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g STEHTSAR-hS] ST FeImer (STEHTR-SEeR), T 1 =it fde-
2022 T&IA X BU G &I Wl § 1 O § o9 & SR wHo GUR, HEd YieH, Hd
TR&TT, T8 o G i dehrileh 3IR 3T TEINTT TIfafaferl & |1l UTefieht o Tl o
&l o ot T2 fafafeEl iR SucfsE 1 wnfhe foar T g

T4 % NH Tl & fow < ITWF At IS SRR THIRET-175 i fawifad fwan
T S 3TCTel Teh 3174 oh1S] SHICRY THSARE-301 i 9gaH Teh Afgdia e
YR & &9 H ol TS| ol TR Aferer 3us arett foredi o1 faepfaa we & ferg, 16 St
3R s7ef it wiftr=ii =Bt onfeT hd g Uk THeTO Y% fohan | e o SR STy
Sia UreEifient 3iR 519 Fo fae TERTSeT oht €A1 ot T8 3R HEM §RI a1 & 9eell ' STHM a18g, hie]
HEsheeNse Srerd ' faenfed foharl T2 | 38eh STelren, e YosTer & 7 Hehd fo fof &is & oA (CO,)
I TATHT 2.52 TA/TFA Th JU& (sequester) T & | 9 o IR HAGR J&il i MHA LA ATt 1S
ToTT Uah e YOTel TeToT Y& fohal TR | oS o QRIA 5 fagl § TRT ST, Thi Seide qaveeis sTeaad,
T SRRSO 3R 1S < ShARCNE TR § T U< 1 Shardrgadh ST fohdll 1 | Teh UIeiered sis] el
3R i1 fawTsTeh sl <R e T R U Sl Henferd Sefieahifush shis] el BReReR fashfad fohan T 59
Y IS Y A 3R 2 I & €9 H IV gT Uk 1 Fie fH1g9R2T 2% TH. &l Jahra <@ T | fafe
T Flfadl o SR o forg fafay wemet areafaal sl Tahithd sid U Mesier § T AYdae! e
Tk fashfad foran 7o § | WE €1 W) HI9 Wl I, FH Y FH A IR qd ST e Geag wshifds 1fEe s
T@d U feer ey &9 H qRafdd s o o uen ufsharcaes dehten sl AMehted foha T2 |

TS % 6 hiel IR Tk AT ! TeaH HH o fow g H qeel ar iRl gefasa (Al) smania
9 TR JaHTee ‘e Hieae ' fashfad &t T8 | o6 o SRM, feener™ 7 i) & fafis teqet 9 Hefyd the @R
TR, TSI, THRIUSR SRI o G S i | S8 STla sl fead & Tl fead aarig eT=ifsd foman
T FuEdt $iR THHTEdt SRk, Shivte fawrd Ufiet wriskH, S HaEE e (ABI) H sARmed
% feru gftreror sTifSa foru Tu € | 5 Sei-1 foren o) SHeEdiaes 9 9 oedy foan 7 o 39 ad % SR
T / GRIR & Ty 9R HidRmEe g fHe T a4 75 fig dmR, $35a $i oIk foram seamr 55t
7 e 31.03.2022 1 HIHSTII-FIY STTHUH M, I, e o ST SEdl e Hl Igaa €9 H
I fohan |

¥, =i, feniy uew, TRy, STEUTSR. . TH. Ty, et (I, iR sidt s, ued, TSist
(AT o1 37k FRAR TIcHTEH, AFTGEH 3Tk THeH & AT o= Yohe il g | 9eft Seifehl 3R he=niat
%1 7 TG ANEH & fAIT g=aTE Yehe X1 3 | 39 RIS o1 §HF W Y1 & & fau Haeenta i
TR Affa & Tewil gR1 foRT T TRl % fow § Biide SR e R § |
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PREFACE

I am happy to present the Annual Report-2022 of ICAR-Directorate of Cashew Research
(ICAR-DCR), Puttur. The report covers the activities and achievements made 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.

A dual-purpose cashew genotype NRC 175 was released for cultivation during the year.
Further another cashew genotype NRC 301 was identified as a unique germplasm type.
To develop dwarf and high yielding varieties, a trial involving 16 dwarf and semi-dwarf
accessions was initiated. A state of the art biotechnology and bioinformatics lab was
established during the year and world’s first genome wide cashew microsatellites database was developed
by the institute. Further, carbon sequestration studies indicated that cashew plantations sequester CO, to
the tune of about 2.52 t/ha. A cropping system trial for cashew involving fruit trees was initiated during the
year. Pollen germination in vitro, Scanning electron microscopic studies, pollen cryopreservation and fruit
set with cryostored pollen of cashew was studied successfully during the year. A prototype cashew fruit and
nut separator was fabricated and a battery-operated telescopic cashew fruit harvester was developed. The
incidence of Citripestis eutraphera M., a new emerging pest as apple and nut borer of cashew was noticed
this year. A bee conservation park has been developed in the Directorate integrating diverse bee flora for
different bee species conservation. A procedural technique to convert perishable cashew apples to stable
amorphous form with reduced tannin and retaining ascorbic acid was standardized.

An Artificial Intelligence (AI) based app and website ‘Cashew Protect’ was developed for the first time in the
world for identification of 6 pests and one disease in cashew. During the year, the Directorate facilitated front
line demonstrations, exhibitions, exposure visits related to various aspects of cashew. Further, cashew day
and foundation day celebrations were held. TSP and SCSP programs, skill development training programs,
training for incubates in Agri Business incubation have been carried out. Nethra Jumbo-1 variety was
commercially licensed and four copyrights were obtained for apps/software during the year. The honourable
Shri. Narendra Singh Tomar, Union Minister of Agriculture & Farmers’ Welfare virtually inaugurated the Silver
Jubilee Building of the ICAR-Directorate of Cashew Research, Puttur, Karnataka on 31.03.2022.

I am grateful to Dr. Himanshu Pathak Director General, ICAR; Dr. A.K. Singh, DDG (Hort.); and
Dr. V .B. Patel, ADG (Hort.) for their constant encouragement, guidance and support. I am thankful to all the
scientists and staff members for their valuable contribution. I sincerely acknowledge the efforts made by the
members of the editorial and publication committee for bringing out this report in time.

-‘\ m
T I
P T oW ))
Place : ICAR-DCR, Puttur (J Dinakara Adiga)

Date : 2" March, 2023 Director
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1. SHTHSRIT |IIT

STEHTAR-hIS] AT e, IR 9
R FHUE iR famr wfafafesi & wmiva &1 ad
2022 % SNH U GUR, O TeEH, HE GRET,
& qed i TE STIEYH Tfafafert ot wifd 1 78] ey
H UEd fhan T ® | 39 9, Fe 42 STHEHH IR
of |
AT U

a9 o SRA WAl & faT IR ILWF A1 FIS]
STHIRTEY TASTRET-175 o famifea foran T | 39 fhen
% 1S (20.14 fR/ger) iR @9 wa (233.3 foram
g&7) T o TIU S=am Geelt 3 oS i T 3iR
g =, fhe dTRen-8 | eifures § 1 39 S fhad
75.6%, TSS 14.93° foad, TEhifdeh THE 255.6mg/
100g, STAT 0.63%, TFAlA 142.20mg GAE/100g,
FrdMEE 0.11mg CE/100g, 9 3.43mg TAE/100g
SIY g Se qEEte o o €, dEeieEe 124,
23mg CE/100 &1 AT TS| el o STARIEH
Ao A Hehd foam TR TIsTER-175, 6.05 &1 T°A
eREd TS & 1Y Afeew Widhd T 1 3HF 3Ta
T 3T I ST TAARH-301 i T899 Th
Sfgtar STHITSH YRR o &9 | o1 5, FSEH I e
%1 3Td I 183,10 UTH TR =T 1 a9 11.94 7MW
o | STk Yeaieh = Hehd e foh THSTET 301
6.15 ! THY T T o A e i T

oA | fcwme | T N Wies S de
T 558 SR e & | 99 I GRH, B8 31
3R 2ferer STt T et wfafs=i Tt sietet 58, Sielt
626, TR 8, TAHI-6, TH-3831, SISNUH-282 ThA
HITE E 1 THF ST, 2022 F INH, 13 WAl Ay

HTATHTA (CNSL) =T STHM SRR 721 | T RIS
TRiTE SiF Sk H 450 THITHI H SHESH TR S
THET w0 F o foma g o @ T off 1 TR
STCTTE, 15 STRIYH o Sitsil § 3T T 243 Tlefaadel
gEfore Wl ol dTRe-4 3R W S ¥ & q1g
3TTHeE fesed (TR =it § g & § o
o |

31 T St SHS ®hal o TER 57 HIX THRIEH
H 3t Aifenal a1 st I T T 3R 20 THRIEH
T SAfadoceia o H, 24 Heaw it gof 9,
8 sffagaesiial St § SR Faat 5 Hfawedt Foft 9w
M| e (colchicin) TR sftsil IR dreli &
forenTad et 458 Uil <l = o ®9 H HRhY, 3 AT,
&1-4 oh TY STTHIS scATeh TSSlTeT (B8 eichi o 91)
T AT T 97| 3Heh ST, <9 o fafie feed 9
T fhT T 16 1 TR 378 -9 Wrell ol Jedihd
fou 9 Rftcrersm o fawfsa wite fesea ° o
TR

Yo foher USiietor gamEl & dgd, &g
UM %, RN, TEREY § RaA-9 fhed i
3TecH, S foh SEHIUAR-9 T{HeM feemer,
TR % q8d T USTEHIARG (AICRP) &% ®, &1
FTefUhaTR T o |1l Usiienton o fora i gem ot
TE ot | o % SRA e S Wreifireht 3iiR Sa
Y1 TR TARTRITET Shi TATOHT <0t 715 | 38k STeTrel,
T g g 1 UEel S ATEsl IS HIEh!
Heotmge e famfaa foan |

A YaeT

AR 27T Shlel YR 31931 3 Tehd e
T 5, T 9 WA S@Ia-3 Fi 90 ¥, 9fF F W
& I F FHTe o 0.42 TA/RFA & TMY 1.55 T/

(1)
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aci::{ o Huqed CO, ANEH fear| s&me-3 & 1
Y WA T H ST AL 0.27 T/RFI HTeA
T # 0.98 T/RHRT T % CO, 919,
e GRSl Fel CO, TATEH 2.52 T/RHR
o | e o SR ufert e & H werer gail i e
HTd BU RIS o T Teh Het Yoledt Rfaon gi& feran
T

&7 fergl Teerfd o W Sig0T, ThHTHT geter
Y&T T ST, WA 1 IS e 3R He
T & HEARER & 9 Fe §e 1 ThaAdgas
e fohar I | PEG (15%) Hifean 3 57 fagr o
HEEYU] I ST YT f@man | Heshhau-2 3 311
SRRy 3R genfa=i it o H am (90.32% )
R FHATISTEE,_ (85.53% ) TFT S o Goiel § I
HHEI TSt i | TFTRTI ohl D& HEH Toh ShIAMLIE
foran T o AR frafia siaa W el Jedis
TR TR o1 57 foral ISR &A1 R ook ST
3R ShRINEINE WA 1 ITANT hih &5 TR §RI
e T o1 e FET IS 13.17 | 30.67 Ufawa iR
oS STH0T &THaT 37.75 9 63.64 Gfa¥d TS hl T
| SHM LI RIS T o Tl ShiallfIse e T
el RO 71

HEHUHRN-HAETE, &51F &%, RE=I F
TN 9 Teh USSRy oh1s] T TR oS foreirsieh tam
foren T | foepfia diciersd § Ueh §&A A, Solfes
Hiex, VFD, B\, T H<R, T8l e Aied 3R
Yehedl el Hicya wWiHa o911 &S B IR A
foroITSTeR o1 USRI iR HIhaTId-SIEeTR, TR |
Tore T ot | S =ferd SeTeahIfieh is] el BTt
IEEISERERIKIRIN

Tl &t
SE-FARI {9 ol THS & o HIHH 6

AT & o foTe e S1=31 foeraes 9 T |
39 a9 fAcuerd § 1S o d 3R ¢ S 6 ®9 §
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Teh <191 SUIAT §3T1 hie FAT9ad F2T9T TH. Tl Fehlq
@ IR, o @1 9 St RSt e,
78 RA T Ygell oIk RehiS fovan T ® iR IRyt
R 78 fe@rE 1€, 98 T 791 7eaH i€ ¢ |

T wemeR! getadl S8 6 Fafig fbaer
SeTTITen RIS AR TR $fesT Tt WA
TETT 1 oo, Gl TSI et ISl i gerl |
HARAE-3 ULl § fohar T | STacieRl 3 Hohd T
for 9ft T Aymet gefal 3 ] o Fell T 9l
T Y He o dad ot IR foRar SR e % el &
Hohetargadh ST forarn | g&a ®9 9 fafis aymeet
TSIl oh W& o T fafay wemeret seafaa &
TohIFd FX U STEUTTR-EIHIeTR & ®r aie o
Teh AYTRE! TReqor ureh faenfad foman o 71

¥ & M HTE HT AE s AT H
e . st ATSHehdl i ¥ g1 59
UTSTeh Shl Heelsi aafor oA ot qu foran |
HeTS U WETeht

3-39-1 THI HieX il R, 8 F= &9
o fiseteh aTett sh1s] it (UPK) @R foereh areft shre]
i/t (PK) =t 7t o6t = feifia 6 o fae fomfaa
foren e B, 9 39 s1afy & SRE 3= Gtehal Ww
F & faw IR @ T wH 9w H < iR g
g TEhifeieh TES I ST T gU, TN 81 W IS
el hl T sTIhE &9 H ufEfdd e & fag
GfshalTcHeh Teh-ieh HIehichd [ohall 41 § | h1S] Hel |
U SR TIoeh FEehi o Heaqul &ld ol & |
@A B, FIS A oh TS 1 STAN, 3T STERA
TFIZES FHI AR H STARIEPET TSt < &9 F fehan
TR
Urenfiteht gEataTor

¥ o SR IR IR &3 e foRdaml @
ST 3R STavaeRaratl ol fargeioor fona T | 37

(2)
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16 TohEMI &1 44.26 THS SHIA ! WA fohan T,

3THTRa aliehl o forw fRaml st wefiendr w1 g=m
e 1S H 6 Tiel IR Th SR i T8 o forg
Teh TR Sefersid (Al) eTenfid U9 (APP) 3R
SerTEe ' vy Wieae foahIfed &l T8 | <hIS] o fote g
T X STEHITSR Jorell § TSt eneiia Tu/dadmse
fomfad & 1 Tam™ Hyad: 98 e © |

‘R sfear’ WY o1 qEU HER foenfad fohan
T SR 38 e W LR H 3Uesy U T Y | 9w,
wevn @@l 717 (ITK) 3R #r9 & e S
U Hiegd Y& foht 7T S 9+ft g 3T el T <k
foru Heifia vedi o Suctey § | SEe AT, Chie
e’ Higgd & dgd ‘@Y hie’ (Minor Pests) W
SR St foram T €1 & foR wRisH

fersigT fofel § 5 fRdM1 &t 23.55 Tahe STHIA ! S
IERIKEIE

FeeTeT™ = The oA yeemi, fafvs et o ueeT,
fReml TR BT o WS R, hIS] foos THRIE, TToHT
feag guRie, &< 9o, Udehdl STFRechal TaTe, Sradt
IR THHTET HEHH o hIAFEE, I IR
TF1&T01 FRIRHI, 6 ST o foTT gf¥reror =6t gfaen
ST I WM FT | Hiv FaE™ s=EE |°, fag ga
e TuRIE o STeTTal s iy YIeTo Sdshd | 9
3TATe, ATHYM TeewR |Hfd (RAC), 3R HeI™
STIEYM URWE (IRC) Tt 3ok AT hi T8 | T
TEEqul a1d I8 ¥ fob o Stal- 1 fhem ol TR &
foTe g # T s i 1 SAEEiae €9 | ddd

TEd, o8 % IRM, 67.81 THS | H19 &7 & fa=R &

fear | o &% SRF T / SifedR & foaw e IR

fau wremEEiva feenfdel % oTER sahrg fhami
=l fodita Gerar <t TE § | FAtesw 1 o fae H,

hITRIES U fomt T |

)
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1. EXECUTIVE SUMMARY

ICAR- Directorate of Cashew Research,
Puttur is involved in research and extension
activities on cashew. The progress of research
activities carried out during the year 2022 under
crop improvement, crop management, crop
protection, post-harvest technology and transfer
of technology and other aspects are summarized
here. This year, a total of 42 research projects
including six externally funded projects were in
operation.

Crop Improvement

A dual purpose cashew genotype NRC 175
was released for cultivation during this year. It
recorded highest cumulative yields for both nut
(20.14 kg /tree) and cashew apple (233.3 kg /
tree) and is higher than check variety Vengurla-8.
It also possesses the desirable biochemical
qualities such as juice recovery 75.6%, TSS
14.93° Brix, ascorbic acid 255.6mg/100g, acidity
0.63%, phenol 142.20 mg GAE/100g, flavonoid
0.11mg CE/100g, tannin 3.43mg TAE/100g,
antioxidant 124.23 mg AEAC/100mg. The
organoleptic evaluation of fresh cashew apples
indicated that NRC 175 is more acceptable with
overall acceptability grade of 6.05. Further
another cashew genotype NRC 301 was identified
as a unique germplasm type with highest average
cashew apple weight of 183.10g and nut weight
of 11.94g. The organoleptic evaluation indicated
that NRC 301 is more acceptable with overall
acceptability grade of 6.15.

At present, the National Cashew Field Gene
Bank at the Directorate houses 558 germplasm
accessions. During the year, six semi dwarf and
high yielding accessions i.e.,, BDB 58, DB 626,
TR8, HC-6, H-3831, JGM-282 have been collected.

Further, during 2022, the CNSL content of 13
accessions was estimated. In order to rejuvenate
germplasm accessions, limb pruning was also
done in 450 accessions in the national cashew
field gene bank. Moreover, 243 polyclonal hybrid
plants raised from seeds of 15 accessions were
planted in the main field in augmented design
(four blocks) with checks such as Vengurla - 4
and Bhaskara.

Screening for tea mosquito bug was
accomplished in 57 core accessions and 20
accessions were found to be in moderately
susceptible category, 24 in moderately resistant,
8 in susceptible category and only 5 in resistant
category according to the TMB damage scale.
A total of 458 plants developed from colchicine
treated seeds and seedlings were planted in
augmented block design (with six blocks) along
with Bhaskara, Nethra Vaaman, Vengurla-4 as
checks. Further, plants of 16 dwarf and semi-
dwarf accessions collated from different parts of
the country are planted in the field in split plot
design with three replications for evaluation.

Under plant variety registration efforts, the
application of Vengurla-9 variety from Regional
Fruit Research Station, Vengurla, Maharastra
which is an AICRP center under ICAR- Directorate
of Cashew Research, Puttur was facilitated
for registration with PPV FRA. A state of the
art biotechnology and bioinformatics lab was
established during the year. Further, world’s first
genome wide cashew microsatellites database
was developed by the institute.

Crop Management

The biomass and carbon storage studies
have indicated that, in one year old Ullal-3 cashew

(4)
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plantations, the above ground biomass contributed
to 0.42 t/ha of carbon with the CO, equivalent of
1.55 t/ha. With 0.27 t/ha of below ground carbon
accumulation in 1 year old plantation of Ullal-3
and corresponding CO, equivalent of 0.98 t/ha,
the total CO, equivalent of carbon sequestration
was 2.52 t/ha. A cropping system trial for cashew
in the west coast region involving fruit trees was
initiated during the year

Pollen germination in vitro,
Scanning electron microscopic studies, pollen
cryopreservation and fruit set with cryostored
pollen of cashew was studied successfully. PEG
(15%) media elicited significant pollen germination
in vitro. Madakkathara-2 recorded high viability
profiles both with respect to fresh (90.32%) and
cryopreserved (85.53%) pollen when compared
to other genotypes and species. The pollen grains
were cryopreserved for six months and post
viability assessment was carried out at regular
intervals. In vivo fertility assessment was carried
out by field pollinations using fresh and cryostored
pollen. Fruit set range of 13.17 to 30.67 per cent
and seed germinability range from 37.75 to 63.64
per cent was recorded. The present study is the
first report on the successful cryopreservation of
cashew pollen.

A prototype cashew fruit and nut separator
was fabricated by collaborating with ICAR-CIAE,
Regional Center, Coimbatore. The developed
prototype consisted of a main frame, electric motor,
VFD, hopper, screw conveyor, first rotary module
and secondary rotary module. The performance
evaluation of the cashew fruit and nut separator
was carried out at ICAR-DCR, Puttur.A battery-
operated telescopic cashew fruit harvester was
developed

Crop Protection

Di-chloro methane was found to be the
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best solvent for the elution of sex pheromone
volatiles of TMB. The incidence of Citripestis
eutraphera M., a new emerging pest as apple
and nut borer of cashew was noticed in the station
this year. The tachinid parasitoid emerged out of
the pupae of Perixera sp. is recorded for the first
time from India and its occurrence on Perixera sp.
is @ new host record.

Pollination efficiency of three bee species
viz., Braunsapis mixta, Tetragonula
iridipennis and Apiscerana indica Was
assessed in VRI-3 plants in comparison to open
pollinated trees. Observations indicated that
all the three bee species actively foraged on
cashew flowers even under confinement and
successfully pollinated the cashew flowers.
A bee conservation park has been developed
in the farm premises of ICAR-DCR integrating
diverse bee flora mainly for the conservation of
different bee species.

