HASS Ak ol [IhTH L], TS H ST Teiohst Rl TaRT T UIYeie STefe T S STea qel
FETA gR1 FRIfE w1 fost 3ue1 3R &1 & fowisr § qa ofer (CNSL) 1 STafieh Jeashiol | FEe Jeed 99
o A B i T8 THE STIHUM STl Sl T Hihd hTs] i fhed WAL o ST T Iaehl bl FAN
A F THA & GHE 1 T T IR T I TEA1 Y01 % Te WS G907 STT9Thal 1 TEAHHI LA W o]
T | FE Y& H9FT o qed, 21 ARl s (TMB) T &S] a1 W6 518 d9e (CSRB) &1 Wit shifiehed STeTRa
TaET T TR HTS] o T Y@ ARSIl ok JaEH §q dohicdsh iR i faeh i &l e § R yams fae
T | fdieteis ad & <RE, 21 Aifehel s (TMB) Td Afterediq wie dfed Ioushd il 1 9 HohHol <@ i
ot | HR TRifiTsht S9rT % 3iavid, T1fae &1 T8 9@ Suafsri § wiHe € : Sis sis i o 6 STeha
F o TT sTveST Aiecd 1 faehm i, Hohlgse his] ol WIEHX i fesed H GuR T, w9 o, fom foat
qen 5t gu TS st | Tt Bt [ 61 IAq1 T o FoTw TO" SHHH & W TAN ik fashfad TH HeX 1 A
T, IS Tl AT 1S SFF § Jodareia Icaral il e w1 5 s B, 1S e foa, e e 1S, i)
Tl T2, 1S Hel Tohed, HITATEH, WIESY, S1H T et |

TS | TS feqaeRent qeh is] SR TS FHER UrEfient o1 SEaiaRol sl fenerd i Tfafafesi s wmefhehd
&3 o1 T | STRehaars - ThaR (RKVY-RAFTAAR) g1 fod diftrd 9REsm o dgd fiefisH &y o siavia oi-wm
YU Tife T foa 7T | SHeh STetmal, ST T, SeTul h=1g Td 3G foall H YFTeRT STIEHM o WY UeuiH o
T | e 3 RIS GrEffeRal o1 TR 3 o 3e99 9 Q¥ o 3T 9T # Ao yeeifl § o0t wriiert <t
A | TR o1 T Td wwed A o g o, Feener gR1 IS i Sdl W T Hieed U SR 9 9 JeEd
HitheoR Td Hiarsd U9 fasfad o o | e & Smifent = fedt amt # 9m foran iR fafy= wriswal § dned
el o ¥ H ARAH T a1 | WIHTIT - H15] SATHYH Hewme™ (ICAR-DCR), TR 511 W foswfaa =it T8
TS| UrENfTfeRal ot el i & fae fafy= el o wre wweiiar 9199 (MoU) W g&mer foe T |

fdietei o & <RE, feemera gr e SrfshA STRifed fore T S fo sifee IRdte e e egEe™
RS ot Ak THE 3, o] fead, Jemwsh - foram amm iy sgered wriwd, sirida At feaw, e
1 T g, el 98, Hashal SMTEhd HWlE, Wosdl J@are], fau™ oo™ qen e THwEnor 1= gie
FHRIHH | FEeera % SRl R 3T JUhR Td T g1fae fhT T 3T 31eh ST H9M o, THe ar, Tl ud
TG, JHR Theied, Tohdiehl deifed Td & ST Sl YehTeM HI 01 |

Freemera =0t g1 fomm wrmmen § ST{HY™ gfasned sl RKVY-RAFTAAR UfASHT o T8d ST T gayd
YRV i WG TS T ek W= fepan | Rrefel ad & gfem 1 78 s gfaensti # it €« dxum wa
S o H ST 1 gH =X, T ©d HUSR a1 U4 §R |

3O T WieHTed, ANEYE IR Tgdn YoM w1 & fau #, <f. feiem qemm, afaa, SR ud meiewms,
qIh3Tqd, S Toh. g, 3T Teiiewes (IrmaH! fogm), do €l S T, fecdl, Here qei-eweh (IrmaEm fomm),
IH3TTd 1 Td SR § | FSwIerd g1 &t T8 WiIfd # 101 JoaaM ANeH <4 o faw § dxem & qeft defenl wa
W TS I Y=a1E < & | 39 dfteh Yfaded & Jume Heohed § THeA Td YR QAfd & ge@i g fhe e
refeh gl o Ufd § STIA1 STYR =7ad il & | /Q/ﬂ%

WHE ;R - SIEER, TR ( THIAMER T1E )
feqir  : 10 378, 2020 e (99RY)
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PREFACE

[ am delighted to present the Annual Report 2019 of ICAR-Directorate of Cashew Research (ICAR-DCR),
Puttur. The report presents a bird’s eye view of the achievements made by this Directorate during the year
in the areas of crop improvement, crop management, crop protection, post harvest technology and transfer of
technology along with other institutional activities.

Under the crop improvement, the major programmes include breeding for developing dwarf and
compact cashew hybrids, breeding for improvement of nut size in cluster bearing genotypes, characterisation
of germplasm accessions for desirable characters such as yield traits, Tea Mosquito Bug (TMB) tolerance,
identifying the cashew genotypes with superior apple quality, development of microsatellite markers, linkage
analysis and population structure studies in cashew and genetic dissection of QTLs governing nut yield and
cashew nut shell liquid (CNSL). Under crop management, the major focus was on finding out the influence of
time of fertiliser application on the phenology of cashew variety Bhaskara and optimising the mineral nutrition
requirement under ultra high density planting. In the crop protection, efforts were continued to develop
semiochemicals based management of TMB and Cashew Stem and Root Borer (CSRB), and also the research
for alternate insecticides for management of these major pests of cashew were continued. Heavy infestation of
inflorescence pests including TMB and lepidopterans was observed during the year. In post harvest technology
section, major achievements include the development of empirical models for assessing the quality of raw
cashewnuts, modifying the design of mechanized cashew apple slicer; calibration of moisture meter developed
by M/s EMCON, Kochi for the estimation of moisture content in raw cashewnuts, unpeeled and peeled cashew
kernels; and the development of value-added products from cashew apple, which include cashew apple chew,
cashew apple fig, cashew apple sauce, cashew apple crisp, cashlime, cider, jam and jelly , and other products from
cashewnut sprouts

The transfer of cashew production and post harvest technologies to the stakeholders was a priority area
of activity of the Directorate. On-farm demonstration plot under precision farming was established under the
project funded by RKVY-RAFTAAR. Besides, demonstration with participatory research was undertaken in the
districts of Uttara Kannada, Dakshina Kannada and Udupi. The Directorate participated in exhibitions in various
parts of the country to disseminate the technologies. In an effort to empower farmers, a mobile App on cashew
cultivation, and a software and a mobile App on cashew nutrient management were developed. The scientist of the
Directorate also delivered radio talks and lectures as resource persons in different programmes. The Directorate
also entered into MoU with different organisations to commercialise the technologies developed by it.

The Directorate organised different programmes such as Annual Group Meeting of AICRP on Cashew,
Cashew day, PM-Kisan inaugural programme, International women’s day, Foundation day, Hindi week, Vigilance
awareness week, Swacchata pakhwada, Constitution day and a training programme on Cashewnut processing.
The scientists secured several awards and honours and published a number of research articles, conference
abstracts, popular articles, extension leaflets, technical bulletins and book chapters.

The research laboratory facilities of Soil Science section of the Directorate was strengthened with the
purchase and installation of both advanced and basic instruments under RKVY-RAFTAAR project. The other
facilities created include establishment of phase I of the museum in the silver jubilee building, a field store and
field gates.

[ am grateful to Dr. T. Mohapatra, D.G., ICAR; Dr. A.K. Singh, DDG (Hort.); and Dr. W.S. Dhillon, ADG (Hort.)
for their constant encouragement, guidance and support. [ am thankful to all the scientists and staff members for
their valuable contribution in the progress made by the Directorate. I sincerely acknowledge the efforts made by
the members of the editorial and publication committee for the effective compilation and editing of the Annual

Report. y
Place : ICAR-DCR, Puttur (M. Gangadhara Nayak)
Date : 10%™ April, 2020 Director (Acting)
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1. ShTRTI |RIIT

3T - i AJHUH Ieeme™d (ICAR-
DCR), X, IS THA o I, THERTTT T oI

& SR YT x THAEN-492 (ST S9eyd) 9§ Scq—1
Th ARSI T4 341 ST, JaT F&Al 8 &l =4

T o HaEA g STIHYM Td GER Tfdfafeai =em
H qo-yeuieh o1 gon ¥ fefd erafy & <rm,
I U@ STIHYM HEhHl A STl SEreH
1YY, A YR, BEA Jo9H, HEA & q0
TFHR Uit & 98d WiheTdd - &5 TTHEH
freener™@ (ICAR-DCR) YR hl oo Iuaifeudi
3R w1 & foraml Td o fequnarl 9@ Wrenfirnt
FEaXul § gIfet i T2 Sferdl ol 8l grie €9 §
&I TR T

A U

1] o fodTeh § da 3i91 (CNSL), TS| SEM
F TH Y@ U © e fo stafue eirnfien
TS SV A B0 | 99 99 H, e % e
T da 3 (CNSL) 1 9al &M & faq e =9
g Wl o1 Jediend fohal T | 1S S8
ge™d  (http://cashew.icargovin/der) 1 76
SIS Il 9 [ 842 =il o Wiel g5 o T
3R fedieiei= o o 39 ™ &l ol 2929 IR <&@l
T

IAREdT SYAl BIE ok HEAH § oA
3Efe fo=ran 3= w1 % faw & &
ThId foherl g1 YRRt Td 3ealal-3 & Hel 113
dIg qe1 et (T foheoll & SU=ia ol e et )
%! foefaa e < @1 § iR dFm, stefuss sman
yafa enfe S o % forw geais fowan s @1 2
TS| SITEY! o SYUH ALUEH & AF 6 IR T,

1 H Heg focll | s9% orarmen, S Gl T hid
TEFRIN-2 x TISTREI-492 Tl J& & 102 qA
1T ATeAl-4 x ATCTIRT-1 S g&1 G& 5 § has:
11.10 o qam 10.86 fFin. = =R d=dt &9
IS TS| I g Sk 3Tkl gorl H LM e
forr wr=Rt § 10.74 TR, &1 oS SUS €1 << i
TS 1 3 S SRt TRl ot g = ki TS | RIS, H YHE
Tl & foTu S RarE st Jgfa &1 9a1 o 6 329
W 3H 9y ©: Wfedi aa P, P, F,F,B,, B ol IMHA

o2 2T T2

L gU il A faveivor | T 31279 fohan T |
IS el q1 ThIS] o TON < fTT Fa 17 =@fd ]
SIS YTl i ©els il I 9al Jall foh 9T |l
T Fo=Te1 THSTRE - 18 H 22 Ufaerd ¥ oieht THSTREHT-38
4 H 29 yfaerd dek off | g7 THARE-301 H Ha¥ el
(9.33 HHI. ) T 9YRI hTS] el (188.80 UTH) & Safeh
e ST i) el THSTRET-389 (7.09 ¥t.) H <of
foran T 9-WEe I Thal 1 STAN FHH,
TSt el sl IHTST GUTed (SN ) Jodish
foran e fS9d gar =rell fof THeTRE-301 % N
Tel, 3799 1 Td Y & TUR W ThuE 9 3R
T SYGHA i Pl THATR ThTelal St T8 s
T dgR oft Sefeh fat fhement Tiiehriar & day o
SIfYehan A Sel-8 % T T T | F M
TSI ford T TN hieh Tgell R Tk T R
TS I G e TRF 1 T TS S
STISHHTT 39 ThaT 1 2.55 Mb o ThIBIGE N50 o H1
4,981 ThTRIcE H AT 1S STHM & il SHH

¥ 2019 % SR Fl 30 HHTH fohedl =l Tenfuad foman
T 3R SR TE-TETd foran T |

ST a2 GIfad hrs] Her foheri a1 fashme

=1 feen 9 forw 70 v & aftomaeaey Rty oad

TOTEe 385 Mb (92 Wfawd) ¥ Wwfws fww g
S Rt S Smea qe SiF qaigaE | i 40,264
I wIfEn A gl gu 57 9 32,194 =men
el W 2R 8,070 R =M@ a1t WA 91

()

| —
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59 gfaer ere-Rdleq T agwid 24.4 Jfqed 2r6-
fFTdIeTEE, 3.6 I <21 - AfFmalers, 1 gfdawd
YT - JfFeTse T 0.8 TR 3o - =JfHRTaeRe
e wd 11.1 gfaerd shieiclsd THUHSIR HiflcE hl
A d L A 47,646 THLHSR hi GgaM ohi
TS | SIS] STAM i feRifen w1 ¥ &g § S
e IS 1 STER TIR Sl © S 1S § 39,
Siforen T 3TSiforh <o WS, TRafdd dem S=
H GUR A1 FehaT § |

Fue s s 3ust qen i) & fods §
T 37 (CNSL) Rl AHf==01 i o forg foerfad =6t
TE S AT gl THE I IR x TISTRE! 188
T Sell-7 x TASTREI-116 Tl AW IR T | 374
T ShIE T TR x TH-130 (FAT), THARE-492
(A1) x TH-130, TASTRET-492 (SIFT) x AT,
TIRH-492 (1) x dT@i-7, ddq [@-7 x
TATRET-492 (1) o A1 3 W&l hi Ui Igar
foRioareti st qar i W dig Sam8 iR T=it 37K
S T A SeereHra faerar gefvia g2
THE e

&S] H fohtH Ioala-3 & SeAfaTH Agan
RIATATS TR Saeh SATACH o THT o GHTE i AT
foran T e o =et foh faawer @ 7eH | Setehl
T TART ST T Sheldl i ol arel STERl § gsid
et wHtsThel foeht =0l St ST &3 hl
Safa foren | Trenfir) =1 St S % foru e
o A8 ShIS] 1 GHTUTeh Jeie HEAT 3TS G0 i AT
T 1 FS wEA B SN F ded YRE gt dreen w
1 forgeraon fohan e qifer @St qooT 1 SseaHiehio
foRan ST 9o SR IS] § JEdT & T Teh 3o ek
T Jaiee Uohsl o1 faeemd foman < &k | oo o
71§ dre= o6t |iH 5.5 | 5.92, foegd =rereRdt 0.053
¥ 0.056 dSm™, 0 ¥ 30 YHl. T dTcit ¥dg | Sifoeh
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SHET i AT 0.59 H 0.69 Tfaerd 91 T8 | 98 I
T IUAT ATE2Ie 1 H 275 9 325 TR, ufd gReR

i F=1a1 gefiid g8 |

Tyt gua

Rd T 1S wHA | 31 Al s (TMB) T
O ARSg § fSTEe SR 1R ®9 ¥ 3ue JREE
gIaT 1 & Aifepal s (TMB) &t U™ & fau
AfFA-FHtered T forT U e7eeM 4 oar 9o & fo 3
Tkl 71 (TMB) T ! AT i o ford 3 a0
et i AfeeRan fRmie dfhaar snfavia sed &
ST (DAE) =19 wd ui=d fed & o= il © |

Shic TRfsial i JaEr TR HH &
ST hieANeh fauivarsti al U WRE SR
31T HIeghed i TE9M HTAl S ¢ | 3 Affehel
1 (TMB) ol UM o faU e oTuedi sieqan
e e ol Jediehd shil I a1 =l foh feramtherterd
(0.2 Tm/fere) qen \ - Heaty (0.6 fafa./faex) =
1Y IYAR L ok 15 T o1g TohEm Aan &ifd Thi
0.5 | A T T | BIcAifeh, A SRS hiARIS
IYFR & 30 T 9@ JRUE ergdn &fd @hR
0.5 | A &I T Heh IR WY T TARTIIGA Jedich
% T8d STAR < 45 T 9% TRaM A2@ &fd @R
2.0 § HH T L T |

SIS o qOIsRA EfSEl X foh T STl
T Y gom foh "iheTIu-oy oTdy™ feeme™
(ICAR-DCR), T8 & Tiiel H fegmr & wdH o
31 AieRel ST (TMB) o1 ISR GhHU (20 H 30
Jfaed) TR o9 HedIoer & ST H IR
TRAY (25 9 35 Gfawrd) a0 T4 | HEH AeHEE!
TAl H FN o Tk THE WEE 7. 9792/G g
FEY A T fhT 7T v H yeikia gan fh
&1, fafgerda o fau 9%a Ftm se™ gg 3 .
ST ST STE 3127e Sl G SIFH Sl ¢ |

(2)

| —
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TS| el o ToTT Toh Honf-ohel TTgeR 1 faehd
fopa T iR frsit e g0 faenfia s 4 iR s
TS Sl o foQ off 39 o9 amenfia 91 il Sxfoea
T HieX 1 Wik T oAk foRal W1 ARd |
fafi= Sfr o6t IS THERT ShEal o oI
¥ W TeIA foRan T o1 3R IEHT TEH h
TeT ST SfTefl HHEA1STT shi TE=I i 7T | 38k 3TeAT],
1S e 9 fsictiend 3carg Si9 T ey Wige wi]
T F T ] Hel TSSX STHRA TaIEes, Fg
T Tore, h1S] el TSI qen 1S el fored forehfad
T 7T | TS & 37 Yoardd IR | FIS] B Hi
3TffeR ST g ohi STUET ht STt & ST SToT
FATYh TR U See! WU B el Jefd &
IO STfeeRierd & STafere 39 9 € |
HraifTent E&ATawoT ua forer

TTENfiTehl TR o 91T o €9 H STRaTaw
— YHAR (RKVY-RAFTAAR) NI 9fESHT =l foit
Tl UG ohi T8 fST9eh 98d Shieeh H hIs] &l Wl
FH 9t el § Fdt 59 IS wire fasfaa e 1w
dIfeh SR IUS BITA A ¥G I=Id UraTiehal b
IYATAT ol YGRIA fohal ST §ek | fhEMI il AFTGRI
o |1 T T YS! § IS Rl Wl A ol fhami
I T Tl H GENATRAl & gwE | @y e
el o ¥, WEifiehl Sl & d8d $a 6
fFeM @d Jvued foag At @a IR fe U

aiftier ufaaeT / ANNUAL REPORT-2019

Q!

Hr3r
DCR

TS| 9k W19 T T g oIfEe yRdE w|iea
TS| STIHUM IRASHT o SRRl i a1ftieh g
3 1 ot gz T T fSeent e fedis
13-14 fegmar, 2019 % SR sTTET o= favafaame,
STTCTehIE | ToRal T4 o7 | TR GI=ifiTehl ToieH 3oh1s
(ITMU) T8 W 39 feemera # faswfaa drenfifeat
T ARSI FA St A €, R A 6 19
FHERTOT TR Srenfiifera o samemartentor & fag
fostt vt & 91 9w e U SEAE drenfient
Yeiged 3 (ITMU) SR 9e= &Mied, =% o
TSt fohu 71T e Ueitehyd it feurfa w1 frafia &g
Y sTacred foral S @1 8 | IH: STIEYH THINTE,
Wuﬁ%ﬁﬁmﬁwmm(lmu)ﬁwww
3 foran aifers =ret 3@ fewmera # fawfaa drenfufeat
& foTu 9T TR it @ISt i ST 9o |

To g GHIEN g (QRT) §RITY 2013 H 2018
T 3TafY & fAU 9eRsTy - 9 Y e
(ICAR-DCR), QX T ifaed 9RdrE FHf-=rd <hls
ST IRESHT g fRT T et gHieT w T
3R et Rure fedier 12 wad, 2019 F YR Hi
SFTHIM TG 1 T&A i TS | FeRer™ gRI 3
FEEH S8 T w9 foaq ToRiE, AR am
aftiek 1o foom, wemest foram s ffy (PM-
KISAN) T SR Higet foam &1 ST e
T | feeerd & el 9 A et 9w 1 A™SH
foren iR Ty & fouel wd wER fo=<t wrimens

3 TS SCIEH Tal JEER0T W e 18 SR/
arat/Afe amal TEqd it TS | SHeh ST, T9 H RIS
1 Bl I ATl fREml o fequmehl sl SRl o
o foru <1 Aramsa WY fasfad fore u | Aemsa wE T
Te g Sfean’’ W9 1 WG w11 T Amed
TR foRan T iR TRl 1 h1S] SoaeA § Heifed
SR S Feh | RIS H ek dedl JeEA o forg
Teh 371 HiaEa U fasfad foean | feeme™ g/
FA B: TA.THH. SEI I AT STIHEH gl
F L IR fifem Ted FE A gfaw weE

1 A ot foram 1 91 2019-20 =t 37afy & SR
e gRT SR fRami 1 1,85,314 1S Hed i
smgfd 6t T8 | fewmer @t ga1 fagm wEmTeen o
RS- THAR (RKVY-RAFTAAR) g1 foa wiftra
TREASHT % q8d < 31 A1 AT Yfanst &
Y MYk IR qAT HISohi 98 ATSHT TeiTHeh
THITH e (MP-AES), Agilent 4210, I
fasfiae  TERIBIRHER, Shimadzu UV-1900 @1
33 70T SUHTN et LTI Hieh Ioeh dcdl Faierd o
Ichtedl ke k1 oI fohaT 77 |
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1. EXECUTIVE SUMMARY

ICAR-Directorate of Cashew Research (ICAR-
DCR), Puttur has been in the forefront in carrying
out research and extension activities to enhance
the production, processing and value addition of
the cashew crop. The significant achievements of
ICAR-DCR in the five major research programmes
i.e. management of genetic resources, crop
improvement, crop management, crop protection
and post harvest technology and also the
achievements made in transfer technologies to the
farmers and other stakeholders during the year
2019 are summarized here.

CROP IMPROVEMENT

CNSL is an important by-product of cashew
industry having a great industrial and medicinal
value. In the current year, twenty germplasm
accessions were evaluated for CNSL content. The
cashew germplasm database was enriched with
842 images belonging to 76 germplasm accessions
and the database has been visited 2919 times
during the year 2019.

To create novel genetic variations through
mutations, 113 seedlings and grafts (from
gamma-ray treated seeds and scion sticks) of two
popular varieties i.e. Bhaskara and Ullal-3 have
been raised and being evaluated for traits such as
dwarfness, excessive branching etc. As part of DUS
characterization of cashew genotypes, a total of
30 reference varieties have been established during
2019 and maintained.

The efforts to develop dwarf and compact
cashew hybrids have yielded in the selection of a
promising semi-tall genotype, Tree No. 8 derived
from Dhana x NRC-492 (Dwarf genotype) during
the reporting year. Besides, two hybrids viz., Tree
No0.102 of the cross Madakkathara-2 x NRC-492 and

Tree No.5 of the cross Vengurla-4 x Thaliparamba-1
recorded higher 4-years cumulative nut yield of
11.10 kg and 10.86 kg, respectively, compared to
that of local check Bhaskara (10.74 kg).

A study on generation mean analysis
involving six generations viz., P,P,F,F,B, and
B, was initiated to estimate the nature of gene
action on important traits in cashew. Screening
of 17 selected cashew germplasm accessions for
cashew apple and nut characters showed that the
fat content varied from 22% in NRC-18 to 29% in
NRC-384 accessions. Further, NRC-301 had the
longest (9.33 cm) and heaviest apples (188.80 g),
and the broadest apple was recorded in NRC-389
(7.09 cm). The Organoleptic evaluation of fresh
apples of these accessions according to the 9-point
Hedonic scale showed that the cashew apple of NRC-
301 was appealing based on colour and fragrance
and the overall acceptability of this accession was
better among the tested accessions, while the check
Vengurla-8 scored the highest points with respect
to the overall acceptability.

A draft genome sequence of the popular
Indian cashew cv. Bhaskara was generated for
the first time using the hybrid genome assembly
approach. The total genome assembled is 385 Mb
(92%) of the cashew genome arranged in 4,981
scaffolds, with a scaffold N50 of 2.55 Mb. The gene
annotation and gene prediction of the assembled
genome showed a total of 40,264 protein coding
genes, of which 32,194 were annotated proteins and
8,070 were unannotated proteins. Further, a total of
47,646 SSRs were detected comprising of 59% of di-
repeats followed by 24.4% tri-nucleotide, 3.6% of
tetra-nucleotide, 1% of penta-nucleotide, and 0.8%
of hexa-nucleotide repeats and 11.1% complex SSR
motifs. The decoding of cashew genome forms the

—,
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basis for genomics assisted breeding in cashew to
improve yield, biotic and abiotic stress tolerance,
altered plant stature, quality traits and other useful
traits in cashew.

The two mapping populations viz. Bhaskara
x NRC-188 and Vengurla-7 x NRC-116 developed
for mapping of QTLs governing the nut yield and
CNSL was raised. The comparison of seedling
growth characteristics of these populations with
the five crossings viz. Bhaskara x H-130 (UV),
NRC-492 (Dwarf) x H-130, NRC-492 (Dwarf) x
Thaliparamba-1, NRC-492 (Dwarf) x Vengurla-7,
and Vengurla-7 x NRC-492 (Dwarf) revealed
significant differences for the traits like seedling
height and leaf size.

CROP MANAGEMENT

The evaluation of the influence of time
of fertilizer application on the phenology of
cashew cultivar Ullal-3 showed that application
of fertilizer in September month stimulated early
onset of reproductive phenological growth stages
compared to the control. Nutritional management
of cashew under Ultra Density Plants (UDP) is the
need of the hour to popularize the technology.
An experiment was setup under UDP in cashew
to optimize the mineral nutrition and to develop
a fertilizer nutrient management package for
UDP in cashew. The results of the initial soil
analysis showed that soil pH ranged from
5.5 to 5.92, electrical conductivity from 0.053 to
0.056 dSm™, organic carbon from 0.59 to 0.69% in
the surface 0 to 30 cm layer. The available nitrogen
content in the surface layer varied from 275 to
325 kgha'.

CROP PROTECTION

TMB is a major pest of cashew in India which
causes severe yield losses. The investigations on
semio-chemicals for management of TMB showed
that the maximum pheromone activity of TMB
virgin females to attract males occurs between 4%
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and 5™ days after emergence (DAE).

Identification of new chemical molecules
with better insecticidal properties is essential
for effective management of insect pests. The
evaluation of newer molecules for management of
teamosquito bug (TMB) showed that thiamethoxam
(0.2g L' and A-cyhalothrin (0.6ml L) could
result in a damage score below 0.5 after 15 days
after treatment (DAT). However, these promising
insecticides could not lead to damage scores lower
than 0.5 after 30 DAT and lower than 2.0 at 45 DAT
under the laboratory evaluation.

The investigations on inflorescence pests
of cashew showed that in the month of December,
higher infestation by TMB (20-30%) and a complex
of flower caterpillars (25-35%) was noticed in the
ICAR-DCR plots. An investigation on nest occupancy
by Braunsapis picitarsus, a major pollinator of
cashew, in the artificial bee nests showed that for
successful artificial nests for B. picitarsus, the nest
hole of 3 mm diameter is ideal.