The pathogenicity of Neopestalotiopsis
sp. in causing leaf blight of cashew was established
during the year. Multigene characterisation of this
pathogen was also accomplished.

Post Harvest Technology

Calibration of 3-in-1 moisture meter, which
is developed to determine the moisture content
of raw cashewnut, unpeeled cashew kernels
(UPK) and peeled cashew kernels (PK), continued
to achieve higher accuracy was done during
the period. A procedural technique to convert
perishable cashew apples to stable amorphous
form with reduced tannin and retaining ascorbic
acid is standardized. Considering the vital source
of intrinsic nutritive components available in
cashew apples, cashew apple powder is utilized
as a biofortifying agent in the preparation of
cereal based extrudates.

(5)
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Transfer of technology

The information need analysis of cashew
farmers in non traditional areas was done during
the year. The study suggested the preference
of farmers for personal contact and ICT based
methods of information exchange. An Artificial
Intelligence (AI) based app and website ‘Cashew
Protect’ was developed for identification of 6 pests
and one disease in cashew. This is probably the
first ever attempt of developing an Al based app/
website in the world and in the ICAR system for
cashew.

The second version of the *Cashew India’ app
is developed and is made available in Google Play
Store. Here, two new modules i.e on Indigenous
Technical Knowledge (ITK) and Pollination in
cashew were introduced for all cashew growing
states in respective languages. Further, under
“Pest management’ module, information on ‘Minor
pests’is included. Under area expansion program,
During the year, twenty-one farmers have been
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given financial assistance as per MIDH guidelines
for expanding the cashew area in 67.81 acres.
In Shimoga district, 44.26 acres belonging to
16 farmers were covered. In Chitradurga
district, 23.55 acres belonging to 5 farmers were
covered.

The Directorate facilitated front line
demonstrations, exhibition at various melas,
exposure visits of farmers and students, cashew
day celebration, foundation day celebration, Hindi
week, Vigilance awareness week, implementation
of TSP and SCSP programs, skill development
training programs, training for 6 incubates in Agri
Business incubation, world soil day celebrations
in addition to many on farm training programs.
Further, the Research advisory Committee (RAC),
and IRC Institute Research Council meetings were
held. Most importantly, Nethra Jumbo-1 variety
was commercially licensed to a private firm in
Puttur. A total of four copyrights were obtained
for apps/software during the year.

©
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2. INTRODUCTION

2.1. History

Cashew (Anacardium occidentale L.)isan
introduced crop to India by the Portuguese in the
16 Century which is a Native of Eastern Brazil.
Cashew is a crop with high economic value
and is earning considerable foreign exchange
for the country. During 1950’s the research on
cashew initiated. Ad hoc schemes for cashew
reserach were sanctioned by the Indian Council of
Agricultural Research (ICAR), which were located
at Kottarakkara (Kerala), Ullal (Karnataka), Bapatla
(Andhra Pradesh) 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 VIIth
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 centers which were distributed in major
cahsew growing areas of the country. As per the
instruction of ICAR-New Delhi, the prefix ICAR
was added before the institute name since 2014.

2.2 Location

The main campus of ICAR-DCR is situated
5 kms 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 69.02 ha consisting of 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 Mandate
Vision
Accomplishing self sufficiency in  raw
cashewnut production and manufacturing 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
Mandate
o To undertake strategic, basic and applied
research for enhancing productivity, quality,

processing efficiency and value addition of
cashew.

(7))
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o To serve as a national repository of genetic
resources and scientific information on
cashew.

. To coordinate All India Coordinated Research
Project on Cashew for addressing location
and region-specific problems.

. 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
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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.

ICAR-Directorate of Cashew Research

Quinguennial Review
I -,

Research Advisory Committee

Scientific

| Administration | Research Farm |
| Crop Improvement Establishment (69.02 ha)
— Crop Management ﬁ;:t':c; ;r:d Sh:;;hl;li)od“
Crop Protection .~ Storesand
Purchase

* Post Harvest Technology (S

Transfer of Technology R
PME - Priority Setting, Monitoring and Evaluation
AKMU - Agricultural Knowledge Management Unit
ITMU - Institute Technology Management Unit

PCCell - Project Coordinator Cell

| Institute Management Committee .

Institute Rescarch Committee |

| ™

[ CentralizeaUnit | | PCCel [ Centres
Bapatla (Andhra Pradesh)
Dzmﬂ em:tn:n Bhubaneswar (Odisha) =1
Hogalagere (Karnataka) |
PME Cell Kanabargi (Karnataka)
Madakkathara (Kerala)
AKMU Pilicode (Kerala)
Vengurla (Maharashtra)
ITMU Vridhachalam (TamilNadu) |
Paria (Gujarat)
Hindi Cell Darisai (Jharkhand) =
Jhargram (West Bengal) =

Jagdalpur (Chhattisgarh)

0Old Goa (Goa)

Barapani (Meghalaya)
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2.5 Library/AKMU/ITMU/ABI

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 of cashew research and development in
the country. The CD database viz. CABHORT,
CABPEST, AGRICOLA and AGRIS, SOIL (D,
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 1986 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.

The Agricultural Knowledge Management
Unit (AKMU) was established with the responsibility
of developing Information and Communications
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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 for commercialization of agricultural
technologies. 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
22 scientific, 19 technical, 14 administrative, 19
skilled support staff and 1 canteen staff, of which
15 scientists, 10 technical staff, 7 administrative
staff and 17 skilled support staff are in position
and the remaining are vacant as on 315 December
2021. (Table 2.1).

Table 2.1: Staff strength at ICAR-DCR, Puttur

Director (RMP) 1 1 -
Scientific 22 15 7
Technical 15 8 7
Administrative 16 5 11
Canteen staff 1 - 1
Skilled support staff 19 16 3
2.7 Budget Particulars  Allocation Utilization
During the financial year (FY) 2020-21, GIA capital 20.00 11.61
the total budget allotted to the Directorate was GIA salary 736.65 679.96
Rs. 1031.70 Lakhs of which Rs. 999.13 Lakhs Pension 92.32 85.89
were utilized (Table 2.2). Under externally funded GIA general 170.00 166.21
projects, the total receipts were Rs. 257.28 Lakhs, TSP 10.00 7.36
of which Rs. 55.305 Lakhs was utilized (Table 2.3). SCSP 30.00 18.02
The revenue generation during FY 2020-21 was NEH 0.00 0.00
Rs. 121.50 Lakhs (Table 2.4). Total 1058.97 969.05

(9)
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Table 2.3. Receipts and expenditure under externally funded schemes at DCR for

March 2022- Feb 2023 (Rs. in Lakhs)

RKVY-RAFTAAR,
Govt. of Karnataka
PPV&FRA, New Delhi
DCCD, Cochin

DCCD (Training)

ABI

ITMU

0 0
6.45 4.94
0.10425 0.03150
0.75 0.60
7.00 1.69
7.25 5.44

2.8 Infrastructure and assets

The major infrastructures developed during
the year 2020-21, include the instrumental
facilities like Double screw extruder, pulverizer,

hot air oven, ethylene analyzer, respiratory gas
analyzer, Flour mixer. These were purchased and
strengthen the laboratory with modern equipment
in the project funded by RKVY- RAFTAAR.

Table 2.4. Revenue generation at ICAR-DCRfrom March, 2022 to Feb. 2023 (Rs

in Lakhs)

Revenue target (2022-23)

Revenue Generated (2022-23)

114.07

62.83

2.9 Production of planting materials

ICAR-DCR has cashew nurseries at both
of its campuses: Kemminje and Shantigodu,
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-1, Ullal-3, Ullal-4, VRI-3, Madakkathara-2,

Priyanka, 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 2022, a total of 99,226 cashew
grafts (62231 from Kemminje campus and 36955
from Shantigodu campus) were supplied to
farmers.

®)
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3. RESEARCH ACHIEVEMENTS
3.1. CROP IMPROVEMENT

Priority area I: Management of cashew
genetic resources

3.1.1 NRC 175: A dual purpose cashew
variety

So far ICAR-DCR has released five varieties
viz.,, NRCC Sel-1, NRCC Sel-2, Bhaskara, Nethra
Ganga, Nethra Vaaman, Nethra Jumbo-1.
Among them, NRCC Sel-1 was withdrawn due to
inconsistent performance in the farmers’ field.
NRCC Sel-2, Nethra Ganga Nethra Jumbo-1 are
bold nut types but show apple cracking and hence
not suitable dual-purpose type. Nethra Vaaman
is dwarf variety with smaller nuts and apples.
Therefore, variety suitable for dual purpose is
required and hence research on this line was
initiated in the year 2013 to find out a suitable
genotype for better cashew apple yield and quality
traits along with nut yield.

Fourteen cashew germplasm accessions
having big cashew apples were selected from the
germplasm maintained in the National Cashew
Field Gene Bank. They were multiplied clonally
and evaluated with check Vengurla-8 from 2013
to 2022. NRC 175 was identified from this study. It
recorded the highest cumulative nut yield of 20.14
kg / tree and cashew apple yield of 233.3 kg / tree
which is higher than check variety Vengurla-8. It
also possesses the desirable biochemical qualities
such as juice recovery 75.6%, TSS 14.930Brix,
ascorbic acid 255.6mg/100g, acidity 0.63%,
phenol 142.20 mg GAE/100g, flavonoid 0.11mg
CE/100g, tannin 3.43mg TAE/100g, antioxidant
124.23mg AEAC/100mg. The organoleptic
evaluation of fresh cashew apples indicated
that NRC 175 is more acceptable with overall
acceptability grade of 6.05.

Table 3.1.1. Distinguish morphological characteristics of NRC 175

1 Plant and leaf characters
Plant height (at the age of 11 years) 55m
Branching pattern Extensive
Tree spread 6.37m
Leaf size and shape Intermediate (107 cm?)
obovate
Young leaf color Yellow red
2 Flowering and fruiting characters
Sex ratio (hermaphrodite to male)
Season of flowering November-March
Duration of flowering (days) Intermediate (60-90 days)
Season of harvest February — April
3 Nut characters
Nut weight (9) 7.66 g
Number of nuts Kg-1 130-135
CNSL content 23.2%

&)
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4 Kernel characters
Shelling percentage 34.66%
Attachment of peel to kernel Loose
Whole kernel count Ib! 185
Kernel weight 244 g
Kernel protein 19.52 %
Total fat 38.72 %

5 Cashew apple characters
Apple colour Yellow red
Apple shape Conical to obovate
Apple weight (g) 81.24 (high)
Apple to nut ratio 11.27 (medium)
Juice content (%) 75.6
TSS of juice (°Brix) 14.93
Acceptability score 6.05

Tree habit: Tree is semi vigorous, extensive
branching pattern with open and spreading habit.
The young leaves are yellow red in color while
the mature leaves are intermediate size and green
with obovate shape.

Flowering and fruit set: Flowers are produced
from third year after planting. NRC 175 is an
early season bearer with intermediate flowering
duration. The flowering starts from November
and continues up to March and the peak flowering
will be in January and February. The panicles are
broadly pyramidal in shape. The sex ratio is high
(0.21) which helps to increase to fruit set and
responsible for cluster bearing.

Nut and Kernels: The average nut weight of 7.66
g. The nuts have very high shelling percentage
(34.66%) with 23.2 % of CNSL content in the
shell. The kernels are bold with 2.44 g average
weight and fits in to kernel grade W210. The
kernels contain good amount of proteins (21 %),
sugars (15.6 %) and total fat content (47 %).

Kernels are ivory coloured, smooth and crispy,
sweet in taste and uniform in size.

Cashew apple: It bears attractive yellow-colored
apples which weigh around 80 g per apple with
conical to obovate shape. The apples have TSS of
14.93° B with juice content of 75.6%. The apple
to nut ratio is 11.27.

Harvesting and yield: The season of harvest
starts from January and continues till March end.
The duration of harvesting period is less which
helps to save the labor on picking of nuts. Fresh
apples can be eaten as they are sweet and less
astringent. Fresh harvested apples are suitable
for making products like jam, jelly, RTS, cider,
extruded products, pomace etc. It recorded the
highest cumulative nut yield of 20.14 kg / tree
and cashew apple yield of 233.3 kg / tree (Table)
which is higher than check variety Vengurla-8. A
ten-year-old tree has a potential to yield around
10 kg per tree.

(12)
(12)
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Table 3.1.2: Performance of NRC 175 for nut yield in comparison with check variety
Vengurla-8 at Kemminje campus of DCR (replicated trial with spacing of 7.5 x 7.5m,
@178 plants/ha, Year of planting : October 2013)

Variety 1st 2nd 3rd 4th 5th 6th Cum. Average
harvest | harvest | harvest |harvest | harvest | harvest yield yield per
(2016) | (2017) (2018) | (2019) | (2021) | (2022) (6 tree (kg)
harvests)
NRC
175 2.85 4.54 3.02 3.12 1.60 5.01 20.14 3.36
V-8
(check ) 0.24 1.05 0.57 0.55 1.30 0.56 4.27 0.71

*During 2020 yield was not recorded due to COVID 19, *Vengurla-8 was planted in 2014.

Table 3.1.3: Performance of NRC 175 for apple yield in comparison with check variety
Vengurla-8 at Kemminje campus of DCR (replicated trial with spacing of 7.5 x 7.5m,
@178 plants/ha, Year of planting : October 2013)

Variety 1st 2nd 3rd 4th 5th 6th Cum. Average
harvest | harvest | harvest | harvest | harvest | harvest yield yield per
(2016) | (2017) | (2018) | (2019) | (2021) | (2022) (6 tree (kg)
harvests)
NRC 175 37.89 50.43 36.47 35.66 16.38 56.47 233.3 38.88
Vengurla-8
2.25 9.77 3.96 4.01 8.82 3.93 32.74 5.46
( check)

*During 2020 yield was not recorded due to COVID 19, *Vengurla-8 was planted in 2014.

Cultural requirements: NRC 175 is suitable
for wider density at a spacing of 7.5 m x7.5 m
accommodating 178 plants per hectare. The
manure and fertilizer requirements are similar
to other varieties with an adult tree (three years
and above) requiring 500g: 250g:250g N, P
and K per tree per year. It is recommended to
dry the nuts under full sun for 3 days to ensure
better storability and market price from
processors.

Plant protection tips: NRC 175 is found
moderately resistant to TMB in the field conditions.
As TMB incidence is regular in every season three
sprays of insecticides during flushing, flowering
and fruit set is essential to harvest good yield of
nuts and apples.

Striking/special features of NRC 175: dual
purpose, cluster bearing, bold nuts, very high
shelling percentage, easy peeling of testa, W210,
kernel grade, bigger cashew apples with less
tannin and high TSS, with good acceptability.
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Fig. 3.1.5. Kernels

NRC 301: A unique type

ICAR-DCR Puttur is the national active germplasm
site (NAGS) for cashew and it presently holds
collection of 548 accessions in its national cashew
field gene bank (NCFGB). Amongst this collection,
NRC 301 is bears very big apple and it bears
nut in slanting position below the cashew apple.

Therefore, it is identified as unique type and is
proposed for registering it has unique type.

Fourteen cashew germplasm accessions having
big cashew apples were selected from the
germplasm maintained in the National Cashew
Field Gene Bank. They were multiplied clonally

(1)
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and evaluated with check Vengurla-8 from 2013
to 2022. NRC 301 was identified as unique type
from this study. It holds potential as a unique
germplasm type with highest average cashew
apple weight of 183.10g and nut weight of 11.94g.
It has recorded modest cumulative nut yield of
5.58 kg/tree and cashew apple yield of 88.53 kg/
tree over six harvests. Besides, it also possesses
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the desirable biochemical qualities such as juice
recovery 75.6%, TSS 10.230Brix, ascorbic acid
392.4mg/100g, acidity 0.71%, phenol 111.52 mg
GAE/100g, flavonoid 2.15g CE/100g, tannin 584mg
TAE/100g, antioxidant 157.12mg AEAC/100mg.
The organoleptic evaluation of fresh cashew
apples indicated that NRC 301 is more acceptable
with overall acceptability grade of 6.15.

Table 3.1.4. Distinguish morphological characteristics of NRC 301

1 Plant and leaf characters
Plant height (at the age of 11 years) 5.13m
Branching pattern Extensive
Tree spread 7.07 m
Leaf size and shape Large (134 cm?) obovate
Young leaf color Yellow red
2 Flowering and fruiting characters

Sex ratio (hermaphrodite to male)

Season of flowering

November-March

Duration of flowering

Intermediate (60-90 days)

Season of harvest

February — April

3 Nut characters
Nut weight 11.94 g
Number of nuts Kg-1 83-85
CNSL 19.20%

4 Kernel characters
Shelling percentage 31.61%
Attachment of peel to kernel Loose
Whole kernel count Ib! 185
Kernel weight 3.74 g
Kernel protein 20.12 %
Total fat 39.22 %

5 Cashew apple characters
Apple colour Red
Apple shape Conical to obovate
Apple weight (g) 183.10 (high)
Apple to nut ratio 15.33 (high)
Juice content (%) 77.0
TSS of juice (°Brix) 10.23
Acceptability score 6.15
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Fig. 3.1.6. Inflorescence
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Fig. 3.1.7. Matured apples and nuts

Fig. 3.1.8. Matured apples and nuts

3.1.2 Collection, conservation,
characterization, and evaluation of cashew
genetic resources

Germplasm collection:

At present, the National Cashew Field Gene
Bank (NCFGB) at the Directorate houses 558
germplasm accessions. During the year, six semi
dwarf and high yielding accessions i.e., BDB 58,
DB 626, TR8, HC-6, H-3831, JGM-282 have been

collected. Out of these, first three are selected
from DCR trials. HC- 6 is collected from RRS,
Vridhachalam, H-3831 from RFRS, Vengurla and
JGM-282 from CRS, Jhargram have been collected.
Efforts for getting the IC numbers for some of
these accessions are in progress. IC numbers
from NBPGR have been obtained for H -126,
H-125, Tree Number 130, 163, 186 and 480 (NRC
numbers 547-552 and IC number IC-0639952 to
IC-0639957) during the year.

160
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Fig. 3.1.12 JGM-28 in full bearing
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Germplasm maintenance:

13 unique types (dwarf types, wild species
etc.) were maintained in a separate block during
the year. Further, 512 germplasm accessions in
conservation block are maintained. Core collection
of 61 cashew germplasm accessions was also
taken care during the period.

Germplasm database maintenance

The cashew germplasm database (https://
cashew.icar.gov.in/dcr/) was maintained during
the year. It was visited 4321 times till date.

Cashew Shell Nut Liquid estimation in
germplasm accessions

The CNSL extraction was carried out for 418
accessions during 2015-21. During 2022, the
CNSL content of 13 accessions was estimated

a
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Fig. 3.1.15 Cashew germplasm database
management system

(Table 3.1.5). From the CNSL content of 431

accessions, it was revealed that the range of

CNSL content varied from zero per cent to

36.52%. The work of CNSL content estimation

will be continued in the ensuing year.

Table:_3.1.5. CNSL content of 13 accessions

Sl. No. NRC Number % CNSL
1 323 7.24
2 463 25.88
3 398 15.99
4 273 17.05
5 294 19.29
6 466 15.62
7 226 13.82
8 215 15.72
9 303 13.35
10 388 13.92
11 212 13.18
12 307 11.66
13 462 17.83
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Fig. 3.1.16 Difference between CNSL free type (top left and bottom left)
and accession with CNSL

Limb pruning in gene bank

Inordertorejuvenate germplasm accessions, respectively. Despite the care taken, there were
limb pruning was donein 450 accessionsinthegene ~ Many trees with stem borer infestation. In those
bank during the year. After care was taken with ~ trees, grubs of stem borer have been removed
Bordeaux paste and chlorpyriphos application for ~and plants are sprayed with Fipronil and were
avoiding fungal infection and stem borer infestation ~ rescued.
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Fig. 3.1.18 Flushes in limb pruned tree Fig. 3.1.19 Rejuvenated tree after limb
pruning
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Priority Area: Genetic improvement of cashew

3.1.2 Genetic improvement of cashew through hybridization and seedling selection
approaches

Evaluation of promising varieties and bold H-1616 and Bhaskara for yield. No.480 recorded
nut hybrids in bulk trial a cumulative yield of 14.79 kg over 4 harvests
as against 6.38 kg cumulative yield recorded in
check variety. This seedling selection has been
consistently performing better over the years.