POST HARVEST TECHNOLOGY

A mechanical slicer for cashew apples,
and a capacitance based 3 in 1 non-destructive
moisture meter for raw cashewnuts, and for peeled
and unpeeled cashew kernels were developed by
ICAR-CIAE, Bhopal and M/s EMCON, Kochi and
was calibrated and evaluated at ICAR-DCR, Puttur.
A comparative performance study of various
categories of cashewnut processing units in India
helped to delineate the underlying problems for
enhancing the productivity of industries. Besides,
dehydrated products from cashew apple such as
vacuum fried cashew apple chips and cashew apple
ponace powder-based extrudates, cashew apple
chew, cashew apple fig and cashew apple crisp were
developed. These value-added products of cashew
are expected to enhance the economic utility of
cashew apples, which mostly go waste due to their
highly perishable nature.

——
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TRANSFER OF TECHNOLOGY AND EDUCATION

As part of technology transfer, in the project
funded by RKVY-RAFTAAR, 59 demonstration plots
were developed in cashew growing districts of
Karnataka to showcase the usefulness of improved
technologies to realize higher yield. These field
demonstrations with farmer’s participation is
expected to benefit the growers to appreciate the
impact of technologies in the field. In the year 2019,
atotal of 8 farmer’s field visits /field days/ diagnostic
field visits and 11 lectures/TV talks/Radio talks
on cashew production and processing were given
as part of the transfer of technology. Besides, two
mobile apps were also developed for the transfer of
know-how to the cashew farmers and stakeholders
in the country. Mobile phone app viz. “Cashew India”
app was developed in 11 differentlanguages of India
for transferring the cashew production-related
knowledge to the farmers. Another mobile app for
nutrient management in cashew was developed.
The directorate also facilitated carrying out six M.Sc.
students’ research projects and thesis writing. The
institute also coordinated the Annual Group Meeting
(AGM) of Scientists of AICRP on Cashew which
was organised at the University of Horticultural
Sciences, Bagalkote from 13 to 14 December
2019. The Institute Technology Management
Unit (ITMU), which shoulders the responsibility
of commercialisation of technologies developed
at the Directorate steered commercialization of
6 cashew processing machinery technologies to the
private firms. ITMU unitis regularly following up the
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status of the patent application filed at the patent
office, Chennai. Further, the research associate
of ITMU visited the Gujarat state to explore the
potential licensees for the technologies developed
at this Directorate.

The Quinquennial Review Team (QRT)
reviewed the work done by the ICAR-Directorate of
Cashew Research, Puttur and All India Coordinated
Research Project (AICRP) on Cashew for the period
2013-2018 and submitted its report to ICAR on 12
February 2019. The Directorate organised various
events such as Foundation day, International day
of yoga, Swachhata Hi Sewa campaign, Vigilance
awareness week, Annual cashew day, Pradhan
Mantri Kisan Samman Nidhi (PM-KISAN) and
International women’s day. The Hindi cell of
the Directorate conducted Hindi week and also
quarterly and half-yearly Hindi workshops.
During the FY 2019-20, the Directorate generated
Rs. 116.45 Lakhs revenue through the sale of grafts
and other services. The directorate has supplied
1,85,314 cashew grafts to farmers from 2019-20.
In the project funded by RKVY-RAFTAAR, a centre
for excellence in nutrient management with the
state of art laboratory facilities was created in
the Soil Science Section of the Directorate with
the installation of modern instruments such as
Micro-wave Plasma Atomic Emission
Spectrometer (MP-AES-Agilent 4210), UV-Visible
Spectrophotometer (Shimadzu UV-1900) and eight
minor equipments.
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2. INTRODUCTION

2.1. History

Cashew (Anacardium occidentale L.) is a tree
native of Eastern Brazil, which was introduced
to India by the Portuguese in the 16™ Century.
Over the years, cashew became a crop with high
economic value and is earning considerable foreign
exchange for the country. Research on cashew in
India was first initiated in the early 1950s. The
Indian Council of Agricultural Research (ICAR),
sanctioned ad hoc schemes for Research Centres
located at Kottarakkara (Kerala), Ullal (Karnataka),
Bapatla (Andhra Pradesh), Daregaon (Assam)
and Vengurla (Maharashtra). In 1971, ICAR also
sanctioned an All India Coordinated Spices and
Cashew Improvement Project (AICS & CIP) with its
headquarters located at ICAR-Central Plantation
Crops Research Institute (CPCRI), Kasaragod. The
CPCRI Regional Station, Vittal, Karnataka was given
the mandate to carry out research work on cashew
while four Centres under different Universities (viz.
Bapatla, Vridhachalam, Anakkayam and Vengurla)
were assigned the research component on cashew
under AICS & CIP. During the V and VI plan periods,
three more Centres (viz. Bhubaneswar, Jhargram
and Chintamani) came under the fold of AICS & CIP
and with shifting of work of Anakkayam Centre to
Madakkathara. The recommendations made by the
Quinquennial Review Team (QRT) constituted by
ICAR in 1982, the working group on Agricultural
Research and Education constituted by the Planning
Commission for VII Plan Proposals and the Task
Force on Horticulture constituted by ICAR resulted
in the establishment of National Research Centre for
Cashew (NRCC) at Puttur on 18 June 1986. During
the VII Plan period, AICS & CIP was bifurcated into
two separate projects, one on cashew and another
on spices. The headquarters of independent AICRP
on Cashew was shifted to the newly established
NRCC, Puttur in 1986. NRCC was upgraded and
renamed as Directorate of Cashew Research
(DCR) by ICAR on 23 March 2009 under XI Plan.
At present, the AICRP on Cashew is operating at

14 Centres distributed in major cashew growing
regions of the country. The prefix “ICAR” was added
before the Institute name since 2014 as per the
instruction of ICAR, New Delhi.

2.2. Location

The main campus of ICAR-DCR is situated 5
km away from Puttur town at Mottethadka village
of Kemminje (12.45°N latitude, 75.15°E longitude
and 90 m above MSL). The main campus has
an area of 69 ha having an administrative block,
research laboratories and field experiment plots.
Besides, the Directorate has an Experimental
Station at Shantigodu, located 13 km away from
the main campus which has an area of 80 ha. The
institute is conducting and coordinating research
on different aspects of cashew such as germplasm
collection and conservation, crop improvement,
crop production, crop protection, post harvest
technology and transfer of technology.

2.3. Vision, Mission and Mandates

Vision

. Accomplishing  self-sufficiency in raw
cashewnut production and maintaining the
premier position as the largest producer,
processor and exporter at the global level.

Mission

. To promote overall growth through the
enhancement of production and productivity
in cashew.

Mandates

. To undertake strategic, basic and applied

research for enhancing productivity, quality,
processing efficiency and value addition of

cashew.

o To serve as a national repository of genetic
resources and scientific information on
cashew.

o To coordinate All India Coordinated Research

Project on Cashew for addressing location
and region-specific problems.
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. To promote capacity building through the
transfer of technology and consultancy
services to stakeholders.

2.4. Organogram

The Director is the administrative head of the
Directorate. The Institute Management Committee
(IMC), Research Advisory Committee (RAC) and
Institute Research Committee (IRC) assist the
Director in the matters relating to the management
and research activities of the directorate
respectively (Fig. 2.1). The research and extension
on various aspects of cashew are conducted in five
sections viz., Crop improvement, Crop management,
Crop protection, Post harvest technology and
Transfer of technology. The institute also has
different laboratories for sections of Horticulture,
Soil Science, Plant Breeding, Plant Physiology,
Biotechnology, Plant Protection and Postharvest
Technology. The other facilities available at the
directorate include Audio Visual Laboratory,
Priority Setting, Monitoring and Evaluation Cell
(PME), Institute Technology Management Unit
(ITMU), Agricultural Knowledge Management
Unit (AKMU), Vigilance Cell, Women cell, Library
and Museum. The Directorate also functions as
headquarter for the All India Coordinated Research
Project on Cashew.

2.5. Library/AKMU/ITMU

The Directorate has got a well-established
library in the field of cashew research. The library
is serving as an Information Centre on all aspects

Table 2.1. Staff position as on 31.12.2019
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of cashew research and development in the country.
The CD database viz. CABHORT, CABPEST, AGRICOLA
and AGRIS, SOIL CD, CROP CD, PLANTGENE CD
and TROPAG CD and online CAB database are also
available. The library is equipped with automation
software and barcoding facility. The library has
1938 books and 2030 back volumes of various
journals. The library subscribes 35 national and 2
international journals. The library is a member of
Consortium of Electronic Resources on Agriculture
(CeRA), New Delhi. Tech-Focuz digital library
software is also available for CD Database search.

The Agricultural Knowledge Management
Unit (AKMU) was established with the
responsibility of developing Information and
Communications Technology (ICT) in agricultural
research, maintaining the Institute’s network, the
website and the webserver administration. The
AKMU is managing the internet facilities and wi-
fi connectivity at the Directorate. The Institute
Technology Management Unit (ITMU) was
established for intellectual property management
and transfer/commercialization of agricultural
technologies developed. At this Directorate, ITMU
takes care of commercialization of technologies
developed by ICAR-DCR, Puttur.

2.6. Staff

The Institute has a sanctioned strength of
17 scientific, 19 technicals, 15 administrative,
19 skilled support staff and 1 canteen staff, of which
13 scientists, 11 technical staff, 7 administrative
staff and 18 skilled support staff are in position and
the remaining are vacant (Table 2.1).

Category Sanctioned Filled Vacant
Director (RMP) 1 - 1
Scientific 17 13 4
Technical 19 11 8
Administrative 15 7 8
Canteen staff 1 - 1
Skilled support staff 19 18 1
Total 72 49 23

(8)
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2.7. Budget

During the financial year (FY) 2019-20,
the total budget allotted to the Directorate was
Rs. 1121.86 Lakhs of which Rs. 1056.47 Lakhs
were utilised (Table 2.2). Under externally funded
projects, the total receipts were Rs. 132.20 Lakhs,
of which Rs. 41.96 Lakhs was utilised (Table 2.3).
The revenue generation during FY 2019-20 was
Rs. 116.45 Lakhs (Table 2.4).
Table 2.2. Budget and expenditure details of

DCR for FY 2019-20 (Rs. in Lakhs)

Particulars Allocation Utilization
GIA capital 100.00 98.48
GIA salary 592.26 538.39
Pension 88.60 88.43
GIA general 250.00 250.19
TSP - -
SCSP 91.00 80.98
NEH - -
Total 1121.86 1056.47

Table 2.3. Receipts and expenditure under
externally funded schemes at DCR
for FY 2019-20 (Rs. in Lakhs)

Particulars Allocation Utilization
RKVY-RAFTAAR,

Govt. of Karnataka 104.33 19.48
PPV&FRA, New Delhi 5.80 1.49
DCCD, Kochi 5.00 4.00
ABI 9.48 9.48
ITMU 7.59 7.51
Total 132.20 41.96
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Table 2.4. Revenue generation at ICAR-DCR
during FY 2019-20 (Rs in Lakhs)

Revenue target
(2019-20)

Revenue generated
(2019-20)

118.17 116.45

2.8. Production of planting materials

ICAR-DCR has cashew nurseries at both of
its campuses: Kemminje and Shantigoduy,
accredited by Directorate of Cashewnut and Cocoa
Development (DCCD), Kochi with four-star rating to
cater the need of planting material. Softwood grafts
of varieties like Bhaskara, NRC Selection-2, Ullal-3,
Ullal-1, VRI-3, Vengurla-7, Vengurla-4, H-130,
Dhana etc. are produced in the two nurseries
between June and August every year for supplying
to the farmers. During 2019-20, a total of 1,85,314
cashew grafts (84,127 lakh from Kemminje campus
and 1,01,187 from Shantigodu campus) were
supplied to farmers.

2.9. Infrastructure and assets

The major infrastructures developed during
the year 2019 are provided in Table 2.5. During the
period, instrumental facilities of the Soil Science
section was strengthened with the purchase of
modern equipments in the project funded by
RKVY.

Table 2.5. Infrastructure and assets developed during 2019

Sl. No. Infrastructure/ Assets/ Equipment Amount (Rs. Lakhs) Budget head
1. Museum (Phase I) 19.13
Field store 4.45
3. Microwave Plasma Atomic Emission Spectrometer 29.75
(MP-AES, Agilent 4210)
4. UV-Visible Spectrophotometer (Shimadzu UV-1900) 5.20 RKVY-RAFTAAR
5. Minor equipment: Electronic balance, Tree pruner, 4.72
Earth auger, Battery and UPS for Spectrophotometer,
UPS, wall work table and air conditioner for MP-AES
6. Field gates for demonstration plots 0.83

)
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ICAR-Directorate of Cashew Research

Institute Management Committee

7 / Institute Research Committee

T

Scientific Administration _ Research Farm Centralized Unit PC Cell Centres
Bapatla (Andhra Pradesh)
X Kemminje Lib d .
Crop Improvement Establishment (69.02 Acres) ccm._”.:mmwhﬂ?: Bhubaneswar (Odisha)
Hogalagere (Karnataka)
. Kanabargi (Karnataka) o
Crop Management Finance and : PME Cell ﬁl)w
P 8 Accounts Shanthigodu < !
(80 Acres) Madakkathara (Kerala)
Crop Protection Stores and AKMU Pilicode (Kerala)
Purchase
Vengurla (Maharashtra)
Post Harvest Technology Cashiand Bills ITMU Vridhachalam (Tamil Nadu)
Paria (Gujarat)
Transfer of Technology Estate Unit Hindi Cell Darisai (Jharkhand)
Jhargram (West Bengal)
PME - Priority Setting, Monitoring and Evaluation Jagdalpur (Chhattisgarh)
AKMU -  Agricultural Knowledge Management Unit
ITMU - Institute Technology Management Unit 0Old Goa (Goa)
PCCell - Project Coordinator Cell
Barapani (Meghalaya)

Fig. 2.1. Organisational structure of ICAR-DCR, Puttur
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3. RESEARCH ACHIEVEMENTS
3.1. CROP IMPROVEMENT

3.1.1. Management of genetic resources in cashew
Cashew germplasm database enrichment

The online cashew germplasm database management system developed for 478 accessions of
cashew (https://cashew.icar.gov.in/dcr) was enriched with 700 images of morphological characters of
80 germplasm accessions.

Maintenance of core collections

The core collections of 61 cashew germplasm accessions established during 2017 were maintained
following the recommended agronomic practices and shape pruning (Fig. 3.1.1).

Fig. 3.1.1. A view of cashew core accessions field

3.1.2. Screening of cashew germplasm for Table3.1.1. CNSL content of 20 cashew

apple and nut characters germplasm accessions analysed

Identification and evaluation of cashew during the year 2019
genotypes for cashew nut shell liquid content Sl. No. Accession No. CNSL (%)
(CNSL) 1. NRC-170 30.42

During 2019, the CNSL content for twenty 2. NRC-129 22.43
accessions was estimated (Table 3.1.1). Since the 3. NRC-144 26.12
beginning of the project in 2015, the CNSL content 4. NRC-397 30.89
of 321 cashew accessions has been estimated.

. .. 5. NRC-330 20.10

The work is under progress to evaluate remaining
germplasm accessions for CNSL content. 6. NRC-162 2391
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Sl. No. Accession No. CNSL (%) SI. No. Accession No. CNSL (%)

7. NRC-11 20.57 14. NRC-253 17.98

8. NRC-140 22.13 15. NRC-251 17.77

9. NRC-4 21.25 16. NRC-159 24.76

10. NRC-9 19.85 17. NRC-168 26.96

11. NRC-3 19.50 18. NRC-157 19.54

12. NRC-148 21.08 19. NRC-222 20.80

13. NRC-158 29.09 20. NRC-167 26.25

Evaluation of cashew germplasm accessions for fat content

The fat content in cashew kernels of 17 cashew germplasm accessions was estimated (Table 3.1.2).
The work is under progress to analyse for contents of cashew kernels in the entire germplasms.

Table 3.1.2. Fat content of cashew kernels in 17 cashew accessions

Sl. No. Accession No.  Fat content (%) Sl. No. Accession No. Fat content (%)

1. NRC-14 22.12+0.03 10. NRC-203 27.56+0.09
2. NRC-41 26.67+0.49 11. NRC-206 24.15+0.25
3. NRC-66 25.35+0.24 12. NRC-215 24.34+0.04
4, NRC-79 22.72+0.21 13. NRC-218 22.87+0.62
5. NRC-90 25.77+0.44 14. NRC-340 27.73+0.16
6. NRC-102 25.53+0.40 15. NRC-344 23.36+0.42
7. NRC-103 22.28+0.55 16. NRC-384 29.28+0.06
8. NRC-192 28.45+0.13 17. NRC-467 22.82+0.10
0. NRC-201 26.76+0.57

3.1.3. Evaluation of cashew germplasm for cashew apple yield and quality traits
Cashew apple morphology and yield

Among the accessions evaluated during 2019, NRC-301 had the longest (9.33 cm) and heaviest apples
(188.80 g), and NRC-389 had the broadest apple (7.09 cm) (Table 3.1.3).

Table 3.1.3. Cashew apple morphology and nut weight

Sl. No. Accession No. Apple characters Cashewnut weight (g)

Weight (g) Length (cm) Breadth (cm)

NRC-75 91.58 7.17 3.57 9.44
NRC-111 121.91 8.17 4.55 13.71
NRC-112 133.48 8.08 4.93 60.23

@
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4 NRC-120 107.59 6.43 4.50 10.26
5. NRC-140 132.01 8.92 4.47 9.02
6. NRC-144 110.79 7.58 4.57 10.05
7 NRC-175 70.39 5.70 3.83 6.91
8 NRC-176 64.39 5.52 3.74 7.63
0. NRC-183 119.80 8.20 4.73 14.55
10. NRC-189 98.20 6.41 4.63 10.65
11. NRC-270 97.73 6.00 6.81 10.74
12. NRC-301 188.8 9.33 531 11.24
13. NRC-389 107.00 6.45 7.09 9.63
14. NRC-493 101.17 8.99 3.88 13.21
15. Vengurla-8 73.50 5.92 3.67 8.90
16. Mean 107.89 7.26 4.68 13.74
SEm 18.74 1.24 0.85 1.81

CD (0.05) 3.84 2.53 1.74 3.71
CV (%) 17.54 16.04 15.99 16.95

Incidence of insect pest on cashew accessions

During 2019, heavy incidence of tea
mosquito bug (TMB) was recorded on all the
accessions. Population of TMB and also leaf-feeding
caterpillars started during October - November.
During November, the incidence of inflorescence
caterpillars was also noticed, but in less intensity
(0.5-2.0%). At the end of December, TMB adults
were seen in large numbers. Among the accessions
evaluated, higher mean damage grade was

Table 3.1.4. Grading of TMB damage

recorded in NRC-75 (2.01) followed by NRC-493
(1.97) and NRC-144 (1.79). Mean damage grade
was low in Vengurla-8 (0.21) and NRC-111 (0.72).
Observations showed that damage by cashew
stem and root borer (CSRB) was more in NRC-120
followed by NRC-111 and NRC-112 (Table 3.1.4).
Spraying of A-cyhalothrin @ 0.6 ml L' was taken up,
to reduce the foliar and flower pest population, and
the trees infested with CSRB were given post grub
extraction prophylactic treatment.

SI. No. Accession No. Mean Range SI. No. Accession No. Mean Range
1. NRC-75 2.01 1.46-3.04 9. NRC-183 1.09 0.38-2.77
2. NRC-111 0.72 0.04-1.23 10. NRC-189 1.73 0.77-3.08
3. NRC-112 1.06 0.42-1.38 11. NRC-270 0.80 0.12-1.31
4. NRC-120 1.06 0.50-1.96 12. NRC-301 0.93 0.08-2.27
5. NRC-140 1.31 0.08-2.96 13. NRC-389 1.05 0.04-3.08
6. NRC-144 1.79 0.19-3.73 14. NRC-493 1.97 0.65-2.62
7. NRC-175 0.75 0.27-1.81 15. Vengurla-8 0.21 0.00-1.00
8. NRC-176 1.34 0.50-2.69
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3.1.4. Development of dwarf and compact
cashew hybrids

Direct and reciprocal crosses

Breeding efforts are being continued to
develop dwarf and compact cashew hybrids. Seven
trees were selected from the 27 selections made
in 2018 for further yield observations. In addition,
during the year 2019, seven more trees were
selected based on fruit bearing making a total of 14
promising selections. The details of the selections
along with growth and yield observations are
provided in Table 3.1.5. Two hybrids viz., Tree No.
102 (Madakkathara-2 x NRC-492) and Tree No.

3
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5 (Vengurla-4 x Thaliparamba-1) recorded the
higher annual nut yield of 6.41 kg and 5.53 kg
with cumulative nut yield of 11.10 kg and 10.86
kg, respectively, over the last four years. The
cumulative nut yield of these two hybrids was
slightly higher than the cumulative nut yield of
local check Bhaskara which recorded 10.74 kg over
the last four years. Another promising Tree No. 8
(Dhana x NRC-492) was selected during the year
2019 as it was found semi-tall with 4.3 m height
and 5.4 m average tree spread (Fig 3.1.2). Besides,
it also recorded 2.27 kg of nut yield of during 6®
year of planting and it bears bold nuts in clusters
with an average nut weight of 8.30 g.

Fig. 3.1.2. Tree No. 8 with semi-tall stature derived from Dhana x NRC-492 and its cluster

bearing nature

@
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Table 3.1.5. Promising selections with their growth parameters and nut yield developed through
direct and reciprocal crosses

Sl. No. Cross Tree Girth Height Spread Nutweight Nut Cumulative
No. (cm) (m) (m) (g) yield (kg nutyield
tree?) (4 yrs)
(kg tree)

Selections in 2018

1. Vengurla-4 x NRC-492 28 63.0 630 5.60 5.50 3.20 9.60

2. 65 555 510 555 7.50 511 10.66

3. 87 64.0 6.10 585 6.50 2.61 7.50

4.  Vengurla-4 x Thaliparamba-1 5 650 4.80 6.85 6.00 5.53 10.86

5. Priyanka x NRC-492 3 715 680 640 6.50 5.52 10.42

6. Madakkathara-2 x NRC-492 149 63.0 6.10 6.30 6.00 3.53 8.01

7.  NRC-492 x Madakathara- 2 102 640 590 590 5.00 6.41 11.08
Selections in 2019

1. Dhanax NRC-492 (Semi tall) 8 520 430 540 8.30 2.27 4.96

2. NRC-492 x Dhana 49 56.0 550 6.55 8.04 3.56 6.57

3. 51 655 49 6.75 8.15 4.51 7.72

4. 53 615 4.7 5.50 5.90 3.26 5.93

5. Madakkathara-2 x NRC-492 13 745 6.0 6.35 6.00 4.97 8.26

6 117  66.0 6.7 495 5.00 4.83 8.24

7 99 79.0 6.6 6.13 5.00 3.33 6.19

Backcrosses

In the backcross selection, one more
promising accession (BDB-626-58) was added
to the list of promising progenies during the year
2019, making a total of 16 promising progenies
(Fig. 3.1.3, Table 3.1.6). The tree height of BDB-626-
58 during the year 2019 was 2.80 m and girth was
41 cm. The cumulative nut yields of three harvests
were 8.01 kg tree! (Table 3.1.6). However, overall
cumulative yield of three harvests was more in
BDB-626-97 which yielded 8.16 kg tree™. All these
promising accessions will be further evaluated for
their growth characteristics and yield along with
other progenies in the back cross selection.

Fig. 3.1.3. Panicle of promising
accession of cashew BDB-626-58

(15)
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Table 3.1.6. Growth and yield characters of promising progenies in back cross population
Sl. Plant No. Height Spread  Spread Girth Nut Cumulative
No. (m) (m) (m) (m) yield (kg nut yield
tree?) [3 harvests]
EW NS (kg tree?)
1. BDB-372-4 4.25 2.50 3.00 34.00 0.46 2.74
2. BDB-372-23 4.50 4.50 6.25 60.50 2.62 5.22
3. BDB-372-36 4.25 4.25 3.25 42.00 0.81 3.22
4. BDB-372-37 4.75 4.75 4.25 53.50 2.56 5.97
5. BDB-372-46 4.30 4.30 3.30 49.00 1.02 391
6. BDB-372-60 4.80 4.50 4.25 36.00 3.03 7.97
7. BDB-372-61 5.00 7.25 4.75 54.00 2.42 6.17
8. BDB-372-84 4.40 5.25 4.40 71.50 291 7.34
9. BDB-372-90 4.75 7.75 5.75 49.00 1.39 4.68
10. BDB-626-49 4.75 4.50 4.75 55.50 2.96 5.41
11. BDB-626-58 2.80 4.75 3.50 41.00 4.78 8.01
12. BDB-626-97 3.60 4.60 4.50 46.00 4.66 8.16
13. BDB-626-113 5.75 4.60 4.40 42.00 3.37 5.72
14. BDB-626-114 4.50 5.50 5.00 46.50 1.07 2.67
15. BDB-626-122 3.70 4.40 4.25 48.00 3.00 5.95
16. UDU-577 -85 4.10 4.60 4.25 44.00 1.53 3.99
3.1.5. Mutation breeding and interspecific following the recommended agronomic practices

hybridization in cashew for Tea Mosquito
Bug (TMB) tolerance with high yield

Two approaches were followed to develop
TMB tolerant varieties of cashew viz. Mutation
breeding and Interspecific hybridization.

Mutation breeding

In mutation breeding, 113 plants derived
from the y-rays treated seeds and scion sticks of
two popular varieties i.e. Bhaskara and Ullal-3
were planted during the year 2018 and maintained

(Fig. 3.1.4). Variations such as puckering of leaves,
dwarfness and excessive branching were seen in
some seedlings as observed in the previous year.
Further, out of 50 seeds each from Bhaskara, H-130
and Ullal-3 varieties exposed to y-rays of dosage
700 Gray and sown in the nursery, only one seed
could germinate and the seedling is planted in the
main field. The next generation seedlings (M, ) from
all these trees will be screened for TMB tolerance in
the nursery.
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Fig. 3.1.4. View of M, progenies planted in the
field

3.1.6. Breeding for improvement of nut size in

cluster bearing genotypes

To improve the nut size in the cluster bearing
genotypes with small and medium-sized nuts, 15
crosses were made between cluster bearing types
x bold nut types. Among them, 247 seedlings of
nine crosses between cluster bearing types x bold
nut types were planted in the field in an augmented
block design. Besides, another set of 161 seedlings

Table 3.1.7.
medium nut types

3
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of six crosses made between cluster bearing x bold
nut and bold x bold nut types were also planted
in the field. All these seedlings were planted
during October 2018 along with check varieties
viz., Bhaskara and NRCC Selection-2 at spacing of
4 m x 4 m (Fig. 3.1.5). The details of the crosses
and plants are presented in Table 3.1.7. During
the post rainy season of 2019, shape pruning in all
these plants was carried out and plants are being
maintained in the field with proper care.

Fig. 3.1.5. Seedlings of medium x bold nut and
bold x bold nut types planted along with checks

Plants available in crosses between cluster bearing x bold, bold x bold and bold x

Sl. No. Crosses No. of plants Sl. No. Crosses No. of plants
Cluster bearing x bold nut crosses Bold x bold nut and bold x medium nut crosses

1. Ullal-2xH-130 29 1. H-130 x NRC-493 25

2. H-130xUllal-2 30 2. NRC-493 x H-130 20

3. NRC-493 x Ullal-2 27 3. H-130 x Ullal-4 43

4.  Ullal-2 x NRC-493 22 4. Vengurla-7 x H-130 25

5.  Bhaskara x NRC-493 10 5. Priyanka x NRC-493 21

6. NRCC Sel-2 x Bhaskara 45 6. VRI-3 x H-130 27

7. Ullal-3x H-130 20 Total 161

8.  Madakkathara-2 x H-130 26

9.  Vengurla- 4 x H-130 38

Total 247

)
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3.1.7. De-novo genome assembly,
analysis and population
studies in cashew

linkage
structure

Draft genome sequence and bioinformatics
analysis in cashew

The cashew is an outcrossing diploid tree
species with 2n=42 and is heterozygous in nature.
Molecular breeding approaches have attained great
importance for enhancing the speed of genetic
improvement in perennial tree crops. Compared to
the major fruit tree crops like apple, the application
of genomics or marker-assisted breeding in cashew
islagging due tolack of genomic sequence resources,
candidate genes and molecular markers. The
recent advances in sequencing technologies have
enhanced the pace and affordability of large scale
genome sequencing experiments even in non-model
crop species. However, the genome assembly of
eukaryotic genomes presents a great challenge due
to repetitive sequences and genomic heterozygosity.
Recently, the hybrid approach is followed for
enhancing the fidelity of assembly of complex
genomes which involves a combination of short

Q
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read but accurate second-generation sequencing
data (i.e. from lonTorrent, Illumina ) with long
read but less accurate third-generation sequencing
data (i.e. from PacBio RS, Oxford Nanopore) to
overcome long repetitive and heterozygous genomic
regions.

In this study, a draft genome sequence of
the popular Indian cashew cultivar Bhaskara was
generated using the hybrid genome assembly
approach. The total cashew genome assembled is
38,49,79,184 bp i.e. approximately 385 Mb (92%)
of the cashew genome is arranged in 4981 scaffolds,
with a scaffold N50 of 2.55 Mb.

Gene prediction and annotation

The gene annotation and gene prediction of
the assembled genome showed a total of 40,264
protein-coding genes, of which 32,194 were
annotated proteins and 8,070 were unannotated
proteins. Further, the gene ontology analysis
showed that the annotated proteins play roles in
different biological processes, molecular functions
and cellular compartments (Fig. 3.1.6).

Gene Ontology

transferase activity: 1 91%)

GTP binding: 2.04% ~

4 iron, 4 sulfur cluster binding: 2.1% 5
zinc ion binding: 2.26% oy
ATPase activity: 2.43% .

magnesium ion binding: 2.5%
oxidoreductase activity: 2.98%

DNA binding: 6.73%

metal ion binding: 7.91%

ATP binding: 14.62%

cell outer membrane: 0.66%\

ribosome: 0.66% \;77 Ry

ATP-binding cassette (ABC) transporter complex: 0.72%;

membrnne 0.74%

N

( tnnsmemhrlne lrnnsporl 2.68%

translation: 1.1%

, : ngulinon of transcription, DNA-templated: 1.77%
, carbohydute metabolic process: 1.24%
// DNA repair: 1.18%

DNA replication: 0.97%

__—— integral component of membrane: 18.98%

= cytoplasm: 12.05%

~ plasma membrane: 6.38%

Fig. 3.1.6. Gene ontology (GO) analysis in cashew
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Identification and designing of Simple sequence
repeat (SSR) markers

The analysis of 385 Mb of the cashew genome
sequence for microsatellite or Simple Sequence
Repeats (SSRs) showed a total of 47,646 SSRs.
Further, analysis of SSR repeat types showed 59%
of di-repeats followed by 24.4% tri-nucleotide,
3.6% of tetra-nucleotide, 1% of penta-nucleotide,
and 0.8% of hexa-nucleotide repeats and 11.1%
complex SSR motifs.

6T 28029
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Genotyping of core accessions with Cashew SSRs
(CSSR)

In the current year, five more polymorphic
cashew SSRs were used for genotyping the
core accessions of cashew (Fig. 3.1.7). With the
completion of cashew draft genome assembly,
novel SSRs have been designed and will be tested
for polymorphism detection and genetic diversity
analysis.

10 11 12 13 14 15 16" 17: 1849 M

Fig. 3.1.7. Amplification profile of CSSR10 markers in cashew core accessions

3.1.8. Genetic dissection of QTLs governing
nut yield and cashew nut shell liquid
(CNSL) content in cashew

Seed nut and seedling growth characters
analysis of F_ population

In the current year, the nuts derived from
the seven types of crossings viz. Bhaskara x H-130
(UV), Bhaskara x NRC-188, NRC-492 (Dwarf) x
H-130, NRC-492 (Dwarf) x Thaliparamba, NRC-492
(Dwarf) x Vengurla-7, Vengurla-7 x NRC-116 and
Vengurla-7 x NRC-492 (Dwarf) made during 2018-
19 were sown and the seedlings were raised in the
nursery (Fig. 3.1.8).

Observations were recorded for the seed
nut characters such as length, breadth and width
before sowing. A total of 1167 seed nuts of all the
crosses were sown in the nursery bag with a potting
mixture containing soil, sand and FYM in the ratio
of 1:1:1. The germination per centages ranged from
84-100% and final surviving plants ranged from
66-96% among the seven crosses.

Observations were also recorded for the
seedling growth characteristics such as height,
number of leaves, last leaf length and last leaf
width in 12 plants of each cross at 45 and 90 days
after sowing. The statistical analysis of the data
was carried out and the results are presented in
Fig. 3.1.9.

(1)
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Bhaskara x H 130 (UV)|

NRC-492 x Vengurla-7 NRC-492 x Thaliparamba
(Dwarf) (Owarf)

Fig. 3.1.8. The growth features of the seven different crosses of cashew developed in the study

NRC-292 x H-130
_(owarf)

Seed nut and seedling growth characteristics
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Seed nut characters Seedling characters

m Bhaskara x H 130 (UV) = Bhaskara x NRC-188 = NRC-496 (Dwarf) x H 130
® NRC-496 (Dwarf) x Thaliparamba = NRC-496 (Dwarf) x Vengurla-7 Vengurla-7 x NRC-116
m Vengurla-7 x NRC-496 (Dwarf)

Fig 3.1.9. Analyses of growth traits in the crosses of cashew developed in the study
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3.1.9. Future areas of thrust for research in cashew crop improvement
e Survey for identification and collection of unique types of cashew or related species of cashew.

¢ Development of Tea mosquito bug (TMB) tolerant varieties, dwarf and high yielding varieties for
ultra-high density planting and salt and cold-tolerant varieties.

¢ Development and utility of genomics/omics resources and tools for application of molecular breeding
to improve productivity, quality and stresses tolerance in cashew.

(2
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3.2. CROP MANAGEMENT

3.2.1. Studies on pruning and phenology in

cashew

Influence of time of fertilizer application on the
phenology of cashew cultivars Bhaskara and
Ullal-3

The influence of time of recommended dose
of fertilizer (RDF) application was carried out in
cashew cultivars Ullal-3 and Bhaskara. The RDF of
fertilizer was applied in the months of July, August

and September and the observations for different
phenological growth stages were recorded twice
a month from October 2019 onwards. The study
showed that the buds were at 010 stage (dormant
stage) till first forth night of October 2019 and this
was invariable to cultivars and time of fertilizer
application. The different phenological stages
obeserved in cashew cultivars Bhaskara and Ullal-3
are presented in the table 3.2.1.

Table 3.2.1. (A) Different phenological stages in cashew cultivars influenced by time of fertilizer

application
Time of Phenological observation (in BBCH code)
application

Bhaskara Ullal-3

October November December January October November December January

lst an 1st znd 1st znd 1st 1st znd 1st znd lst znd 1st
Control 010 019 313 317 511 516 613 | 010 017 313 513 513 611 613
July 010 019 313 513 613 711 713 010 017 313 117 516 517 611
August 010 019 313 511 511 516 613 | 010 017 313 516 516 611 613
September 010 019 313 317 511 517 517 010 017 313 516 613 711 713

Table 3.2.1. (B) Description of the BBCH codes of different phenological stages of cashew

Code Description

010 Dormant stage: buds covered with brown or brownish-green scales

019 End of bud break: leaf tip visible above the bud scales

117 More leaves unfolded: slightly expanded, the appearance of coppery shades on leaves

313 Shoots at 30% maturity: shoots about 30% of final maturity, light green colour, smooth
texture, flexible shoots, leaf are dark copper green

317 Shoots at 70% maturity: shoots about 70% of final maturity, brownish green and smooth
shoots, leaves are dark green and leathery

(%)
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511  Beginning of reproductive bud swelling: Inflorescence bud visible

516  Separation of sub laterals: sub laterals start separating from main laterals, keel leaf green in
colour and intact

517  More sub laterals separated: about 80% of sub laterals separated and elongated, keel leaf
dried and withered

611 Beginning of flowering: Up to 10% of flowers opened, newly opened flowers are white and
older flowers are pink in colour

613 Early flowering: About 30% of flowers opened

711  The nut at 10% of the final developmental stage: nut at about 10% of the final developmental
size, soft and spongy, style is attached, 90% of the nut cavity is empty
Apple: about 2.5% of the final cultivar apple size

713  Thenutat30% of the final developmental stage: about 30% of the final developmental stage
size, soft and spongy, about 50% of the nut cavity is filled, visible kernel, nutshell grows
rapidly compared kernel and testa
Apple: about 5% of the final cultivar apple size

of mineral nutrition

Influence of pruning in Bhaskara

The pruning treatments were imposed on 8
year old Bhaskara trees in the months of June, July,
August and September. The range of new shoot
production varied among the treatments. The shoot
number ranged from 45 to 80 in un-pruned trees.
The pruned trees recorded a higher number of new
shoots (Table 3.2.2).

Table 3.2.2. Effect of pruning on the production
of new shoots in Bhaskara variety

SI. No. Treatment Shoot number
1. June @25% leader 62-90
2. June @50% leader 22-102
3. June@25% lateral 92-152
4. June@50% lateral 79-150
5. August @25% leader 120-232
6.  August @50% leader 121-125
7.  August @25% lateral 92-98
8.  August @50% lateral 89-94
9. Sep @25% leader 54-120
10. Sep @50% leader 40-130
11.  Sep @25% lateral 45-126
12.  Sep @50% lateral 62-130
13.  Control 45-80

3.2.2. Optimization
to cashew under high/ultra density
planting

High/ultra density planting (HDP) is a
technique which is capable of increasing the
productivity per unit area by accommodating more
number of plants per unit area. Conventionally
cashew is planted at 7.5 m x 7.5 m which
accommodates 177 plants per hectare and the
plants takes 7-8 years to cover the allotted space
and to give potential yields of 2 tonnes per hectare
with proper management practices. Therefore,
high density or ultra density planting appears to
be the most appropriate solution to overcome the
low productivity and initial long waiting period for
early returns. Under the high density systems, the
plants being placed adjacent to each other compete
for nutrients. Proper nutritional management is
important for realizing higher productivity from
high density orchards. No information is available
for the nutrient requirement and fertilizer schedule
for high density planting. This work is undertaken
to assess the nutrient requirement of cashew
under high density planting. The work also aims to
develop a fertilizer nutrient management package
for HDP/UDP in cashew.

()
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Experimental details and soil characteristics

To standardise the fertiliser recommendation
under ultra density planting in cashew, the
experiments were carried out in the existing ultra
high density plots of ICAR-DCR in which plants
are planted at 2.5 x 2.5 m spacing. The plantation
was established during the year 2013. As per the
response surface function approach of statistical
analysis, 20 treatments comprising different
combinations of N, P,O. and K,0 were imposed.
The analysis of initial soil samples showed
that soil pH ranged from 5.5 to 5.92, electrical
conductivity from 0.053 to 0.056 dSm’, organic
carbon from 0.59 to 0.69% in the surface 0 to
30 cm layer. The available nitrogen content in the
surface layer varied from 275 to 325 kg ha. In the
subsurface layers, the soil pH decreased (5.66 at
30-60 cm layer and 5.62 at 60-90 cm layer).
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Similarly, there was a depth-wise decrease in
electrical conductivity, soil organic carbon and
available nitrogen content. The treatments were
designed following response surface methodology
and the fertilizer nutrients applied as per the
treatments. The treatment wise plant samples were
collected and processed for analysis.

3.2.3. Future areas of thrust for research in
the cashew crop management

¢ Crop management based on phenological
stages.

e Standardization of leaf nutrient-based nutrient
management for cashew

e Estimating the  carbon
capabilities of cashew plantations, and carbon

and nutrient cycling.

sequestration

(24)
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3.3. CROP PROTECTION

3.3.1. Investigations on semiochemicals for
management of Tea Mosquito Bug (TMB)
and Cashew Stem and Root Borer (CSRB)

To confirm the age of virgin females during
which the maximum pheromone activity occurs,
the freshly emerged TMB virgin females were used
as bait in the modified cylindrical traps (Fig. 3.3.1).
It was confirmed that the maximum attraction of
males to the TMB females was during the 4™ to 5™
day after emergence (DAE). Hence, the virgin TMB
females of this age group only were used for the
preparation of the whole body extracts (WBE) in di-
chloromethane. The WBE so prepared was stored
in a deep freezer for future evaluations. The WBE
(2 Nos/0.5 ml) was used as bait in the cylindrical
traps and could attract TMB within 5.0 minutes
after installation of traps (i.e. after puncturing of
the Eppendorf vials containing the WBE). It was
noticed that the maximum number of TMB males
trapped in the WBE baited cylindrical traps was 44/
trap within an hour of installation.

Fig. 3.3.1. TMB males trapped in WBE baited traps

The maximum number of TMB males trapped
was the highest (58/trap) during November 2019
in the morning hours viz,, 9.00 am to 11.00 am
and reduced gradually thereafter, & again a slightly
higher catch was found during the late afternoon
hours viz., 3.00 pm to 4.00 pm (Fig. 3.3.2).
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Fig. 3.3.2. TMB catches per day

' Dec.2019

3.3.2. Evaluation of alternative insecticides/
products for the management of tea
mosquito bug (TMB) and cashew stem
and root borers (CSRB)

The alternate test insecticides comprising of
neonicotinoids; carbamates; pyrazoles; synthetic
pyrethroids and an Insect Growth Hormone (IGH)
were evaluated for their efficacy against the major
pests of cashew viz., TMB and CSRB. The test
insecticides - thiamethoxam (0.1g L' & 0.2 g L),
acetamiprid (0.5 g L1), carbosulfan (2.0 ml L),
buprofezin (2.0 ml L') and check L-cyhalothrin
(0.6 ml L') were evaluated against TMB while
fipronil (2.0 ml L), imidacloprid (2.0 ml L!) and
chlorpyriphos (10 ml L?) as check were evaluated
against CSRB.

The treatments were imposed on the
labelled cashew trees, by using a pneumatic hand
sprayer and the shoots were collected 15 days
after treatment (DAT) for evaluating the feeding
deterrence induced by different treatments. Five
TMB (nymphs or adults) were released and allowed
for feeding for 6 h and later these were removed.

(%)
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The feeding damage induced was scored after 24 h
as per the damage score scale of 0-4 (Fig. 3.3.3). It
was noticed that only thiamethoxam (0.2 g ') and
L-cyhalothrin (0.6 ml L) could result in a damage
score below 0.5, 15 DAT treatment and even these
promising insecticides could not lead to damage
scores lower than 0.5, 30 DAT. None of the test
insecticides could lead to damage scores lower than
2.0 at 45 DAT under laboratory evaluation.
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Fig. 3.3.3. Damage scores of TMB

3.3.3. Nestoccupancy by Braunsapis picitarsus
in the artificial bee nests

The artificial bee nests comprised of small
wooden blocks with 1,400 drilled holes of 7-8 cm
length and of five different diameters installed
during September 2017 were examined for the
occupancy by the abundant cashew pollinator,
Braunsapis picitarsus. The percentage of nests
occupied by the bees gradually increased over
time, since its installation. The small-sized (2.00
mm diameter) nests were occupied initially by
the tiny mud wasps. The bigger sized holes (3.5
and 4 mm) were also occupied by the mud wasps,
stingless bees (Tetragonula sp.) etc. But, it was
observed that those nests were also occupied by B.
picitarsus subsequently (Fig. 3.3.4). Observations

Q]
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revealed that bees occupy the same nests i.e, reuse
of occupied ones. The percentage of nests occupied
by B. picitarsus during August 2018 and August
2019 is given in Fig. 3.3.5. Among the different nest
diameter, the nests of 2.5 mm and 3.0 mm diameter
were highly preferred by the bees, and the percent
occupancy was 39.8% and 55.2%, respectively
during August 2019. Hence for successful
occupation of artificial nests by B. picitarsus,
the diameter of the nest hole is standardized as
3.00 mm.

Fig. 3.3.4. Occupancy of artificial nests by

B. picitarsus
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3.3.4. Investigations on inflorescence pests of
cashew and their management

During 2019, initiation of inflorescence pests
including TMB and lepidopterans was noticed
during November first week and a heavy infestation
was recorded during the third week of November.
As there was delayed flushing this season, few
flower eating caterpillars like Oenospila flavifusata,
Penicillaria jacosatrix were observed to feed on
flower buds as well (Fig. 3.3.6). Spraying of lambda
cyhalothrin @ 0.6 ml L was effective in bringing
down the pest population. Pests were noticed
again during December and higher infestation by

3
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TMB (20-30%) and complex of flower caterpillars
(25-35%) were noticed in few plots. Up to three
caterpillars especially flower webbers
recorded perinflorescence. Besides, feedingdamage
by a green Pentatomid bug (Nezara sp.) resulted
in shrivelling and premature fall of developing
nuts. Among the natural enemies, Eocanthecona
furcellata  (Pentatomidae),
(Euantissa pulchra, Leptomantella sp., Hierodulla
sp.) Neuropterans (Crysopidae), mantispid flies,
reduviids (Sycanus sp, Panthous sp.), spiders were
commonly encountered on the inflorescences.

were

praying mantises

Fig. 3.3.6. Damage of flowers by 0. flavifusata and flower webbers (unidentified)

3.3.5. Future areas of thrust for research in the
field of crop protection

o Studies on TMB and CSRB management
through  pheromone and kairomone
technologies, respectively, shall be intensified
for synthesis, characterization and evaluation
of sex pheromones/kairamones.

o Studies on Cashew-TMB interactions and
defensive responses.

. Influence of major pollinators on pollination
and fruit set in cashew.
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3.4. POST HARVEST TECHNOLOGY

3.4.1. Design and development of moisture
meter for raw cashewnuts

Calibration of moisture meter for raw

cashewnuts, unpeeled and peeled cashew
kernels
Capacitance based moisture meter is

developed by a private firm M/s EMCON, Kochi for
predicting moisture content of raw cashewnuts
and unpeeled and peeled cashew kernels. The
calibration of the moisture meter was done by the
Directorate. The instrument consists of a signal
conditioning circuit, a microcontroller interfaced
with a computer for display and sinusoidal function
generator. Function generator produces an AC
current with variable magnitude and frequency. The
produced sine signal is fed to the capacitive sensor
and the output signal from the sensor is sent to the
signal conditioning circuit. The final output voltage
is measured by Analog to dital converter (ADC) and

Natural filling in Moisture meter
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=
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0 5 10 15 20

Original Moisture content (% d.b)

Fig. 3.4.1. Calibration curve for raw cashewnuts
for moisture meter with natural filling

the capacitance and dielectric constant of sample
is computed by a microcontroller and the results
are displayed. Based on the experimental values
observed for different varieties of freshly harvested
raw cashewnuts viz., Bhaskara, Ullal-3, VTH-30-
4, Ullal-4, NRCC Selection-1, Vengurla-7, K-22-1,
Ullal-3, Ullal-1, Vengurla-4, mixed nuts (Farm) and
mixed nuts collected from processing units at ICAR-
Directorate of Cashew Research, necessary changes
were incorporated in the developed moisture
meter by M/s EMCON, Kochi. Calibration curve for
naturally filled raw cashewnuts in the moisture
meter was found to be on par with compactly filled
suggesting the effect of degree of compaction is
negligible (Fig. 3.4.1 and Fig. 3.4.2). The validity of
moisture meter, thus developed was checked for
raw cashewnuts at industrial sites and ICAR-DCR,
Puttur. The coefficient of correlation computed,
found to be in the range of 0.93 to 0.97.

Natural filling in Moisture meter
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Fig. 3.4.2. Calibration curve for raw cashewnuts
for moisture meter with compact filling
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The developed moisture meter was also
tested to make the moisture meter suitable for
unpeeled and peeled cashew kernels which aids in
optimizing processing parameters at various stages
while processing to obtain better white whole
kernels recovery. Correlation analysis showed that
the second order polynomial model is the best fit for

500
450 A
400 A
350 A
300 A
250 A
200 -
150 A
100 A
50 A
0 T
0.0

y = 8.7482x% - 36.674x + 117.83
R?=0.9652

Moisture meter value

10.0

Original Moisture content (% d.b)

Fig. 3.4.3. Claibration curve for unpeeled cashew

kernels (UPK) using moisture meter
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the experimental data of moisture meter value and
original moisture content. A quadratic relationship
of y=8.7482 x2-36.67 x+117.8 could be used as a
predictive model for assessing moisture content
of unpeeled cashew kernels with a correlation
coefficient of 0.965 (Fig. 3.4.3).

250

®
y = 18.687x? - 107.69x + 241.45
o 200 1 R? = 0.969
=
S 150 |
St
]
S 100 -
g
=
= 50 4
e
=
S o0 , '
0.0 2.0 4.0 6.0

Original Moisture content (% d.b)

Fig. 3.4.4. Claibration curve for peeled cashew
kernls (PK) using moisture meter
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300
250
200
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Moisture meter value

y = 8.0866x% - 30.172x + 111.96
R?=0.9647

0
0.0

5.0 10.0

Original Moisture content (% d.b)

Fig. 3.4.5. Claibration curve for combined cashew kernels (UPK and PK) using moisture meter
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In the same manner, the moisture meter is
tested for peeled cashew kernels after conditioning.
Data analysis revealed that a polynomial fit of
y=18.68x%-107.6x+241.4  representing peeled
cashew Kkernels towards predicting moisture
content with accuracy of R? value equal to 0.969
(Fig.3.4.4). To simplify the instrument with the
minimal operation, in view of size, shape and
moisture-holding capacity of testa layer, a pooled
data correlation analysis carried out for both peeled
and unpeeled cashew kernels and represented
in Fig. 3.4.5. A polynomial predictive model of
y=8.086%x%-30.17x+111.9 with R? value of 0.964
confirmed that moisture meter could be simplified
to assess the moisture content of both peeled and
unpeeled cashew kernels with a single operation.

3.4.2. Studying the comparative performance
of cashewnut processing systems in
India
Diagnostic investigations carried out in
cashewnut processing units located in three

Table 3.4.1.
processing units
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different states of varied category viz., manual,
semi-mechanized and fully mechanized revealed
that cost of processing varied from Rs. 1280 to Rs.
3000 per bag. Processing cost found to be higher
in the case of labour oriented processing system
primarily due to lower rate of production, higher
wages and overhead charges. Production rate
observed to be 2.5 tonnes per day (TPD) under
labour oriented processing units whereas it is up
to 12 TPD in two shifts under a fully mechanized
category. Qualitative efficiency of the processing is
influenced by several factors which include the skill
level of the labourer, the efficiency of the machines,
material handling system, material parameters i.e.
size, moisture, freshness and maturity, adopted
processing parameters etc. Majority of the semi-
mechanized and fully mechanized units are in
compliance with ISO standards pertaining to quality
and safety. Problems identified in the cashewnut
processing system and probable measures are
listed in Table 3.4.1.

Problems identified and probable measures in the performances of cashewnut

S1. No. Problems statement

Probable measures

1.  Quality assessment of raw cashewnut is
not carried out. Nut moisture is not at all
considered while processing and rely on
private agencies.

The empirical relationship developed could
be used to assess the quality. Moisture meter
developed could be utilized for assessing
moisture content.

2. Improper grading of raw nuts leading to

kernel breakage in mechanized de-shelling

process and decreased production rate in
labour oriented mode of processing.

Raw cashewnuts need to be graded using
appropriate sieve sizes and blades have to be
set for graded raw cashewnuts.

3.  Comparative evaluation of static and rotary

steam boilers.

Need to be carried out towards better whole
kernel yield in shelling and higher thermal
efficiency.

4.  Kernel contamination due to CNSL during
the mechanised deshelling process.

Developing appropriate technology to obtain
CNSL free kernels extraction.

(30)
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5. Enhancing whole kernel recovery after
shelling for graded raw cashewnut.

Processing parameters need to be optimized
for the combination of steaming and shelling
machines.

6. Improving white whole kernel recovery
after peeling operation.

Processing parameters need to be optimized
for the combination of dryer, humidifier and
peeling machines.

7.  Evaluation of size and colour sorters.

Performance evaluation needs to be conducted
to quantify production rate and efficiency.

8.  Necessity of IR dryer in the line of
processing.

Microbiological aspects of cashew kernels need
to be investigated to confirm its usage.

9.  Watermark on cashew kernels while
packaging.

Final moisture in kernels in relation to packaging
parameters needs to be investigated.

10. The shelflife of value added products
is unknown.

Storage studies on various value-added
products have to be investigated.

11. Quality and safety of cashew processing
system is not followed.

Awareness of ISO standards to all mode
of processing is essential.

3.4.3. Design and development of mechanized
slicer for cashew apple

Development of mechanized slicer and its
performance evaluation

The major aim in developing the slicer is
to reduce the size of the cashew apple fruits by
mechanical means without change in chemical
properties of the material and uniformity in size
and shape to prepare diversified food products. It is
also to ease the process of drying, the size reduced
materials towards pulverization to prepare cashew
apple powder based food products. To enhance
the performance of earlier developed mechanized
cashew apple slicer, it is modified (Fig. 3.4.6) by
i) increasing the number of rotary disc blades with
a bevel angle of 15° for better shearing; ii) Enlarged
diameter of the blade to make it suitable for bigger
size apples; iii) provided slotted plate with specific
curvature at the feed end for complete slicing and
ejection without breakage in slices and iv) conveyer

belt to transfer singulated fruit to slicing end. An
independent drive is coupled to belt conveyer for
its operation as high torque is required to move the
apples in a given orientation for slicing.

Fig. 3.4.6. Mechanized cashew apple slicer

(31)
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Performance trials were conducted at
Regional Research Station, Tamil Nadu Agricultural
University (TNAU), Vridhachalam, Tamil Nadu,
and was the operational capacity was observed
to be 108 kg h! depending upon the size of the
apples and the whole slice recovery recorded was
more than 80%. This mechanical slicer needs to be
refined for improving its performance in terms of
quantitative and qualitative efficiency. Accordingly,
suitable design for singulating cashew apples and
regulating the cashew apples in a longitudinal
orientation to slice it by the rotary disc blades of
required thickness is prepared and the fabrication
is under progress.