The promising seedling selection Tree
No. 480 performed better over other bold
and medium nut types likes H 32/4, NRC 493,

Table 3.1.6. Yield of promising varieties and bold nut types

Genotype Yield(kg/tree) in Cumulative yield
the 4" harvest of 4 harvests (kg/tree)
No.480 4.68 14.79
H 32/4 0.18 1.23
NRC 493 0.22 1.11
H 1616 0.13 0.78
Bhaskara 1.69 6.38
C.D @5% 0.77
CV(%) 16.50
Troatmanis
5 . (RPN IE ]
. HIGYE
. HiId
3 . LR L]
- i . NAC 480
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Fig. 3.1.20 No.480- A promising seedling selection

Quality parameters of big apple hybrid analyzed for quality parameters. The values of
H-186 quality parameters are given below. The apples
recorded vitamin C content of 142.75mg with

A big apple (90-100g weight) dual purpose an antioxidant activity of 209.25 mg AAE/ 100g.

hybrid, H-186, identified as a promising type was

500
(0)
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Table 3.1.7. Quality parameters of big apple dual type cashew hybrid H-186
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Parameter Value

Vit C 142.75 mg/100g
Acidity 0.55%

TSS 11.20 degree Brix
Total phenols 237.8 mg GAE/100g

Total flavonoids

75.34 mg CE/100g

Total anti oxidant activity

209.25 mg AAE/100g

Tannins 4.5 mg/100g
Kernel Fat 48.08%
Kernel Protein 20.31%
CNSL (Raw nut) 19.60%

Fig. 3.1.21. Dual type big apple cashew hybrid, H-186 (center) flanked by VTH-174
on left and right

Evaluation of half-sibs of HYVs

This work was initiated in the year 2022
to utilize the variability among half-sibs of high
yielding varieties. Open pollinated seed nuts from
Nethra Ganga, Nethra Vaaman, Nethra Jumbo-1
were collected and sown to obtain 130, 180 and
7 healthy seedlings respectively. Observations
on growth and dwarfing traits such as seedling
height, length from cotyledon to first leaf, stem
girth, intermodal length and total chlorophyll were
recorded. All the seedlings were planted in the field
in the augmented design during August 2022 at
Shantigodu. The identity of numbering of seedling
is maintained while planting to see whether effect
of dwarfing traits in seedlings is retained in adult
trees.

3.1.3 Development of polyclonal hybrids
from core collections

At the Directorate, a core collection of
cashew consisting of 61 accessions was made
during the year 2016-17 following a relatively new
technique i.e. Advanced Maximization Strategy
with Heuristic Approach. These accessions were
field planted during the year 2017. These core
collections inherently possess maximum diversity
with  minimum number of accessions. One of
the important uses of this diversity is that these
collections can be profitably utilized to develop
novel populations to realize enhanced genetic
gains. Hence, it is planned to develop polyclonal
hybrids from the core accessions. In quantitative

1)
<y



boin e ol
HoAR

genetics, it is a well-known fact that polygenic/
oligogenic trait will follow normal distribution if
the sample size is 30 and hence, we plan to collect
seeds (arising out of random mating among
core accessions) 10 each from 61 accessions for
continuous three years. This will develop a total of
1830 seedling for three years, thus capturing the

aifiies ufaaes Annual Report 2022
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diverse progeny possible with the core collection.
Accordingly, during the year 2022, we could collect
243 seeds from 15 accessions and these are sown
in the nursery. The plants were planted in the
main field in augmented design (four blocks) with
checks such as Vengurla - 4 and Bhaskara.

Fig. 3.1.22 Polyclonal hybrid seedlings from core collections

3.1.4 Breeding approaches for developing
Tea Mosquito Bug (TMB) tolerance

One hundred and thirteen M1 seedlings
and grafts (from gamma ray treated seeds
and scion sticks) of two popular varieties i.e.,
Bhaskara and Ullal-3 were maintained during
the year following agronomic practices. In these
seedlings, variations such as puckering of leaves,
dwarfness, excessive branching was seen in
some seedlings as in the last year. When the M1
generation seedlings are screened for TMB, it was
found that out of 104 plants only 3 plants showed
resistant reaction and 32 plants showed moderate
resistant reaction. Others were in moderately
susceptible and susceptible category. They will
be further monitored for their reaction against
TMB. Screening for TMB was accomplished in
57 core accessions during the year. Out of 57,
20 accessions were found to be in moderately
susceptible category, 24 in moderately resistant,
8 in susceptible category and only 5 in resistant

category according to the TMB damage scale.
These accessions will be observed further for
their reaction against TMB.

As for as screening of parent TMB tolerant
(TMBT) genotype is concerned, the TMB incidence
was very less during the year in the plot. Since
TMBT plants are early flowering types, heavy
infestation by flower caterpillars was noticed
and flower drying was noticed in February-2022
itself. Not much variation was observed between
TMB tolerant type and adjacent trees during this
year. Since all the young plants of crosses of TMB
tolerant plants showed Grade 4 under confined
feeding test, further screening was not done
at this stage. Screening will be taken up once
flowering starts in these accessions. The next
generation seedlings (M,) from all these trees
will be screened for TMB tolerance in the nursery.
During the year, 57 M, seeds from 19 trees were
collected and sown in the nursery. These will be
screened for TMB in the ensuing season.
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Table 3.1.8 : Scoring in Ullal-1 x A. microcarpum

Year TMB grade (0-4)
TMBT1 [TMBT2 | Adjacent Tree 1 | Adjacent Tree 2
2019-20 1.0 0.68 0.72 0.72
2020-21 1.78 1.65 1.40 1.28
2021-22 0.29 0.42 0.65 0.21

TMB Scale: Resistant: 0.0-1.0; Moderately Resistant: 1.1-2.0; Moderately Susceptible
2.1 - 3.0., Susceptible 3.1-4.0 Ullal -1 x A. microcarpum

Table 3.1.9 : Reaction of interspecific progrenies and core accessions to TMB

Accessions

Reaction

65 interspecific progenies

All Susceptible

57 core accessions

5 Resistant: 24 Moderately resistant: 20
Moderately susceptible 8 Susceptible

TMB Scale: Resistant: 0.0-1.0; Moderately Resistant: 1.1-2.0; Moderately Susceptible 2.1 -

3.0., Susceptible 3.1-4.0

Fig.3.1.23 No choice method of screening of interspecific progenies

3.1.5 Polyploidy breeding in cashew

Cashew is a diploid (2n=42). So far, polyploids
have not been induced in cashew. Using Colchicine
(C,,H,;NO,) it is intended to develop polyploids
in 2 selected varieties of cashew i.e., Bhaskara,
a vigorous and high yielding variety and Nethra
Vaaman, a dwarf variety. This work basically

aims at creating novel variations and hence

opportunistic selection for useful variations is also
possible. Seeds, seedlings and growing tips of
mature trees of these two varieties are subjected
to Colchicine treatment (details published in the
annual report of 2021). It was observed that
the mean germination percentage showed an
increasing trend with the increase in percentage of
Colchicine concentration in both varieties. Further,
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the treated seeds showed more germination
percentage compared to untreated ones and
duration of treatment showed a corresponding
decrease in germination percentage. However,
statistical significance was observed only for
varietal differences but not concentration,
duration or interactions (data published in the
annual report of 2021).

In seedlings when data was analyzed, there
were no significant trends with respect to growth
parameters (such as height, girth and cotyledon
to first leaf length) in all the treatments across
words,

varieties. In other variable growth

aifiies ufaaes Annual Report 2022
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responses were seen with respect to different
durations, concentrations of colchicine and
varieties. However, few individuals in some
treatments showed enhanced growth in terms of
plant height, leaf length and width etc. A total
of 458 plants (developed from treated seeds
and seedlings) were planted in augmented block
design (with six blocks) along with Bhaskara,
Nethra Vaaman, Vengurla-4 as checks. It may be
expected that some plants/progenies may have
advantages such as high yield, improved nut and
apple size etc. Suspected polyploids in main field
will be subjected to flow cytometry studies.

Fig. 3.1.25 Twenty days old seedlings treated with colchicine
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Fig. 3.1.26 Enhanced growth observed in some Bhaskara seedlings treated with 2%
Colchicine with 24 hours duration

Fig. 3.1.27a Stomatal size in Nethra Vaaman
variety treated with 1.5% colchicine and 72
hours duration under 40 x

Fig. 3.1.27b Stomatal size in control of
Nethra Vaaman variety under 40 x

Fig.3.1.28 Colchicine treated plants in the field
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3.1.6 Evaluation of dwarf and semi dwarf
accessions and their seedling progenies for
high density planting system

Plants of 16 dwarf and semi-dwarf accessions
collated from different parts of the country are
planted in the field in split plot design with three
replications for evaluation. Spacing as the main
plot (Three spacings—3 mx3 m,4 mx4 m and

, aifiies ufaaes Annual Report 2022
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5m x 5 m) and varieties as the sub plot were taken.
The trial included a total of 576 plants. Surrounding
the trial, the plants of high yielding varieties such
as V-7, H-126, H-130 and Bhaskara were planted
for introgression of genes to dwarf and semi-dwarf
accessions. In addition to per se evaluation, seedling
selection will be done from these accessions for
identification of dwarf types with high yield.

3.1.7 Breeding in Cashew for Special Traits

Experiment 1: Development of dwarf and
compact cashew hybrids

Direct and reciprocal crosses

This approach was initiated in the year 2013
with hybridization between dwarf/compact but
low vyielding germplasm accessions and tall high
yielding varieties. About 800 F1 seedlings of
15 crosses including direct and reciprocal were

planted in the year 2013 at Shantigodu and among
them 10 trees were selected based on cumulative
nut yield and dwarf nature. They were multiplied
clonally through grafting for planting in replicated
trials. During this year, the grafts of selections
along with parents and checks were planted
in the field during August 2022 for evaluation
with two replications. The list of selections,
parents and checks planted is given in the
Table 3.1.10.

Table 3.1.10: List of selections, parents & checks planted in the replicated trial

Selections Vengurle-4 x NRC-492 (2No), Vengurle-4 x Taliparamba-1,
Priyanka x NRC 492, Madakkathara-2 x NRC 492, NRC 492 x
Madakkathara-2, NRC 492 x Dhana (2No), Madakkathara-2 X
NRC 492 (2No)

Parents Vengurle-4, NRC 492, Priyanka, Madakkathara-2, Dhana

Checks Bhaskara, Nethra Ganga, Nethra Jumbo-1, Vengurla-7

N
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Fig.3.1.30 Field view of replicated trial with direct and reciprocal crosses
selections, parents and checks

Backcross Progenies

In this approach, 471 back cross progenies
were generated by back crossing either Bhaskara
or Ullal-3 with semi-dwarf F, tree selected from
cross between Bhaskara x NRC 492 and Ullal-3 x
NRC 492. A total of 545 plants comprising 471
back cross progenies and 74 parent plants were
planted during October 2014 at Shantigodu. This
year observations on nut yield and growth traits
as stem girth (cm), tree height (m), tree spread
(m) and yield per tree (kg) were recorded in 6
selected trees. Among them Tree No.BDB-626-58
recorded highest annual nut yield of 2.81 kg while

Tree No.BDB-626 -113 recorded second highest
annual nut yield of 2.40 kg. For cumulative nut
yield, Tree No.BDB-626-58 recorded the highest
with 13.15 kg over 6 years. It is semi-tall with
height of 4.75m and 6.5m average tree spread.
Tree No.BDB-626-113 recorded second highest
cumulative nut yield of 10.99 kg over 6 years.
Grafts of 6 selected trees along with parents and
checks were planted in the field during August
2022 with two replications (Fig.3.1.31). The list of
selections, parents and checks planted is given in
the Table (3.1.11).
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Table 3.1.11: List of selections, parents and checks planted in the replicated
trial
Selections BDB-626 -97, BDB-626-58, BDB-372 -60, BDB-372 -84, BDB-372 -
23, BDB-626 -113
Parents Bhaskara, NRC 492, BDB-626
Checks Nethra Ganga, Nethra Jumbo-1, Vengurla-4, Vengurla-7

Experiment 2: Breeding for improvement of
nut size in cluster bearing genotypes

This work was initiated in the year 2017 to
improve nut size of high yielding and cluster bearing
varieties with medium and small nuts by crossing
with bold nut genotypes. Overall, 408 seedlings

of 15 crosses were planted in the year 2018
in augmented block design at Kemminje. This
year growth observations such as stem girth
(cm), tree height (m), tree spread in E-W and
N-W directions and nut yield in precocious types
were recorded.

Fig.3.1.32 Growth observations in F1 seedlings of small nut x bold nut types

Experiment 3: Breeding for reduced tannin
content in cashew apples of popular
cultivars

This experiment was started in the year
2019 with the objective to reduce tannin content
in cashew apples of popular cultivars by crossing
them with trees of interspecific hybrids (A.
microcarpum and cultivars of A. occidentale
varieties Ullal-1, Ullal-3, Bhaskara, Vengurle-4)
with low tannin content. During the previous
year, tannin content in cashew apples of trees of
interspecific hybrids was estimated and some low
tannin trees were identified. For reconfirmation,
cashew apples were collected from trees of

interspecific hybrids and samples were prepared
for estimation of tannin content.

Experiment 4: Breeding for
shelling percentage in HYVs

improving

Three germplasm accessions viz., NRC 327,
NRC 343, NRC 393 were selected from the cashew
germplasm database. For confirmation, nuts of
those accessions were collected and their shelling
percentagewasestimated. Theshellingpercentages
of NRC 393, NRC 327, NRC 343 are 38.20%,
37.24%, 35.30% respectively. They are used for
hybridization with high yielding varieties with
low shelling percentage in the flowering season
2022-23.

T
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Experiment 5: Breeding for improving nut
weight in HYVs

Three germplasm accessions viz., NRC 183,
NRC 402, NRC 383 were selected from the cashew
germplasm database. For confirmation, nuts of
accessions were collected and nut weight was
estimated. The nut weights of NRC 183, NRC 402,
NRC 383 are 14.3g, 13.2g, 12.78g respectively.
They are used for hybridization with high yielding
varieties with low nut weight in the flowering
season 2022-23.

, aifiies ufaaes Annual Report 2022

3.1.8 Genetics of traits in cashew

This project was initiated in the year 2019 to
estimate the nature of gene action for important
traits in cashew employing generation mean
analysis technique with six generations viz., P,
P, F, F,, BC, BC,. Land preparation including
terrace making and digging of pits was done
for planting. A total of 206 plants of all the six
generations were planted in August 2022 in the
field at Kemminje. The number of plants planted
in each generation is presented in the Table
(3.1.12).

Table 3.1.12: Number of plants planted in six generations with parentage

Sl.No. Generation Parentage # Plants
1 Py Bhaskara 9
2 P> NRC-492 9
3 F1 Bhaskara x NRC-492 9
4 F2 Selfing of F1 68
5 BC, F1 x Bhaskara 74
6 BC F1 x NRC-492 37
Total 206
Priority area: Development, refinement

and use of biotechnological approaches in
cashew

3.1.8 Genetic dissection of QTLs governing
nut yield and Cashew Nut Shell Liquid
(CNSL) content in cashew

Field planting of F, interspecific mapping
populations:

Seedlings of NRC-392 (4. microcarpum)
x Bhaskara (A. occidentale), NRC-142 (A.
microcarpum)XNRC-153 (A.othonianum) Crosses
produced in the previous year were planted in the

Fig.3.1.33 Interspecific mapping populations
planted in augmented block design
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field at a spacing of 5x5 m and maintained well by  of parent and the progeny of Bhaskara x NRC-
removing the weeds and using of plant protection 142 (A. othanianum). Out of 12 screened
methods. primers, four primersi.e., P171, P211, P216, P237
showed polymorphism between DNA samples.
Amplification profile of SSR primer 171 is shown
in the Fig (3.1.34).

Hybridity testing in Interspecific hybrids
using novel SSR markers:

Twelve SSR markers were used for screening

10 11 12 13 14 1516 17 18 19 20 21 2223 M

Fig.3.1.34 Gel image showing the hybridity test of Bhaskara x NRC-142 (A. othanianum)
using SSR primer 171

External Projects
3.1.9 Development of morphological descriptors and DUS test guidelines for cashew

Earlier, thirty reference varieties were planted for the purpose of DUS testing at a spacing of 6 m x
6 m with four plants/variety and these were maintained in the field. The application for NRC-492 (Nethra
Vaaman), a novel dwarf variety of cashew recently
released at the Directorate has been submitted for its
registration in PPVFRA during the year 2021. Further, i, -
eight plants of this variety are planted adjacent to
reference block for DUS testing. The attempts are
under progress for registration of varieties from AICRP ==
centers with PPV FRA, New Delhi. The application f=
of Vengurla-9 variety from Regional Fruit Research
Station, Vengurla, Maharastra which is an AICRP
center under ICAR- Directorate of Cashew Research,
Puttur was facilitated for registration with PPV FRA.
Forty-four released varieties that are characterized for

Fig.3.1.35 H-130 (Nethra Ganga) plants

68 characters are maintained in the National Cashew under DUS testing
Field Gene Bank

3.1.10 Establishment of Centre of Excellence cupboard, Lab sinks), Tissue culture racks with
of Biotechnology controlled light conditions, specialized equipment
(Real time PCR, Ultra low temperature freezer,
Nano-spectrophotometer, Gel documentation
system, Electrophoresis system (powerpack and
gel tanks), Cell and Tissue homogenizer) and air
conditioners were procured and installed.

In the Centre of Excellence of Biotechnology,
new biotechnology and bioinformatics laboratories
were established. In the biotechnology laboratory,
specialized laboratory furniture (Central Island
table, Wall tables, Seating stools, Reagent

20
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Fig.3.1.36 Lab furniture installed in the Centre of Excellence for Biotechnology
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In the Bioinformatics laboratory, lab
furniture, air conditioner and Work station (GSOS,
NGS Pipelines, Intel Xeon Silver 10 Core, 128
GB DDR RAM, 12 TB SATA) with graphical user
interface suitable for simplified NGS data analysis
were procured and installed.

Genomic resources:

Genomics-assisted breeding assures
efficient selections even at seedling stage thereby
accelerating the cashew breeding schemes in the
country. Genome annotations and KEGG pathway

TOP 10 ABUNDANCE
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Fig. 3.1.38 KEGG pathway analysis
for BD

Development of world’s first genome wide
microsatellites database CMDB

Considering the importance of SSR markers
in enhancing the efficiency of germplasm
management, genotype identification
(fingerprinting) and Marker-Assisted Selection
(MAS), a database of microsatellite/SSRs was
thought out for cashew. The microsatellite/SSRs
were discovered from the draft genome sequence
of cashew generated at ICAR-Directorate of
Cashew Research, Puttur, Karnataka, India by an
in silico mining for SSRs. Cashew Microsatellite
Database (CMDB) is a first microsatellite/SSR
marker database for cashew or an Anacardium
species based on whole genome SSR mining and

aifiies wfaaeT Annual Report 2022

Fig.3.1.37 Work station

analysis was carried out (Fig. 3.1.38 & 3.1.39.).
We have developed whole genome data of
cashew and re-sequenced genomes of 20 cashew
accessions to develop SNP and InDel markers for
cashew.
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Fig 3.1.39 KEGG pathway analysis for
H-130

it collection of over 46000 SSRs.

CMDB presents an interactive interface to query
the microsatellite/SSRs information of cashew
genome. CMDB allows users to obtain SSRs
based on repeat size/length (in bp), repeat units
(Nos); nature of repeat motif [Simple (perfect),
Compound or Interspersed (imperfect)]; and
sequence composition of repeat motif. CMDB
provides the users with the list of SSRs with
primer sequence, estimated PCR amplicon size
and the estimated annealing temperature (Ta) as
the output for all the in silico mined SSRs which
makes the researchers’ job easy (Fig. 3.1.40
& 3.1.41). CMDB also provides list of wet lab
validated SSR markers also.

(27
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CMDB:Cashew Microsatellite Database

About Cashew Microsatellite Database

Allged oY v ep—
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Fig.3.1.40 Database Search: Allows retrieving or searching of CMDB for both genomic
and genic microsatellite/ SSRs

Results download op]kion
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Fig.3.1.41 Results of the CMDB search for SSRs using multiple options at a time and there
is option for download.
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3.2 CROP MANAGEMENT

3.2.1 Developing nutrient management
strategies for cashew based on soil and leaf
status

In order to standardise the fertiliser
recommendation under high density / ultra-density
planting in cashew, the existing ultra-density
plots of variety H-130 at 2.5 x 2.5 m spacing was
selected. As per the response surface function
approach of statistical analysis, 20 treatments
comprising different combinations of N, P,O,
and K,0 were imposed. During the year 2021-
22, the yield ranged from 1.04 to 1.97 kg/tree.
The nitrogen content in leaf samples ranged from
1.13 to 1.75%, phosphorus from 0.12 to 0.19%,
potassium from 0.46 to 0.81, calcium from 0.14 to
0.31%, and magnesium from 0.14 to 0.20%. The
contents of micronutrients such as iron ranged
from 32.20 to 99.88 ppm, Mn from 68.96 to 774.1
ppm, zinc from 9.22 to 16.66, and copper from
0.12 to 3.67.

3.2.2 Carbon cycling, sequestration and
nutrient dynamics in cashew orchards

The biomass and carbon storage studies
have indicated that, in one year old Ullal-3 cashew
plantations, the aboveground biomass contributed
to 0.42 t/ha of carbon with the CO, equivalent of
1.55 t/ha. With 0.27 t/ha of below ground carbon
accumulation in 1 year old plantation of Ullal-3
and corresponding CO, equivalent of 0.98 t/ha,
the total CO, equivalent of carbon sequestration
was 2.52 t/ha. In case of the variety NRCC Sel-2,
the first-year total biomass carbon sequestration
in terms of CO2 equivalent was 1.05 t/ha. The
carbon sequestration recorded for the variety
Ullal-3, was 44.17, 70.94, 97.97 and 157.56 t/ha
of CO2 equivalents respectively for the plantations
of age 5, 10, 15 and 20 years. The corresponding
values for the variety, NRCC Sel-2 was 22.79,
79.99, 108.00 and 184.99 t/ha of CO, equivalents
for the plantations of age 5, 10, 15 and 20 years.
The total carbon sequestered in soil ranged from
44.45 to 99.52 t/ha and 54.07 to 104.6 t/ha in
plantations of different age groups.