Vacuum frying of cashew apple slices

Vacuum fryingis a reasonably new technology
which uses lower pressure and temperature rather
than atmospheric deep-fat frying to improve the
quality attributes of food products. Exploring the
possibility of preparing crispy snack food, batch
vacuum frying of cashew apple slices was carried
out at M/s Orbello Agro Foods Private Limited,
Sangli, Maharashtra. Initially, cashew apples were
cleaned off adhering dirt, and sliced manually into

3
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3-4 mm thickness and subjected to preliminary
treatment for 180 minutes in order to harden the
slices. Depending on the moisture content, slice
thickness, composition and hardness, parameters
for frying cashew apple slices were arbitrarily fixed.
Hardened cashew apple slices were placed in the
basket inside the frying chamber, but suspended
above the hot oil. The pressure inside the vacuum
frying chamber was reduced to the required level
and the sample was lowered into the oil for certain
duration. Later the basket was raised above the oil
and centrifuged separately to drain the surface oil.
To check the quality of fried slices, the process of
vacuum frying was stopped for a while for every
5 minutes and after testing its crispy texture, it is
continued. Care was taken to avoid exposing the
material in an ambient environment as it would
lead to darkening of slices due to the oxidation
process. The final product of vacuum fried cashew
apple slices were found to be crispy, retaining its
colour and flavour. Affirmatively, vacuum frying of
size reduced cashew apples is quite possible, but
retaining its quality and crucial parameters need
to be optimized to obtain better food product with

minimal astringency.
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Extruded product using cashew apple powder

Extrusion is a high-temperature short-time
cooking technique used to produce a variety of
products from different food ingredients. During the
process of high-pressure operation that provides
sudden expansion of the processed product with
porous and crunchy texture while leaving the die
opening at the outlet. The present investigation was
carried out to explore the possibility of utilizing
cashew apples, one of the byproducts of the cashew
industry in preparing crispy snack food. In this
connection, fully ripened cashew apples were
cleaned, pre-treated, cut into slices and dried under
hygienic environment. Exposing slices in forced
convection ease the drying process in a shorter
duration and make it amenable for pulverization.
Cashew apples in amorphous form finally sieved
through the pore size of 425 nm to obtain uniform
size particles to blend as an ingredient with corn and
sorghum on account of its nutritional composition. A
laboratory ribbon blender mixer was used to blend
the raw materials homogeneously and moisture to
be added computed based on the initial moisture
content of the Cashew Apple Powder (CAP). A co-
rotating extruder was used for the preparation of
extrudate having 16:1 Length to Diameter (L/D)
ratio of extrusion screws and die diameter of 3 mm.

Selectively various parameters influencing
the extrusion process viz., the composition of the
blend (Maize proportion at 60%, Sorghum at 25%,
30% and 35%, CAP at 5%, 10% and 15%), moisture
contentof the blend (12%, 14% and 16% d.b), screw
speed (30, 32.5 and 35 Hz) were followed based on
the preliminary investigations. Response Surface
Methodology (RSM) was used to optimize the
experimental design and accordingly, a total of 14
combinations were conducted to save time, energy
and cost (Table 3.4.2). After 5 min of the initial run,
the extrudate was collected and dried in convection
dryer maintained at an air temperature of 120 °C for
15 min. Polythene laminated pouches were used to
store the extrudate for further analysis. Extrudate
properties of the snack food prepared viz., physical
property, expansion ratio (ER), true density (TD),
rehydration ratio (RR), water absorption index
(WAI), water solubility index (WSI), oil absorption
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capacity (OAC) and texture profile analysis (TPA)
in terms of compression force and cutting strength
were assessed following standard technical
procedures.

Dimension analysis of the extrudate prepared
using CAP as ingredient showed that average
diameter ranged between 8.32 to 13.05 mm for
the various combinations of material and machine
parameters. Expansion takes place due to sudden
exit of molten mass from the restricted die from
very high pressure to atmosphere giving improved
texture to the extrudate. The expansion ratio (ER)
of extrudate ranged from 2.81 to 4.10. The highest
value of ER was observed at a moisture content of
12% (w.b) and a screw speed of 30.0 Hz. Lower
expansion ratio may be attributed to the presence
of higher fibre content which leads to rupture
causing a reduction in expansion. The true density
of the extrudate varied between 117.25 to 361.04
g cc! with an average value of 191.70 g cc?, which
plays an important role in packaging and further
value addition.

Extrudate products are mostly consumed
as ready to serve snack foods or used as base
ingredients of many beverages as well as gruels
and weaning foods. The solubility of the material
as a result of extrusion as well as its water holding
capacity, therefore, becomes important physical
properties. The response of Water Absorption
Index (WAI) on feed composition and extrusion
condition indicated that its value ranged from
7.76 to 12.41 ml g*. Maximum WAI was recorded
for the CAP proportion of 15% with a moisture
content of 14% w.b. It is also observed that the WAI
increased with increased screw speed owing to a
lower shear rate of blend due to the hydrophilic
property it binds more water molecules. Water
solubility Index (WSI) can be used as an indicator
for measuring the degree of starch conversion and
degradation of molecular compounds during the
extrusion process. Values of CAP blend extrudate
ranged from 0.13 to 0.30% showing the effect of
composition on CAP primarily cellulose, lignin and
hemicelluloses on WSI of the extrudate.

(33)
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Table 3.4.2. RSM experimental design for the preparation of CAP based extrudate
Treatment Proportion of blend (%) Moisture content (% w.b)  Screw speed (Hz)
Maize Sorghum CAP
T1 60 25 15.0 14.0 35.0
T2 60 30 5.0 12.0 32.5
T3 60 35 5.0 14.0 30.0
T4 60 30 10.0 16.0 35.0
T5 60 35 5.0 16.0 32.5
T6 60 30 10.0 14.0 32.5
T7 60 25 15.0 12.0 32.5
T8 60 25 15.0 16.0 32.5
T9 60 30 10.0 12.0 30.0
T10 60 35 5.0 14.0 35.0
T11 60 30 10.0 16.0 30.0
T12 60 30 10.0 12.0 35.0
T13 60 30 10.0 14.0 35.0
T14 60 25 15.0 14.0 30.0

CAP: Cashew Apple Powder; w.b: wet basis; Hz: Hertz

0il Absorption Capacity (OAC) denotes how
much oil is bound to the matrices in a particular
food system, which could be used as an index of
hydrophobicity of the food. OAC of CAP blended
extrudate varied between 141 to 304 g g' (d.b)
which was highly influenced by the moisture
content and screw speed. The texture of the
extrudate is a very important physical property for
ready to eat snack products, which largely depends
on the composition of the raw material of the mix
used for extrusion. Textural Profile Analysis (TPA)

especially breaking strength and compressive force
was determined using TA-XT2 texture analyzer
equipped with 500 N load cell using 2 mm diameter
cylinder. Care was taken to avoid moisture sorption
during storage or the time taken from extrusion
to texture analysis. Breaking strength of extrudate
fluctuated between 1.87 to 14.88 N indicating the
influence of moisture content and screw speed on
structural integrity and desirable extruded snack
food.
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Fig. 3.4.9. Cashew apple powder-based extruded product

3.4.4. Development of dehydrated products
from cashew apple and sprouts

Cashew apple chew

Well ripened firm and freshly harvested
cashew apples were washed and air-dried for 5 to
10 min. Cashew apples (500 g) are cut into cubes
of desirable size and mixed thoroughly with a spice
mixture made of cumin, clove, cardomom, cinnamon
and sugar. The mixture was spread as a single layer
over a clean dry stainless steel tray for dehydration
using cabinet dryer at a temperature of 40-45°C for
6-7 h or 28-30°C for 3-4 days for moisture removal.
Frequent stirring or turning of sliced cashew
apples is essential to avoid microbial infection. The
sweet spice mixture acts as an osmolyte and the
released aqueous solution from cashew apple is
again impregnated into spice coated cashew slice
to increase the retention of Vitamin C. This can be
taken as such like a mouth freshener or along with
betel leaves (Fig. 3.4.10).

Cashew apple fig

Whole fresh and firm uniform-sized cashew
apples are selected and washed in running water.
The apple base and distal end are removed
by chopping and soaked in sugar solution of
concentrations ranging from 50-70°Brix and 0.6%
potassium metabisulphate (KMS) as a preservative.
If the whole apple is used, gentle slits are made on
four sides of cashew apple using a bamboo splint
or stainless steel knife to encourage osmosis. The
sugar solution concentration should be maintained
at 60°Brix for at least 3-4 days. The apple slices
in solution should be frequently stirred to ensure
complete immersion, to avoid microbial infestation.
After 3-4 days, the sugar solution is drained off and
the separated cashew apples are dehydrated using
cabinet dryer at 40-45°C temperature for 7-8 h
(Fig. 3.4.11). The quality and physical parameters
of the cashew apple chew and fig are given in
Table 3.4.3.

©
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Table 3.4.3. Quality and physical parameters of the cashew apple chew and fig
Sl. No.  Quality parameters Cashew apple chew Cashew apple fig
1. Ascorbic acid (mg 100 g?) 35.32 15.83
2. Protein (%) 2.73 2.33
3. Starch (%) 13.55 13.23
4, Reducing sugars (%) 10.70 10.40
5. Total phenols (% catechol equivalents ) 0.69 1.20
6. Water absorption index (%) 2.21 1.76

Fig. 3.4.10. Cashew apple chew Fig. 3.4.11. Cashew apple fig

Cashew apple sauce

Cashew apple sauce is an important product
made out of well ripe and less firm cashew apples.
The cashew apple pulp is removed as lumps and
added with ingredients such as onion powder, garlic
powder, red chilli powder, salt and vinegar. The
ingredients are mixed thoroughly with cashew pulp
and cooked until it reached sauce consistency (Fig.
3.4.12). The consistency can be confirmed with a
drop test method. The mineral content of cashew
apple sauce is given in Table 3.4.4.

Fig. 3.4.12. Cashew apple sauce

(36 )
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Table 3.4.4. Mineral content in cashew apple Cashew apple crisp

sauce Cashew apple crisp is an important extruded
SL. No. Minerals Content product prepared out of cashew apple pom:.;\ce
powder. The methodology for the preparation
1. Phosphorous (ppm) 0.005 of cashew apple pomace powder has been
_ . standardized by ICAR-DCR, Puttur. By converting
2. Potassium (%) 1.94 the perishable cashew apple pomace to powder
3. Calcium (%) 6.01 form is helpful to store the raw material for
diversified uses during offseason. Corn flour (CF)
4. Sodium (%) 3.52 and rice flour (RF) are the major ingredients in
_ extruded product preparation. These ingredients

5. Magnesium (%) 4.87 . . . .
are predominantly poor in minerals, proteins and
6. Manganese (ppm) 946 fibre. Hence, to enrich the product with biominerals,
protein and fibre, cashew apple pomace powder
7. Zinc (ppm) 20.36 (CAPP) was added as one of the ingredients along
with commercially available corn flour and rice
8. Homper(ppn] 208.8 flour. The optimised quantity of cashew apple
9. Boron (%) 0.12 pomace powder ranged from 5-25% (Fig. 3.4.13)
for the successful exit of extruded products. The
10.  Iron (ppm) 113 research work was carried out at Agro-processing

complex, ICAR-CPCRI, Kasaragod.

10% CAPP+65% RF + 25% CF

Y,

[

15% CAPP+60% RF + 25% CF  20% CAPP+55% RF + 25% CF  25% CAPP+50% RF + 25% CF
Fig. 3.4.13. Cashew apple crisp prepared using different proportions of cashew apple
pomace powder (CAPP), rice flour (RF) and corn flour (CF)
3.4.6. Future areas of thrust for research in cashew Post harvest technology

e  Optimization of technical parameters at various stages of cashewnut processing to improve whole
kernel recovery for better cost economics.

e Innovative approaches to minimize the contamination of cashew kernels in mechanized shelling.

e Value addition of cashew apple and kernels to produce nutritious novel food products

(37)
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3.5. CONCLUDED PROJECTS

3.5.1. Developing quality standards for raw

cashewnuts
Principal Investigator Dr. D. Balasubramanian
Co-Principal Investigator Dr. K. Vanitha
411

10/2014 - 09/2018

Project code

Project duration
Introduction

Basic hindrance in establishing a suitable
agency to the wunderstand collection and
marketing of raw cashewnuts is the absence of a
standard system to assess its quality. Standards
for raw cashewnuts and their application will be
instrumental in i) Developing a culture of quality
in raw cashewnut trade; ii) Assuring safety; iii)
Expediting trade by serving as a common procedure
and basis for pricing; iv) Ensuring success in
the pooled marketing from associations of small
farmers; v) Adopting appropriate systems and
applying technologies to meet market expectations
and requirements, and vi) Enhancing the image
of the cashew enterprises as reliable suppliers of
quality products. Developing methodology to assess
the quality of raw cashewnuts with measurable
parameters in the form of empirical relationship
representing the contribution of each parameter
towards quality can aid in formulating price. In view
of this, the current project was formulated with the
following objectives.

Objectives

e To conduct a detailed survey on prevailing
quality standards for raw cashewnuts in India

e To study qualitative variables of
cashewnuts during maturity

raw

e To study the influence of pest attack on quality
attributes of raw cashewnuts

e To develop standard methods for determining
the moisture content of raw cashewnuts

e Todevelop inter-relationship between grading
and qualitative variables of raw cashewnut

e Developing quality standards for
cashewnuts and its validation

raw

Materials and methods

Sampling: Storing raw cashewnuts in a sisal or
gunny bags of 80 kg capacity is a regular practice.
Representative samples were collected from
different bags randomly depending on the quantity.
The quantity of ‘test sample’ was conveniently
made as one kg. Test samples of raw cashewnuts
after cleaning the foreign matter was transferred to
a vessel containing water and stirred continuously.
Allowing nuts to settle down, floating (Floaters)
and sunken nuts (Sinkers) are separated to confirm
the magnitude of superior quality nuts. Normally
nuts turn greyish brown or greenish-brown at the
time of harvest indicating its maturity. Dark brown
indicates the long term stored nuts and green or
grey colour indicate immaturity of nuts. These
indicative tests ascertain the proportion of good
and inferior quality nuts in a lot.

Foreign Matter: All materials other than raw
cashewnut in the lot are considered as the foreign
matter which includes cashew apple residue,
stones, dirt, glass, metal, straw, sticks, plastic, hair,
paper, threads etc.

Nut count and spatial dimension: Nut count
indicates the size of the nuts. Sample of nuts, say
one kg, need to be counted and represented as
the number of nuts per unit weight. The physical
dimension of the nuts viz., nut length (L), nut width
(W), effective width (EW), nut thickness (T) have
to be measured using micrometer and nut weight

(s8)
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using calibrated weighing scale with Least Count
(LC) of 0.01g. In the same manner, kernels of
corresponding nuts need to be carefully extracted
using a hand cum pedal-operated shelling machine
or a hand cutting tool and its spatial dimensions viz.,
length (1), width (w), effective width (ew), thickness
(t) and weight (Kw) have to be measured.

Quantitative analysis: Random sample of raw
cashewnuts are subjected to ‘cutting tests’ to
analyze useful kernels. It is called as ‘Outturn (OT)’
or ‘Kernel Output Ratio (KOR)’ at the stakeholders’
level. One kg of raw cashewnuts are exposed to sun
or convective drying (air temperature should not
exceed 65°C) till it reaches a moisture content of 8%
d.b. Sample of uniform moisture is shelled open to
extract kernels. As a prerequisite, unpeeled cashew
kernels are graded as good, shrivelled/speckled,
dotted, brown patched, oily and spoiled kernels.
Quantity of useful kernels can be calculated as a
summation of good kernels (100%) and shriveled/
speckled, dotted, brown patched kernels (50%).
Quantitative analysis is represented as ‘Outturn’
and it is calculated as

(Weight of useful kernels (g)) 1 1

— X
OT or KOR (Weight of nut sample (kg)) ~ 0.454 1000 x 80

Shrivelled kernels: Is complete withering of the
kernels that distorts its characteristic shape.

Spotted kernels: Visible black spots on the surface
of cashew kernels.

Brown patched kernels: Visible brown patches on
the surface of cashew kernels.

Oil stained: Oil stained kernels.

Spoiled or deteriorated or rejected kernels: Kernels
are visibly spoiled partially or fully with or without
foul smell and unsuitable for consumption.

Qualitative analysis: In continuation of

quantitative analysis, unpeeled kernels are exposed
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to convective drying (air temperature should not
exceed 85°C for 2-3 h) to facilitate peeling of testa.
Once the kernels are peeled off, it can be segregated
into good kernels, shrivelled/speckled kernels,
dotted kernels, oily kernels, brown-patched
kernels and spoiled kernels. The commercial value
of graded kernels is computed by ‘Product value
method’. In this method, whole kernel value could
be found out by the total weight of good kernels
irrespective of its wholesomeness i.e. whether
whole or broken kernels, by its count. Depending
upon its nearest value, it can be classified under
180(2.52)/ 210(2.16)/ 240(1.89)/ 320(1.42)/
450(1.01)/ 520(0.87) grades and corresponding
market price can be accounted for working out
its product value. Similarly, the product value of
shrivelled, dotted, brown-patched kernels can be
worked based on the market price for Scorched
Whole (SW), Scorched Seconds Whole (SSW),
Desert Whole (DW), Oily Whole (OW) and spoiled
or reject kernels. Summation of all these will yield
‘Product value’ of the sample.

Determination of moisture content (Chemical
distillation method): Toluene (b.p. 110°C), a
entraining solvent which is immiscible in water
is used to determine the moisture content of raw
cashewnuts. Distillation apparatus is cleaned with
potassium dichromate/sulphuric acid solution to
minimize the adherence of water droplets to the
sides of the condenser or receiver. The nut is cut
alongthe suture line with a scalpel and then across it
into quarters. The material is weighed immediately
at least to the nearest 0.1 g and transferred to the
distillation flask. Sufficient toluene is added to
cover the sample and the mixture is swirled. The
temperature is maintained in such a way that about
170-190 drops of distillate are collected per minute.
After the receiver cooled to room temperature, the
volume of water collected is noted. The moisture

(30)

| —



arfties gfaaed / ANNUAL REPORT-2019

b 5
ICAR

contentis calculated as the ratio between the volume
of water collected (ml) to the weight of the sample
(g). Finally, the moisture content is converted into a
dry basis for all practical purposes.

Influence of pest infestation on kernel quality:
Random samples of raw cashewnuts (RCN) were
collected from a bulk to investigate the nature of pest
infestation on RCN. Nuts samples were examined
visually for insect infestation (Fig. 3.5.1) i.e. healthy
nuts without any insect infestation, infestation by
tea mosquito bug (TMB) having clear sunken spots,
infestation by apple and nut borer (ANB) having
surface damage showing rough shell portions with
or without holes at the scar region of nuts, by thrips
having corky patches with or without shrivelling
and malformation, and other kinds of damage i.e.
nuts with malformation without pest damage,
immature nuts, physical damage.

Fig. 3.5.1. Pest infestation on RCN damaged by
(a) TMB; (b) apple and nut borer nd (c) thrips.
(d) Healthy nuts without any pest infestation

To find out the degree of pest infestation
on kernel quality, thrips infested nuts were

3
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further segregated as G1, G2, G3 and G4 based on
visual observation on the degree of symptoms as
G1 representing <25% corky surface; G2 as
26-50%, G3 as 51-75% and G4 as >75% malformed.
Similarly, ANB infested nuts were segregated as
A1, A2 and A3 based on damage score, where Al
indicates 25% surface damage, A2 as 25-50%
surface damage without holes, A3 as >50% damage
with holes. Resultant kernels were segregated
into kernels with shrivelling, brown patches, black
spots, spoiled, oily kernels. The proportion of
each kernel type was worked out and correlation
analysis was performed to find out the influence of
pest infestation on kernel quality.

Regression analysis to compute quality index:
‘Product value’ estimated for raw cashewnuts
is influenced by various parameters of raw
cashewnuts and its kernels viz. spatial dimension,
nut count (NC), outturn (OT) and moisture content
(M). Therefore, stepwise regression analysis has to
be run to develop an empirical relationship of all
the above-mentioned parameters to estimate its
contribution for the best quality index (P<0.01).

Results and discussions
Heterogeneity in raw cashewnuts

The spatial dimension of raw cashewnuts
such as length, width, thickness representing
the size and weight of nuts of certain varieties
viz.,, Vengurla-1, Vengurla-3, Vengurla-4, Ullal-3,
Bhaskara, Dhana and VTH-174, harvested from
cashew farm (ICAR-DCR), Puttur were determined
and depicted in Fig. 3.5.2. It is confirmed from
resultant data that there was no strong correlation
between nut and Kernels characters for all the
varieties examined except weight which is having
a correlation coefficient of 0.76. The same trend
is observed for the nuts imported from Africa viz.,
CDJKL zone, Guinea Bissau, Gambia, Ivory Coast,
Indonesia and Tanzania (Fig. 3.5.3).

(40)
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Fig.3.5.3.Heterogeneity in the spatial dimension
of raw cashewnuts (Imported)

This indicates that heterogeneity exists in
raw cashewnuts even for the nuts grown in the same
region. Significant difference observed in density
with all other physical parameters assessed and it
may not be used as a quality indicator. Therefore, a
floating test which is in vogue to assess the quality
should serve as a preliminary indicator and not a
confirmatory test. As per the recommendations of
the Institute Research Committee (IRC), developing
quality standards for raw cashewnuts was restricted
to domestically produced nuts only.

3
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Quality assessment based on nut counts

Nut count is one of the techniques followed
to assess the quality of raw cashewnuts in terms of
size/weight. Random samples of raw cashewnuts
obtained from different origins viz., Burkino Faso
(Two samples imported during different periods),
Benin (Two samples imported during different
periods), Ivory Coast, Tanzania and Zambia were
segregated into small, medium, large and very
large based on its effective width using rotary
sieve grader. Nuts, thus graded were counted
and expressed per unit weight (Fig. 3.5.4). In the
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same manner, graded nuts were also weighed and
expressed to the total quantity analyzed (Fig. 3.5.5).
It is evident from the bar charts depicted on nut
count and corresponding weight that there was
no significant difference, indicating nut size has
a high correlation with its weight. Majority of the
nuts of imported origin showed that proportion
of the medium size nuts representing W240 and
W320 grades of the kernel as end product i.e. edible
kernel quality had higher proportion followed by
small, large and very large irrespective of the nuts
count or weight. Probably, this could be the
underlying factor for
benchmark grade to assess the quality which is in
vogue. Therefore, nut size or nut weight could a
serve as technique to assess the quality of the nuts
at the preliminary level. In this regard, grading
gadget suitable for grading samples size of one kg
is essential.

considering W320 as

Influence of pest infestation on kernel quality

The moisture content of all the samples
varied between 5.0 and 7.0% d.b. Samples collected
from Kemminje farm indicated that mean per cent
infestation of thrips (26.8%) was more compared
to Tea Mosquito Bugs (TMB) (2.1%) and Apple and
Nut Borer (ANB) (5.9%). Similarly, the mean per
cent infestation was 17.6%, 8.3%, 5.9% for thrips,
TMB and ANB, respectively, for samples collected
from Shanthigodu farm. While assessing the quality
in terms of kernels characteristics, it was observed
that shrivelling, brown patches and black spots
were found also on kernels of healthy cashewnuts.
Hence, these characteristics could not be solely
attributed to pest infestation. Further, black spots
were not found in the kernels in the TMB infested
RCN. Pooled data analysis of three harvests and
varieties revealed that per centage of healthy nuts
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was more (71.4%) followed by thrips infested
(21.1%), ANB (5.8%) and TMB (1.0%) infested
nuts. Among the three pests, thrips infestation was
more pronounced followed by ANB. Varied levels of
pest infestation resulted in a difference in surface
quality characteristics of kernels. But the presence
of shrivelling, brown patches, black spots on kernels
of healthy raw cashewnuts without visible signs
of pest infestation indicates the involvement of
factors other than insects. In the late harvest
nuts, brown patches and spoiled nuts were more,
which might be due to the climatic factors prevailed
during the maturity period of raw nuts. However, it
needs to be ascertained. A lower level of damages
on raw nuts by thrips, ANB and TMB had no much
influence on the kernel physical quality and highly
significant correlations arrived with good kernel
recovery.

Dimension
cashewnuts

analysis of Indigenous raw

Raw nuts collected from cashew growing
regions in both East and West coasts were graded
using mechanized concentric drum type rotary
sieve grader. The proportion of graded nuts viz.,
Very Large (VL), Large (L), Medium (M) and Small
(S) based on the effective width, which plays
important role in shelling process is presented in
Table 3.5.1.

Distribution of various sizes of nuts in the
sample indicated that certain varieties had a higher
proportion of very large sizes of nuts yielding
better economic values viz., Indira caju, Jhargram-2,
Balabhadra and Jaganatha in the East coast and
Vengurla -6, Vengurla -7, Vengurla -8 and Vengurla -9
in the West coast. Spatial dimension and nut quality
in terms of nut count and outturn for 40 samples
collected from AICRP Centres of cashew revealed

(42)
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Table 3.5.1. Changes in the size of the raw cashewnuts (Weight in gram)

Sl. No.  Variety Very large Large Medium Small
1. VRI-2 0 0 483 517
2. VRI-3 0 20 877 103
3. VRI-4 0 0 487 513
4, VRI-Cw 0 111 829 60
5. BPP-1 0 41 594 366
6. BPP-2 0 0 487 513
7. BPP-3 0 103 683 214
8. BPP-4 0 7 143 850
I BPP-5 0 0 487 513
10. BPP-6 0 22 505 473
11. BPP-8 28 553 419 0
12. BPP-9 18 386 588 7
13. Jagannatha (BH-6) 26 344 553 77
14. Bhuvaneshwar-1 0 8 414 579
15. Balabhadra (BH-85) 68 274 639 20
16. Indira caju 114 742 144 0
17. Jhargram-1 0 0 458 542
18. Jhargram-2 10 648 342 0
19. Anagha 0 8 13 979

20. K-22-1 0 23 646 331
21. Dhana 0 238 608 154
22. Priyanka 0 107 487 406
23. Poornima 0 175 507 319
24. Maddakkathara-1 0 7 104 889
25. Maddakkathara-2 0 28 685 287
26. Raghav 0 300 630 70
27. Damador 0 17 299 684
28 Amrutha 0 13 361 626
29. Dharasree 11 179 332 478
30. Bhaskara 0 150 826 24
31. Vengurla-1 0 0 720 280
32. Vengurla-2 0 46 703 250
33. Vengurla-3 66 682 252 0
34. Vengurla-4 39 787 174 0
35. Vengurla-5 0 0 0 1000
36. Vengurla-6 190 783 28 0
37. Vengurla-7 793 207 0 0
38. Vengurla-8 364 636 0 0
39. Vengurla-9 468 532 0 0

VL: Very large; L: Large; M: Medium; S: Small
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that dimension in major, minor and intermediate
axes were found to be in the range of 25.8-39.5,
19.3-28.8 and 14.2-21.3 mm respectively. Average
values of sphericity and equivalent diameter of
these nuts ranged from 18.87 to 27.69 and 0.82 to
0.88 respectively. There was no strong correlation
observed between nut and kernel characters except
weight (0.76). Among the varieties, nut count found
to be lesser for ‘Vengurla-7’ (91 nuts) whereas
‘Anagha’ registered higher value of 250 nuts per
kg. As far as outturn is concerned, ‘VRI-Cw’ (62%)
recorded the highest and in ‘Raghav’ (45.4%) it
was found to be the lowest. It was observed that
nut size has a strong correlation with nut weight.
The proportion of medium size nuts found to be the
highest among the graded nuts. After processing,
this particular size turns out to be ‘W320’ grade
and hence, this grade is considered as benchmark
for price computation.