3.2.3 In vitro pollen germination and pollen
tube growth of cashew varieties in response
to high temperature stress

Changes in pollen germination during
flowering seasons

Pollen germination of VRI-3, Ullal-3 and
vengurla-4 was also recorded at weekly interval
during flowering season of January. The weekly
pollen germination showed variable response
with mean percentage of germination ranging
from 46.2% to 63.4% for VRI-3, from 40.2% to
58.9% for Ullal-3 and from 37.8% to 50.2% for
Vengurla-4.

The average pollen germination of the three
varieties was low (41.4%) during first week of
January with minimum temperature of 18.6°C.
It increased to 46.5% in the second week with
increase in minimum temperature to 19.2°C.
Similar trend followed in the third week also
where pollen germination increased significantly
(51.9%) with rise in temperature (minimum and
maximum of 19.9°C and 24°C).

The highest rate of germination of pollen
was observed in the fourth and final week (57.5%)
with minimum and maximum temperature of
20.3°C and 25.0°C. Pollen germination was also
positively correlated to temperature (minimum,
maximum and average temperatures) for early
varieties in the present study.

Pollen germination rate was assessed for
Bhaskara and Madakkathara-2 during March. The
weekly pollen germination was highly variable
exhibiting the opposite trend than that of early
cashew varieties studied. Among the four flowering
weeks studied in Bhaskara and Madakkathara-2,
the pollen germination was highest (47.9%) during
the first week of March followed by a noticeable
reduction in the subsequent weeks while it was
only 36.1% during final week of March.

(33
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Figure 3.2.1 Germination percentage of five cashew varieties during flowering season.

In vitro pollen germination under controlled
condition

At 5°C temperature, pollen germination was
not seen. At 10°C, early varieties (VRI-3, Ullal-3
and Vengurla-4) showed germination rate of 4.3%,
mid variety (Bhaskara) 1% and no germination for
late variety (Madakkathara-2). In early varieties
the germination was significantly (p<0.05) high at
20°C (59.3%), 25°C (75.2%) and 30°C (33.7%).
Further increase in temperature reduced the
germination rate was to 21.3% at 35°C, 4.4% at
40°C and no germination above 40°C for early

cashew varieties. For mid variety Bhaskara also,
the germination was significantly high at 25°C
(45.6%), 30°C (57.8%) and 35°C (38.9%).
However, it could exhibit relatively higher pollen
germination (13.2%) at 40°C compared to early
varieties, yet, percentage of pollen germination
was significantly affected at temperature more
than 45°C. Madakkathara-2 also followed the
similar pattern as that of Bhaskara, where,
the maximum pollen germination was noticed
between 25°C to 35°C and very poor pollen
germination beyond 45°C.

T
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Fig. 3.2.2 Pollen germination of cashew varieties in response to temperature.

3.2.4 New project: Physiological and
biochemical basis of salinity tolerance in
cashew

Leaf necrosis

Seeds of eight cashew varieties viz,
Ullal-3, Bhaskara, Madakathara-2, Vengurla-4,
VRI-3, Ullal-1, Dhana and VTH-174 were raised
in 5 kg capacity plastic bags containing mixture
of soil, sand and cow dung (1:1:1 ratio) in poly
house. Seedlings were watered twice a week

with Hoagland solution and maintained up to 5
months. Before imposition of salt treatments, soil
EC was measured in all the pots. After 5 months
of growth, five different concentrations viz., 0,
100, 150, 250 and 350 mM of sodium chloride
(NaCl) were imposed on raised cashew seedlings.
Five seedlings were maintained for each cashew
varieties per treatment. Significant differences in
leaf necrosis rate (%) were observed at 250mM
and 350mM salt treatments.

Fig. 3.2.3 Visual toxicity symptoms in cashew seedlings after different days of
NaCl treatments
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Fig.3.2.4 Leaf necrosis (%) rate after different levels of NaCl treatments
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Potassium ion content decreased as the salt concentration increased with significant difference
at 250 mM and 350mM.Sodium ion content increased with increasing NaCl levels with most significant

increase at 250mM and 350 mM.
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Figure 3.2.5: Potassium ion (K+) and sodium ion (Na+) accumulation in leaves of cashew
varieties after different levels of NaCl

3.2.5 Cryopreservation and in vitro pollen
germination studies in Cashew:

The present study aims at pollen germination
in vitro, SEM studies, pollen cryopreservation
and fruit set with cryostored pollen of cashew. Two
different media at three different concentrations
were tested, among which medium consisting
of PEG was found to be the best for in vitro
germination of cashew pollen. 15% PEG media
elicited significant pollen germination in vitro.
Madakkathara-2 recorded high viability profiles

G

both with respect to fresh (90.32%) and
cryopreserved (85.53%) pollen when compared
to other genotypes and species. The pollen grains
were cryopreserved for six months and post
viability assessment was carried out at regular
intervals. In vivo fertility assessment was carried
out by field pollinations using fresh and four
month cryostored pollen. Fruit set range of 13.17
to 30.67 per cent and seed germinability range
from 37.75 to 63.64 per cent was recorded. The
present study is the first report on the successful
cryopreservation of cashew pollen.

Fig.3.2.6 Invitro pollen germination of fresh and cryopreserved cashew pollen
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cryopreservation

Fresh pollens

Per cent

MODK X Ullal-3 MDK X ULLAL-2

Cryo preserved pollen crosses

MDK X V-4 MDK X VRI-3 BHASKARA X V4

Fig.3.2.9 Per cent of fruit set obtained in different crosses of cryo preserved pollens

3.2.6 Evaluation of cashew apple genotypes
for apple quality parameters

25 varied cashew genotypes were subjected
for biochemical analysis viz., total phenols,
total flavonoids, tannins and carotenoids using
spectrophotometer. The total phenols were varied
from 179.08 to 720.02 mg GAE/100g, whereas
the total flavonoids were ranged between 0.20 to

58.00 mg QE/100g and tannins were varied from
1.002 to 3.995 mg TAE/100g. Total carotenoids
estimation was tried in cashew apple which
showed significant variation of 0.15 to 2.52
mg/100g. The highest carotenoids content was
observed in genotype 144 and the lowest was
recorded in Priyanka.

20

B Total Asvonaids (mg100g)
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Fig.3.2.10 Total flavonoids and total tannin content of different genotypes
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Fig.3.2.11 Total phenol content of different genotypes
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3.2.7 Biochemical and mineral composition
studies in relation to phenology of fruit
development and maturity in cashew

This study mainly aims to understand the
biosynthesis of some of the important bioactive
components in different developmental stages
of cashew. Total tannins, phenols, flavonoids
were estimated in cashew apple phenological
stages. During the initial growth phases the
components analyzed were in high concentration
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whereas the graph started declining trend
when cashew apple attains maturity. The
components analyzed which were in bound
and complex form during developmental stages
breakdown and converted into other simple
molecules. Therefore, at maturity stage it is
comparatively less. This study is continued to
analyze and understand the biosynthetic pathway
involved in major bioactive components of cashew
apple and nut.

12.00

10.00

8.00

6.00

4.00

2.00

0.00

Tannins mg,/100g

Fig.3.2.12 Total tannin concentration throughout the phenological growth stages of
Cashew apple

e Phienols

700.00
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500.00
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== Flavonoids

Fig.3.2.13 Total phenols and flavonoids concentration throughout the phenological
growth stages of Cashew apple
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3.2.8 Development of cashew (4nacardium
occidentale L.) based cropping system for
west coastal region

The treatment details of this experiments
are T,- Control, T,- Cashew + Mango, T,- Cashew
+ Sapota, T,- Cashew + Acid lime, T,- Cashew
+ Mangosteen, T,- Cashew + Rambutan and
T,- Cashew + Cover crop. The trial was replicated
thrice under randomized block design. The cashew
variety has been planted with the spacing of
10x 5 m followed by different fruit crops were planted
with the same spacing as inter crop. Stylosanthes
humata was selected as cover crop and sown.

3.2.9 Effect of inter-stocks
(Anacardium occidentale)

in Cashew

Experiment on Inter-stock studies in cashew
initiated and main objective of this experiment
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was induce dwarfness in cashew by using
different interstock like Anacardium Pumilum,
Nethra vaman, Taliparamba, Vengurla 7 along
with two control (V-4 and Bhaskara). In this study
Anacardium pumilum grafting was not successful
and mortality was more and other grafting were
showing graft success at 90 days varied from
12.5-100 %, here we did second grafting as V4
and Bhaskara after second month of first grafting.
Another set of grafting was also carried out by
using interstock and scion simultaneously, here
we used Nethra vaman and V-7 as Interstock
and V-4 and Bhaskara as scion, in this study 4
different combinations were reported survival %
varies from 40-85 % and in control it was recorded
86.67 %-96.67 % at 90 days after grafting (Fig.
3.2.14 & 3.2.15).

120.00
100.00
80.00
60.00
40.00
20.00
0.00

45.00 40.00

V71+V4 mV4

Interstock grafting in cashew

85.00

hl - . .
Survival %

E Nethra vaman+BHASKARA ® Nethra vaman+ V4

&7
86.67 .6

2 V7+BHASKARA

® Bhaskara

Fig.3.2.14 Survival percentage in interstock studies in cashew

Legemds: a)Nethra Vaman + Bhackara; b} Nethra Vaman + Vol o) Vo7 + Bhaskara; diV-7 « Ved; o) Ved; 1) Bhaskara

Fig. 3.2.15 Photograph of interstock studies in cashew
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3.2.10 Influence of weather parameters
on growth dynamics of apple and nut in

selected varieties of Cashew

In the current study, by adopting the
technique of the modified BBCH scale six varieties of
cashew (Vengurla-4, Vengurla-7, Vridhachalam-3,
NRCC Selection-2, Madakathara-2, and Bhaskara)
were screened to know the growth dynamics of
cashew nut and apple (developmental stages-
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BBCH code 711 to 719 and maturity stages-BBCH
code 811 to 819) stages. The cashew nut weight
was highest at code 811 for all the varieties except
in Bhaskara and Vengurla-7 (719). Similarly,
cashew apple weight from the initial stages up
on progression was found highest at 819. The
transition from nut and apple gain in weight
varied among the varieties at stage 811 except
in Vengurla-7 (Table-3.2.1) and Bhaskara (719;
Table-3.2.2).

Table 3.2.1 : Cashew apple and nut development in respect of
BBCH scale in Var. Vengurla - 7

BBCH Cashe_w apple ) Cashfew Nut )
Code Length Width Weight Length Width Weight
(mm) (mm) (9) (mm) (mm) (9)
711 6.93 4.98 1.6 16.23 8.1 2
713 11.06 5.69 2.9 26.34 9.3 3.9
715 12.87 7.47 5.2 29.66 17.7 6.1
717 13.82 8.83 13.5 37.83  20.12 10.6
719 24.4 15.13 19.8 37 22.9 13.3
811 31.2 26.5 25.8 34.5 21.3 12.1
813 39.12 33.2 36.7 32.8 19.1 10.1
815 41.39 36.8 48.9 31.9 17.15 8.9
817 47.3 42.1 56.8 30.5 16.62 8.6
819 56.69 49.5 63.8 29.1 15.2 7.6

Table 3.2.2 : Cashew apple and nut development in respect of BBCH scale

in Var. Bhaskara

Cashew apple Cashew Nut

BBCH Code Length Width Weight Length Width Weight

(mm) (mm) (g) (mm) (mm) (g)
711 5.33 3.78 1.6 17.5 7.4 1.8
713 9.46 4.49 3.1 27.3 8.8 3.5
715 11.27 6.27 5.4 29.66 16.9 5.7
717 12.22 7.63 12.3 37.83 19.25 10.2
719 22.8 13.93 21.2 37.1 21.3 12.9
811 29.6 25.3 29.8 36.6 20.3 11.7
813 37.52 32 38.5 34.9 19.6 10
815 39.79 35.6 46.8 34.2 18.5 8.8
817 45.7 40.9 56 32.6 17.8 8.2
819 55.09 48.3 63.2 31.2 16.6 7.2

(42)
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3.2.11. IXX15634: Design, development
and performance evaluation of cashew fruit
and nut separator

The detachment force for separation of
nut from the cashew apple/fruit was determined
using a torque sensor with a 0.5 % accuracy for
selected varieties at various phenological stages.
The average force of fruit detachment was found
to be in the range of 0.029 to 0.215 Nm at various
phenological stages.

A prototype cashew fruit and nut separator
was fabricated at ICAR-CIAE, RC Coimbatore. The
developed prototype consisted of a main frame,
electric motor, VFD, hopper, screw conveyor, first
rotary module and secondary rotary module. The
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performance evaluation of the cashew fruit and
nut separator was carried out at ICAR-DCR, Puttur.
It was observed that, in the first rotary module
nuts were damaged, chocking of cashew apple
and nuts in the gap between the screw conveyor
and the first rotary module, as well as between the
first and second rotary modules, due to the larger
gap between the modules and a greater nhumber
of blades. Influence of number of blades, gap
between the rotary modules, operational speed
and gap between the base cover and rotary
module has to be investigated to improve the
performance of the fruit and nut separator. In
addition, based on the problems identified, the
modification of the developed prototype is under
progress.

Fig. 3.2.16 A View of cashew fruit & nut separator in operation

3.2.12 IXX15635: Design and development
of gadgets for cashew fruit harvesting and
collection

Commercially available fruit harvesters used
in other fruit crops like mango were evaluated for
harvesting in cashew. However, the commercially
available harvesters were found not suitable for
cashew fruit harvesting because these are pulling
type harvesters and in cashew, they resulted in

breaking at the points of the primary and secondary
laterals of the panicle. Breaking at these points results
in harvesting of immature fruits also. In cashew fruit
harvesting, breaking point should be the point of
fruit attachment. In this study, we determined that
the force required to dislodge a mature cashew fruit
was very low and a low-speed vibration/shacking of
panicle using novel battery-operated harvester was
shown to dislodge the fruits.

(a3
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The fruit detachment force from the
panicle stalk was determined using load cell with
computer interface in 10 selected varieties at ten
phenological stages of cashew fruit development.
The force required to separate the fruit from the
stalk ranged from 1.42 to 17.27 N for different
phenological stages. A battery-operated telescopic
cashew fruit harvester was developed. The
harvester consisted of a lightweight aluminum
base pipe of 34 mm @ and an extension pipe of
25 mm and 19 mm @, fruit receiving bowl (305
mm @) and a flexible chute (LDPE pipe of 101
mm @) to convey the harvested fruits to the
collection unit,12V battery, DC motor and switch.
The overall length of the harvester is 18 ft and
weighs 2.79 kg. The main objective of battery-
operated cashew fruit harvester is to enhance
speed of operation and comfort of an operator.
Performance evaluation of the developed harvester
indicated that the average harvesting capacity of
44 kg h' without fruit damage as the fruits are
conveyed instantly through flexible chute to the
collection unit. The developed harvester is light
in weight, minimizes fruit damage and eliminates
repeated unloading of fruits, all of which
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contribute to a reduction in the load on hand and
thereby reduces the drudgery involved in
harvesting.

A commercially available fruit collector was
evaluated to check its suitability for collecting
the cashew apple & nut in the cashew orchard.
Performance evaluation of the roller-type fruit
collector indicated that the average collection
capacity of 55 to 60 kg h™. The picking efficiency
of the collector ranged from 77 to 94.29 % and
percentage of debris was fond to be <1%. A
jaw type cashew fruit and nut collector has been
developed based on the physical properties of
the cashew apple and nut. The detailed drawing
of the hand-held cashew fruit and nut collector
is prepared using SolidWorks software. The
prototype consisted of main handle, guiding
handle, side covers and spring mechanisms.
Performance evaluation of the jaw-type fruit
collector indicated that the average collection
capacity of 26 kg h' depending on the density
of fruits. The picking efficiency of the collector
ranged from 93 to 97 % and percentage of debris
was fond to be <3%.

Fig. 3.2.17 A view of Battery-operated telescopic cashew fruit harvester
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Fig. 3.2.19 A view of Jaw-type fruit collector

External Project:

3.2.13 Utilization of cashew apple for new products and entrepreneurship development
of rural women and youth in Karnataka for mitigating the effect of Covid-19 funded by
RKVY-RAFTAAR

Various Equipment for laboratory such as extrusion machine, moisture analyzer, PCR thermal
cycler, respiratory analyzer was purchased and installed successfully. The online and offline training
programmes was conducted for 100 number of youths from different parts of Karnataka.
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Infrastructure development

Sl. |Equipment

No.

1 |Electronic platform scale

2 |Extruded machine and associated
components

IR moisture meter

Ethylene analyser

Respiratory analyser

Centrifuge

PCR for food safety test

3
4
5
6 |Deep freezer
7
8
9

Fumehood

10 |Hot air oven

11 |Electronic balance

12 |Mixer grinder

13 |Refrigerator

14 |Hot plate-cole parmer

15 |Hotplate-Tempo

16 |Video conferencing facility for the Silver
Jubilee Building

17 |Double screw extruder machine

18 |Pulverizer and blender

19 |Tray drier

20 |Flour mixer

Fig. 3.2.20 Extruder Unit Established

Establishment of Centre of Excellence for
profiling of bioactive components in Cashew
apple and nut

To create modern state of art facilities
needed for faster and efficient selection in cashew
and also for advanced research programmes for
quantification of bioactive components in cashew
apple and nut this project has been proposed
and accepted by RKVY. The procurement of High-
pressureliquidchromatography massspectrometry,
Gas chromatography mass spectrometry, Double
beam UV-visible spectrophotometer tender
procedure was completed and the purchase order
has been issued to the identified firm through
GEM.
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3.3 CROP PROTECTION

Priority area: Integrated management of pests
and diseases & ecosystem services in cashew

3.3.1 Characterization and synthesis of
female sex pheromone of Tea Mosquito
Bug; (Helopeltis antonii) and bioassay :

Various universal solvents generally used
for electroantennogram (EAG) trials viz., di-chloro
methane (DCM), Z-3 Nonanol, E-3 Hexenol,
Z-3 Hexenol, Benzene-acetaldehyde, Z-3 Hexyl
acetate were tested for their efficiency and
uniformity in inducing antennal response at
ICAR-NBAIR, Bengaluru. These solvents were
prepared for testing at 10ppm and the thin
strips of approximately 2-3 mm strips were used
for evaluation. The strips were dipped in the
respective solvent and placed in the air puffing
tube of the EAG and a puff of air was passed
over the antennae mounted on to the electrodes.

Antennae of the adult insects [aged 4-5 days]
of both the males and females of TMB which
were reared in the laboratory were used for the
evaluation. It was noticed that all the solvents
with the exception of di-chloro methane (DCM)
lead to quick antennal fatigue and the antenna
lost responsiveness in 5 to 10 minutes. Though
all the solvents significantly stimulated the excised
antenna; it was seen that the SEm was lowest for
DCM which could induce a normal level of response
and the antennae retained their responsiveness
beyond 20 minutes. This confirmed that the best
solvent for elution of the sex pheromone volatiles
of TMB was DCM.

Currently the virgin calling females of TMB
are utilised for volatile collection by live suction
method and the adsorbents used are Tenax and
Poropak.

Table 3.3.1 Response of antennae of TMB males to various solvents:

Test Solvents Mean Response | Mean Response | SEm

DCM 0.0566 0.0481 0.0102
Z-3 Nonanol 0.2727 0.3442 0.1325
E-3 Hexenol 0.4178 0.2700 0.1483
Z-3 Hexenol 0.1068 0.1060 0.0570
Benzene-acetaldehyde 0.0736 0.0700 0.0347
Z-3 Hexyl acetate 0.1997 0.1532 0.0689

Table 3.3.2 Response of antennae of TMB females to various solvents:

Test Solvents Mean Response | Mean Response SEm
DCM 0.0410 0.1480 0.0166
Z-3 Nonanol 0.2988 1.2852 0.1294
E-3 Hexenol 0.4568 1.5091 0.1436
Z-3 Hexenol 0.1567 0.3812 0.0484
Benzene-acetaldehyde 0.1215 0.3731 0.0372
Z-3 Hexyl acetate 0.2648 0.7770 0.0634

(A7)
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In order to confirm the stability of the
volatile compounds of virgin TMB female which
were tested as whole body extracts [WBE] the
samples of such WBE extracted and stored for
approximately 10 months were placed as baits
in the cylindrical sticky traps designed at this
Directorate. These traps were placed in cashew
plots with minimum incidence of the TMB and
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observed at hourly intervals from 9.00 am till
3.00 pm. It was noticed that the WBE bait could
still attract males of TMB in about 1 -2 hrs after
placement. However, the number of TMB males
trapped was a maximum of 4 males / trap which
endorses the earlier observations wherein similar
response was noticed during 2020.