Empirical relationship representing quality

A simple empirical relationship was
developed to represent quality by considering
the proportion of graded raw cashewnuts, the
prevailing market price for cashew kernels, count-
based nut weight and yield of good kernels and
other fractions. This quality index suggests that
the value between 0.08 and 1.0, wherein the lowest
value represents completely spoiled kernels as the
final yield and a highest value indicating 100% good

kernels.
n
=)

i=1

AX.
(AX)

Max

Where Y is the quality index (1.0<Y<0.1);
A is the grade of cashew kernel; X is the assigned
value for the grade, i representing various grades of
cashew kernels.

This methodology is quite suitable for
preliminary assessment with the assumption that
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72% of the processing cost is incurred on raw
cashewnuts, kernel per centage recovery of 23%
the nuts are graded into VL, L, M and S based on
effective width yielding W180, W210 and W240,
W320 and W450 and W520 respectively and the
prevailing market price.

This Product value method has not
incorporated moisture content, which has a strong
bearing on the quality of raw cashewnuts as far
as its shelf life is concerned. Hence, it needs to be
modified with a provision to determine the moisture
content instantaneously. ‘Product Value’ estimated
for raw cashewnuts is influenced by various
parameters of raw cashewnuts and its kernels viz.,
their spatial dimensions, nut count (NC), outturn
(OT) and moisture content (M). Therefore, stepwise
regression analysis was followed for the basic data
generated in 40 different varieties collected from
the AICRP Centres. An empirical relationship is
developed in terms of ‘Quality index’ to estimate its
contribution towards the quality of raw cashewnuts
(P<0.01) and conveniently it can be utilized at
different stakeholders’ level.

Quality index = 64.48-0.161 NC + 4.56 OT - 3.85
M with (Multiple R value of 0.88)

Where NC - Nut count; M - Moisture content of in-
shell cashewnuts; OT - Outturn

Validation of empirical model with locally
available raw cashewnuts

The quality index developed was validated
for raw cashewnuts gathered from ICAR-DCR farm
viz., VTH-30/4, Ullal-4, Bhaskara, Ullal-3 and NRCC
Selection-1 and freshly harvested local nuts i.e.
Bellare and Sullia. Moreover, in order verify the
influence of stored nuts, both freshly harvested
nuts and one year old nuts of accession H-126
were assessed for its quality using the empirical
relationship developed in terms of ‘Quality Index’
(Table 3.5.2).

@
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Table 3.5.2. Validation of quality index developed for raw cashewnuts

Variety / origin NC M oT Original Yield using
Yield QI

Varieties (cashew farm)

VTH-30-4 166 9.75 57.51 270.9 262.5
Ullal-4 156 8.88 60.11 280.2 279.3
Baskara 169 7.63 62.07 298.0 291.0
Ullal-3 138 10.23 55.88 260.2 257.7
NRCC Sel-1 142 7.40 58.77 292.8 281.1
Locally collected nuts R? 0.96
Bellare 184 14.00 57.63 243.04 243.7
Sullia 155 13.25 54.09 230.79 235.2
Stored nuts R? 1.00
H-126 Fresh 70 9.96 50.43 236.2 244.8
H-126 Old 85 5.75 55.26 278.9 280.6
Fresh / Old nuts of H-126 R? 1.00

NC - Nut Count; M - Moisture content of Inshell Cashewnuts ; OT - Outturn.
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3.5.2. Screening of cashew varieties to specify
the use of cashew apple in value-added
products

Principal Investigator Mr. R. A. Dagadkhair

Co-Principal Investigators Dr. Ramkesh Meena
(11/2014 to 12/2015)

Dr. M.V. Sajeev
(10/2015 to 03/2017

Dr. P. Preethi
(09/2017 to 06/2018)

Project code 4.19

Project duration 10/2014 -06/2018

Introduction

India is one of the leading countries in cashew
cultivation and production with 10.27 lakh ha area
under cashew cultivation and 7.25 lakh tonnes of
production of raw cashew nuts (DCCD 2020). A unit
of the cashew apple is eight times heavier than a
nut, considering this thumb rule we are producing
58.24 lakh tonnes of cashew apple every year. In the
majority of cases, the cashew apples are not utilized
and left to rot in the field.

Because cashew apples are harvested over a
period of 4 -5 months during a year, its use as a raw
material for a variety of fruit-based products can
trigger a revolution in the cashew industry. Cashew
apple can be processed as wine, gin, brandy, syrup,
vinegar and jam and some of these products are
being produced on a commercial scale in Brazil,
India and Mozambique.

Cashew apple juice is sweet and nutritious,
but it has astringency due to the presence of
phenolic compounds, which makes it less palatable.
Hence, it was decided to undertake the research for
improving the palatability and quality of the cashew
apple by convertingitinto juice and by blending with
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other fruit juices and spices for the preparation of
Ready-to-Serve (RTS) beverage, cider, jams and jelly
etc. Cashew apple obtained from different varieties
has different physicochemical properties. The
range of the products so far developed from cashew
apple in India is seen to be failed either in the early
stage of industrial development or at consumer
level due to lack of quality. The important reason
behind this sorry status of processed products
of the cashew apple is nonuniformity of the raw
material and unawareness about variety-specific
product preparations. Therefore, it was highly
essential to screen the cashew varieties based on
their suitability for specific product preparation
from the cashew apple.

Objectives

1. To judge the right stage of development of
cashew apple suitable for specific product

preparation.

2. To determine the chemical composition
of cashew apple at different stages of
development.

3. To specify varietal suitability for fresh

consumption and value addition of cashew
apple.

4. To evaluate the shelf life of raw cashew apple
and its processed products.

Research Findings

Physicochemical properties of cashew apple at
different stages of its development

Five different stages of the physiological
development of cashew apple were recognized
(Fig. 3.5.6) and fruits were tested for their
physicochemical properties (Table 3.5.3). The fifth
stage of the physiological development of cashew
apple was found to be suitable for preparation of
RTS, cider, jam, jelly and pulp.

(46 )
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Fig. 3.5.6. Stages of development of cashew apple

Table 3.5.3. Physicochemical properties of cashew apple at five different stages of development

Apple stages Bhaskara Ullal-3
Tannin Phenols Reducing Tannin Phenols Reducing
(%) (ng sugars (%) (ng 100 mg™) sugars
100 mg?) (%) (%)
1. 0.048 6.081 0.378 0.062 5.331 0.468
2. 0.030 2.324 0.408 0.043 2.675 0.624
3. 0.022 1.864 0.418 0.044 1.143 0.797
4, 0.023 1.396 0.732 0.022 1.256 0.924
5. 0.018 3.323 1.195 0.016 3.879 1.834
CD (5%) 0.053 5.32 0.58 0.051 4.63 0.61
Apple stages Bhaskara Ullal 3
DPPH scavenging activity (n mols 15 | DPPH scavenging activity (1 mols 15
min 100 mg?) min 100 mg?)
Methanol extract Phenols fraction Methanol extract Phenols fraction
1. 0.511 0.073 0.634 0.089
2. 0.356 0.216 0.482 0.368
3. 0.288 0.311 0.335 0.487
4. 0.263 0.202 0.298 0.456
5. 0.167 0.226 0.211 0.379
CD (5%) 0.59 0.611 0.62 0.632

(a7)
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Screening of varieties

Every processed product has its raw material
requirement to stand excellent as far as its quality
is concerned. Keeping that in view, one germplasm
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accession and ten released varieties have been
analysed for their physicochemical parameters
(Table 3.5.4).

Table 3.5.4. Screening of cashew apple varieties based on their biochemical composition

Sl.  Variety Colour Apple Juice TSS Tannin Vit-C Acidity

No. weight content (°Bx) (mgg') (mg100 (g100
(8) (%) g") ml)
1.  Bhaskara Red 68.5 61.5 8.5 0.60 73.24 0.43
2. Madakkathara-2  Red 79.0 63.5 10.0 0.51 NA 0.59
3. Ullal-3 Red 70.0 60.0 10.5 0.39 NA 0.29
4.  Vengurla-4 Red 73.5 58.0 9.5 0.48 NA 0.37
5. NRCC-301 Red 132.0 69.5 9.0 0.50 NA 0.27
6. NRCC Selection-2 Red 71.0 65.0 11.0 0.68 63.80 0.48
7.  Dhana Yellow 73.0 61.0 9.0 0.63 59.72 0.40
8.  Priyanka Yellow 113.0 69.0 10.5 0.39 87.37 0.41
9. VTH-174 Yellow 79.0 48.0 11.5 0.66 NA 0.52
10. Kanaka Yellow 63.0 50.0 12.0 0.58 63.28 0.39
11. Vengurla-3 Yellow 72.0 56.0 10.5 0.41 0.40

(n=3, NA= not analyzed)

Cashew apple pulp

Studies on the long time storage of cashew
apple in the form of pulp were taken up. Freshly
collected cashew apples were ground into a slurry
consistency without the addition of water or any
other ingredient. This pulp was packed in the

A

- S

High-density polyethylene (HDPE) bags and stored
at below -10°C (Fig. 3.5.7). The study revealed
that except 16% reduction in Vitamin C content
(338 to 282 mg 100 ml?), the other components
such as tannins, phenolics and total soluble solids
remained without significant changes even up to
6 months of storage.

Fig. 3.5.7. Frozen Cashew apple pulp

(48)
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The effect of pulp blanching on its storage
behaviour was studied in comparison with the
unblanched sample. Though heating of pulp at
about 100°C for 1-2 minutes resulted in depletion
of few heat-labile nutrients like Vitamin C (343 mg
100 ml?') over unblanched sample (368 mg
100 ml?), the inactivation of enzymes due to
blanching resulted in retention of maximum
nutrients (TSS-9°Bx, Vitamin C (Vit-C) 273 mg
100 ml?, Tannins 148 mg 100 ml?, Total Phenolic
Contents (TPC) 236 mg 100 ml!, CUPRAC Assay 863
mg 100 ml*and FRAP Assay 463 mg 100 ml* during
the storage compared to the unblanched samples
(TSS-8.8°Bx, Vit-C 251 mg 100 ml?, Tannins 140
mg 100 ml?, TPC 230 mg 100 ml?, CUPRAC Assay
803 mg 100 ml! and FRAP Assay 426 mg 100 ml?).
The colour of the blanched pulp at the end of twelve
months frozen storage was better than unblanched
samples.

CASHLIME: Cashew apple lime blend RTS nectar

Cashew apple juice is sweet and nutritious
but has astringency due to the presence of tannins
(0.2-0.3%), which makes it less palatable at the
same time limits processing and marketability of
its value-added processed products. To overcome
this problem attempts were made by compatibly
blending the cashew apple juice with lime juice
and water. The threshold value for the sensation
of astringency of tannins is 0.1%. Below this
concentration astringency cannot be sensed.
The concentration of cashew apple juice in the
“Cashlime” is so adjusted that it will contribute
maximum to the nutritional value of the product
and also bring down the concentration of tannins
below threshold value through optimum dilution
with water. Blending with lime juice resulted into
delightful and delicious beverages with improved
organoleptic quality and nutritive value. Keeping
in view the nutritive and health benefits of cashew
apple and lime, the present technology is developed

anftiek yfaaet / ANNUAL REPORT-2019

3

DCR

where lime possess bland taste and cashew apple
can serve as the best functional food by blending
with lemon as taste improver. The product falls
in the category of “Ready to Serve Nectar” (RTS
Nectar) beverage in food technological terms as
the fresh fruit juice content of the beverage is more
than 20%.

Out of eleven varieties selected for study, five
varieties viz., Vengurla-3, Accession-301, Dhana,
Bhaskara and Ullal-3 were found to be suitable for
the preparation of RTS beverage in terms of overall
acceptability through organoleptic evaluation and
biochemical composition.

Fig. 3.5.8. “Cashlime” a cashew apple and lemon
juice blended RTS beverage

Comparative  nutritional = value  and
functional properties of the CA-Lime blend RTS
and commercial lime RTS is presented in Table
3.5.5. It is clearly understood that the blended RTS
prepared from the selected combination of juices
found to be superior to RTS prepared using only
cashew apple juice or commercially available lime-
based RTS. The product could retain a maximum of
ascorbic acid (75.9 mg 100ml™) and total phenolics
(0.06%). The tannin content (86.62 mg 100ml™) of
the product was found to be below the threshold
level of the sensation of astringency (<0.1%).

(40)
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Table 3.5.5. Nutritional value and functional properties of the product compared with fresh juice
and RTS without lime juice
Sl. No. Parameter Raw RTS without Cashew Commercial
cashew lime Juice apple-lime lime RTS
apple Juice blend RTS (Nimbooz)
1. TSS (°Bx) 11.5 10.0 10.0 10.0
2. Ascorbic acid (mg 100ml™) 330.0 68.0 75.9 13.2
3. Tannin (mg 100ml™) 289.0 90.86 86.62 3.7
4. Total phenol (%) 0.28.0 0.04 0.06 0.02
5. DPPH Scavenging Activity
(umoles 15min™* 100 pl? juice) 1184.2 203.8 281.6 117.0
6 Acidity (%) 0.48 0.33 0.38 0.46
7. Carbohydrates (%) 14.05 13.02 13.06 13.0
8. Sugars (%) 12.04 11.04 12.06 12.02
9 Protein (%) 0.18 ---- ---- ----
10. Fat (%) 0.09
11. Energy (kcal 100ml?) 51 47 51 50

Microbial evaluation of Cashlime

The prepared beverage formulation was
studied for the microbial load. The total microbial
load was calculated by Standard plate count method.
The standard plate count was done according to the
method described in “Recommended method for the
microbiological examination of food”. The microbial
analysis of the cashew apple-lemon blend RTS Nectar
was performed at the interval of 30, 60, 90, 120, 150
and 180 days after storage (DAS) at room temperature
and refrigerated storage (10°C) with and without
the addition of permitted chemical preservative. The
preparation with 70 ppm potassium metabisulphite
(KMS) at room temperature remained safe for 60
days over the one without added KMS (30 DAS).
The significant improvement in the shelf life of the
beverage i.e. 150 DAS was recorded over the one stored
at refrigeration temperature without KMS (90 DAS)
which can be attributed to the synergistic effect of 70
ppm of KMS and refrigerated condition during storage.

Cashew apple cider

Cashew apple cider is prepared from
four different varieties separately and also
from mixed variety cashew apple juice through
anaerobic fermentation at room temperature by
yeast Saccharomyces cerevisiae. The pH of 4.2-
4.4 was identified and maintained for efficient
fermentation using suitable buffers at different
stages of fermentation. The sugar is added to the
tune of 1-2% if the TSS of fresh juice is below 10°Bx.
The alcohol content of the product is in the range of
3.5-6.0% (v/v). Based on the preliminary sensory
evaluation, the cider prepared from mixed juices
of different varieties was found to be better than
the individual varieties. The product was analyzed
for its functional nutrients. The concentration of
antioxidants in the fresh product was found to be
65-100 mg 100ml* trolox equivalent by CUPRAC
method. The beverage is rich in Vitamin C (150-
220 mg 100 ml?*) and phenolics content (150-180

©
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mg 100ml™). The cider prepared was observed for
its stability with respect to biochemical changes
(TSS, Vit- C, total phenols and antioxidants activity)
occurred during storage. The preparation is highly
stable even at room temperature (>6 months),
whereas at refrigerated temperatures, the product
was found to be stable for more than twelve months
(Fig. 3.5.9, Table 3.5.6).

Fig. 3.5.9. Antioxidant rich cashew apple cider

Table 3.5.6. Nutritional value and functional
properties of cashew apple cider

Sl. No. Parameter Value
1.  TSS (°Bx) 1.0-1.5
2. Ascorbicacid (mg 100ml?)  150-220
3.  Tannin (mg 100ml?) 112-186
4.  Total phenol (mg 100ml™) 140-205
5.  Antioxidant activity

(CUPRAC) (mg 100ml) 65-100

6.  Antioxidant activity FRAP
(mg 100ml) 250-400
7.  Carbohydrates (%) 1.5-2.0
8.  Sugars (%) 1.0-1.5
. Ethanol (%) 3.5-6.0
10.  Protein (%) ---
11.  Fat (%)
12.  Energy (kcal 100ml?) 40-50

anftiek yfaaet / ANNUAL REPORT-2019
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Cashew apple jam

Out of eleven varieties screened, three
(Bhaskara, VTH-174 and NRC-301) were found
to be suitable for jam preparation due to their
high pectin content compared to other varieties.
Moreover, the product can be prepared from other
varieties also by the addition of commercial pectin
or natural source of pectin at the rate of 0.1 to
0.5% (depending upon the original pectin content
of cashew apple). Cashew apple jam (68°Bx)
preparation was standardized by using a natural
source of pectin. Different concentrations of the
dried orange peel powder (boiled) extract was
added and a suitable concentration for setting a
quality jam was identified. Cashew apple jam was
analyzed for its functional nutrients and it was
found to be rich in Vitamin C (120 mg 100g™),
total phenolics (134 mg 100g!), and antioxidants
(403 mg 100g* by CUPRAC and 200 mg 10g! by
FRAP assay ). The product was checked for its shelf
life based on the effect of storage temperature on
biochemical composition of the preparation and it
was found that the product was high in sugar and
remained stable up to six months. The nutritional
content of cashew apple jam is given in Table 3.5.7.

Fig. 3.5.10. Antioxidant rich cashew apple jam

0
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Table 3.5.7. Nutritional value and functional
properties of cashew apple jam and

jelly
Sl. No. Parameter Cashew Cashew
apple apple
jam jelly
TSS (°Bx) 68.5 65.0
Ascorbic acid 121.0 142.0
(mg 100ml?)
3.  Tannin (mg 100ml™) 112.0 93.0
Total phenol 134.0 117.0
(mg 100ml?)

5.  Antioxidant activity
(CUPRAC) (mg 100ml™*) 403.0 316.0

6. Antioxidant activity
FRAP (mg 100ml ™) 200.0 152.0
7. % DPPH assay 68.30 66.0
. Sugars (%) 64.30 65.5
9. Dietary fiber (%) 1.60 Traces
10. Protein (%) 0.17 0.06
11. Fat (%) 0.12 0.08
12. Energy (kcal 100g™) 277 261

Cashew apple jelly

Out of eleven varieties screened, three
(Bhaskara, VTH-174 and NRC-301) were found
suitable for jelly preparation due to their high pectin
content compared to other varieties. The product
can also be prepared from any other varieties with
the addition of commercial pectin or natural source

3
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of pectin at the rate of 0.1 to 0.5% (depending
upon the original pectin content of cashew apple)
more than the selected varieties. Cashew apple
jelly (65°Bx) preparation was standardized where
the use of commercial pectin is reduced by using
a natural source of pectin. The cooked guava
(unripe/firm) pulp extract was added at a different
levels of concentration and a suitable concentration
was fixed to set a quality jelly. Cashew apple jelly
was analyzed for its functional nutrients and was
found to be rich in Vitamin C (142 mg 10g1), total
phenolics (117 mg 10g*), antioxidants (316 mg
10g! by CUPRAC and 152 mg 10g* by FRAP assay).
The product is checked for its shelf life based on
the effect of storage temperature on biochemical
composition of the preparation and it was observed
that the product was high in sugar and remained
stable up to six months.

Fig. 3.5.11. Antioxidant rich cashew apple jelly
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4. TRANSFER OF TECHNOLOGY AND EDUCATION

4.1. Farmer participatory soil and plant health
management - An attempt for improving
the livelihood of cashew farmers of coastal
Karnataka under RKVY-RAFTAAR

Cashew is usually grown as rainfed crop along
the West and East coasts in soils that are generally
poor in fertility status. Poor soil fertility and limited
attention to nutrient management is one of the
major constraints in realizing the potential yield
from cashew. Timely management of pest and
diseases is also important for improving the yield
and net returns from cashew orchards. Under this
background, a project funded by RKVY-RAFTAAR
was initiated to create a state of art laboratory
facilities and demonstration plots to showcase
the usefulness of improved technologies to realize

higher yield and income to the cashew growers of

Karnatakain particularand other regions in general.
The demonstration with farmer’s participation is
expected to allow the growers to realize the impact

of technologies in the field.

On-farm demonstration

For establishing a demonstration plot on
improved production technology for the visiting
farmers, an additional plot area of 4.5 acres with
cashew variety Bhaskara was developed in the
Kemminje campus. Of the 4.5 acres, 3 acres was
planted at normal density (7.5 m x 7.5 m spacing)
with the contents Bhaskara, and 1.5 acres under
high density planting at a spacing of 4 m x 4 m with
the variety H-130. To demonstrate the usefulness of

water management and irrigation under precision

agricultural practices, a drip irrigation system was
installed (Fig. 4.1.1).

- .- - - ~ -
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Fig. 4.1.1. Field preparation, planting and drip system laying activities for establishing thebdemonstration plot

Front line demonstration (FLD) in the farmers’
field and training

Farmers fields in the coastal districts of
Karnataka viz. Udupi, Dakshina Kannada and Uttara
Kannada were surveyed and need-based advice on
cashew cultivation was given. Farmers meetings
were carried out in all the three districts. Based on
exploratory survey 60 farmers were selected for
conducting adaptive research trials and front line
demonstrations. Of the 60 farmers contacted, 59
farmers took up the farmer’s participatory research
and demonstration and carried out activities on
improved plant health management. Soil health
cards were also distributed to these farmers.

Cashew plant health clinic museum

Cashew is a seasonal crop which flowers and
fruits in a definite season. To illustrate different
aspects of cashew cultivation throughout the year
to the visiting farmers and others, a museum was
proposed to be established under the project.
During the financial year 2018-19, the phase-I
activities of the museum have been completed. This

includes the development of models, showcases
and interactive kiosks. The phase Il will cover wall
panelling, designer ceiling, wall painting, wooden
flooring, lighting, making glass enclosures, making
special frames, fascia gate, murals, digital printing,
digital translates with backlit, digital printing of
foldable rollup banners, press button information
board, storytelling board, LED flow sheets/move
signs display, hologram fan display and standing
translites.

4.2. Exhibitions

Krishi Mela-2019: ICAR-DCR, Puttur
participated in ‘Krishi Yantra Mela-2019’ conducted

Yantra

at Vivekananda College of Engineering and
Technology (VCET), Puttur, Karnataka during 23-
25 February 2019 and exhibited commercialisable
technologies of the Directorate.

Kisan Mela and Agri-Expo-2019: A team from
ICAR-DCR exhibited astall ofthe Directorate in Kisan
Mela and Agri-Expo during 12-13 October 2019 at
ICAR- Central Plantation Crops Research Institute

©
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(CPCRI), Research Station, Kidu. In this event, 500  at ICAR-Central Plantation Crops Research Institute
farmers visited the DCR stall and extension leaflets ~ (CPCRI), Kasaragod on 2 October 2019. An
on cashew cultivation aspects were distributed to  exhibition stall showing the technologies related
needy farmers along with an explanation. to cashew production, soil and water conservation
technologies developed by the directorate was put
and it was visited by 1000 people such as farmers
of Karnataka and Kerala, students, researchers,
processors and the general public.

Jal Sakthi Abhiyan-2019: ICAR-DCR, Puttur
participated in Jal Sakthi Abhiyan-2019 conducted

4.3. Farmers visit/field day at ICAR-DCR

Sl. No. Details Date Co-ordinator
1. Field day/exposure visit to DCR experimental
fields and section was arranged to 50 farmers 22 January 2019  Eradasappa, E.

of Farmers Producers Organization, KVK Tiptur,
Tumkur district of Karnataka.

2. Field day/exposure visit to DCR experimental 22 January 2019 Fremnemniliaer
fields and section was arranged to 25 farmers Managalassery
from Vengara block, Malappuram ATMA
programme.

3. Field day/exposure visit to DCR experimental 1 March 2019 Siddanna Savadi
fields and section was arranged to 30 farmers
of Haveri district, Karnataka.

4. Field day/exposure visit to DCR experimental 7 March 2019 Shamsudheen
fields and section was arranged to 30 farmers Managalassery

from ATMA, Raigad, Maharashtra.
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5. Field day/exposure visit to DCR experimental 23 March 2019 Shamsudheen
fields and section was arranged to 45 farmers

from ATMA, Wayanad.

Managalassery

6. Field day/exposure visit to DCR experimental
fields and section was arranged to 33 farmers
and 7 officials from the office of the Asst. Director
of Agriculture, Thiruvalla, Pathanamthitta,
Malapuram district of Kerala under ATMA
programme.

25 May 2019 Eradasappa, E.

7. Visit of five cashew farmers from Sagar for
cashew apple processing - Prakruti foods,
Mangalore and Madhu Multiples, Kavu, Puttur

18-19 June 2019  Mohana, G.S.

and ICAR-DCR, Puttur.

4.4. Diagnostic field visits/monitoring of field
trials/demonstration by scientist

Dr. Shamsudheen Mangalassery, [Senior
Scientist (Soil Science)] conducted diagnostic visit
in a farmer’s field in Gokak, Belagavi on 7 November
2019 and suggestions were given based on the field
visit and after soil and plant sample analysis.

4.5. E-extension through social media / mobile

app/website

Nutrient management software and

mobile app

One of the major constraints in realizing the
potential yield in cashew is the limited attention
givenby growers onnutrientmanagementin cashew.
The application of the right quantity of required
fertilizer at the right time is vital for the judicious
management of resources and for achieving the
maximum benefit and income. Due to the wide
variability in field conditions, and availability and
choice of fertilisers, the farmers cannot correctly
determine the right quantity of fertiliser to be
applied and they may have to depend on scientists

and extension personnel to get information on the
correct doses. For empowering the farmers to take
an informed decision by themselves, a software and
a mobile App for nutrient management in cashew
were developed under the project funded by RKVY-
RAFTAAR at ICAR-DCR, Puttur. Under the same
project, another offline soil health card generator in
both English and Kannada was prepared to generate
the soil health card from analytical data.

Software on Cashew nutrient manager

This software is available in both English
and Kannada. It is available on the ICAR-DCR
website for calculating fertilizer requirement,
lime requirement, foliar application of major and
micronutrients. The deficiency symptoms of major
and micronutrients commonly observed in the field
also included in the software. The farmers can click
on the images and understand the symptoms and
find out the options to correct the deficiency. The
software also lets the farmers download the soil
health card issued by ICAR-DCR, Puttur. The link to

the software is at https://cashew.icar.gov.in/soil.