Fig. 3.3.1 Males of TMB attracted to WBE ( >10 months old)

3.3.2 Inflorescence pests of cashew and
their management

Pest incidence and extent of damage

A total of 67 species of insects have been
documented on cashew flowers from 2016-2021.
The common inflorescence caterpillars recorded
include Hypatima haligramma, Thylacoptila
paurosema, Lamida moncusalis, Anarsia
Sp., Archips sp., Hyposidra spp., Nanaguna
Sp., Perixera Sp. Bombotelia jocosatrix
etc in the order of abundance in general, but
the relative abundance varied between years.
Working out the pest status and estimating yield
loss due to a particular species was difficult
under field conditions as complex of caterpillars
up to five different species do occur on same

Larva of Anarsia sp. on
cashew flowers

Drying of flowers due
to Anarsia sp.

inflorescences. Documentation of flower pests of
cashew was continued during 2022 also. During
March 2022, flower damage by Anarsia sp. was
more in medium and late flowering varieties in
few cashew plantations of ICAR-DCR, Puttur. The
infested inflorescences exhibited extensive drying
of flowers (Fig. 3.3.2), and as a result up to 30 %
reduction in nut set was noticed in MDK-2 cashew
variety compared to uninfested ones in a plot. But
incidence of Perixera sp., Nanaguna sp.,Archips
sp. and other caterpillars was minimum during
2022. The incidence of Citripestis eutraphera
M., a new emerging pest as apple and nut borer of
cashew was also noticed on the developing cashew

apples and nuts at Puttur this year.

*

Reduced nut set
damaged inflorescence

Fig 3.3.2 Flower drying due to caterpillar damage
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The flower thrips recorded during April 2022
include, Haplothrips ganglbaueri Schmutz,
Scirtothrips dorsalis Hood, Thrips palmi

(Karny) and Indothrips bhushani Bhatti in
different plots of ICAR-DCR, Puttur. Among all, ~.
ganglbaueri was the abundant species recorded,
while, I. bhushani was noticed on cashew
flowers for the first time, but only one specimen
of it was collected out of 100 inflorescences.

New report of Senometopia quarta (Baranov)
on Perixera sp. from India

The tachinid parasitoid emerged out of
the pupae of Perixera sp. during 2021-22 was
identified at NBAIR, Bengaluru as Senometopia
quarta (Baranov) which belongs to the tribe
Eryciini in the subfamily, Exoristinae. Senometopia
quarta. This tachinid is recorded for the first time
from India and its occurrence on Perixera sp.
is @ new host record. Further, amplification of
mt DNA COI gene of the parasitoid was done at
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NBAIR, and the sequence was deposited in NCBI
GenBank and the accession number obtained was
OM371064.

Management measures

A field trial was conducted to test the
efficacy of aqueous leaf extracts of certain plants,
Bt formulation, Emamectin benzoate, potassium
silicate along with lambda-cyhalothrin 5 EC @ 0.6
ml/L against tea mosquito bug and inflorescence
caterpillars. Among the treatments, spraying
of lambda-chalothrin at 15 days interval was
significantly superior in managing TMB as well
as the caterpillars followed by sprays at monthly
interval. The biopesticides like emamectin
benzoate and Bt @ 1g/L were moderately effective
on caterpillars when sprayed thrice at 15 days
interval, but aqueous leaf extracts of Pongamia,
neem, Clerodendron, Clerodendrum and Vitex
were not found effective on TMB as well as the
inflorescence caterpillars.

Tale 3.3.3. Efficacy of biopesticides, botanicals, potassium silicate and
insecticides against TMB and inflorescence caterpillars

Pre

7 days after Pre 7 days after
treatment 3 spray treatment 3™ spray
Neem azal (Azadirachtin 7.5 0.34 0.98 (0.98)> 0.48 0.77(0.87)c
0.15% EC) mifL
Pongamia sp. + Vitex 25+25 0.42 1.19 0.48 0.77(0.88)c
sp. leaf extract g (1.09)<de
Clerodendron+ Clerode 25+25 0.25 1.21 0.31 0.67(0.81)«
ndrum (dried leaf g (1.10)cde
powder)

Clerodendrum - fresh 50g/L 0.28 1.44 (1.20)¢ 0.31 0.69(0.83)cde
leaf extract

Clerodendron - fresh 50g/L 0.21 1.17 (1.07)% 0.35 0.79(0.88)
leaf extract

Bt Kurstaki SerotypeIII 1g/L 0.27 1.36 (1.16)* 0.33 0.52(0.72)
Emamectin benzoate 5 1g/L 0.42 1.23(1.10)< 0,29 0.40(0.63)°

% SG

Potassium silicate 2mi/L 0.27 1.50 (1.23)% 0.38 0.94 (0.97)°
(Foliar spray)

(29
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Potassium silicate 3ml/L 0.28
(Foliar spray)
Lambda cyhalothrin 5 0.6 0.42
EC mi/L

(15 d interval)

Lambda cyhalothrin 5 0.6 0.36
EC mi/L

(1 month interval)

Untreated Control - 0.42
CD (5 %) NS
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1.44 (1.20)% 0.27 0.75(0.86)<%
0.23 (0.47)° 0.44 0.15(0.37)?
0.92 (0.96)> 0.38 0.56(0.75)b<d
1.25 0.38 0.73(0.85)
(1.12)de
0.167 NS 0.145

(Figures in parenthesis are square root transformed values).

Similarly, a laboratory trial was taken up to
check the efficacy of insecticides and biopesticides
against larvae of Anarsia sp. After 24 hours of
treatment (HAT), maximum mortality (96 %) was
recorded under both lambda cyhalothrin 5 EC
@ 0.6 ml/L and Fipronil 5 SC 2 ml/L treatments
followed by Bt Kurstaki (88 %) and emamectin
benzoate (58 %). But, neem azal did not induce
more than 10 % mortality in the larvae of 4narsia
sp. until 24 hours of treatment

Cashew - tea mosquito bug interactions and
the defensive responses

a. Influence of foliar nutrient sprays on TMB
infestation

Seven nutrient treatments including K,SO,
(1.5 %), KNO, (1.5 %), MPP (1.5 %), B (0.1
%), Zn (0.5 %) and MgSO, (0.2 %) and their
combinations as in Table 3. were taken up in a
cashew experimental plot at ICAR-DCR, Regional
station, Shantigodu, where TMB is of regular
occurrence. Trees of three cashew varieties
viz., Ullal-4, Dhana and Bhaskara were selected

randomly and three rounds of foliar nutrient
sprays were done at monthly intervals starting
from November, 2021 till January 2022. Three
replications were maintained for each treatment.

TMB incidence was less during November,
2021, and it was moderate during January 2021 in
the plot. After three rounds of sprays, none of the
nutrient treatments tested were found effective
in reducing TMB damage when compared to the
insecticide, lambda cyhalothrin 5 EC. Overall,
TMB damage grade varied from 0.39 to 2.5 in
the individual treated trees after third spray.
The pooled mean TMB damage grade of three
cashew varieties viz., Ullal-4, Dhana and Bhaskara
varied from 0.40 to 1.86. Among the nutrient
treatments, the pooled damage grade was less
in K,SO,+MgSO, treatment (1.28), while it was
high in the trees sprayed with mono potassium
phosphate (MPP) @ 1.5 % (1.64). A spray with
lambda cyhalothrin was taken up throughout the
plot during first week of March 2021 as there was
high TMB population.

Table 3.3.4 Influence of nutrient treatments on TMB damage in cashew varieties

Mean TMB damage grade
freatments Dose Ullal-4 Dhana Bhaskara (Pooled)
K2S04 1.50% (2.22)< (1.17)b¢ (1.08)° (1.42)°
KNO3 1.50% (2.17)b¢ (1.14)b< (1.03)> (1.45)°
MPP 1.50% (2.50)¢ (1.56)° (0.86)" (1.64)
K2504+B+Zn 1.0+0.1%+0.5% |(1.89)b (1.67) (1.00)> (1.52)°¢
(50)
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Mean TMB damage grade
Treatments Dose Ullal-4 Dhana  Bhaskara(Pooled)
 K2S04 1.50% (2.22)6¢ (1.17)%  [(1.08) [(1.42)°
KNO; 1.50% (2.17)bc (1.14) (1.03)°> (1.45)°
MPP 1.50% (2.50)° (1.56)c (0.86)° (1.64)b
K2S04+B+2Zn 1.0+0.1%+0.5% (1.89) (1.67)° (1.00)° (1.52)b
K2S04+MgS04 1.5%+0.2% (1.79)° (1.11) (0.88)° (1.28)°
B+Zn+MgS04 0.1%+0.5%+0.2%](2.13)< (1.40)c (1.98)° (1.94)
Ei?;;nthrmsm 1.0%+0.003 %  (0.40)? (0.41) (0.50)° (0.43)7
L- cyhalothrin 5 EC 0.003% (0.42) (0.41) (0.39)* (0.40)
Control - (2.89)° (1.78)¢ (2.50)° (1.86)°
CD (5%) 0.67 0.78 0.79  0.47

Nut weight was more in the trees that
received combination spray of K,SO,+MgSO, in
Bhaskara and Ullal-4, whereas, it was high under
K,SO, in Dhana. Number of harvested nuts per
tree pooled over three varieties was high (210
Nos) in the insecticide treated trees followed by
combination spray of lambda cyhalothrin and
K,SO, (197 nos) as against 95.2, 99.11 and
108.7 nuts, respectively in the control, KNO, and
MPP treated trees. Besides, physical parameters
and shelling percentage of nuts under different
treatments showed significant differences.

b. Influence of plant growth regulators in
the TMB infested plants

To find out the influence of plant growth
regulators on TMB infestation, a set of seven
treatments viz., NAA @ 20 and 40 ppm, GA3 @
25 and 50 ppm, BAP @ 75 and 100 ppm as foliar
sprays and the mechanical removal of shoot tip
as control was imposed on to the TMB infested
4-months old cashew seedlings. The regrowth
pattern especially the new shoot emergence was
observed after 20 days of spray. Though time taken
to produce new shoots after TMB damage was
almost same among all the treatments, number
of shoots produced was more in GA3 treated
seedlings (Fig. 3.3.3). Field trial indicted that
sprays of plant growth regulators on the severely

infested trees of cashew variety Bhaskara during
February, 2022 did not show any difference in
flushing pattern compared to untreated ones.

et
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Fig 3.3.3. Appearance of new shoots in
TMB infested seedlings
C. Herbivore induced plant volatiles (HIPV)

To understand the role of HIPVs for tea
mosquito bug in cashew, a study was taken up
in collaboration with ICAR-IIHR, Bengaluru. The
grafts of two cashew varieties viz., NRCC Sel-2
(highly susceptible to TMB) and Bhaskara (pseudo-
resistant) were subjected for the study. The healthy
plant volatiles were collected using ‘Air entrainment
method’ (Fig. 3.3.4) in Porapak -Q® column. The
column was subsequently eluted with diethyl ether
solvent. In the same way, plant volatiles were
collected after 24 hours of TMB feeding.

TTh
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The chromatograms of the eluted volatiles
were quite different for both the varieties.
Similarly, the volatile profile was different for
healthy and TMB infested plants in both the
varieties. The chromatogram of volatiles collected
from healthy and infested Bhaskara plants are
shown in Fig. 3.3.5. Electro-antennogram studies
indicated more response of female TMB antenna
to HIPVs than the volatiles from healthy plants.
The confirmation studies and bioassays will be
taken up in the forthcoming season.
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Fig. 3.3.5. Chromatogram of plant volatiles of healthy and TMB infested Bhaskara plants

Influence of Apis cerana indica and
Braunsapis spp. on pollination and fruit set
of cashew

Pollination efficiency studies

Pollination efficiency of three bee species viz.,
Braunsapis mixta, Tetragonula iridipennis
and Apis cerana indica was assessed in VRI-
3 plants in comparison to open pollinated trees.
Bee confinement method was adopted, where
whole cashew trees which were in 20-30%

flowering stage were covered securely with fine
mesh nylon net cage during 1%t week of January
and the bee hives were kept inside (Fig. 3.3.6).
For B. mixta, a single tree was confined with
artificial bee nest having approx. 130 active
nests. For 7. iridipennis, a single tree was
covered with a small stingless bee colony, and
for A. cerana indica, two trees were covered
with net cage and a three framed bee colony was
kept inside. Sugar feeding was done at weekly
intervals for the honey bees to supplement its
food requirement.

5
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Observations indicated that all the three bee
species actively foraged on cashew flowers even
under confinement and successfully pollinated
the cashew flowers. Number of nuts set/tree was
257, 333 and 167 in the cashew trees confined
with colonies of T. iridipennis, B. mixta and Apis
cerana indica, respectively. Whereas, the number
of nuts set/tree in open pollinated trees was 320 -

A
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415 nos/ tree, because in nature more bees shall
visit same flower and multiple bee species shall
visit the flowers that might lead to higher nut
set. On the other hand, out of 30 inflorescences
that were caged throughout the flowering period
without bee visits, only three nuts were harvested
indicating the need of flower visitors for more
pollination in cashew.

- __'_!. Y

Fig 3.3.6. Net caging of cashew trees and inflorescences for pollination efficiency studies

Under open field conditions, in a cashew
plantation where A. cerana indica colonies were
kept @ 4 /ac, no significant difference in number
of bee visits was observed in the cashew flowers
compared to the plots without bee colonies, because
honey bees foraged on other flora also. Further,
the plots without bee colonies also had bee visits
from the feral colonies. In the forthcoming season,
higher number of colonies will be kept in the cashew
plantations and the bee visits will be recorded.

Distribution, viability and germination of
pollen grains collected on bee body parts

Distribution of pollen grains on the body
parts of bee species indicated more pollen grains
in the hind legs in all the three bee species
examined as follows.

e A. cerana indica : hind legs >middle legs
> forelegs > head > thorax > abdomen

e B. mixta : hind legs > thorax > abdomen >
middle legs > head > forelegs

e 7. Iiridipennis : hind legs > thorax >
middle legs > fore legs > head > abdomen

After 24 hours, the mean pollen viability
was high (89.5 %) for the pollen grains collected
from cashew flowers, and it was 84.63, 83.5 and
71.93 % for the pollen grains collected from the
hindlegs of 8. mixta, 7. iridipennis and A.
cerana indica, respectively. After 72 hours, the
viability has reduced drastically to 11.87 % for the
pollen grains collected on flowers, and to 9.00, 8.5
and 4.17 % for the pollen grains adhered on B.
mixta, T. iridipennis andA. cerana indica,
respectively. Similarly, pollen grains collected from
flowers showed 77.33 % germination after 24
hours of collection, while germination was 66.33,
60.37 and 45.6 % for the pollen grains adhered
onB. mixta, T. iridipennis andA. cerana

e
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Iindica, respectively. Observations taken at
48 hours of collection showed that germination
percentage fell below 10 % in all the samples.

The preliminary observation involving hand
pollination of hermaphrodite flowers using pollen
grains collected on body parts of all three bee
species resulted successful pollination and nut set
during April 2022.

Zodiomyia sp. — a parasitoid of B. mixta
and its hyperparasitoid

Observations in the artificial bee nests of
B. mixta developed at ICAR-DCR, indicated that
the adults of B. mixta are parasitized by the
Conopid flies belonging to the genus, Zodiomyia
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(Conopidae), as identified at NBAIR, Bengaluru
(Fig. 3.3.7 a). The pupae of parasitoids were
collected at 3 - 4 days intervals from the artificial
bee nests and kept under laboratory conditions to
record the emergence period of adult parasitoids
and hyperparasitoids, if any (Fig. 3.3.7 b).
The maximum emergence period for adults
recorded was 26 days during September, 2022.
Besides, hyperparasitoids belong to Eulophid
family emerged out of the conopid pupae (Fig.
3.3.7 ¢). These parasitoids stayed alive up to 11
days under laboratory conditions when provided
with cotton swab soaked with honey 10 %. The
extent of hyperparasitism was < 1 % in the
Conopid pupae.

Fig 3.3.7. Natural enemy of 5. mixta a. Parasitized adult 8. mixta with pupa of Conopid
fly, b. Pupae of Conopid flies and, c. Hyperparasitoid larva inside Conopid pupa

Bee conservation park at ICAR-DCR, Puttur

A bee conservation park has been
developed in the farm premises of ICAR-DCR
integrating diverse bee flora mainly for the
conservation of different bee species (Fig. 7). The
flora established include Antigonon leptopus,
Cuphea sp., Cosmos sp., Caesalpinia sp.,
Combretum  indicum, Lantana  camara,
Bambusa sp., Alternanthera sessilis,
Mussaenda sp., Ixora sp., Vedalia trilobata,
Leucas aspera, Melastoma malabathricum,
Passiflora sp., Barleria sp., Heliconium sp.,

Jasminum Sp., Duranta sp., Hamelia sp. etc. The
plants of lantana, bamboo and Ixora are regularly
pruned to have more branches with pruned ends
so that stem nesting bees can make nests in
them. The colonies of Apis cerana indica,
Tetragonula sp. were kept under shade along
with the artificial bee nests developed for 5.
mixta. Compared to all other flora, A. Ileptopus
and Cuphea sp. were found to flower throughout
the year, and attract lot of bee species, hence
amenable for conservation of bee species.
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Fig 3.3.8. View of bee conservation park established at ICAR-DCR, Puttur.

Survey and diagnosis of diseases occurring
in cashew crop and their morphological and
molecular characterization

Cultural and morphological characterization
of Neopestalotiopsis sp.

The pathogen was isolated from the cashew
leaf blight infected samples, and the growth
pattern on the PDA media was observed. A
white-greyish, aerial, cottony mycelium on upper
side with light yellow colour on the reverse side
was constantly isolated (Fig 3.3.9). The black

viscous acervuli were observed after 10-12
days of incubation. The conidia were fusiform,
five-celled, versicoloured with three olivaceous
brown median cells, two terminal hyaline cells,
measured 23.3+2.12 — 28.33+2.7 x 3.6+0.8
— 4.28+0.78 pm (n=30). The apical cells had
two to three flexuous, unbranched appendages,
and basal appendage was solitary, tubular and
unbranched (Fig 3.3.10). morphological and
cultural characteristics confirmed the pathogen as
Neopestalotiopsis Sp.

Fig 3.3.9. Pathogen growth on PDA media both upright and reverse

T
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Fig. 3.3.10. Conidia of Neopestalotiopsis sp.

Establishment of pathogenicity under

artificial conditions

The pathogenicity test was done on six-
months old healthy grafts of Priyanka, Ullal-3 and
H-130 cashew varieties (n=3). Conidial suspension
(2 x 106 spores ml-1) N. clavispora Puttur-1 was
sprayed on the healthy cashew seedlings, and
kept in inoculation chamber by covering with
black polythene sheets for 24 h (25+ 2 °C and

>90 percent relative humidity). The control grafts
were sprayed with sterile distilled water, and 24
hr after inoculation the black polythene sheet was
removed both from control and treated seedlings.
All the three inoculated varieties developed similar
symptoms after 7-10 days post inoculation (dpi),
while the control grafts could not produce any
symptoms.

Multigene characterization of cashew leaf
blight pathogen

Two representative isolates (CLBP1) were
subjected for molecular characterization selected
for molecular identification based on ITS-rDNA,
tef-la, LSU and tub2 gene sequences and
phylogenetic analysis. Genomic DNA was isolated
from 15 days old cultures and internal transcribed

Fig. 3.3.11. Disease symptom development undér artificial conditions

spacer (ITS) of ribosomal DNA (rDNA), translation
elongation factor 1a (tef-1a) gene, LSU gene and
beta tubulin (tub2) using ITS1/ITS4, TEF1/TEF2
and Bt2a/Bt2b primer pairs respectively. The
band size of 650 bp was amplified for ITS region,
1000 bp were amplified for TEF-1 gene, 750 bp
for p-tubulin gene and 500 bp for larger subunit
gene. PCR amplicons were sequenced, and the

(ee)
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sequences were deposited in GenBank (accession
numbers: ITS: OP880881.1, OP880882.1; tef-1a.:
OP882579.1, OP882580.1; and tub2: OP882581.,
OP882582.1). The phylogeny was constructed
based on combined ITS, tef-1a, and tub2 regions.
Neighbour-Joining (NJ) analysis was conducted

M L1 L2 M 11 L2
=100 bp
=550 bp
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and the tree was constructed with the substitution
models (branch support was evaluated by 1,000
bootstrap replications). Combined phylogeny
confirmed that the sequences shared a common
clade with N. clavispora.

e i i kst WF LT L 20097
g fesners MILLCC ) 20379

Fig. 3.3.12. Phylogenetic tree produced using partial ribosomal DNA (rDNA) gene sequences showing
the phylogenetic relationship of N. clavispora isolated from cashew (Bold with asterisk mark) with
other N. clavispora isolates and Pestalotiopsis as out-group retrieved from Gen Bank, using the

Maximume-likelihood (ML) method

Establishment of Farmer-Centric Pest Diagnostic and Bio-Control Laboratory to Achieve
Sustainable Cashew Health Management (KA/RKVY-AGRE/2022/1345)

Budget: 100 lakhs

Scientist Involved: Dr. H Rajashekara (PI)
Dr. T. N. Raviprasad (Co-PI)
Dr. K. Vanitha (Co-PI)

Dr. Siddanna S (Co-PI)

The proposed items (compound microscope, laminar air flow, BOD incubators, autoclave, hot air oven,
refrigerator, deep freezer and other miscellaneous equipment’s) for purchase and supply and installation
of lab furniture along with other consumable items are under process

7))
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3.4 POST-HARVEST MANAGEMENT

3.4.1 Design and development of
mechanized slicer for cashew apple

Certain modifications were made to the
existing mechanical slicer for cashew apples to
address issues such as: i) bulk transfer of fruits
from vibratory tray to fluted rollers; ii) overlapping
during singulation of cashew apples while moving
on fluted rollers; iii) orientation of cashew
apples while transferring cashew apples through
compartmental belt conveyor; iv) angular position
of feeding guide against rotary disc blades;
v) control over distortion of blades and v) inclination
of arrestor and outlet chute. Experiments were
carried out to optimize angular position of various
components viz., Vibratory feed tray inclination
(15°); Fruit singulation unit (32°); Feeding guide
inlet angle (30°); Feed guide curvature angle (12°)
and Discharge outlet (45°). The performance
of the slicer was evaluated at the Agricultural
Research Station (TNAU), Vamban, Tamilnadu
and its operational capacity was found to be in the
range of 60-70 kgh! with a qualitative efficiency
of around 78%.

3.4.2 Design and development of moisture
meter for raw cashewnuts

Calibration of 3-in-1 moisture meter which
is developed to determine the moisture content of
raw cashewnut, unpeeled cashew kernels (UPK)
and Peeled cashew kernels (PK), continued to
achieve higher accuracy. Based on the experiments
conducted to assess the influence of resistance in
the moisture meter i.e., 100 to 750 Q, appropriate
value was fixed for raw cashewnuts (RCN) and
kernels (UPK and PK) due to variation in the cross-
sectional texture and moisture holding capacity.
Data mining was carried out to understand the
correlation between the original moisture content
and moisture meter value at different ranges of
moisture levels. The accuracy of the moisture
meter was found to be higher at lower range and

showed deviation above 12% d.b. Due to the
non-availability of freshly harvested nuts, samples
of moisture infused nuts were used for calibration
purpose during the off-season. Comparatively
better performance was achieved and needs to
be evaluated with freshly harvested nuts.

3.4.3 Studying comparative performance of
cashewnut processing systems in India

A diagnostic survey was conducted in
Andhra Pradesh state and it is learnt that two
different modes of processing viz., Drum roasting
and Steaming raw cashewnuts followed to extract
edible kernels primarily in three districts viz,,
Palasa and Kasibugga in Srikakulam, Vetapalem
in Bapatla and Tuni in Kakinada. Around 1.25
lakh Mt of raw cashewnuts produced in Andhra
Pradesh during the year 2020-21 catering to
the need of 228 processing units located in the
state. A total of 3.2 lakh MT of raw cashewnuts
processed in the facility developed and 80%
of which is derived from import especially
from African countries. As far as distribution of
processing units are concerned, 79% of the units
are located in Srikakulam and 12% and 9% of
units are spread in Kakinada and Bapatla districts,
respectively. Palasa and Kasibugga located in
Srikakulam district is considered to be the hotspot
for cashewnut processing. Cashew processing
is operating in this region under two different
administration i.e., Palasa Cashew manufacturers
Association (PCMA) and Industrial Area Cashew
Processors’ Association, Palasa after introducing
ban on drum roasting process in residential area
by the High court of Andhra Pradesh during the
year 2008.

Cashewnut processing units located in this
region are categorized into labour oriented, semi
mechanized and fully automatic processing units
depending on the deployed labour force, degree
of mechanization and quantum of production.

Ty
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Calibrator with hydro washer, Static steam cookers
with IBR boilers, multi-channel shelling setup,
steam assisted dryer, optical sorters and moulded
vacuum packaging are certain machinery deployed
for bulk production. Various issues encountered
by these processing units are i) Although moisture
content of the raw cashewnuts is an Important
parameter while assessing quality which has
led to spoilage during long term storage; ii)
processing parameters are not optimized due to
which discolouration and breakage of kernels,
reducing profitability; iii) Kernel grading is not up
to specifications prescribed by Gol; iv) Necessity
to follow advanced packaging technique leaving
traditional method (Qil tin containers) demanding
skill development training for employees; v) Value
addition to cashew kernels is not in practice and vi)
Few expeller units are involved in CNSL extraction,
but crude oil exported to other regions. The cost
of processing for a labour oriented system is
worked out to be Rs 24-26 per kg of RCN whereas
for semi-automatic and fully mechanized units
incurring an amount of Rs 18 and Rs 12 per kg of
RCN, respectively.

3.4.5 Optimizing processing parameters in
cashew for enhancing whole kernel recovery

Project proposed to Chhattisgarh State Minor
Forest Produce (CSMFP), Chhattisgarh seeking
financial assistance through SMD (Horticulture) as
per the directives of DG, ICAR, New Delhi. In view
of administrative and implementation constraints,
competent authority advised to propose an
institute research project in Research Advisory
Committee for approval. Design of lab scale steam
boiler is prepared on account of sample size and
number of experiments to optimize relevant
parameters during conditioning raw cashewnuts.
Indian Institute of Packaging, Mumbai visited to
explore the possibility of alternative packaging
system in lieu of traditional method of ‘Vita
packaging’ in tin containers in view of structural
and aesthetic design of packaging. On account
of strength to withstand the pressure of handling
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and transport, leak proof, shelf life of cashew
kernels, resistance to microbial attack and price,
‘Bag-in Box’ packaging is recommended. This
method includes flexi pack made up of aluminium
foils and HDPE layers as container and carton box
with a handle.

3.4.6 New Project: Development of ready to
eat alternate snack food using cashew apple
- Extrusion and Vacuum frying approach

A procedural technique to convert
perishable cashew apples to stable amorphous
form with reduced tannin and retaining ascorbic
acid is standardized. Considering the vital source
of intrinsic nutritive components available in
cashew apples, cashew apple powder is utilized
as a biofortifying agent in the preparation of
cereal based extrudates. The effect of selective
proportion of rice flour (25 — 35%) and cashew
apple powder (5 — 15%) on product characteristics
viz., bulk density, expansion ratio, water solubility
and water absorption index, compression force
and cutting strength were investigated using
mixture-process design. Corn flour was added
to the extent of sixty percentage in all the
combinations to obtain the desired extrudates.
The extrusion was carried out at different screw
speeds (27.5, 30.0 and 32.5 Hz) under the fixed
barrel temperature (110 oC) and die diameter (4
mm). The extrusion condition of 12% cashew
apple powder, 28% rice flour, 60% corn flour
and a 30 Hz screw speed were determined as
optimum conditions for the development of
cashew apple powder incorporated rice-corn
based extrudates with a desirability value of
1.00 using mixture-process design with optimum
responses of expansion ratio 2.43, bulk density
0.13?gcm-3, cutting force 19.61?N, and bending
strength 38.14?N. The incorporation of cashew
apple powder as an ingredient in the cereal
based extrudates had significantly increased their
protein, overall mineral content, phenolic (7.25 mg
gallic acid equivalents g-1) and total antioxidant
activity (8.95 mg Trolox equivalents g-1). Cashew
apple slices are vacuum fried in a pilot scale unit
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at private firm and end product with crispy texture
indicated that a snack food could be prepared by
optimizing material and machine parameters.

3.4.7 Development of value-added products
from cashew apple and sprouts

Development of Cashew apple Fig/ Chunks:
The cashew apple was cut into different shapes
and immersed in varied concentrations of sugar.
The shape of the slices had an important role in
percent water loss. Less water loss was noticed in
cashew apple fig whereas in the other types the

Fig. 3.4.1 Cashew Apple Fig

Effect of brine solution on storage life of
cashew sprouts

Cashew sprouts were stored in a brine
solution prepared using Sodium chloride (NaCl),
Lactic acid (LA) and water (control) to study their
effect on storage life. Cashew sprouts stored in 5%
NaCl solution increased the storage life of cashew
sprout (17 days) compared to the control (2 days)
with a significant reduction in fat content without
further significant reduction in phytic acid content
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percentage of water loss was higher (disk shape).
The biochemical components like flavonoids,
phenols, tannins, vitamin C and other mineral
components were analyzed. The total phenols
ranged from 97.93 to 146.23 mg GAE/g. The
flavonoids content was ranged from 136.71 to
172.5 mg catechin equivalent per gram. The total
antioxidant activity was found to be 278.28 mg
ascorbic acid equivalent per gram. The tannin
content was in the range of 10.49 to 14.41
mg/100g.

Fig. 3.4.2 Cashew Apple Chips

Development of Probiotic Food Product/s
from Cashew Apple

Screening of different fruit juice blends
along with cashew apple juice was carried out
to standardize the best one for probiotic culture
inoculation. The different fruit like pomegranate,
guava, oranges, mandarins, Muskmelon were
mixed in different combinations with cashew apple
juice. Standardization and screening are continued
to select the best beverage combination.

Fig 3.4.3 Screening of Cashew apple juice and other fruit juice blend
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3.5 CONCLUDED PROJECTS

3.5.1. Project No. IXX10492: Evaluation of cashew apple genotypes for apple and nut yield

and quality

Principal Investigators

Dr. Eradasappa, E (August 2020-2022)

Dr. Preethi P (2016- August 2020)
Dr. P.L. Saroj (2013-2016)

Co-Principal Investigators

Dr. Eradasappa E (2013-Aug 2015; Nov 2017- August 2020)

Dr. Meena, R.K. (2013-2015)

Dr. Vanitha K (2013-2022)

Dr. M.G. Nayak (2013-2018)

Dr. Rajkumar A.D. (2015-2017)
Dr. Loganathan, M. (2015-2016)

Dr. Janani P (2017)

Dr. Veena G.L. (2021-2022)

Project code : 1.8

Project duration 2013-2022

Introduction

The origin of cashew is Brazil however it
spread very fast to India and other parts of the
world during the 16th century. It is very interesting
note here that most countries were enthusiastic
about the cashew apple and discarded the nut.
It was India that started utilizing the nut and
pioneered in the processing of raw nuts to kernels
and exporting them to different countries. While
doing so India discarded the cashew apple and is
being continued in most parts of cashew growing
regions of India. Now in many cashew-producing
countries, the kernel from the nut is being enjoyed
most by the local populations.

The cashew tree bears a false fruit known as
the cashew apple from which the nut protrudes.
It has a pulpy, juicy structure, with a pleasant but
strong astringent flavour. The cashew apple is
some edible fruit rich in vitamin C (262 mg/100
ml of juice) and contains five times more vitamin
C than an orange. A glass of cashew apple
juice meets an adult individual’s daily vitamin

C (30 mg) requirement. The cashew apple is
also rich in sugars, and contains considerable
amounts of tannins and minerals, mainly calcium,
iron and phosphorous. It can be dried, canned
as a preserve, or eaten fresh from the tree. It
can also be squeezed for fresh juice, which can
then be fermented into cashew wine which is
a very popular drink in West Africa. In parts of
India, it is used to distil cashew liquor referred
to as feni. In some parts of South America, local
inhabitants regard the apple, rather than the nut
kernel, as a delicacy. In Brazil, the apple is used to
manufacture jams, and soft and alcoholic drinks.
Furthermore, the fruit has medicinal properties.
It is used for curing scurvy and diarrhoea, and it
is effective in preventing cholera. It is applied for
the cure of neurological pain and rheumatism. It
is also regarded as a first-class source of energy.
It is quite unfortunate that cashew apples are
highly perishable. Unless frozen or kept at very
cool temperatures, the cashew apple lasts only
for 5 days once plucked from the tree.
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Until recently, the potential of cashew apple had
not been explored due to its highly astringent and
acrid taste which is believed to originate in the
waxy layer of the skin and which causes tongue
and throat irritation after eating. Cashew apple can
be made suitable for consumption by removing
the undesirable tannins and processing the apples
into value-added products, such as juices, syrups,
canned fruits, pickles, jams, chutneys, candy and
toffee. The recommended methods for removing
the astringent properties of the cashew apple
include steaming the fruit for five minutes before
washing it in cold water, boiling the fruit in salt
water for five minutes, or adding gelatine solution
to the expressed juice.

In India cashew apples are available in
plenty across different cashew growing states
and huge quantities of cashew apples are being
wasted every growing season with an exception
of Goa where it is being used for the preparation
of alcoholic beverage. Currently only six percent
of world cashew apple production is exploited,
since the producer only has a guaranteed market
for cashew nuts (FAO, 2004).At the international
level, the work on selection of clones possessing
better cashew apple yield and quality traits was
carried out at Pacajus Experimental Station,
Ceara, Brazil and released clones such as CCP 09
(Barros et al.,, 1984, 2000; Oliveira 1999; Paiva
et al., 2003a), CCP 76, CCP 1001 (Barroa et al.,
1984, 2000; Oliveira 1999; Paiva et al., 2003),
BRS 189 and BRS 265 (Barros et al., 2002).

Cashew varieties developed so far in India
are confined to better nut yield and nut quality
traits. But cashew apple an important product
of cashew tree is not given much importance by
the researchers. Hence at present not a single
variety with desirable attributes for cashew apple
is available in the public domain. However, in
the germplasm collections at DCR Puttur, there
are some accessions which give better cashew
apple yield and possess good quality apples are
available. Hence a project on evaluating these
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cashew germplasm accessions for cashew apple
yield and quality traits was formulated to find out
a suitable genotype having better cashew apple
yield and quality traits along with nut yield.

Objective

To find out a suitable genotype for better
cashew apple yield and quality traits along with
nut yield.

Materials and methods

This project was initiated in the year 2012-
13 and during that period14 cashew germplasm
accessions having big cashew apples were
selected from the germplasm maintained in the
National Cashew Field Gene Bank. They were
multiplied clonally through grafting in the nursery.
Then 5-6 months old were planted at a spacing
of 7.5 m x 7.5 m in RBD with three replications
along with check Vengurla-8 at Kemminje during
October 2013. The accessions were managed
following cultural operations to raise the good
crop. Observations on growth characters such as
stem girth, plant height, canopy spread in East-
West and N-S direction, cashew apple weight,
cashew apple length, cashew apple breadth,
cashew apple yield, cashew nut weight, cashew
nut yield and TMB incidence were recorded since
2015-16. They were also evaluated for biochemical
properties like contents of ascorbic acid, tannin,
phenols, flavonoids, anti-oxidant, acidity, TSS, fat
in cashew apples and nut qualities like shelling
percentage, CNSL, protein. Besides, fresh cashew
apples of those accessions were subjected for
organoleptic evaluation for determining the
acceptability.

Results

The results of analysis for the data of
morphological traits for the year 2021-22 are
presented in Table 3.5.1. The analysis revealed
that NRC 112 had maximum stem girth (104 cm).
For plant height, NRC 112 was tallest (7.75 m)
and NRC 120 was shortest (3.50 m). The average
tree spread was maximum in NRC 12 (9.64 m)
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while Vengurla-8 presented lowest (5.82 m). NRC
301 had heaviest apples (183.10 g) while NRC
176 had less heavy apples (62.67 g). NRC 493
presented lengthy apples (10.13 cm) while NRC
176 gave shortest apples (5.50 cm). NRC 112
had broadest apples (6.15 cm) while NRC 493
had narrow apples (4.52 cm). For nut weight,
NRC 183 recorded the maximum nut weight
(13.41 g) and minimum was in NRC 75 with 6.48
g. NRC 175 presented maximum cashew apple
yield (56.47 kg / tree) as well as nut yield (5.54
kg /tree). the apple to nut ratio was maximum in
NRC 301 (15.01) while it was lowest in vengurla-8
(6.95).

Cumulative yield analysis for nut and apple

The cumulative yield analysis for both nut
and apples over six years (Table 3.5.2) reveals
that NRC 175 has recorded highest cumulative nut
yield of 20.14 kg / tree and cashew apple yield of
233.3 kg / tree (Table 3.5.3). This was followed by
NRC 140 with cumulative nut yield of 10.94 kg /
tree and cashew apple yield of 127.51 kg / tree.

Reaction to TMB incidence

The reaction to TMB incidence in all the
accessions was recorded for eight years from the
year 2014 to 2022 (Table 3.5.4). The reaction was
graded from 0 to 4 scale based on the damage
symptoms. The overall lowest damage grade
of 0.53 was observed in Vengurla-8 and overall
highest damage grade of 1.17 was recorded in
NRC 75.

Biochemical
apples

characterization of cashew

The accessions were also evaluated for
biochemical characters such as TSS, ascorbic
acid, acidity, flavonoids, tannins, total phenols
and anti-oxidant activity (Table 3.5.5). NRC 175
presented highest TSS of 14.93 0 Brix. NRC 144
recorded the maximum ascorbic acid content of
572 mg / 100 ml of cashew apple juice. Acidity
was maximum (0.76%) in NRC 183. The highest
phenol content was obtained in NRC 270 (174.37
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mg / 100g). the flavonoid content was maximum
in NRC 301 (2.15g/ 100g). The lowest content
was in NRC 175 (343 mg/100g). The anti-oxidant
activity was maximum in NRC 120 (204.74 mg /
100g).

Organoleptic evaluation of fresh cashew
apple

All the 14 accessions along with check
Vengurla-8 were subjected for organoleptic
evaluation of fresh cashew apples for the
parameters such as colour and fragrance, flavor,
texture, taste and overall acceptability as per
9-point Hedonic scale recommended by Society
of Sensory Professionals (USA) (Table 3.5.6). The
results indicated that NRC 301 is more acceptable
with overall acceptability grade of 6.15 followed
by NRC 175 with 6.05. However, their acceptability
is little lesser than the check variety Vengurle-8
which has 6.53.

Conclusions

Based on the results obtained, it is observed
that NRC 175 (Fig. 3.5.1) holds promise as a dual
purpose cashew genotype as it recorded highest
cumulative yields for both nut (20.14 kg /tree)
and cashew apple (233.3 kg /tree) and is higher
than check variety Vengurla-8. It also possesses
the desirable biochemical qualities such as juice
recovery 75.6%, TSS 14.93°Brix, ascorbic acid
255.6mg/100g, acidity 0.63%, phenol 142.20
mg GAE/100g, flavonoid 0.11mg CE/100g,
tannin 3.43mg TAE/100g, antioxidant 124.23mg
AEAC/100mg. The organoleptic evaluation of
fresh cashew apples indicated that NRC 175 is
more acceptable with overall acceptability grade
of 6.05.

NRC 301 holds potential as a unique
germplasm type with highest average cashew
apple weight of 183.10g and nut weight of
11.94g. It has recorded modest cumulative nut
yield of 5.58 kg/tree and cashew apple yield of
88.53 kg/tree over six harvests. Besides, it also
possesses the desirable biochemical qualities such

(63
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as juice recovery 75.6%, TSS 10.230Brix, ascorbic
acid 392.4mg/100g, acidity 0.71%, phenol
111.52 mg GAE/100g, flavonoid 2.15g CE/100g,
tannin 584mg TAE/100g, antioxidant 157.12mg
AEAC/100mg. The organoleptic evaluation of
fresh cashew apples indicated that NRC 301 is

oy —

NRC 175
Fig 3.5.1. NRC 175 and NRC 301 bearing cashew apple and nut
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more acceptable with overall acceptability grade
of 6.15.

Based on the merits displayed by the above
accessions, NRC 175 is proposed for release as
dual type and NRC 301 is proposed for registering
as unique genotype.