®
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FERTILIZER CALCULATOR

o About software

#  Fertizer Calculator

Lime Calculator
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Downioad Soil Health Card
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Useful Converters
Aadhaar
Other Resources
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Spacing
Row to Row
No. of trees

Mobile App on cashew nutrient manager

The mobile app version of the software
on the cashew nutrient manager was developed.
The App has got bilingual functionality (English

ICAR - DIRECTORATE OF CASHEW RESEARCH
PUTTUR - 574 202, D.K., KARNATAKA
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An ISO 90012008 Certfied Organization

DCR
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Choose your Crop

Plant to Plant Total Ares Total Arealm2)

and Kannada). The app can be downloaded from

the Google play store at https://play.google.

com/store/apps/details?id=com.icarcashew.dcr
cashewnutrientmanager.
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Soil health card generator

Offline software in both English and Kannada
was prepared to generate the soil health card. It
enables to generate error-free soil health card from
the analytical results as single and multiple pdffiles.
For using the software, the laboratory staff need
to upload the analytical data in excel sheet format
specified and choose single or multiple pdf option
available in the software. The single pdf files can be

used to issue the electronic copy of the soil health

Lg

¥4 ICAR - DIRECTORATE OF CASHEW RESEARCH @
g PUTTUR - 574 202, D K., KARNATAKA -

PDF Generator

@) Single Multiple

Choose File | No filo chosen

"'ws | ICAR - DIRECTORATE OF CASHEW RESEARCH @
g PUTTUR - 574 202, D K., KARNATAKA —

ADOF* wIBCE0*
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card to the individual farmer or to upload on the
website which can be downloaded by the farmer by
providing information such as Adhaar card number
and year from ICAR-DCR, website. The multiple
pdf in single file option can be used when the soil
health cards are to be printed for distribution to the
farmers. The software was developed with funding
support from RKVY-RAFTAAR, Govt. of Karnataka.

Digital Soil Health Card

Farmers who tested their soil at ICAR-DCR,
Puttur can download their soil health card any
time anywhere from DCR web page or Mobile App
on Cashew Nutrient Manager by inputting the

information such as Aadhar card number and year.
4.6 Websites

Mohana, G.S. (AKMU In-charge) and Muthuraju R.
(Technical officer, AKMU) maintained and update

the following websites:

> The webpage of AICRP on cashew
www.cashew.icar.gov.in/aicrpc

> The Cashew phenology webpage
www.cashew.icar.govin/phenology

> The website of ICAR-Directorate of
Cashew Research

https://cashew.icar.gov.in
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M.G. Nayak

TV talk and discussion on “Cashew cultivation practices”
on DD1.

28 January 2019

Eradasappa, E.

Participated as a resource person and delivered a
talk on ‘Cashew cultivation practices’ in the Agri and
Horticulture Farmer’s Mela at Alike, Bantwal Taluk,
Dakshina Kannada organized by KAMPU Agriculture
and Horticulture Crop Producer Company Limited,
Vittal, Bantwal, Dakshina Kannada, Karnataka.

26 February 2019

D. Balasubramanian

Attended on the meeting during Inter-Institute-Industry
meeting conducted by Karnataka Cashew Manufacturers
Association (KCMA) at Mangaluru.

26 April 2019

Eradasappa, E.

Participated as a resource person and delivered a talk on
‘Cashew cultivation practices’ in Farmer’s Field School
organized by SKDRDP at Mundoor Village, Puttur Taluk,
Dakshina Kannada.

4 July 2019

Mohana, G.S.

Delivered a talk on “Cashew cultivation practices” at
Punacha Cooperative society Hall at Punacha village,
Dakshina Kannada. The program was organised by
[FFCO, Bangalore, Punacha Cooperative Society, Punacha
and Directorate of Cashew Research, Puttur.

18 July 2019

Eradasappa, E.

Delivered a talk on “Institutional services available at
ICAR-DCR for the input dealers, farmers and other
stakeholders” to the students of Diploma in Agricultural
Extension Services at KVK, Mangaluru.

7 September 2019

recorded by All India Radio (AIR), Mangaluru.

Mohana G.S. Participated and made a presentation on “Role of media  20-21 September 2019
in science communication” in Science communication
workshop at CFTRI, Mysuru.

M.G. Nayak TV talk on “Modern cashew cultivation practices” on DD 19 Qctober 2019

M.G. Nayak Radio talk on “High density orcharding in cashew” 5 November 2019

Eradasappa, E.

Participated in an interview in Kisan Vani programme
on “Varietal Improvement in Cashew” at All India Radio
(AIR), Mangaluru.

11 November 2019

T.N. Raviprasad

Participated in an interview in Kannada on “Integrated
Pest Management in Cashew” in Kisan Vani from All
India Radio (AIR), Mangaluru.

20 November 2019

©
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4.8. Teaching/Training/Guiding of Students

Dr. Siddanna Savadi

Supervised the 2 M.Sc. (Biotechnology)
students’ research and thesis writing on the
topics “Orthology based gene amplification
for plant stature, CNSL and flowering traits
and genetic diversity analysis in cashew
accessions” of Ms. Akhila S.N., Mangalore
University and “Orthology based gene
amplification for compactness and purple
pigmentation and genetic diversity analysis
in cashew accessions” of Ms. Jyothishree
K.M., Mangalore University from 01.06.2019
to 31.07.20109.

Dr. Preethi, P.

Supervised 3 M.Sc. (Food Science and
Nutrition) students’ research and thesis

3

DCR

writing on the topics ‘Storage behaviour of
cashew sprout under brine condition’ by
Ms. K. Sushmitha, ‘Development extruded
product from cashew apple pomace powder’
by Ms. K. Shradha, and ‘Development of
extruded products from cashew sprout
powder’ by Ms. K. Tanushree of Mangalore
University, Mangalore for their project work
from 01.06.2019 to 31.07.2019.

Dr. Shamsudheen Mangalassery

M.Sc.
student’s research and thesis writing on the

Supervised one (Microbiology)
topic ‘Impactoforganicfarmingin cashewon
rhizosphere microbial populations and soil
enzymes’ by Ms. Navyashri, P. of Mangalore
University, Mangalore for her project work

from 01.06.2019 to 31.07.2019.
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5. AICRP / Co-ordination Unit

5.1. Annual Group Meeting (AGM) of AICRP on
Cashew

The Annual Group Meeting (AGM) of
Scientists of AICRP on Cashew was organized at
the University of Horticultural Sciences, Bagalkot
from 13-14 December 2019. Dr. Indiresh. K.M,,
Hon’ble Vice Chancellor of UHS, Bagalkote, Dr. N.
Basavaraj, Director of Research, UHS, Bagalkote,
Dr. W.S. Dhillon, ADG (Hort. Sci.), ICAR, New Delhi,
Dr. M.G. Nayak, Director (Acting), ICAR-DCR, Puttur
had participated in the AGM. About 75 delegates
including the scientists from the Coordinating
Centres of AICRP-Cashew, and ICAR-DCR, Invitees,
UHS Staff, Press and Media persons participated in
the meeting. The welcome address was delivered by
Dr. N. Basavaraj, Director of Research, UHS, Bagalkot.
The Presidential address was delivered by Dr. K.M.
Indiresh, Vice Chancellor, UHS Bagalkot, wherein
he mentioned the scope of cashew cultivation over
other plantation and fruit crops in non-traditional
areas of Karnataka and the requirement of transfer
of technology to the enterprunering farmers. Dr.
W. S. Dillion, ADG (HS), ICAR, New Delhi narrated
about the latest developments in the horticultural
sector in India. He emphasized on the need to
adopt innovative technologies for increasing
the productivity of cashew. He also focused on
undertaking studies on cashew rootstocks suitable
for drought and salinity stress.

The
presented by Dr. M.G. Nayak, Director (Acting)

Project Coordinator’s report was
wherein he highlighted the activities taken up by
14 AICRP Cashew Centres. He said that the centres

are maintaining 1557 accessions, and 27 new

accessions have been collected by different AICRP
Cashew centres during the year 2018-19 with

respect to the yield and yield attributing characters.
He also mentioned that a new trial on the evaluation
of promising bold nut, bigger size apple types and
high yielding cashew genotypes was initiated in the
centres. In addition to the trial on hybridization
and selection, another trial on rapid clonal hybrid
evaluation which aims at bringing desirable
characters from promising germplasm accessions
is under progress at Bhubaneshwar, Madakkathara,
Vridhachalam and Vengurla centres. During the
year 2018-19, around 3.61 lakh cashew grafts
were produced and supplied to farmers. He also
mentioned that the AICRP centres are also playing a
major role in the transfer of technologies for cashew
cultivation and more than 49 training/awareness
camps on different aspect of cashew cultivation and
management practices have been taken up in which
around 1000 farmers had participated.

@



&.‘.

b 3
ICAR

On this occasion, five publications from
Horticultural Research and Extension Centre
(HREC), Hogalagere, Karnataka; Cashew Research
(CRS), Bhubaneswar, Odisha, and
Research Station, (BCKV), Jhargram,

West Bengal were released.

Station

Regional
Later, the technical
session on ‘Crop Improvement’ chaired by Dr. N.
Basavaraj, Director of Research, UHS, Bagalkot,
and the session on ‘Crop Management’ chaired
by Dr. D.R. Patil, Assoc. Director of Research
& Extension, UHS, Bagalkotwasheld on 13 December
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2019. The session on ‘Crop Protection” was held
on 14 December 2019 followed by “Interaction
Session with farmers, scientists, processors and
officials from development departments chaired
by Dr. S.I. Hanamashetti, Department of Plantation,
Spices, Medicinal and Aromatic Crops, College
of Horticulture, Bagalkot and co-chaired by Dr.
Venkatesh N. Hubballi, Director, DCCD, Kochi. The
problems and suggestions of farmers regarding
cashew were also discussed at length and the AGM
was concluded with the plenary session.
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6. AWARDS / RECOGNITIONS

6.1. Institutional awards

. The cashew variety of ICAR-DCR, Puttur
named Bhaskara has been granted the
registration number 207 of 2019 on
6 December 2019 by the Protection
of Plant Varieties and Farmers Rights
Authority, New Delhi.

. The planting material nursery of ICAR-
DCR, Puttur has been granted the [V star
rating (Certificate No. KNCAPU4919)
by the Directorate of Cashewnut and
Cocoa Development, Kochi with effect
from 13 October 2019.
6.2. Individual awards
Dr. ].D. Adiga

. Received the Pomologist Award-2019
in the International Conference of
Scicon series on “In Sync-with Next

Generation Biosciences (SciCon
INGB)- 2019” held at Goa, during 6-8
November 2019.

Dr. Shamsudheen Mangalassery

. Received the Outstanding best paper
award of the Novel Research Academy,
Puducherry on 31 May 2019, for
the research paper entitled “Effect
of inorganic fertilisers and organic
amendments on soil aggregation
and biochemical characteristics in a
weathered tropical soil”, authored by
S. Mangalassery, D. Kalaivanan and
Prabha S. Philip published in Soil and
Tillage Research Vol. 187.

. Received the Highly Cited Researcher
Award 2018 of the Novel Research
Academy, Puducherry on 31 May 2019.

Dr. K. Vanitha

. Received Young Achiever Award - 2018
by the Society for Advancement of
Human and Nature (SADHNA), Dr. Y.S.
Parmar University of Horticulture and
Forestry, Solan, Himachal Pradesh.

Mr. Muralidhara, B.M.

. Received “Young Scientist Award-
2019” from Agriculture Technology
Development Society (ATDS),
Ghaziabad, Uttar Pradesh, India
for outstanding contribution and
recognition in the field of Horticulture
on the occasion of 3™ International
conference on global initiatives in
agriculture and applied sciences
for the eco-friendly environment
(GIASE-2019) held on 16-18 June 2019
at Tribhuvan University Kathmandu,
Nepal.

Dr. Siddanna Savadi

. Received the  “Young  Scientist
Award-2019” by Society for Biotic
and Environmental Research (SBER)
on 27 July 2019 during the national
conference held at Sona College, Salem,
Tamil Nadu.

. Received the second position in the
Memory test competition on the Hindi
language held on the occasion of Hindi
Sapthah-2019 organized by TOLIC,
Puttur on 21 September 2019.

®
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6.3. Recognitions

Dr. M.G. Nayak

Participated in Indian Caju Fest as a
penalist - A Global Event during 13-15
February 2019.

Participated as Guest of Honour in
the national conference on cashew
organised by DCCD, Kochi at Vijayawada
during 22-23 February 2019 and
delivered a lecture on ‘Recent advances
in cashew research’.

Acted as a member of the Standing
Committee, PLACROSYM X111
held during 6-8 March 2019 at
Chikkamagaluru.

Participated as chief guest in the
inaugural session of the short course on
Farming Systems at UAHS, Shivamogga
on 11 March 2019.

Participated in the national steering
committee meeting on cashew chaired
by secretary of Agriculture (Gol) on 14
June 2019 at Krishi Bhawan, New Delhi.

Participated in the meeting of price
fixing committee for cashew grafts
organized by DCCD, Kochi at Brahmavar
on 12 July 2019.

Participated in National training

programme as guest of honorn and

3

DCR

delivered lecture on Varieties & HDP at
at Brahmavar, D.K. on 31 July 2019.

Participated in Regional committee
meeting Region VIII which was chaired
by Secretary, DARE & DG, ICAR at [THR,
Bengaluru on 6-7 September 2019.

Participated in Krishi Mela of CPCRI,
Regional Center, Kidu as guest of honor
on 12 October 2019.

Participated in Kisan Mela of ZAHRS,
Brahmavar on 19 October 2019 and
delivered talk on cashew varieties and
high density orcharding.

Dr. D. Balasubramanian

Selected as Member of Executive
Committee, Indian Society of Plantation
Crops (ISPC) for the period 2018-20.

Selected and participated as Member
of ‘National Technical Committee’ for
resolving problems of cashewnut drum
roasting process and related pollution
at Cashew Export Promotion Council of
India (CEPCI), Kollam on 18 September
20109.

Dr. K. Vanitha

Recognized as PG Teacher in the
Discipline of Agricultural Entomology
at University of Horticultural Sciences,
Bagalkot, Karnataka w.e.f. 7 July 2019.
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6.4. Resource person/lecture

Mohana, G.S. Delivered a talk on Cashew production technologies 15 April 2019
at Sasaravalli village, Sagar Taluk

Mohana, G.S. Gave a talk on Cashew production technologies at 1, May 2019
Neechadi village, Sagar Taluk

D. Balasubramanian Participated in ‘National training on Cashew’ and 1 August 2019
delivered a lecture on ‘Advanced technologies in
Cashewnut processing’ conducted by Directorate
of Cashew and Cocoa Development (DCCD) at
Brahmavar, Karnataka.

D. Balasubramanian Acted as a resource person during ‘Interactive 18 September 2019
meeting on cashewnut processing’ conducted at
Cashew Export Promotion Council of India (CEPCI),
Kollam.

D. Balasubramanian Delivered lecture on “Small Scale Cashewnut g pecember 2019

Processing by  Kudumbashree (SHG): A
Success story” during training program on
‘Entrepreneurship development through agro/food
processing centres’ conducted by ICAR-Central
Institute of Agricultural Engineering, Regional
Centre, Coimbatore, Tamilnadu.
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7. PUBLICATIONS

7.1. Research / Review articles

Babli Mog., Janani, P, Nayak, M.G. Adiga, ].D.
and Meena, RK. 2019. Manipulation of
vegetative growth and improvement of
yield potential of cashew by paclobutrazol.
Scientia Horticulturae, 257: 108748, 1-10.
[http://krishi.icar.gov.in/jspui/handle/
123456789/33836].

Eradasappa, E. G.S. 2019.
Investigations on self-compatibility and
extent of self and cross-pollination in
cashew. Journal of Plantation Crops, 47:
72-81. [http://krishi.icar.gov.in/jspui/
handle/123456789/36573]

Mangalassery, S., Rejani, R., Singh, V., Adiga, ].D.,
Kalaivanan, D., Rupa, T.R. and Philip, P.S. 2019.
Impact of different irrigation regimes under
varied planting density on growth, yield and
economic return of cashew (Anacardium
occidentale L.). Irrigation Science, 37:483-494.

and Mohana,

[http://krishi.icar.gov.in/jspui/handle/

123456789/22674].
Nayak, M.G., Mangalassery, S. and Preethi, P. 2019.
Innovative production technologies to

enhance productivity and income of cashew
farmers. The Cashew & Cocoa Journal 8:8-18.
[http://Kkrishi.icar.gov.in/jspui/handle/
123456789/24330].

Pandiselvam, R, Manikantan, M.R., Subhashree, N.,
Mathew, A.C., Balasubramanian, D., Shameena
Beegum, PP, Ramesh, S.V, Niral, V., Ranjini
T.N. and Hebbar, K.B. 2019. Correlation and
principal component analysis of physical
properties of tender coconut (Cocos nucifera
L.) inrelation to the development of trimming
machine. Journal of Food Process Engineering,
42: e13217. [http://krishi.icar.gov.in/jspui/

handle/123456789/36609]

Pandiselvam, R, M.R,
Balasubramanian, D., Shameena Beegum,
P.P, Mathew, A. C., Ramesh, S.V.,, Hebbar, K.

B, Niral, V. 2019. Mechanical properties

Manikantan,

of tender coconut (Cocos nucifera L.):
implications for the design of processing
machineries. Journal of  Food Process
Engineering, 43: e13349. [http://krishi.icar.
gov.in/jspui/handle/123456789/23771]

Vanitha, K. 2019. Nest structure, development and
natural enemies of Ceratina hieroglyphica
Smith, a stem nesting bee colonizing cashew
trees in hilly terrains. Journal of Apicultural
Science, 63:223-232. [http://krishi.icar.gov.
in/jspui/handle/123456789/33838].

Vanitha, K. and Raviprasad, T.N. 2019. Pollinator’s
diversity, abundance and their foraging
behaviour in cashew. Agricultural Research
8:197-206. [http://krishi.icar.gov.in/jspui/
handle/123456789/33846].

7.2. Abstracts / Chapters in Symposia /Work-
shops / Seminars

Mangalassery, S., Nayak, M.G. and Prabha, P.S. 2019.
Delineation of soil nutrient constraints of
cashew orchards in India and management
alternatives. 2" International Conference

on Recent Advances in Agricultural,
Environmental and Applied Science for
Global Development (RAAEASGD-2019), 27-
29 September 2019. Dr. YS Parmar University
of Horticulture and Forestry, Nauni, Solan,
H.P, India organized by Agro-Environmental
Development Society (AEDS), Majhar Ghat,
Rampur, UP, India: pp. 218. [http://krishi.icar.

gov.in/jspui/handle/123456789/24325].

®
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Raviprasad, T.N., Vanitha, K., Shivarama Bhat, P. and
Srikumar, K.K. 2019. Existence of female sex
pheromone in tea mosquito bug, Helopeltis
antoniiSign. (Hemiptera: Miridae)- Prospects
and Perspective. International Conference
on Plant Protection in Horticulture:
Advances and Challenges, 24-27 July, ICAR-
Indian Institute of Horticultural Research,
Bengaluru, India. p. 184. [http://krishi.icar.
gov.in/jspui/handle/123456789/36280].

Vanitha, K. 2019. Diversity of insect pollinators
and the means of conservation. National
conference on current trends in Entomology
and insect-plant interaction during 11-

12 September 2019 at St. Aloysius College

(Autonomous), Mangaluru organized by

Department of Zoology and Department of

Botany, St. Aloysius college, and Department

of Biotechnology, GOI, New Delhi. pp. 16-

20. [http://krishi.icar.gov.in/jspui/handle/

123456789/36191].

7.3. Technical Reports / Compendia

Annual Report, 2018-19. All India Co-ordinated
ICAR-
Directorate of Cashew Research (DCR),
Puttur, p. 172 (Eds. Mohana, G.S and Nayak,
M.G.). [http://krishi.icar.gov.in/jspui/handle/
123456789/36468].

Research Project on Cashew.

Annual Report, 2018-19. ICAR-Directorate of
Cashew Research (DCR), Puttur, p. 104 (Eds.
Shamsudheen M., Savadji, S. and Mohana, G.S.).
[http://krishi.icar.gov.in/jspui/handle/
123456789/22681].

Annual Report, 2018-19 (Hindi). ICAR-Directorate
of Cashew Research (DCR), Puttur, p. 104
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(Eds. Shamsudheen M., Savadi, S. and
Mohana, G.S.). [http://krishi.icargov.in/

jspui/handle/123456789/24326].

Cashew News, 2019. ICAR-Directorate of Cashew
Research, Puttur, Vol. 24 (1), p. 12 (Eds.
Vanitha, K, Siddanna Savadi and Mohana,
G.S.). [http://krishi.icar.gov.in/jspui/handle/
123456789/31902].

Cashew News, 2019. ICAR-Directorate of Cashew
Research, Puttur, Vol. 24 (2), p. 12 (Eds.
Vanitha, K. Siddanna Savadi and Mohana,
G.S.). [http://krishi.icar.gov.in/jspui/handle/
123456789/31888.

7.4. Extension Bulletins / Pamphlets

Muralidhara, B.M., Savadi, S., Nayak, M.G., Adiga
].D., Preethi P. and Shamsudheen, M. 2019.
Geru beleyalli poshakanshagala nirvahane.

ICAR-Directorate of Cashew Research,

Puttur, Karnataka, India [Kannada].
[http://krishi.icar.gov.in/jspui/handle/
123456789/23247].

Muralidhara, B.M., Savadi, S., Nayak, M.G., Adiga, ].D
and Shamsudheen, M.2019. Yerehulugobbara
mattu yerejala tayarike vidhana mattu
krishiyalli ivugala balake. ICAR-Directorate
of Cashew Research, Puttur, Karnataka, India
[Kannada]. [http://krishi.icar.gov.in/jspui/
handle/123456789/23248].

Muralidhara, B.M., Savadi, S., Nayak, M.G. Adiga,
].D., Preethi, P. and Shamsudheen, M.
2019. Geru thotagalalli poshakanshagala
nirvahanege mannu mattu yele madari

ICAR-Directorate of

Cashew Research, Puttur, Karnataka, India

[Kannada].

tegeyuva vidhana.

[http://krishi.icar.gov.in/jspui/

@
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handle/123456789/23256]. Preethi, P, Rajkumar, A.D., Mangalassery, S. and

Shamsudheen, M., Manikandan, N. and
Muralikrishna, K. 2019. Kasumavu-
krishireethikal. ICAR-Directorate of
Cashew Research, Puttur, Karnataka, India
[Malayalam]. [http://krishi.icar.gov.in/jspui/
handle/123456789/31869].

Shamsudheen, M., Nayak, M.G., Adiga, ].D., Preethi,
P. and Muralidhara, B.M. 2019. Nutrient
management in cashew. ICAR-Directorate of
Cashew Research, Puttur, Karnataka, India
[English]. [http://krishi.icar.gov.in/jspui/
handle/123456789/23257].

Shamsudheen, M., Nayak, M.G., Adiga, ].D., Preethi,
P. and Muralidhara, B.M. 2019. Soil and
leaf sampling for nutritional management Babli

7.6.

in cashew orchards. ICAR-Directorate of
Cashew Research, Puttur, Karnataka, India
[English]. [http://krishi.icar.gov.in/jspui/
handle/ 123456789/23258].

Nayak, M.G., Preethi, P, Muralidhara, B.M. and
Shamsudheen, M., 2019. Training, pruning  Babli
and aftercare in cashew. ICAR-Directorate
of Cashew Research, Puttur, Karnataka, India
[Extension leaflet-English]. September 2019.
[http://krishi.icar.gov.in/jspui/handle/
123456789/23259].

7.5. Technical bulletins

Mangalassery, S., Nayak, M.G., Adiga, ].D., Preethi,
P. and Mualidhara, B.M. 2019. Nutrient
management in cashew. Technical Bulletin
No. 1/2019. ICAR-Directorate of Cashew
Research, Puttur, Karnataka, India, pp. 28.
[http://krishi.icar.gov.in/jspui/handle/
123456789/22683].

®

Nayak, M.G. 2019. Prospects of cashew apple-
a compilation report, Technical Bulletin
No. 2/2019. ICAR-Directorate of Cashew
Research, Puttur, Karnataka, India, pp. 28.
[http://krishi.icar.gov.in/jspui/handle/
123456789/22682].

Vanitha, K. and Raviprasad, T.N. 2019. Pollinators

of cashew, their foraging behaviour and
conservation measures. ICAR-DCR Technical
Bulletin No. 30, ICAR-Directorate of
Cashew Research, Puttur, Karnataka. pp.
33. [http://krishi.icar.gov.in/jspui/handle/
123456789/33387].

Popular Articles

Mog and Nayak, M.G. 2019. Enhancement
of quality planting material production
in cashew through soft wood grafting.
Agriculture & Food: e-Newsletter, 1(5), 96-
102. [http://krishi.icar.gov.in/jspui/handle/
123456789/36312].

Mog and Prabha, M. 2019. Physiology of
cashew under salinity stress. Agriculture
& Food: e-Newsletter, e-ISSN : 2581 - 8317.
Babli Mog and Prabha, M. 2019. Soil and
water conservation measures in Cashew:
An approach to maximize crop productivity.
Agriculture & Food: e-Newsletter, 1, 23-26.
[http://krishi.icar.gov.in/jspui/handle/
123456789/36314].

BabliMog, Nayak, M.G.and Shashibhushan,N.B.2019.

High density planting of Cashew: A tool to
achieve higher crop productivity. Biomolecule
Reports, ISSN:2456-8759. [http://krishi.icar.
gov.in/jspui/handle/123456789/36282].
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Babli Mog and Nayak, M.G. 2019. Utility of

canopy management in cashew nut
production. Biomolecule Reports - An
International eNewsletter, ISSN:2456-8759.
[http://krishi.icar.gov.in/jspui/handle/
123456789/33837].

Babli Mog, Prabha, M. and Mawlong, [. 2019.
Germination and seedling establishment
in cashew: Key factors for enhancing
productivity. Agriculture & Food: e-Newsletter,
1, 403-406. [http://krishi.icar.gov.in/jspui/

handle/123456789/36317] .

Babli Mog, Shamsudheen, M. and Prabha, M.
2019. Nutrient management in cashew.
Agriculture & Food: E-News letter, 1, 50-52.
[http://krishi.icar.gov.in/jspui/handle/

123456789/36318].

Babli Mog. 2019. Climatic requirement of cashew.
Agriculture & Food: e-Newsletter, ISSN:
2581-8317. [http://krishi.icar.gov.in/jspui/
handle/123456789/36319].

Babli Mog. 2019. Ultra high density planting: A new
approach for yield enhancement in cashew.
Agriculture & Food: e-Newsletter, ISSN:
2581-8317. [http://krishi.icar.gov.in/jspui/
handle/123456789/36320].

Preethi, P. and Shamsudheen, M. 2019. Cashew
apple products and cashew sprout. Cashew
News, 24(1): 2-5. [http://krishi.icar.gov.in/
jspui/handle/123456789/33850].

Vanitha, K. and Raviprasad, T.N. 2019. Native bees-
potential pollinators of cashew. ICAR News,
25 (3): 8-9. [http://krishi.icar.gov.in/jspui/
handle/123456789/33845].

Mangalassery, S., Nayak, M.G., Adiga, ].D., Preethi, P.
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and Muralidhara, B.M. 2019. Offline software
on soil health card generator. Cashew News,
24(2): 3-4. [http://krishi.icar.gov.in/jspui/
handle/123456789/33847].