NRC 301

Table 3.5.1: Mean performance of morphological traits during 2021-22

Acc.No. Stem |Plant | Tree Apple | Apple | Apple Nut wt | Apple | Nut Apple
Girth | height | Spread | wt (g) | length | breadth | (g) yield yield to
(ecm) ([(m) |(m) (mm) | (mm) (kg/tr) | (kg/tr) | nut
ratio
NRC-301 |64.18 |5.13 7.07 183.10 |100.58 |58.22 11.94 [1.21 0.08 15.34
NRC-389 |77.00 [4.33 |7.18 |88.40 |81.04 [54.58 |9.38 2.35 0.25 9.42
NRC-120 |63.22 |3.50 | 6.68 107.87 | 99.57 |57.33 9.33 3.51 0.30 11.56
NRC-189 |[65.00 |4.50 | 7.07 87.25 |[57.10 |48.14 10.14 | 5.73 0.67 8.60
NRC-175 |72.39 |5.50 6.37 81.24 |59.34 |46.67 7.21 56.47 | 501 11.27
NRC-493 |7592 |6.18 |7.81 88.23 [101.33 |45.22 12.13 | 1.42 0.20 7.27
NRC-176 |85.00 |4.66 7.28 62.27 |54.98 |51.41 8.64 1430 |98 7.21
NRC-183 [75.28 [4.75 | 7.66 118.08 | 61.83 [59.18 13.41 | 1171 {133 8.81
NRC-111 |91.56 |4.88 | 7.15 114.04 | 97.80 |54.07 12.50 |16.09 |1.76 9.12
NRC-270 |104.13 |6.25 | 6.57 127.46 | 79.31 | 47.67 11.76 | 10.74 | 0.99 10.84
NRC-75 [8551 |465 |6.64 |80.60 [59.63 |49.34 |6.48 1.21 0.10 12.44
NRC-144 [8584 |475 |734 |11923 |7425 |5367 [9.36 18.21 | 143 12.74
NRC-112 |104.00 |7.75 | 9.64 124.85 | 99.94 |61.49 1255 |12.83 |19 9.95
NRC-140 |73.83 |5.06 |5.79 129.27 | 95.84 |55.56 8.89 2747 | 1.89 14.54
V-8 61.12 [3.93 |5.82 67.08 |71.05 |56.93 9.65 3.93 0.56 6.95
CD (5%) |5.30 0.09 |0.33 11.39 | 6.56 8.25 0.78 13.71 | 1.35 -
(2
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Table 3.5.2: Cumulative nut yield (kg /tree) of accessions for 6 six years

Acc.No. 2015-16 2016-17 [2017-18 |2018-19 [2020-21 [2021-22 Cum yield

(kg/tree)
NRC 75 0.12 0.39 0.39 0.41 0.37 0.1 1.78
NRC 111 0.39 1.44 2.48 2.65 2.79 1.76 11.51
NRC 112 0.47 1.93 2.19 2.48 0.94 1.29 9.30
NRC 120 0.28 1.94 1.51 1.74 1.26 0.3 7.03
NRC 140 0.83 2.21 1.41 1.58 1.14 1.89 9.06
NRC 144 0.68 0.82 0.79 0.866 0.57 1.43 516
NRC 175 2.85 4.54 3.02 3.12 1.6 5.01 20.14
NRC 176 0.86 1.87 1.31 1.24 1.29 1.98 8.55
NRC 183 0.01 0.46 0.24 0.254 1.07 1.33 3.36
NRC 189 0.38 1.42 1.65 1.59 1.42 0.67 7.13
NRC 270 0.4 1.45 1.05 1.12 1.55 0.99 6.56
NRC 301 0.71 0.99 0.87 0.888 2.04 0.08 5.58
NRC 389 0.15 1.69 0.75 0.792 1.39 0.25 5.02
NRC 493 0.32 2.02 1.02 1.13 0.69 0.2 5.38
V-8 0.24 1.05 0.57 0.551 1.3 0.56 4.27
CD (5%) 0.75 1.56 0.38 0.55 3.29

Table .3.5.3: Cumulative cashew apple yield (kg /tree) of accessions for 6 six years

Acc.No. 2015- |2016- [2017- |2018-19 (2020- [2021-22 |Cum apple yield (6
16 17 18 21 yrs)

NRC 75 1.55 3.54 4,78 3.17 0.37 1.21 18.84
NRC 111 4.70 14.51 22.60 21.80 2.79 16.09 105.13
NRC 112 4.54 20.11 21.56 20.84 0.94 12.83 89.24
NRC 120 3.43 23.06 17.50 17.55 1.26 3.51 79.61
NRC 140 18.56 | 31.45 17.43 17.54 15.06 27.47 127.51
NRC 144 7.02 8.51 10.11 10.08 6.94 18.21 60.87
NRC 175 37.89 | 50.43 | 36.47 35.66 16.38 56.47 233.3
NRC 176 8.52 20.96 15.43 14.83 9.63 14.3 83.67
NRC 183 0.09 3.84 1.95 2.01 1.07 11.71 29.05
NRC 189 5.37 12.32 13.59 14.10 10.42 5.73 61.53
NRC 270 3.18 11.28 10.95 11.54 16.48 10.74 64.17
NRC 301 12.92 14.44 13.07 12.08 34.81 1.21 88.53
NRC 389 14.96 16.82 6.64 6.32 12.28 2.35 59.37
NRC 493 3.24 18.24 5.57 5.81 4.88 1.42 39.16
Vengurla-8| 2.25 9.77 3.96 4.01 8.82 3.93 32.74
CD (5%) 12.17 16.49 3.65 - 6.30 13.71 -

(ee)
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Table 3.5.4: Reaction of accessions to TMB incidence over 8 years
Overall damage
Acc.No. | 2014 | 2015 | 2016 | 2017 | 2019 | 2020 | 2021 | 2022 grade
NRC176 | 0.80 | 0.60 | 0.15 | 049 | 0.89 | 1.34 | 2.16 | 1.38 0.98
NRC389 | 130 | 1.00 | 0.58 | 0.50 | 0.99 | 1.05 | 1.96 | 0.82 1.03
NRC144 | 140 | 1.30 | 0.04 | 033 | 065 | 1.79 | 1.91 | 0.83 1.03
NRC175 | 150 | 1.20 | 0.50 | 0.62 | 1.23 | 075 | 1.99 | 0.65 1.06
NRC 112 1.60 1.40 0.00 0.35 0.42 1.06 2.45 0.81 1.01
NRC 75 0.80 | 0.60 | 078 | 031 | 1.13 | 201 | 1.97 | 1.76 1.17
NRC270 | 1.00 | 0.80 | 0.15 | 0.36 | 0.71 | 0.80 | 1.71 | 0.93 0.81
NRC301 | 0.70 | 050 | 0.00 | 0.15 | 0.26 | 0.93 | 1.39 | 0.50 0.55
NRC140 | 120 | 1.00 | 0.87 | 049 | 0.84 | 1.31 | 1.28 | 0.94 0.99
‘NRC 120 1.00 | 060 | 1.11 | 050 | 1.00 | 1.06 | 1.88 | 0.64 0.97
INRC 183 | 0.80 | 0.80 | 0.00 | 052 | 097 | 1.09 | 1.34 | 0.70 0.78
‘NRC 493 090 [ 0.80 | 0.14 | 060 | 1.04 | 1.97 | 1.35 | 1.25 1.01
‘NRC 189 | 0.80 | 1.10 | 0.60 | 043 | 0.86 | 1.73 | 0.84 | 0.50 0.86
NRC111 | 0.70 | 050 | 020 | 031 | 0.62 | 072 | 1.81 | 1.09 0.74
V-8 _ | 020 | 056 | 021 | 061 | 0.21 | 152 | 0.37 0.53
Table 3.5.5: Biochemical characterization of cashew apples of accessions
Acc.No. |TSS Ascorbic | Acidity | Phenol Flavonoid |Tannin Antioxidant
(°Brix) |acid (%) |content content(g |content content (mg
content (mg CE/100g) |(mg AEAC/100mg)
(mg/100g) GAE/100g) TAE/100g)
oy | 1023 | 39240 | 071 | 11152 2.15 5.84 157.12
Nee | 1183 | 39600 | 053 | 133.02 1.80 4.94 24.85
Yos | 1257 | 34200 | 056 | 13837 1.95 6.11 204.74
Yoo | 1380 | 30960 | 053 | 11080 1.69 7.86 155.64
';';‘sc 1493 | 25560 | 0.63 | 142.20 0.1 3.43 124.23
g 1070 | 369.00 | 054 | 86.01 1.75 7.83 166.35
e 1403 | 45000 | 051 | 12032 0.79 6.14 146.56
Yos | 1343 | 48600 | 076 | 109.60 0.42 5.87 86.15
NRC | 1010 | 387.00 | 056 | 13477 0.70 4.84 101.48
iy 10.13 | 45000 | 071 | 17437 1.27 5.34 199.98
P 1027 | 34740 | 035 | 161.30 0.61 3.58 43.45
Tt 977 | 57240 | 053 | 7562 0.70 5.95 126.62
':f;: 1263 | 423.00 | 052 | 134.60 0.20 5.23 139.42

(el
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?f(f' 10.17 | 390.60 | 0.55 129.68 1.43 5.74 186.73
V-8 1200 | 396.00 | 0.72 165.36 0.40 5.18 104.60
D@59 118 78.39 0.05 11.16 0.83 1.76 67.92

Table 3.5.6: Organoleptic evaluation of fresh cashew apples of accessions

|Genotypes Taste Texture Colour | Fragrance | Overall acceptability
INRC-301 5.53 6.06 6.80 6.00 6.15
INRC-389 3.40 4.46 4.46 4.33 4.23
INRC-120 4.93 5.26 5.93 5.33 5.40
INRC-189 4.20 4.80 5.20 5.20 5.13
INRC-175 6.00 6.06 4.60 5.26 6.05
INRC-493 5.26 5.93 6.60 5.53 5.41
INRC-176 5.33 5.20 5.20 5.13 5.30
INRC-183 4.80 4.73 4.66 4.73 4.73
INRC-111 4,73 5.00 5.86 4.86 5.15
INRC-270 5.06 5.46 6.80 5.66 5.61
INRC-144 4.73 4.60 4.93 4.86 4.96
INRC-112 4.26 4.66 5.06 4.60 4.73
INRC-140 4.53 5.00 5.40 4.40 4.96
‘VE o 5.73 6.06 6.00 5.93 6.53

3.5.2. De novo genome assembly, linkage
analysis and population structure studies in
cashew (4nacardium occidentale L.)

First draft genome of cashew, annotation,
and phylogeny:

First draft genome of cashew was generated
by de novo assembly and reported by ICAR-
DCR, Puttur. The hybrid assembly of long Oxford
nanopore reads (19 x) and short accurate Illumina
reads (103 x) yielded a 356 Mb genome. BUSCO
analysis of the generated assembly showed
92% completeness. Leaf transcriptome mapping
showed 93% transcripts aligning with the draft
genome. A total of 31,263 genes were predicted
in the assembled genome. Nearly, 165 Mb (46%)

of the cashew genome comprised of repetitive
sequences. Phylogenetic analyses 10 species
including cashew showed that cashew was closely
related to Mangifera indica. Shared and unique
orthologous gene families in the A. occidentale
and four tree species (M. indica, P. vera,
P. deltoides, M. domestica) is represented
in the Venn diagram (Fig. 3.5.2). Further analysis
of cashew genome for putative R-genes resulted
in identification of 3104 genes possessing
R-gene motifs. The genome, transcriptome and
R gene information generated would be the
useful for understanding the molecular basis of
economic traits and genomics assisted breeding
in cashew.
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Fig. 3.5.2 Venn diagrams displaying clusters of shared and unique orthologous gene families in
theA. occidentale and four tree species (M. indica, P. vera, P. deltoides, M. domestica)

Development of novel genic SSRs from the (=20 bp) was 32.1 %. Fifty-four of 80 primers
transcriptomes data: synthesized successfully PCR amplified the cashew
genomic DNA and 36 of them were polymorphic.
Cross-species amplification rates of SSRs were
100 % in two Anacardium species whereas 61
% in Semecarpus anacardium and 87 % in S.
prainii. Polymorphism detection by a novel
genic SSR markers tAo-DCR-1 and tAo-DCR-2 is
shown in the Fig. 3.5.3.

In silico SSR mining from assembled
transcriptome identified 4271 SSRs. Among the
mined SSRs, tri-nucleotide (49.12 %) SSRs were
most dominant class of SSRs, followed by di-
nucleotide (38.75 %), tetra-nucleotide (3.54 %),
hexa-nucleotide (1.59 %) and pentanucleotide
(1.10 %) SSRs. The frequency of Class I SSRs

LAo-1MTH 1 LAn-1MCR 2

F 3 4 3 6 f§ B 9 10 11 13 i1 2 3 & 5 & 7

Fig. 3.5.3. Amplification profile of transcriptome based SSR markers viz. tAo-DCR_1 and
tAo-DCR_2 in cashew accessions and two Anacardiaceae species. Lanes 13-14 represent
two Semecarpus species and Lanes 15-16 represent two mango accessions.

Genetic Diversity analysis in germplasm 30. The gene diversity in the assayed accessions
accessions using genic SSRs: ranged from 0.58 and 0.92 with a mean of

Nineteen genic SSR markers were used for ~ 0.80. The heterozygosity at the SSR loci ranged
genetic diversity analysis in 64 accessions. The from 0 to 0.95 with an average of 0.32 in the
number of alleles per SSR locus ranged from 6 to 64 accessions. The PIC values of SSR markers
20 with a mean of 10.84. Major allele frequency ~ Varied from 0.53 to 0.92 with a mean of 0.77. The

(MAF) ranged from 0.14 to 0.58 with a mean of cashew accessions were grouped into three major
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clusters. Principal coordinates analysis (PCoA) of
64 accessions could differentiate them based on
geographic regions to a certain extent (Fig.). The
STRUCTURE analysis using the Bayesian model-
based clustering revealed the existence of three
genetic subpopulations (K=3).

Principal coordinates analysis (PCoA) of
64 accessions from different geographic
origins (Savadi et al. 2022).

Morphological characterization and
Resequencing the whole genome of NRC-385:

NRC-385 is a bold nut (11-11.5 g) and
big hypocarp/cashew apple (153-175 g) type
accession with attractive red colour and shape
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appearing like the apple (Malus sp.). Fruit and
leaf size of NRC-385 was compared with Bhaskara,
one of the reference varieties.

Nut size of NRC-385 was 1.5 times larger
than the Bhaskara (7.5 g) and was comparable
with H-130 (Nethra Ganga), a released
jumbo nut cashew hybrid, but the number of
nuts per panicle is less. However, superior with
respect to the filling of the nuts /the Kernel weight
(2.9-3.1 g) and shelling percentage (32%)
(Fig. 6). With respect to cashew apple size,
NRC-385 produced about 3-4 times larger than
the Bhaskara cultivar and 1.5 -2 times that of
H-130 hybrid cultivar.

Principal Coordinates (PCoA)
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The whole genome sequence of the accession
was generated using the Illumina sequencing.
A total of 9212829214 paired end (PE) reads
providing a 22 x of genome coverage was

developed to understand the genetic variations by
comparison with the first draft genome of cashew
cv. Bhaskara reported by ICAR-DCR, Puttur.
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A) Flower bud & Flower B) Fruit and leaf size of Bhaskara and NRC-385

Staminate Hermophrodite
Bhaihara wvi  MWRC-18% Bhakara vi NRC-18%

C) Nut size and filling

Bhaskara Nethra Ganga (H-130) NRC-385

Fig.3.5.4 Flower, leaf, cashew apple and nut characteristics of NRC-385 accession

3.5.3 Title of the project: Farmer participatory soil and plant health management — An
attempt for improving livelihood of cashew farmers of coastal Karnataka

Funded by . RKVY-FAFTAAR, Government of Karnataka
Budget . Rs. 189 lakhs
Project duration : 04/2018 to 03/2022
PI : Dr. Shamsudheen M
Co-PIs : Dr. M.G. Nayak (Till 31-07-201)
Dr. 1.D. Adiga

Dr. Preethi. P (Till 30-12-2020)
Dr. B.M. Muralidhara (Till 07-10-2021)

I. On farm demonstration

For establishing demonstration plot on improved production technology for the visiting farmers,
an additional plot area of 4.5 acres developed. Of these 4.5 acres, 3 acres was planted with normal
density planting and 1.5 acres under high density planting. The entire area was fenced and provided
with gates. To demonstrate the usefulness of precision agricultural activities drip and fertigation systems

was installed.
) # | &




I1. Front line demonstration in farmer’s field
and farmer participatory research

On-farm trials were organised across 59
farmers fields located in three coastal districts
of Karnataka, namely Uttara Kannada, Dakshina
Kannada and Udupi during 2018-19 and 2019-20
under rainfed conditions (Fig. 3.5.6). The farmers
were selected based on reconnaissance visits and
in consultation with field level extension workers,
people’s representatives, group discussion and
participatory rural appraisal exercises with farmers.
The farmers selected were such that they possess
cashew plantations in the age group of 5 to 10
years under normal planting density and ready to
implement the programme as per the guidelines.
The information such as age of the plantation,
variety of cashew grown, and current fertiliser
application rate if any were collected along with
other baseline data. The details of varieties of
cashew and age of the plantation of the selected
fields are provided in Table 3.5.7. The farmers
were instructed to follow the recommended soil
fertiliser application based on soil test data for a
patch of 1 acre consisting of 80 trees. In the rest
of the area, they shall continue to do farming as
was followed by them earlier. They also need to
record the data on raw cashewnut yield on both
the fields. They were given financial support for all
the inputs as well other agronomic management
required for cashew such as weeding, training
and pruning, plant protection and soil and water
conservation activities.

aifiies ufaaes Annual Report 2022
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Fig.3.5.6. Location map of the study area
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Table 3.5.7. Details of variety of cashew grown, age of the plantation and
baseline raw cashewnut yield
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Baseline yield of raw cashewnut
Variety of | Age of the | No. of | (2017-18)
cashew plantation | farmers | Range Mean SD
(kg acre?)
Bhaskara 5 2 88.0 - 120.0 104.0 22.6
6 5 80.8 -176.0 120.2 36.4
7 2 64.0 — 248.0 156.0 130.1
8 5 96.0 - 352.0 214.4 95.7
Ullal-1 5 4 52.0-184.0 90.0 62.9
6 3 80.0 - 104.0 88.5 13.4
8 4 64.0 - 200.0 111.0 61.1
Ullal-2 8 2 96.0 - 176.0 136.0 56.6
Ullal-3 5 4 52.0 - 200.0 98.0 69.0
6 4 80.0 - 200.0 124.0 53.3
8 2 168.0 - 240.0 | 204.0 50.9
Vengurla-4 |5 3 68.0-120.0 89.3 27.2
Vengurla-7 |5 6 56.0 — 160.0 90.0 38.2
6 4 64.0 — 160.0 108.0 40.0
8 4 120.0-176.0 | 150.0 23.9
10 2 264.0 - 360.0 |312.0 67.9
VRI-3 5 3 68.0 — 160.0 105.3 48.4

ng 2019-20
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III. Vermicompost units

Preparation of vermicompost from cashew
biomass using earthworm Eudrillus sp. has
been standardized by DCR, Puttur. The reported
recovery from 5.5 tonnes of cashew biomass is
3.5 tonnes of compost or vermicompost. It can
be easily adopted in cashew plantations. To
demonstrate the same for practicing farmers
vermicompost units were constructed.

IV. Training and exposure visits

Various trainings were conducted in the
selected districts for the benefit of farmers
on advanced cashew production technology.
Exposure visits of farmers were carried out to the
demonstration plots for lateral spread of scientific
knowledge. Soil health cards were distributed to

s
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Fig. 3.5.8. Field day at

Field day at Mundgod

A field day on soil and plant health
management in cashew was organised at

Mundgod, Uttara Kannada district on 07-01-2020.
The field day was attended by 41 farmers. The
field day was also attended

by Sri. S.F. Patil, AHO,
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Fig. 3.5.9. Field day at Mundgoda
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60 farmers participating in the demonstration.

Field day at Ankola

A field day on soil and plant health
management in cashew was organized at Ankola,
Uttara Kannada district on 06-01-2020. The field
day was attended by 46 farmers. Leaflets on
different cashew production technologies were
distributed to the farmers during the programme.
Classes on soil nutrient and water management
was taken by Dr. Shamsudheen M and class on
different cashew production technologies were
handled by Mr. B.M. Muralidhara. Farmers were
taken to their own fields and various scientific
management aspects were demonstrated and
explained in the field itself. Farmers also shared
their experiences.

Ankola

Dept of Horticulture, Govt. of Karnataka. During
the field day, live demonstrations were conducted
on different cashew production technology apart
from lectures. Various extension pamphlets were
also distributed to farmers.
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Field day at Kundapura, Udupi

A field day on soil and plant health
management in cashew was organized at
Kundapura, Udupi district on 31-01-2020. The field
day was attended by 35 farmers. Dr. ].D. Adiga,
Principal Scientist (Horticulture) explained about
different aspects of cashew cultivation including
crop management and pest management. He
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demonstrated how to carry out pruning in
cashew plantations. The farmer's queries on
pest attack, pruning etc were answered in their
field itself. Various extension pamphlets were
also distributed to farmers. Dr. Shamsudheen.
M explained about soil nutrient management
including micronutrients.
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Fig. 3.5.10. Field day at Kundapura

Field day at Alankar, Dakshina Kannada

A field day on soil and plant health
management in cashew was organized at Alankar,
Dakshina Kannada district on 07-02-2020. The
field day was attended by 54 farmers. Dr. M.G.

Nayak sensitized farmers about the importance
of high-density planting and crop management
in cashew plantations. Farmer’s queries on
converting rubber plantations to cashew were
addressed.

Fig. 3.5.11. Field day at Alankar
(720
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Fig. 3.5.14 Exposure visits of farmers from Udupi

Exposure visits of farmers

Exposure visits of farmers were organized to
DCR, Puttur and CPCRI, Regional Station, Vittal.

V. Plant health clinic cashew museum

The plant health clinic museums are
aimed at giving advice and recommendations
to the farmers on various aspects of modern
agrotechniquesl. The traditional plant health
clinic museums rely on samples preserved in
formalin, herbariums, insectariums to aid farmers
in the diagnosis of different field problems and
considered as one of the extension strategies to
solve field problems28&3.

With the increased use of the information and
communication technologies (ICTs) in agricultural
extension, the facets of plant health clinics have
also revolutionised. A modern plant health clinic
museum with interactive ICTs have been set up
for cashew at the ICAR-Directorate of Cashew
Research, Puttur.

It depicts the relevant information on
cashew cultivation, pest and disease management,
nutrient and water management, post-harvest
and value addition in an appealing manner. For

a perennial crop with seasonal production, it is
difficult to provide practical field exposure on
various aspects of scientific management and
agro techniques for the visitors. The incorporation
of information with the help of information and
communication technologies made it possible to
provide a holistic overview of crop and related
activities at a single place. The museum provides
information about cashew right from the journey
to India from its centre of origin in North East
Brazil during the 1500s through Portuguese. It is
depicted in the form of muralsin 2D representation.
Three-dimensional depiction through models on
softwood grafting and other aspects of cashew
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processing shall help the visitors in imbibing
the information in a faster manner. Kiosks and
touch screen with custom made software let the
farmers, students, researchers and other visitors
to explore areas of their interest. Farmers can
compare the symptoms of various diseases,
disorders, pest damages, nutrient deficiencies

VI. Software and mobile apps developed
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and find out the remedial measures on their own.
Storytelling boards and press button boards in the
museum facilitates interactive learning involving
three senses which will have long persistence of
information. Scrolling translates provided in the
museum increases the linguistic capacity of the
museum to cater to the requirements of visitors
from different states. Models and specimens made
available are intended to cover all the possible
spectrum of knowledge on cashew.