7.7. E-Publications

Babli Mog, Savadi, S., Prabha, M., Mawlong, 1. and
Nayak, M.G. 2019. Cashew - a tree crop of
choice for future. Kerala Karshakan, 5: 7.
[http://krishi.icar.gov.in/jspui/handle/
123456789/33839].

Babli Mog, Nayak, M.G., Mawlong, I, Sujith Kumar,
M.S. and Prabha, M. 2019. Manipulation of
tree physiology in cashew: paclobutrazol
as paradigm. Kerala Karshakan, 7: 2.
[http://krishi.icar.gov.in/jspui/handle/
123456789/33852].

Savadi, S., Mullia, S., Babli Mog, Muralidhara, B.M.,
Mangalassery, S. 2019. The saga of cashew:
From a soil conservation tree to a prominent
commercial crop of India. Kerala Karshakan,
7 (5): 40-42. [http://krishi.icar.gov.in/jspui/
handle/123456789/33851].

Vanitha, K. 2019. Beeswax: a valuable source of
income from bees. Kerala Karshakan, 7
(2): 23-25. [http://krishi.icar.gov.in/jspui/
handle/123456789/33848].

Vanitha, K. 2019. Mimicry in insects and spiders-
an introduction to ant mimicry. Kerala
karshakan, 7: 13-15. [http://krishi.icar.gov.
in/jspui/handle/123456789/33849].

7.8. Customised instruction materials

Mangalassery, S., Preethi, P, Savadi, S. and
Muralidhara, B.M. 2019. The use of software
on nutrient

management in cashew,
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Customised instruction material No. 1/2019 Mangalassery, S., Preethi, P, Savadi, S. and

(15 August 2019). ICAR-Directorate of
Cashew Research, Puttur, Karnataka, India,
pp- 10. [http://krishi.icar.gov.in/jspui/handle/
123456789/34855].

Muralidhara, B.M. 2019. The use of mobile
App “Cashew nutrient manager”, Customised
instruction material No. 2/2019 (15
August 2019). ICAR-Directorate of Cashew

Research, Puttur, Karnataka, India, pp. 10.
[http://krishi.icar.gov.in/jspui/handle/
123456789/34856].
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8. LINKAGES / COLLABORATION

Organization

Area of collaboration

ICAR-National Bureau of Agricultural Insect
Resources (ICAR-NBAIR), Bengaluru

Identification of kairomones/ pheromones of
major pests of cashew

ICAR-Indian Institute of Horticultural
Research (IIHR), Bengaluru

Biosystematics of tea mosquito bug and
natural enemies

Biotechnology Department for SSR marker
analysis in cashew

University of Agricultural Sciences (UAS),
GKVK, Bengaluru

ICAR-Indian Agricultural Research Institute
(IARI), New Delhi

Identification of arthropod fauna

associated with cashew

Directorate of Cashewnut and Cocoa Development
(DCCD), Kochi

Training programmes for farmers and
frontline demonstrations

ICAR-Central Institute of Agricultural Engineering
(ICAR-CIAE), Bhopal

Development of postharvest technology
machinery

Department of Horticulture, Karnataka.
Horticultural Research Station, Ullal, Mangaluru

Zonal Agricultural Research Station, Brahmavar,
Udupi district, Karnataka.

Training programmes for farmers and Krishi Melas

KVK, Mangaluru

Achal Industries, Mangaluru
UAHS, Shivamogga

KCMA, Mangaluru

Transfer of technology

AICRP-Cashew Centres located in SAUs /
ICAR institutes

Multilocational testing, exchange of research
findings/germplasm/planting material.

ICAR-Central Plantation Crops Research Institute,
Kasaragod, Kerala

Evaluation of EPN species in cashew ecosystem
value addition and post harvest product
development

@
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ICAR-Directorate of Medicinal and Aromatic Plants
Research, Anand, Gujarat

Identification and synthesis of organic components
in the Whole Body Extracts (WBE) of virgin
females of TMB.

M/s Environment, Measurement and Control,
(EMCON), Kochi, Kerala

Development of moisture meter for cashew in
Public-Private-Partnership (PPP) mode

Kerala State Agency for the expansion of
Cashew Cultivation (KSACC), Kollam

For large scale distribution of planting material
and area expansion in cashew

All India Cashew Growers Association, Puttur

Facilitated its formation and provided technical
advice to the association
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9. HUMAN RESOURCE DEVELOPMENT / TRAINING
AND CAPACITY BUILDING

Participants Details Date

K. Murali Krishna Capacity building and skill up-gradation 13-19 February 2019
programme on Farm Management at ICAR-
Indian Institute of Farming Systems Research,
Modipuram, Meerut, UP.

Siddanna Savadi DBT funded training  programme  on 18-22 March 2019
“Bioinformatics for metagenome data analysis”
(NGSDAT 2019) at ICAR-Indian Institute of Spices
Research (ICAR-IISR), Kozhikode, Kerala.

N. Manikandan Training programme on Hospitality management 26 June - 2 July 2019
at ICAR-NAARM, Hyderabad (In collaboration
with Institute of Hospitality Management, Catering
technology), Telangana.

N. Manikandan Pesticide application techniques and safety 16-20 September 2019
measures at NIPHM, Hyderabad.

Preethi, P. Winter school on “Hi-tech approaches for 7 -27 November 2019
production and value addition of horticultural
crops in arid and semiarid regions” at SKRA
University, Beechwal, Rajasthan.

Status of budget for training and capacity building (2019-20)
Allocation : Rs. 1.00 lakhs

Utilization : Rs. 0.70 lakhs
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10. PARTICIPATION IN SYMPOSIA/ CONFERENCES/
SEMINARS/MEETINGS
Participants Details Date

T.N. Raviprasad National Symposium on Sustainable Management  22-24 January 2019
of Pests and Diseases in Augmenting Food and
Nutritional Security at Navsari Agricultural
University, Navasari, Gujarat.

Eradasappa, E. Indian Plant Science Congress at SRMIST,  23-25 January 2019
Kattankulathur, Chennai.

M.G. Nayak Indian Caju Fest - a Global Event organized at New 13-15 February 2019
Delhi by CEPCI, Kollam.

M.G. Nayak National Conference on Cashew organized by  22-23 February 2019
DCCD, Kochi at Vijayawada.

M.G. Nayak PLACROSYM-XXIII Conducted by the Indian Society -8 March 2019

D. Balasubramanian of Plantation Crops at Central Coffee Research

Mohana, G.S. Institute, Chikkamagaluru, Karnataka

Eradasappa, E.

J.D. Adiga

K. Vanitha National ~conference on current trends in  11-12 September 2019
Entomology and insect-plantinteraction conducted
at St. Aloysius College (Autonomous).

Preethi, P. Brainstorming workshop on “HortiMillets” at 13 September 2019
ICAR- Indian Institute of Millets Research, Rajendra
Nagar, Hyderabad.

Mohana, G.S. Science communication workshop at CFTRI,  20-21 September 2019
Mysuru.

Raghurama Kukkude National Conference of agricultural libraries oc 97 September 2019
and user community (NCALUC-2019) on Role
of agricultural libraries in network digital
environment at Navsari Agricultural University,
Navasari, Gujarat.
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Shamsudheen 2" International Conference on Recent 27-29 September 2019
Mangalassery Advances in Agricultural, Environmental
and Applied Science for Global Development
(RAAEASGD-2019) at Dr. YS Parmar University of
Horticulture and Forestry, Nauni, Solan, HP, India,
organized by Agro-Environmental Development
Society (AEDS), Majhar Ghat, Rampur, UP, India.
Preethi, P. Fourth national workshop of officer In-charge, 10-11 December 2019
datamanagement (ICARresearch datarepository
for knowledge management) organized by [CAR-
IASRI at A.P. Shinde symposium hall, NASC
Complex, New Delhi.
M.G. Nayak Annual Group Meeting of All India Coordinated 13-15 December 2019
Mohana, G.S. Research Project on Cashew at University of
].D. Adiga Horticultural Sciences, Bagalkot.
Shamsudheen
Mangalassery
Mohana, G.S. Anveshana Agri Tinkering fest organized by 11 December 2019
Vivekananda Vidyavardhaka Sangha, Puttur.
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11. ONGOING AND CONCLUDED RESEARCH PROJECTS

Ongoing Projects

[1986 - Long Term]

Sl. No. Project PI Co-Pls
Crop Improvement
1.1. Management of cashew germplasm resources
1. 1.1.1. Management of genetic resources in cashew M.G. Nayak Mohana, G.S.
[1986 - Long term] K. Vanitha
Eradasappa, E.
*Muralidhara, B.M.
2. 1.1.2. Screening of cashew germplasm for apple Mohana, G.S. D. Balasubramanian
and nut characters Preethi, P.
[03/2016 - 03/2024] *Muralidhara, B.M.
3. 1.1.3. Evaluation of big cashew apple genotypes Preethi, P. K. Vanitha
for apple yield and quality Eradasappa, E.
[10/2013 - 06/2021]
1.2. Genetic improvement of cashew
4. 1.2.1 Genetic improvement of cashew for yield ].D. Adiga Mohana, G.S.
and quality traits M.G. Nayak

Eradasappa, E.
Siddanna Savadi
*Muralidhara, B.M.

[06/2018 - 05/2024]

5. 1.2.2 Development of dwarf and compact cashew Eradasappa, E. Mohana, G.S.
hybrids ].D. Adiga
[06/2012 - 05/2027]

6. 1.2.3 Breeding for improvement of nut size in Eradasappa, E. Mohana, G.S.
cluster bearing genotypes M.G. Nayak

7. 1.2.4 Breeding approaches for developing

Mohana, G.S.

Eradasappa, E.

(Anacardium occidentale L.)
[09/2017 - 08/2020]

TMB tolerance K. Vanitha
[09/2017 - 08/2030]

8. 1.2.5 De novo genome assembly, linkage analysis Siddanna Savadi Mohana, G.S.
and population structure studies in cashew J.D. Adiga
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9. 1.2.6 Genetic dissection of QTLs governing nut Siddanna Savadi Eradasappa, E.
yield and cashew nut shell liquid (CNSL) content Mohana, G.S.
in cashew [06/2018 - 05/2025]

10. 1.2.7 Generation mean analysis in cashew to Eradasappa, E. Mohana, G.S.
understand the nature of gene action for
important traits
[05/2019 - 04/2025]

11. 1.2.8 Breeding for reduced tannin content in Eradasappa, E. Mohana, G.S.
cashew apples of hybrids of popular cultivars J.D. Adiga
[05/2019 - 04/2025] Preethi, P.

12.  Externally Funded Project:

Development of morphological descriptors and M.G. Nayak Mohana, G.S.
DUS test guidelines for cashew

Funded by: Protection of Plant Varieties and

Farmers’ Rights Authority (PPV&FRA),

New Delhi

Budget: Rs. 10 Lakhs

[04/2015 - 03/2020]

Crop Management

13.  2.1.1 Studies on pruning and phenology in ].D. Adiga Preethi, P.
cashew Siddanna Savadi
[09/2017 - 08/2020] *Muralidhara, B.M.

14.  2.1.3 Optimisation of mineral nutrition to cashew Shamsudheen M.G. Nayak
under high density planting Mangalassery Preethi, P.
[06/2018 - 05/2021] Babli Mog

15.  2.1.4 Characterization of physiological responses Babli Mog -
of cashew (A. occidentale L.) accessions to salt
and drought stresses
[10/2015-09/2020]

16.  2.1.6 In-vitro pollen germination and pollen tube Babli Mog Shamsudheen
growth of cashew varieties in response to high Mangalassery
temperature stress Eradasappa, E.
[05/2019 - 04/2021] K.B. Hebbar
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17.  Externally Funded Project:

Farmer participatory soil and plant health Shamsudheen
management — An attempt for improving Mangalassery
the livelihood of cashew farmers of coastal

Karnataka Funded by: RKVY-FAFTAAR,

Government of Karnataka

Budget: Rs. 1.89 Crores

[04/2018 to 03/2020]

M.G. Nayak

J.D. Adiga

Preethi, P.
*Muralidhara, B.M.

Crop Protection

3.1. Management of Insect Pests of Cashew

18.  3.1.1 Investigations on semiochemicals for T.N. Raviprasad K. Vanitha
management of TMB and CSRB Bakthavatsalam, N.
[10/2014 -10/2020] (ICAR-NBAIR)

Gajbhiye, N.
(ICAR-DMAPR)

19. 3.1.2 Investigations on inflorescence insect K. Vanitha T.N. Raviprasad
pests of cashew and their management
[10/2016 - 09/2020]

20.  3.1.3 Evaluation of alternative insecticides/ T.N. Raviprasad K. Vanitha
products for the management of tea mosquito
bug (TMB) and cashew stem and root
borers (CSRB)

[10/2016 - 10/2020]

21.  3.1.4 Standardization of IPM involving EPN T.N. Raviprasad Rajkumar
and Metarhizium anisopliae for management (ICAR-CPCRI)
of CSRB
[09/2017 - 10/2021]

22.  3.1.5 Cashew tea mosquito bug interactions K. Vanitha T.N. Raviprasad
and the defensive responses Preethi, P.
[05/2019 - 04/2023]

3.2. Arthropod Bio-diversity and Pollinator Activity in Cashew

23. 3.2.3 Influence of Apis cerana and Braunsapis K. Vanitha -

picitarsis on pollination and fruit set of cashew
[05/2019 - 04/2023]

@
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Post Harvest Technology

4.1. Improving performance of cashewnut processing

slicer for cashew apple
[10/2014 - 06/2020]

24.  4.1.2 Design and development of moisture meter D. Balasubramanian Sreejith
for raw cashewnuts (M/s EMCON,
[07/2018 - 06/2020] Kerala)

25. 4.1.3 Studying comparative performance of D. Balasubramanian -
cashewnut processing systems in India
[10/2017 - 09/2019]

4.2. By-product utilization and product diversification

26. 4.2.1 Design and development of mechanized D. Balasubramanian Ravindra Naik

(ICAR-CIAE)

27. 4.2.3 Development of dehydrated products from Preethi, P.
cashew apple and sprouts
[06/2018 - 05/2021]

Shamsudheen
Mangalassery

Transfer of Technology

28.  Externally Funded Project:

Development of an exclusive android application Mohana, G.S.
for cashew cultivation

Funding: Directorate of Cashewnut and Cocoa

Development (DCCD), Kochi

Budget: Rs. 5.0 Lakhs

[09/2017 - 09/2019]

M.G. Nayak

Concluded projects

S1. No. Project PI

Co-Pls

Post Harvest Technology

1. 4.1.1 Developing quality standards for raw D. Balasubramanian
cashew nuts
[10/2014 -09/2018]

K. Vanitha

2. 4.2.2 Screening of cashew varieties to specify *Rajkumar, A.D.
the use of cashew apple in value-added products
[10/2014 - 06/2018]

Preethi, P.

*On study leave
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12. CONSULTANCY, PATENTS AND COMMERCIALISATION OF
TECHNOLOGY

12.1. Commercialisation of technologies by
ITMU

Technologies developed by ICAR-DCR, Puttur
were commercialized to private cashew machine
manufactures on non-exclusive licensing. License
to fabricate Dual-mode dryer for raw cashewnuts
was given to M/s Newtech Industries, Mangaluru

by signing MoU on 12 March 2019. Likewise, five

more technologies developed at this Directorate viz.
Radial arm type cashew kernel extracting machine,
Rotating drum roasting machine, Hydraulic juice
extractor for cashew apples, Concentric drum
type rotary sieve grader and Cashew shell cake
based updraft gasifier were licensed to M/s Rotex
Transmission, Pune by signing MoU with ICAR-DCR
on 4 April 2019.

Signing MoU between ICAR-DCR, and
M/s Newtech Industries, Mangaluru

12.2. Efforts to popularise commercialisable
technologies

The Institute Technology Management Unit
(ITMU), which shoulders the responsibility of
commercialization of technologies developed at the
Directorate, steered commercialization of 6 cashew

Signing MoU between ICAR-DCR, and M/s Rotex
Transmission, Pune

processing machinery technologies to the private
firms. ITMU unit is regularly following up the status
of the patent application filed at the patent office,
Chennai. Mr. Sandesh M.S., Research associate,
ITMU visited the Gujarat state to explore the
potential licensees for the technologies developed
at the Directorate.

©
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12.3. Consultancy services

Dr. Shamsudheen Mangalassery, Senior
Scientist (Soil Science), and Mr. K. Muralikrishna,
[Chief Technical Officer & Farm Superintendent]
undertook an advisory/consultancy visit on the
request of the district administration to cashew

plantations under Karnataka Cashew Development
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Corporation near Aryapu, Puttur taluk, Dakshina
Kannada for assessing the condition of rainwater
harvesting activities undertaken by the corporation
on 3 December 2019 and its impact, and submitted
the report to Deputy Commissioner & District

Magistrate, Dakshina Kannada district, Karnataka.
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13. QRT/RAC / IRC / IMC / IJSC MEETINGS

13.1. Quinquennial Review Team (QRT)

The final meeting of the Sixth Quinquennial
Review Team (QRT) of ICAR-DCR and AICRP for the
period 2018-19 was held on 6-8 February 2019 at
ICAR-DCR, Puttur to interact with IMC members and
developmental departments. After this meeting,
QRT report was prepared and the final report
was submitted to DG, ICAR on 12 February 2019.

The Council’'s comments on recommendations of
the 6™ QRT report received on 1 November 2019
along with the time frame were circulated among
the scientists identified /responsible to implement
the salient recommendations of QRT. An ATR on
action initiated /ongoing/planned to implement the
recommendations of QRT was prepared and sent to
the council by 8 November 2019. The composition

of the QRT is given below.
Sl. No. Name and Address Status

1.  Dr. S.P. Ghosh, Former DDG (Hort.), ICAR, New Delhi Chairman

2.  Dr. M.G. Bhat, Former Director, ICAR-DCR, Puttur Member

3.  Dr. K.R.M. Swamy, Former Head, Vegetable Science, ICAR-IIHR, Bengaluru Member

4.  Dr.].C. Bhatt, Former Director, ICAR-VPKAS, Almora Member

5. Dr. George V. Thomas, Former Director, ICAR-CPCRI, Kasaragod Member

6. Dr. AK. Mehta, Former ADG (Agri. Extension), ICAR, New Delhi Member

7. Dr. TN. Raviprasad, Principal Scientist (Agril. Entomology), ICAR-DCR, Puttur Member Secretary

13.2. Research Advisory Committee (RAC)

The second meeting of 8% RAC was held
during 26-27 April 2019. The Chairman of RAC,
Dr. D.S. Rathore discussed about recent QRT
recommendations and global trends in cashew
research and felt the need to align the research
programmes with QRT recommendations too.
Dr. PC. Lenka, member, RAC, felt the need to
devise moisture meter for cashew. The other two

members, Dr. Subhash Chander and Dr. K.B. Hebbar,

also made introductory remarks about various
research needs. This was followed by a presentation
about the Action Taken Report on the previous RAC
recommendations by Dr. ]. Dinakara Adiga, Member
Secretary, 8" RAC. Thereafter, presentations on
the progress of research in Crop Improvement,
Crop Management, Crop Protection, Post Harvest
Technology, and Transfer of Technology were
made by the scientists of DCR. After the completion

of deliberations under different sections, the

@
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Chairman discussed at length about feedbacks
from scientists, farmers, processors and consumers
concerned to future needs of cashew research.
Prior to the meeting, visit to processing factories
in Mangaluru was undertaken in the afternoon
of 25 April 2019 and field visits to progressive
farmers fields in the forenoon of 26 April 2019.
Based on the presentations and discussions, the

RAC made recommendations for different research

programmes. The composition of RAC is given

below.

SI. No. Name and Address Status

1. Dr. D.S. Rathore, Former ADG (Hort.), ICAR and Ex-Vice Chancellor,

Himachal Pradesh Agriculture University, Palampur, Himachal Pradesh Chairman
2. Dr. P.C. Lenka, Former Dean, OUAT, Odisha Member
3. Dr. A.N. Ganeshmurthy, Head, Division of Soil Science & Agricultural

Chemistry, ICAR-IIHR, Bengaluru Member
4. Dr. Subhash Chander; Principal Scientist, (Entomology), Division of

Entomology, ICAR-IARI, New Delhi Member
5. Dr. K.B. Hebbar, Head, Division of Crop Physiology & Biochemistry &

Post Harvest Technology, ICAR-CPCRI, Kasaragod Member
6. Dr. S.N. Ojha Principal Scientist, ICAR- Central Institute of Fisheries

Education (CIFE), Mumbai Member
7. Dr. M. Gangadhara Nayak, Director (Acting), ICAR-DCR, Puttur Member
8. Dr. W.S. Dhillon, ADG (HS-I), ICAR, KAB-II, Pusa, New Delhi Member
9. Dr. ].D. Adiga, Principal Scientist (Horticulture), ICAR-Directorate of

Cashew Research, Puttur Member Secretary
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13.3. Institute Research Committee (IRC)

The 32" Institute Research Committee
(IRC) meeting of ICAR-DCR, Puttur was held
during 15-16 May 2019. There were four technical
sessions chaired by experts of the field. Dr. A.
Mohan Rao, Professor, Department of Genetics
and Plant Breeding, UAS, GKVK, Bengaluru was
the resource person for the technical session on
‘Crop Improvement’. Dr. Ravi Bhat, Head, Division of
Crop Production, ICAR-CPCRI, Kasaragod was the
resource person for ‘Crop Management’. For Crop
Protection and Post Harvest Technology sessions,
Dr. Kamala Jayanti, Principal Scientist, Division of
Entomology and Nematology, IIHR, Bengaluru and
Dr. Harinder Singh Oberoi, Head, Division of Post
Harvest Technology, IIHR, Bengaluru were the
resource persons, respectively. In each session, the
results of various ongoing projects were presented
along with new project proposals by the scientists of
DCR and the details were deliberated. New project

13.4. Institute Management Committee (IMC)
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proposals included, Generation mean analysis in
cashew to understand the nature of gene action
for important traits, Breeding for reduced tannin
content in cashew apples of popular cultivars, In
vitro pollen germination and pollen tube growth of
cashew varieties in response to high temperature
stress, Cashew - tea mosquito bug interactions and
the defensive responses, and Influence of Apis cerana
and Braunsapis sp. on pollination and fruit set of
cashew. Accordingly, the technical programme of

the projects for the year 2019-20 was also finalized.

The 48™ meeting of IMC was held on 7 February 2019 wherein IMC members interacted with QRT.

The composition of IMC is as follows:

SI. No. Name and Address Status

1. Dr. M.G. Nayak, Director (Acting), ICAR-DCR, Puttur, Karnataka Chairman
2. The Joint Director of Horticulture, Directorate of Horticulture,

Govt. of Karnataka, Lalbagh, Bengaluru Member
3. Dr. Mahabaleshwar Hegde, Registrar, UAS, GKVK, Bengaluru Member
4, The Special Officer (Cashew), Aravind Chambers, Mundakkal West,

Near DCC Office, Kollam, Kerala Member
5. Dr. D.V.S. Reddy, Principal Scientist, ICAR-Agricultural Technology Member

Application Research Institute (ICAR-ATARI), Zone VIII, MRS, H.A.

Farm, P.O. Hebbal, Bengaluru
6. Dr. K. Bhanu Prakash, Principal Scientist, ICAR- Indian Institute of

Horticultural Research (ICAR-IIHR), Bengaluru Member
7. Dr. N. Vijaya Kumari, Principal Scientist, ICAR-Central Citrus

Research Institute (ICAR-CCRI), Nagpur Member
8. Dr. Ravi Bhat, Head, Crop Production, ICAR-CPCRI, Kasaragod, Kerala Member
9. The Finance and Accounts Officer, ICAR-CPCRI, Kasaragod, Kerala Member
10. The Administrative Officer, ICAR-DCR, Puttur, Karnataka Member Secretary

©
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13.5. Institute Joint Staff Council (IJSC)

The IJSC meeting was held on 29 March 2019 under the chairmanship of Director (Acting), ICAR-
DCR, Puttur at Kemminje campus of DCR and the agenda items were discussed for the benefit of DCR staff

members.
SL. No. Name Status

1. Dr. M.G. Nayak Chairman, IJSC
2. Dr. Shamsudheen Mangalassery Member (Official side)
3. Dr. Babli Mog Secretary (Official side)
4. Shri. P. Abdulla Member (Official side)
5. Shri. R. Arulmony Member (Official side)
6. Smt. Leela, M. Member (Staff side)
7. Smt. Reshma, K. Secretary (Staff side)
8. Shri. Ravishankar Prasad Member (Staff side)
9. Shri. Gopala Krishna Member (Staff side)
10. Shri. T. Padmanabha Member (Staff side)
11. Shri. Bhojappa Gowda Member (Staff side)
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14. WORKSHOPS, SEMINARS, TRAINING, FARMERS DAYS AND
OTHER EVENTS ORGANISED

14.1. Programmes organized
Annual cashew day - 2019

The annual cashew day was celebrated on
22 January 2019 at ICAR-Directorate of Cashew
Research, Puttur, Dakshina Kannada. The cashew
day was inaugurated by Smt. ]. Mercykutty Amma,
Hon’ble minister for fisheries, harbour engineering
and cashew Industry, Government of Kerala. On
the occasion, she released the first cashew hybrid
H-130 developed by ICAR-DCR by distributing it to
Horticultural department officials from Karnataka
and Kerala. She said that there is a shortage of
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raw cashewnuts for processing in Kerala and
different parts of the country. There is an urgent
need to increase the production and productivity
of cashew. During the programme, the guest of
honour, Mr. Shirish, K., Special Officer (Cashew)
and Managing Director, Kerala State Agency for
Expansion of Cashew Cultivation opined that
cashew planting material is of utmost importance
in the present condition to expand the cashew
cultivation in Kerala. Dr. Anitha Karun, Director

(Acting), ICAR-Central Plantation Crops Research
Institute, Kasaragod lauded the efforts of ICAR-DCR
in developing modern technologies for improved
cashew cultivation. On this occasion, Dr. M.G. Nayak,
Director (Acting), ICAR-DCR, Puttur announced
the formation of Cashew Growers Association of
India. In the event, more than 200 cashew farmers
participated besides nurserymen, representatives
of KVK, development departments and scientists.

Inaugural programme of PM-KISAN scheme

The inauguration of Pradhan Mantri Kisan
Samman Nidhi (PM-KISAN) scheme by Honorable
Prime Minister of India, Shri. Narendra Modi
at Gorakhpur, Uttar Pradesh was webcasted by
organizing a farmers’ fair at ICAR-Directorate of
Cashew Research, Puttur, on 24 February 2019.
On this occasion, Shri. Parshottam Rupala, Union
Minister of State for Agriculture and Farmer’s
Welfare, Shri. Amitabh Gautam, Joint Secretary,

Department of Agriculture

Cooperation and
Farmers Welfare, Shri. Nalin Kumar Kateel, Member
of Parliament (MP) and Shri. Sanjeeva Matandoor,

®
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Member of Legislative Assembly (MLA), Puttur
Karnataka were present. The programme started
with the welcome speech by Dr. M.G. Nayak, Acting
Director, ICAR-DCR, Puttur who welcomed all the
guests and audience present in the programme.
Then the importance of PM-KISAN, its features and
benefits to farmers were explained in Kannada by
Dr. TN. Raviprasad, Principal Scientist, ICAR-DCR,
Puttur. M.P, M.L.A. and the Minister present on the
occasion talked about the motive of this unique
programme i.e. welfare of farmers. Then about
11.00 AM. the Mann Ki Bath programme of PM
was webcasted to the assembled audience. It was
followed by web telecasting of the inauguration
of PM-KISAN scheme and laying foundations for
the Kanga (Gujarat)-Gorakhpur (Uttar Pradesh)
gas pipeline connection project. In the interaction
session, PM interacted with Shri. Janardhana Bhat,
Puttur, a farmer identified by ICAR-DCR, Puttur. It
was followed by a short film on PM-KISAN scheme
and the speech of PM who spoke at length about the
importance of this scheme and how it is going to
benefit 12 crores farmers of the country. The total
attendance of the gathering was 430.

International women'’s day

The International women’s day was
celebrated on 8 March 2019 at ICAR-Directorate
of Cashew Research, Puttur. Dr. M.G. Nayak,
Director (Acting), Women and other staffs of this
Directorate participated in the event. Dr. Babli
Mog, Scientist & Chairperson Women’s Cell gave
the welcome address. Dr. M.G. Nayak, the Director
(Acting), addressed the gathering with warm
wishes and also praised particularly the women
staff of this Directorate for their contribution to
the development of this Institution. Dr. Babli Mog,
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Chairperson addressed the gathering with a talk
on the theme “Think Equal, Build Smart & Innovate
for Change”. In her talk, she highlighted the way
the girls and women have grown up in the society

and the achievements they have made in all fields.

Web telecast of Hon’ble PM’s address was arranged
on the occasion of International women’s day and
mass interaction was held among the women staff
for the betterment in the working place and other
places of interest.

Foundation day, Farmers’ meet and SCSP

launching programme

ICAR-DCR, Puttur celebrated its 33"
Foundation day along with the Farmers’ meet
and Scheduled Caste Sub-Plan (SCSP) launching
programme on 18 June 2019. In the beginning,
Dr. M.G. Nayak, Director (Acting) welcomed the
dignitaries, farmers and other participants. It was
followed by launching of SCSP programme by Chief
Guest of the programme Shri. Sanjeeva Matandoor,
Member of Legislative Assembly (MLA), Puttur.
In the introductory speech, MLA talked about the
role of agriculture in Indian society and changing
agriculture scenario in the country. Guest of
Honour, Shri. Venkatesh N. Hubballj,

Directorate of Cashewnut and Cocoa Development

Director,

@
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(DCCD), Kochi, talked about programmes of DCCD
for the popularisation of cashew and its area
expansion to non-traditional cashew growing
regions. Guest of Honour, Shri. Prakash Natelkar,
Managing Director, KCDC, Karnataka congratulated
the Directorate for the achievements made over

the years for improving cashew production. On the

occasion, six publications on cashew cultivation and
related aspects were released. It was followed by
felicitation of Shri. K. Nagaraja, a progressive farmer
growing Cashew in Kolar district for producing very
high levels of cashew yields by following scientific
cashew cultivation practices. The resource person
of the programme Mr. S. Ramesh delivered a
lecture on “Role of NABARD in the formation
of Farmers Producer Organizations (FPOs)” It
was supplemented by Shri. Ramkishore Manchi,
Director, Pingara FPO, who shared his experiences of
formation and running an FPO. Shri. Shiva Prakash,
Department of Horticulture, Beltangadi talked
about state horticulture department incentives to
the farmers for staring the FPOs. The Progressive
farmer felicitated on the occasion shared his
success story with other farmers. The programme

was attended by 200 participants.
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Hindi week

Hindi week-2019 organised under the auspice
of Puttur Town Official Language Implementation
Committee, was inaugurated on 13 September
2019 at ICAR-DCR Puttur. Smt Kusuma Vasanth,
Hindi Lecturer, Govt Women’s College, Puttur
was the Chief Guest. Sri Chinnaya Chary, Manager
SBI, Puttur was the Guest of Honor. Students who
secured highest marks in Dakshin Bharat Hindi
Prachar Sabha Exams were honoured on the
occasion. Hindi competitions were conducted for
the students and staff members on the occasion.

Vigilance awareness week

ICAR-Directorate of Cashew Research, Puttur
celebrated the Vigilance Awareness Week - 2019.
A week-long programme was conducted by the
institute from 28 October 2019 to 2 November
2019. The valedictory function was held on
2 November 2019. In the inaugural address, Sri.
Rudolph Peirera, Hon’ble 5% Additional District
& Session Judge, Puttur stressed the importance
of integrity in human life and requested all to do
the right things in any situation. Sri. Manjunatha,
Hon’ble Principal Senior Civil Judge & ACJM and

®
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Chairman, Taluk Legal Services Committee, Puttur
was the Guest of Honour for the programme.
Sri. Suresh Rai Paddmbailu, Vice President, Bar
Association, Puttur, Smt. Mamatha Suvarna, Joint
Secretary, Bar Association, Puttur and Sri. Bhaskara
Kodimbala, Ex-President, Bar Association, Puttur
were also present in the programme.

During the function, resource person Sri
Suryanarayana, N.K., Advocate, Puttur gave a talk
on “Integrity-A way of Life” The programme was
attended by about 150 people.

Swacchata pakhwada

Swacchata Pakhwada was organised at
ICAR-DCR, Puttur from 15 to 31 December 2019
to create awareness amongst the staff and their

3
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family members on the necessity of maintaining
cleanliness.  The activities conducted included
cleanliness and sanitation drive in Ammunja
village by removing the weeds and litter in the
village. The villagers were apprised about the
importance of sanitation for a healthy life and safe
environment. Similarly, cleanliness drive was taken
up at the residential area of ICAR-DCR, wherein
family members actively participated in removal
and disposal of waste materials including plastic
items. A cleanliness campaign was also done in the
Shantigodu campus wherein staff members cleared
the debris and other waste in the office premises.
In order to make the staff aware about composting
kitchen and home waste materials, a demonstration
was done to generate valuable compost using the
biodegradable kitchen and household wastes by
segregating waste as dry/wet and biodegradable/
non-biodegradable. Farmers’ day was conducted
for farmers from Hatyadka village of Belthangadi
taluk, D.K. to sensitise about the cleanliness and the
need for reducing the use of plastics. A presentation
on “Ancient and Modern Agriculture” was
arranged exclusively for students of Government
Higher Primary School, Mottethadka. Also, a quiz

competition was held for students which included
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interesting questions on both Swachha Bharat
Mission and the Indian Constitution. The students
enthusiastically took part in the competition.
The valedictory function and prize distribution
were conducted on the final day of the Swacchata
Pakhwada.

Constitution day

The Constitution day was celebrated at ICAR-
DCR, Puttur in collaboration with District Legal

Services Authority, Mangalore; Taluk Legal Services
Puttur;
Government First Grade Women Degree College,

Committee, Puttur; Bar Association,

Puttur and Vivekananda Law College, Puttur
on 26 November 2019. Dr. M.G. Nayak, Director
(Acting), ICAR-DCR, Puttur welcomed the guests
and audience. Mr. Manjunath, Hon’ble Principal Sr.
Civil Judge & ACJM, Chairman, Taluk Legal Services
Committee, Puttur, D.K,, set the tone for the function
with his inaugural speech on the general aspects of
the constitution and its present scenario in India.
Then the pledge on ‘Preamble’ of Indian constitution
was administered to the audience. Guests of Honour,
Mr. Udayashankar Shetty, Advocate & Member,

District Legal Services Authority, Mangalore;
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Sri. Manohar K.V, President, Bar Association, Puttur
and Mr. Xavier D’Souza, Principal, Government First
Grade College for Women, Puttur briefly spoke on
the occasion highlighting the importance of the

Indian Constitution.

The resource person for the function Dr. B.
K. Ravindra, Director of Legal Studies, Vivekananda
Law College, Puttur spoke at length on the
topic, “Significance of Indian constitution and
citizens’ duties”. The programme was attended
by 160 participants including the Officials of
Bar Association, Puttur, Press, students and staff
of Government First Grade College for Women,
Vivekananda Law College, the staff of ICAR-DCR,

Puttur and general public.
Quiz competitions on constitution day

A quiz competition was held as part of
the Swachhata Pakhwada
awareness by ICAR-DCR, Puttur on 27 December

and Constitution

2019. The Students of Government Primary
school, Mottethadka, Puttur took part in the

quiz competition for the students, juniors (15%-5%

standard) and seniors (6"-8" standard). The quiz
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included three rounds of questions and the students
enthusiastically took part in the competition and
enjoyed it. In the programme, along with students
and teachers of Primary school, the DCR staff
was also present. On 31 December 2019, a quiz
programme was organized separately for the staff
of ICAR-DCR, Puttur to mark the importance of
Indian constitution and also to create awareness
on the contributions made by different persons to

make India, a Republic country.
14.2. Training/Workshop
Hindi workshop

Hindi workshop for the staff members of the
Directorate and members of the Puttur Town Official
Language Implementation Committee (TOLIC) was
conducted on 25 July 2019. Sri. Avanish Kumar, Sr.
Manager (OL), Corporation Bank, Mangaluru and

Sri. Manesh Mohan, OL officer, Circle office, Canara
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Bank were the resource persons. The 36" Half
Yearly meeting of the Puttur Town Official Language
Implementation Committee (TOLIC) was organized
in the afternoon of 27 July 2019. Representative
Officers from different member organizations of
Puttur TOLIC participated in the programme.
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Training on cashewnut processing

A five days training programme on cashew
nut processing was conducted during 23 to 27
September 2019 at the Directorate for the five
participants including two each from Tamil
Nadu and Karnataka and one from Kerala.
The training programme was coordinated by
Dr. Eradasappa, E., Scientist (Plant Breeding) &
[/c Extension. The training programme covered
all aspects of cashew processing including cashew
cultivation.  Participants were given hands-on
training on various aspects of cashew processing
and were taken to two cashew processing units
viz., Sree Venkateshwara Cashew Processors, Vittal,
which is a semi-mechanised unit and Kalbhavi
Cashew Processors, Mangalore, which is a fully
mechanized unit. Resource persons for the training
programme encompassed Dr. D. Balasubramanian,
Principal Scientist (AS&PE), Dr. ].D. Adiga, Principal
Scientist (Horticulture), Dr. P. Preethi, Scientist
(Fruit science) of ICAR-DCR, Puttur and Mr. Subraya
Pai, Shree Venkateshwara Cashew Processors,

Vittal.

y,™ e ON
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16. DISTINGUISHED VISITORS
Name Address Date of visit

Shri. S.N. Bhat Kandige Vice President CAMPCO, Puttur 20 January 2019
Shri. G. Chandra Sekar Scientist, DRDO, Hyderabad 20 January 2019
Shri. J. Mercykutty Amma Minister for Fisheries, Harbor Engineering & Cashew

Industry, Govt. of Kerala 22 January 2019
Dr. S.P. Ghosh Former DDG (Hort.), ICAR, New Delhi 5-8 February 2019
Dr.].C. Bhat Former Director, ICAR-Vivekananda Parvatiya Krishi

Anusandhan Sansthan (VPKAS), Almora, Uttar Pradesh 5-8 February 2019
Dr. M.G. Bhat Former Director, ICAR-DCR, Puttur 5-8 February 2019
Dr. A K. Mehta Former ADG (Extension), ICAR, New Delhi 5-8 February 2019
Dr. Abraham Verghese Former Director CPCRI, Kasaragod 5-8 February 2019
Dr. K.R.M. Swamy Former Principal Scientist, ICAR-DCR, Puttur 5-8 February 2019
Dr. V.N. Hubbali Director, Directorate of Cashewnut and Cocoa

Development (DCCD), Kochi 7 February 2019
Shri. Prakash Kalbhavi M/s Kalbhavi Cashew Processor, Mangaluru 7 February 2019
Shri. Subraya Pai Chairman, Karnataka Cashew Manufacturer

Association, Mangaluru 7 February 2019
Shri. Sudhakar Kamath Former Chairman, Karnataka Cashew Manufacturer

Association, Bengaluru 7 February 2019
Shri. Sreenivas Reddy ICAR-Agricultural Technology Application Research

Institute, Bengaluru 7 February 2019
Dr. Ravi Bhat Principal Scientist, CPCRI, Kasaragod 7 February 2019
Shri. Parashottam Rupala Union Minister of State for Agriculture and Farmers

Welfare, Govt. of India 24 February 2019
Shri. Amitabh Gautam Joint Secretary, Department of Agriculture,

Cooperation and Farmers Welfare, Govt. of India 24 February 2019
Shri. Nalin Kumar Kateel ~Member of Parliament, D.K., Mangaluru 24 February 2019
Shri. Sanjeeva Matandoor Member of Legislative Assembly, Puttur 24 February 2019
Shri, Krishnappa Former MLA, Bannur, Mysore, Karnataka 25 February 2019
Shri. Chandrakanta Bellad Former Member of Legislative Assembly, Dharwad 4 March 2019
Shri. Basavaraja Vibbhura Progressive Farmer, Dharwad 4 March 2019
Dr. S. Rajam Former ADG (Horticulture)., ICAR, New Delhi 25 March 2019
Dr. G. K. Mukunda Professor of Horticulture, UAS, Bengaluru 25 March 2019

©
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Shri. B. Ramanatha Rai Former Minister of Forests & Environment,
Govt. of Karnataka 27 June 2019
Dr. K.V. Peter Former Vice Chancellor, Kerala Agricultural University 9 December 2019
Dr. Jagadish Rane Director (Acting), ICAR-National Institute of Abiotic
Stress Management (NIASM), Baramati, Maharashtra 9 December 2019
Dr. K.S. Shivashankar Principal Scientist, IIHR, Bengaluru 9 December 2019
Dr. Kanhaiya Singh Principal Scientist, IARI, New Delhi 9 December 2019 &
28 December 2019
Dr. S.B. Dandin Former Vice-Chancellor, University of Horticultural 9 December 2019 &
Sciences, Bagalkot 28 December 2019
Dr. N.K. Krishnakumar Former DDG (Hort.) and Chairman Bioversity 9 December 2019 &
International, New Delhi 10 December 2019
Dr. Akshaya Talukdar Principal Scientist, IARI, New Delhi 9 December 2019
Dr. P.S. Bhat Principal Scientist, IIHR, Bengaluru 10 December 2019
Dr. Vikramaditya Pandey Principal Scientist (Hort. Division),
ICAR KAB-II, New Delhi 10 December 2019
Dr. Reju M. Kurian Principal Scientist, IIHR, Bengaluru 10 December 2019
Dr. N. Bakthavatsalam Principal Scientist, NBAIR, Bengaluru 10 December 2019
Dr. M.K. Rajesh Principal Scientist, ICAR-CPCRI, Kasaragod 28 December 2019
Dr. Selvi, A. Principal Scientist, ICAR-Sugarcane Breeding
Institute, Coimbatore 28 December 2019
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Research Management Position

1.  Dr. M.G. Nayak

Director (Acting)

Scientific

1. Dr. T.N. Raviprasad

Principal Scientist (Agricultural Entomology)

2. Dr. D. Balasubramanian

Principal Scientist (Agricultural Structures and
Processing Engineering)

Dr.].D. Adiga

Principal Scientist (Horticulture)

Dr. Mohana, G.S.

Senior Scientist (Genetics & Cytogenetics)

Dr. Shamsudheen Mangalassery

Senior Scientist (Soil Science)

Dr. Eradasappa, E.

Scientist (Plant Breeding)

Dr. K. Vanitha

Scientist (Agricultural Entomology)

ol e B A I B

Shri. Rajkumar Arjun Dagadkhair

Scientist (Food Technology) [On study leave from
29 March 2018 to 20 March 2021]

9. Dr. Babli Mog

Scientist (Plant Physiology)

10. Dr. Preethi, P.

Scientist (Fruit Science)

11. Shri. Muralidhara, B.M.

Scientist (Fruit Science) [On study leave from
20 September 2018 to 19 September 2021]

12. Dr. Siddanna Savadi

Scientist (Agricultural Biotechnology)

Technical

Shri. K. Muralikrishna

Chief Technical Officer

Shri. P. Abdulla

Chief Technical Officer

Shri. R. Arulmony

Chief Technical Officer

Shri. Prakash G. Bhat

Chief Technical Officer

Sr. Technical Officer

Shri. Raghurama Kukude

Sr. Technical Officer

Shri. K.V. Ramesh Babu

Sr. Technical Officer

Shri. R. Muthuraju

Sr. Technical Officer

1.
2.
3
4
5. Shri. N. Manikandan
6
7
8
9

Shri. M. Bhojappa Gowda

Technical Officer

10. Shri. Ravishankar Prasad

Sr. Technical Assistant

11. Shri. Honnappa Naik, P.

Sr. Technician

®
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Administration

1.  Shri. T. E. Janardhanan Administrative Officer (on additional charge from 30.12.2019)

2. Smt. M. Rathna Ranjini Assistant Administrative Officer

3. Shri. O.G. Varghese Private Secretary

4.  Smt. Reshma, K Personal Assistant

5.  Ms. Winnie Lobo Assistant

6. Smt. M. Leela Assistant

7. Shri. Umashankar Upper Division Clerk

8.  Smt. K. Padminikutty Upper Division Clerk

Skilled Supporting Staff

Sl. No. Name Sl. No. Name
1. Sri. K. Shiva 10. Sri. K. Narayana
2. Sri. N. Narayana Naik 11. Sri. B. Narayana Poojari
3. Sri. Vijaya Achari 12. Sri. B. Kushalappa
4. Sri. Veerappa 13 Sri. B. Babu Gowda
5. Sri. K. Annu 14. Sri. T. Padmanabha
6. Sri. Krishnappa Naik 15. Sri. S. Monappa
7. Sri. V. Sundara 16. Sri. B. Seetharama
8. Sri. C.H. Hariya Naik 17. Sri. K. Gopalakrishna
9. Sri. K. Umanath Shetty 18. Smt. S. Kasturi

Retirement

. Shri. K. Babu Poojari, Senior Technical Assistant superannuated on 31 January 2019

. Shri. Surendra Kumar Indra, Coffee/Tea maker superannuated on 28 February 2019

. Shri. Jayarama Naik K.M., Administrative Officer superannuated on 31 March 2019

. Shri. Honappa Gowda, supporting staff superannuated on 30 September 2019

Promotion

. Dr. Shamsudheen Mangalassery, Scientist (Soil Science) has been promoted to Senior Scientist (Soil

Science) w.e.f. 8 January 2017.

@
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18. METEOROLOGICAL DATA (2019)
Month Temperature Humidity Rainy Rainfall Mean wind Sunshine Pan
(°C) (%) days (mm) velocity hours evaporation
Max. Min. FN AN (km/h) (h) (mm)
January 32.77 1880 74.69 35.89 0 0.00 2.09 256.30 5.82
February 33.20 1996 63.86 37.57 0 0.00 2.24 244.60 391
March 37.27 2146 74.60 44.14 0 0.00 2.68 221.50 4.44
April 3540 2491 73.23 49.14 5 43.70 3.01 227.90 4.37
May 33.63 24.13 78.21 64.68 15  493.10 2.57 122.50 4.84
June 27.46 22.57 88.25 86.14 30 1217.40 2.52 54.90 2.00
July 28.43 2294 91.09 8251 29 1239.30 3.50 55.90 1.90
August 2896 2336 91.18 80.61 29 84290 3.50 55.10 2.40
September 32.14 23.18 86.82 57.93 7 161.90 2.22 135.10 2.70
October 33.23 2336 81.60 55.60 11 187.20 1.81 245.00 2.50
November 32.73 22.15 77.04 51.86 2 57.10 1.64 212.80 3.10
December 33.00 22.18 81.57 46.86 1 3.30 1.60 188.30 3.50
Annual
Average 32.35 22.42 80.18 57.74 - - 2.45 168.33 3.46
Annual
Total - - - - 129 4246 - - -

Rainfall, rainy days and sunshine hours are monthly total; other parameters are monthly mean
values.
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19. PUBLICATIONS FOR SALE
S1. No. Publication Price (Rs.)

1. Cashew production technology (Revised) 60.00
2. Softwood grafting and nursery management in cashew (Revised) 45.00
3. Catalogue of minimum descriptors of cashew
4. Germplasm accessions - | 165.00
5. Germplasm accessions - 11 125.00
6. Germplasm accessions - 111 128.00
7. Germplasm accessions - [V --
8. Germplasm accessions - V --
9. Process catalogue on development of economically viable on-farm

cashewnut processing 45.00
10. Annotated bibliography on cashew (1995-2007) 205.00
11. Soil and water management in cashew plantations 30.00
12. Biochemical characterization of released varieties of cashew 85.00
13. Pruning and canopy architecturing in cashew 40.00
14. Development of dual-mode dryer for raw cashewnuts 90.00
15. Alternate energy utilization of cashew shell cake for thermal application 90.00
16. Cashew cultivation practices (Pamphlet) *
17. Status of cashew germplasm collection in India (Booklet) *
18. Cashew nutritive value (Revised) (Brochure) *
19. Insect pests of cashew *

Price indicated above does not include postage.

Address your enquiries to the Director, ICAR-Directorate of Cashew Research, Puttur-574 202, Dakshina
Kannada, Karnataka.

* Free of cost.
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20. MAJOR ABBREVIATIONS USED
Abbreviation Expansion Abbreviation Expansion
% Percentage CRS Cashew Research Station
°Bx Degrees Brix CSRB Cashew Stem and Root Borer
°C Degree Celsius CSSR Cashew Simple Sequence Repeats
ADC Analog to Digital Converter Cu Copper
ADG Assistant Director General CUPRAC Cupric Reducing Antioxidant Capacity
AGM Annual Group Meeting CcvC Central Vigilance Commission
AICRP All India Coordinated d.b Dry basis
Research Project D.K. Dakshina Kannada
AICS and CIP All India Coordinated Spices and DAE Days After Emergence
Cashew Improvement Project DARE Department of Agricultural
AIIMS All India Institute of Medical T
Sciences
DAT Days After Treatment
AKMU Agricultural Knowledge )
. DCCD Directorate of Cashewnut and
Management Unit
Cocoa Development
AN Aft
ernoon DCR Directorate of Cashew Research
ANB Apple and Nut Borer )
DDG Deputy Director General
ATARI Agricultural Technol
grl(fu l_lra ecnolosy . DG Director General
Application Research Institute
. DMAPR Directorate of Medicinal and
ATMA Agricultural Technology )
Aromatic Plants Research
Management Agency
DPPH 2, 2-diphenyle-1-picryl-hydrazyl-
B Boron
hydrate
b. Boiling Point
P otling Foin DUS Distinctness, Uniformity and
BBCH Biologische Bundesantalt Stability
Bund t
un ?ssor enamt l_md DW Desert Whole
Chemische Industrie
i EPN Entomopathogenic Nematodes
Ca Calcium
F the first Filial ti
CAP Cashew Apple Powder ! © HrSt HEla generation
. Fe Iron
CEPCI Cashew Export Promotion
Council of India FN Forenoon
CIAE Central Institute of Agricultural & Gram
Engineering GC-MS Gas Chromatography-Mass
cm Centimetre Spectrometry
CNSL Cashew Nut Shell Liquid GIA Grant-in-Aid
CPCRI Central Plantation Crops h Hours
Research Institute ha hectare
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Abbreviation Expansion Abbreviation Expansion
HDPE High-density polyethylene KVK Krishi Vigyan Kendra
Hz Hertz L Litre
IARI Indian Agricultural Research LC Least Count
Institute L/D ratio Length to Diameter ratio
ICAR Indian Council of Agricultural M/S EMCON M/S Environment, Measurement
Research and Controls
IGH Insect Growth Hormone Max. Maximum
ITHR Indian Institute of Horticultural Mg Mangnesium
Research min Minute
[ISR Indian Institute of Spices Research Min. Minimum
IJSC Institute Joint Staff Council MIT ADT Maharashtra Institute of Technology
IMC Institute Management Committee Arts, Design and Technology
IPGRI International Plant Genetic ml Millilitre
Resources Institute mm Millimetre
IPR Intellectual Property Rights Mn Manganese
IRC Institute Research Committee Mo Molybdenum
ISO International Standards Organization MoU Memorandum of Understanding
ISPC Indian Society for Plantation Crops MP-AES Micro-wave Plasma Atomic
ITMU Institute Technology Management Emission Spectrometer
Unit MSL Mean Sea Level
K Potassium N Nitrogen
KAB Krishi Anusandhan Bhawan NASC National Agriculture Science Complex
KAU Kerala Agricultural University NBAIR National Bureau of Agricultural
KCDC Karnataka Cashew Development st [Esaiess
Corporation NGS Next Generation Sequencing
KCMA Karnataka Cashew Manufacturers NRCC National Research Centre for Cashew
Association OUAT Odisha University of Agriculture
kg Kilogram and Technology
KPR Kernel Percent Recovery ow Oily Whole
KSACC Kerala State Agency for the P Phosphorus
expansion of Cashew Cultivation PLACROSYM Plantation Crops Symposium
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Abbreviation Expansion Abbreviation Expansion

PME Priority setting, Monitoring and SSwW Scorched Whole Second
Evaluation SwW Scorched Whole

PM-KISAN Pradhan Mantri Kisan Samman TMB Tea Mosquito Bug
Nidhi TNAU Tamil Nadu Agricultural University

ppm Parts per million TOLIC Town Official Language

PPP Public-Private-Partnership Implementation Committee

PPV&FRA Protection of Plant Varieties and TPC Total Phenolic Contents
Farmers’ Rights Authority TPD tonnes per day

QR Qusbirepe el e s st UAHS University of Agricultural and

QTL Quantitative Trait Locus Horticultural Sciences

RAC Research Advisory Committee UAS University of Agricultural Sciences

RKVY-RAFTAAR Rashtriya Krishi Vikas Yojana - UHS University of Horticultural Sciences
Remunerative Approaches for UNESCO United Nations Educational,
Agriculture and Allied Sector Scientific and Cultural Organization
Rejuvenation UP Uttar Pradesh

RMP Research Management Position uv T Vinletrays

RTS Ready-To-Serve v/v Volume by volume

S Seconds VCET Vivekananda College of

S Sulphur Engineering and Technology

SADHNA Society for the Advancement of VPKAS Vivekananda Parvatiya Krishi
Human and Nature Anusandhan Sansthan

SD Standard Deviation WBE Whole Body Extracts

SEm Standard error of means W/b Wet Basis

Sp. Species WKR Whole Kernel Recovery

SPPU Savitribai Phule Pune University Zn Zinc
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Release of publication of ICAR-DCR, Puttur by Smt. J. Mercykutty
Amma, Hon’ble Minister for Fisheries, Harbour Engineering and
Cashew Industry, Government of Kerala on 22 January 2019

Visit of Shri. B. Ramanatha Rai, Former Minister of Forests &
Environment, Govt. of Karnataka to ICAR-DCR, Puttur on 27 June 2019
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