The use of information and communication
technologies in modern museums shall make it
an ideal one-stop point for providing information
on various aspects of modern agro techniques for
the benefit of farmers, students, researchers and
other visitors.

The following software and mobile apps were developed under the project.

S. N | Details of software/mobile app

Software- Offline

1. | Cashew Site Suitability Evaluator

parameters.

In non-traditional areas, the site suitability is important factor deciding the success of
plantation. This calculator is aimed at identifying site suitability based on agro-climatic

2. | Cashew Nutrient Deficiency Management

This software is intended to help growers identifying the nutrient deficiency by comparing
with the prominent symptoms on the leaves.

3. | Cashew pest management

and suggest remedial measures.

This software is designed to help farmers to identify the major and minor pests of cashew

4. | Cashew diseases and their management

This software intended to assist the farmers to identify the diseases affecting cashew based
on various symptoms and suggest remedial measures.

5. | Soil health card generator

multiple pdf files.

Offline software in both English and Kannada was developed to generate the soil health card.
It enables to generate error-free soil health card from the analytical results as single and

77
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Software- Online

6.

Cashew Nutrient Management

Software for nutrient management in cashew was developed and 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
software also lets the farmers to download the soil health card issued by DCR, Puttur.

DCR- Cashew Drip/Fertigation Calculator

The scheduling of irrigation and application of correct doses of fertilizers through drip are
important which depends on many factors. Under the actual field conditions, the no. of
drippers, flow rate, availability of labour to run the system daily, age of the cashew trees,
its development stages etc vary widely and user needs to customize his/her requirement.
This software is developed to empower the users to do drip/fertigation calculations and
scheduling at their convenience by inputting their specific needs and resource.

Cashew leaf diagnosis

Leaf analysis is suggested as a reliable tool for assessing how well the plant is supplied with
nutrients from the soil. It is done by assessing the nutrient concentration in the index leaf
tissues. In cashew, the 4th and 5th leaves from the tip of matured branches are considered
as the index leaf. The user has to first get analyzed their leaf samples from a laboratory after
following the proper leaf sampling and processing procedures.

Mobile Apps

DCR-Cashew Nutrient Manager

A mobile app on soil nutrient management was developed. It is available on Google Play
Store 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 App also lets the
farmers to download the soil health card issued by DCR, Puttur.

10.

DCR-Cashew Nutrient Manager — Offline

[This is the offline version of the above mobile app]

A mobile app on soil nutrient management was developed. It is available on Google Play
Store 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 App also lets the
farmers to download the soil health card issued by DCR, Puttur.

11.

DCR- Cashew Drip/Fertigation Calculator

The scheduling of irrigation and application of correct doses of fertilizers through drip are
important which depends on many factors. Under the actual field conditions, the no. of
drippers, flow rate, availability of labour to run the system daily, age of the cashew trees,
its development stages etc vary widely and user needs to customize his/her requirement.
This mobile app is developed to empower the users to do drip/fertigation calculations and
scheduling at their convenience by inputting their specific needs and resource.
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12. | Cashew leaf diagnosis
Leaf analysis is suggested as a reliable tool for assessing how well the plant is supplied with
nutrients from the soil. It is done by assessing the nutrient concentration in the index leaf
tissues. In cashew, the 4th and 5th leaves from the tip of matured branches are considered
as the index leaf. The user has to first get analysed their leaf samples from a laboratory after
following the proper leaf sampling and processing procedures.

13. | Cashew Site Suitability
In non-traditional areas, the site suitability is important factor deciding the success of
plantation. This mobile app is aimed at identifying site suitability based on agro-climatic
parameters.

14. | Cashew Nutrient Deficiency
This mobile app is intended to help growers identifying the nutrient deficiency by comparing
with the prominent symptoms on the leaves.

15. | Cashew pest management
This mobile app is designed to help farmers to identify the major and minor pests of cashew
and suggest remedial measures.

16. | Cashew diseases
This mobile app intended to assist the farmers to identify the diseases affecting cashew
based on various symptoms and suggest remedial measures.

The developed software and mobile apps are being registered for copy rights.
VI. Strengthening soil, plant and water diagnostic centre at DCR, Puttur
Following equipment were purchased for strengthening laboratory facilities in Soil Science section.

SI. No. | Item
1 Microwave Plasma Atomic Emission Spectrometer
2 UV-Visible Spectrophotometer
3. Electronic balance
4. Microwave plant digestion
5. Motorized sprayer
6. GPS
7. Camera
8. Tree pruner
0. Earth auger
10. | Centrifuge
11. | Field balance
12. | Refrigerator
13. | Laboratory Island tables
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VII. Production of educational videos

Videos detailing the cultivation and plant protection was developed in English and Kannada for
dissemination of technologies to the farmers and other stake holders.

Sl. No. Title

Cashew production technology

High density and Ultra density planting in cashew

Nutrient management in cashew

Water management in cashew

Management of TMB in cashew

Management of CSRB in cashew

About ICAR-Directorate of Cashew Research, Puttur

Training and pruning in cashew

WI®(Njo| O | R W NIH

Cashew Plant Health Clinic Museum
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e3> YOZYTT0 30 2R
(Geru uthpadana tanthrajnana)

71e0RE) 0T, eI TN ¥S FOT, LAV
(Gerinalli Sandra besaya hagu athi sandra besaya)

12. 71ed) L3030 BpeRBI0BNY AR TS
(Geru beleyalli poshkamshagala nirvahane)

13. 71e3d WL 20T ARETD
(Geru beleyalli neerina nirvahane)

14. 0S¥ Ag, (£320W)0 ATFHH
(Gerinalli chaha sole(TMB)ya nirvahane)

15. re0RE) riedd 5903 R[> 23eTd 3,008 (AQNFTSTTN) T ATE BB
(Gerinalli Geru kanda mattu beru koraka(CSRB)ya nirvahane)

16. £0.2.90.80°. - 11¢3d Z0BRTT0 ATWEF BT, B)SRTD
(ICAR-Geru samshodhana Nirdeshanalaya, Puttur)

17. 73e3d RTNYOR FT AREINE 0B ZRTONTE

(Geru maragalige akara needuvike mattu savaruvike)
18. 1edd X7, BRer 233TYOOD - B[R FOMY,T/OD

(Geru sasya arogya chikithsalaya- Vasthu Sangrahalaya)
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3.5.3 Characterization of physiological responses of cashew (4nacardium occidentale L.)

to salinity and drought stresses
Project duration: [2015-2022]

Project leaders:

Year Principal Investigator
2015-2016 Dr. Babli Mog
2016-2017 Dr. Babli Mog
2017-2018 Dr. Babli Mog
2018-2019 Dr. Babli Mog
2019-2020 Dr. Babli Mog
2020-2021 Dr. Babli Mog
2021-2022 Dr. Babli Mog

Screening of cashew varieties for salinity
and drought stresses

Two separate experiments were conducted
at ICAR-Directorate of Cashew Research, Puttur,
Karnataka during 2015 to 2022 to screen cashew
varieties for salinity and drought stresses. In
first set of experiments, cashew varieties were
screened at different salt concentrations in order
to identify the critical salt concentration for further
screening based on pot culture studies. In second
set of experiment, seventeen cashew varieties
were screened for deficit moisture stress in five-
year-old cashew trees in field.

1. Objectives

. To evaluate the physiological and biochemical
responses of cashew accessions grown in
various salinity stress levels

o To evaluate the physiological and biochemical
responses of screen cashew accessions
under drought stress.

2. Materials and methods:

Cashew varieties were evaluated to test their
performancein responseto varying levels of saltand
drought stress under pot culture experiments.

Co-PI
Dr. T.R. Rupa
Dr. T.R. Rupa

Dr. Veena G. L and Dr. Thondaiman V
Dr. Veena G. L and Dr. Thondaiman V
Dr. Veena G. L and Dr. Thondaiman V

The nuts were first disinfected in 0.2% (v/v)
sodium hypochlorite solution for 10 mins, rinsed
thoroughly with running tap water and imbibed
in distilled water for 24 hours and were sown
in plastic trays containing mixture of soil, sand
and FYM (1:1:1). Each cashew varieties had 20
trays containing 100 nuts. During germination,
moisture of sand was kept close to field capacity
by daily irrigation with distilled water. After 20
days of germination, homogenous seedlings with
same physiological phase (eight leaf stage) were
selected and carefully transferred to 10 L pots
containing field soil. Premixing of recommended
fertilizers with the soil were done.

Imposition of salt stress:

After 8 days of transplanting, salt treatments
were imposed by direct addition of 50 mM/lit/day
to 30 homogenous seedlings per each cashew
accession in order to avoid osmotic shock. After
4 days, the following treatments were followed:
0, 50 100, 150 and 200 mM NaCl for 30 days.
A set of homogenous plants of each cashew
accession were harvested at beginning of salt
treatment for determination of initial fresh weight
and dry weight. Several physiological and growth
parameters were also be recorded on alternate

(q1)
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days after imposition of salt treatments. Thirty

days after imposition of salt treatments, the
final harvest was performed to evaluate same
physiological and growth parameters. Thirty days
after salt treatments, seedlings were irrigated
with distilled water in order to recover them
from salt stress given for 30 days. Two weeks
after recovery from salt stress, physiological and
growth parameters were assessed. To evaluate
salt resistance measured by capacity to survive
in presence of NaCl lethal dose, plants were
evaluated when total number of leaves decreased
by 50% at 200 mM NaCl treatment. After harvest,
seedlings were divided into leaves, stem and roots
and immediately frozen and stored at -80°C for
further biochemical determinations.

Drought treatments:

Seventeen cashew varieties were screened
for deficit moisture stress in five-year-old cashew
trees in field. Usually, Cashew experiences severe
moisture stress from January to March where
the experimental plots receive no irrigation.

aifiies ufaaes Annual Report 2022
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Hence, morphological, physiological and flowering
parameters were recorded during January to March
to screen varieties for deficit moisture stress.

Experimental results:

2.1. Effect of different levels of salinity

on morphological and physiological
parameters:
The growth responses of six cashew

cultivars to salinity were investigated at seedling
stage. Changes in morphological parameters,
growth, pigment content and biomass partitioning
parameters were assessed during salinity stress.

Leaf toxicity symptoms

The toxic effects observed on the leaves
were mainly chlorosis and necrosis. At 50 mM,
no leaf necrosis was observed. At 100 Mm, the
rate of leaf necrosis was 5%. At 150 and 200mM,
the rate surpassed 39.5% and 50.2%. The higher
and lower leaf necrosis (%) were recorded in M-2
(68.8%) and Bhaskara (34.3%) at 200mM.

M Bhaskara WVTH-174 ®VTH-30/4
w4

uM-2

80

m -
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£
3 50
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150 mM

200 mm

Fig 3.5.15: Salinity induced leaf toxicity symptoms at 150 and 200 mM NaCl treatments
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and minimum in M-2 (87.7%) and Bhaskara
(38.1%) at 200mM

Reduction in MSI (%) was 20.1%, 28.5%,
39.8% and 46.9% at 50, 100, 150 and 200
mM NaCl over control. Bhaskara was able
to maintain higher cell membrane stability
(48.9%), while the same was lower in M-2
(18.9%) among accessions at 200mM.

Effect on morphological parameters

- Plant height reduced by 3.8%, 22.1%, 41%
and 62.7% after exposure to 50, 100, 150 and -
200mM over control. Reduction in plant height
was maximum and minimum in M-2 (93.3%)
and Bhaskara (49.2%) at 200mM

- Total leaf area reduced by 19.9%, 38%, 60.8%
and 86.9% at 50, 100, 150 and 200mM over
control. Reduction in leaf area was maximum

Table 3.5.8: Influence of different levels of salinity stress on growth parameters of
cashew cultivars

Variety NaCl |LDW RDW SDW PB SRRatio
Bhaskara |0 0.67°+0.02 1.1°£0.02 |5.1°+0.20 |6.8°+0.09 5.25°+0.21
50 0.57°+0.02 1.06°+0.03 |4.7%°%£0.20 |6.3°+0.15 5.0°+0.30
100 ]0.52°+0.01 1.0°40.01 [4.5"+0.18 | 6.0°+0.11 5.0°£0.17
150 |0.45£0.01 [0.98°¢0.01 |[4.1°+0.07 |5.6°£0.11 4.652°+0.09
200 |0.38°+0.01 |0.94°+0.02 |3.5°¢0.12 |4.8°+0.11 4.125°+0.14
VTH-174 |0 0.62°+0.01 1.06°£0.02 [4.9°+£0.07 |6.6°+0.11 5.2°+0.01
50 0.53°+0.011 |1.0°*+£0.01 |4.5°+0.08 |[6°+0.11 5.13+0.13
100 |0.47°+0.01 0.96"+0.04 |4.4°+0.09 |5.8°+0.11 5.13+0,27
150 |0.429+0.01 |0.92%+0.01 |3.9°+0.11 |5.2°+0.20 4.67°+0.14
200 |0.34°+0.01 |0.869+0.018|3.0d+0.04 |4.29+0.09 3.875°¢0.05
VTH-30/4 |0 0.52°+0.01 0.99°+£0.01 [4.9°+£0.09 |6.4°+£0.09 5.5°+0.15
50 0.43°+0.01 |0.94°+0.01 |4.5°+0.09 |[5.9°+0.11 5.25°+0.06
100 |0.39%£0.01 [0.91°+0.01 [4.3°+0.07 |5.6°+0.09 5.15°+0.09
150 ]0.34°+0.02 [0.86°+0.02 |[3.6°+0.09 |4.8°+0.09 4,6°+0.19
200 |0.289+0.02 |0.82°+0.01 |2.6%+0.07 |3.79+0.13 3.5°¢0.12
Ullal-3 0 0.48°+0.01 0.98°+0.02 |[4.8°+0.16 |6.2°+0.07 5.375%+0.15
50 0.39°+0.01 | 0.95°°+£0.02 |4.6°+0.21 |5.9°+0.04 5.252+0.24
100 ]0.35°+0.01 0.91°+0.02 |[3.9°+0.07 |5.2°+0.09 4.675°+0.15
150 |0.394£0.01 0.83°£0.01 |[3.3°%0.04 |4.4°+0.18 4.35°+0.05
200 [0.25°+0.01 |0.8°¢0.03 |1.99+0.09 |3.0+0.11 2.675°+0.09
V-4 0 0.37°£0.01 0.96°+0.01 [4.0°+0.18 |5.3°+0.04 4.55°+0.19
50 0.3°+0.01 0.922+0.01 |[3.8°+0.20 |5.0%°+0.04 4.475°£0.19
100 |0.26*+0.02 |0.85°+0.03 |[3.6°+0.11 |4.7°+0.09 4.55°+0.19
150 |0.219+0.01 [0.8*£0.02 |[2.7°+0.20 |3.7°+0.20412 |3.65°+0.24
200 [0.189+0.03 |0.77°£0.02 |1.9°¢0.07 |2.89+0.09129 |2.725°*¢0.18




¥
AR
M-2 0 0.322+0.02 0.812+0.01 |[4.0°+0.11 |5.1°+0.20412 | 5.325°+0.08
50 0.24°+0.02 0.792+£0.02 |3.9°+0.156 | 4.9°+0.07071 | 5.25%+0.28
100 0.215<+0.01 | 0.74°°£0.02 | 3.4°+0.04 |4.3°+£0.07071|4.875°+0.18
150 0.18<+0.01 [0.7°+0.02 2.4°+0.24 |3.3°+0.10801 | 3.675°+0.33
200 0.159+0.01 0.68°+0.03 |[1.29+0.11 |2.09+0.10801 | 2.0°+0.15
NaCl 225.298** 71.305%* 285,984** | 498,075%* 131.936**
Varieties (V) 318.597** 106.082** | 86.666** |215.423** 18.657**
VxNaCl 1.665* 0.416NS 3.621%* 4.017** 4,372%*

Values are expressed as mean%S.E. (n=4). Means followed by a different letter within a
column for each cashew variety are significantly different at P<0.05 according to the Duncan’s

Multiple Range Test (DMRT)

* and **, Significant at 1% and 5%, respectively; NS, not significant.

PHT denotes plant height (cm), SL, shoot length
(cm), RL, root length (cm), LA, leaf area (cm2),
MSI, membrane stability index (%)

Effect on growth parameters

Significant changes in leaf dry weight, root
dry weight, shoot dry weight and shoot to root
ratio were also observed at 150 and 200mM

At 200mM, 88.9% reduction in leaf dry
weight was observed with least reduction in
Bhaskara (43.4%) and maximum reduction in M-2

Root dry weight was reduced by 20.9% with
Bhaskara (16.6%) and M-2 (20.5%) recording
lower and higher reduction at 200mM

45% reduction in shoot dry weight was
observed at 200mM. M-2 recorded higher
reduction (40.2%) and Bhaskara recorded lower
reduction (28.9%)

Total plant biomass reduced by 7.4%,
15.5%, 35.7% and 78% at 50, 100, 150 and
200mM over control. At 200mM, M-2 exhibited
higher reduction (70%) while Bhaskara exhibited

(53.5%) over control

Table 3.5.9: Influence of different

lower reduction (42%).

parameters of cashew cultivars

levels of salinity stress on growth

Variety NaCl |LDW RDW SDW PB SRRatio

Bhaskara |0 0.67°+0.02 1.13+£0.02 |5.1*+0.20 |6.8%+0.09 5.25°+0.21
50 0.57°+0.02 1.06°40.03 |4.7%+0.20 |6.3°+0.15 5.0°+£0.30
100 [0.52°+0.01 1.0°+0.01  [4.5*+0.18 |6.0°+0.11 5.0°+0.17
150 |0.459+0.01 0.98°£0.01 |4.1°+0.07 | 5.6°¢0.11 4.65%°+0.09
200 ]0.38°+0.01 0.94°£0.02 |3.5°¢0.12 [4.8°%0.11 4.125°+0.14

VTH-174 |0 0.62°£0.01 1.06°+0.02 |4.9°+0.07 |6.6°+0.11 5.2°+0.01
50 0.53°+0.011 |[1.0%+0.01 |4.5°+0.08 |6°+0.11 5.12°4+0.13
100 [0.47°+0.01 0.96>+0.04 |4.4°+0.09 |5.8°+0.11 5.120+0.27
150 [0.42+0.01 0.92%+0.01 |3.9°+0.11 |5.2°+0.20 4.67°+0.14
200 |0.34°+0.01 0.869+0.018 | 3.0d+0.04 |4.29+0.09 3.875°+0.05
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VTH-30/4 |0 0.52°+0.01 0.992+£0.01 |4.9°£0.09 |6.4°£0.09 5.5°+0.15
50 0.43°+0.01 |0.94°+0.01 |4.5°+0.09 |5.9°+0.11 5.252+0.06
100 [0.39>+0.01 |0.91°+0.01 [4.3°+0.07 |5.6°+0.09 5.152+0.09
150 |0.34°+0.02 0.86°+0.02 |3.6°£0.09 |4.8°t0.09 4.6°+0.19
200 |0.289£0.02 |0.82°£0.01 |2.69+0.07 |3.79+0.13 3.5°£0.12

Ullal-3 0 0.48°+0.01 0.98°+0.02 |4.8°+£0.16 |6.22+0.07 5.3752+0.15
50 0.39°+0.01 | 0.95*+0.02 |4.6°£0.21 |5.9°+0.04 5.252+0.24
100 |0.35°+0.01 0.91°+0.02 |3.9°+0.07 |5.2°+0.09 4.675°+0.15
150 |0.39+0.01 0.83°+0.01 |[3.3°£0.04 |4.4°+0.18 4.35°+0.05
200 |0.25%+0.01 0.8£0.03 [1.99+0.09 |3.09+0.11 2.675°+0.09

V-4 0 0.37°+£0.01 0.96°+£0.01 |4.0°+£0.18 |5.3°+0.04 4.55°+0.19
50 0.3°+0.01 0.922+0.01 |3.82+0.20 |5.0%°£0.04 |4.475°+0.19
100 [0.26™+0.02 |0.85°+0.03 |[3.6°+0.11 |4.7°+0.09 4.55°+0.19
150 |0.21%+0.01 |0.8>+0.02 |2.7°4£0.20 |[3.7°£0.20412 |3.65°+0.24
200 [0.189+0.03 [0.77°£0.02 |[1.9°+0.07 |2.89+0.09129|2.725°+0.18

M-2 0 0.32°+0.02 [0.81°+0.01 [4.0°+0.11 |5.1°+0.20412 |5.325°+0.08
50 0.24°+0.02 | 0.79°+£0.02 |3.9°+0.156 |4.9°+0.07071 | 5.25°+0.28
100 [0.21°¢+0.01 |0.74%+0.02 |3.4°+0.04 |4.3°+0.07071 |4.8752+0.18
150 |0.18%+0.01 |[0.7°40.02 |2.4°40.24 |[3.3°+0.10801 |3.675°+0.33
200 |0.15%+0.01 [0.68°+0.03 |1.29%+0.11 |[2.09+0.10801 |2.0°*¢0.15

NaCl 225.298** 71.305%* 285.984** |498.075%* 131.936**

Varieties (V) 318.597** 106.082*%* |86.666** |215.423** 18.657**

VxNaCl 1.665* 0.416NS 3.621%* 4.,017%* 4.372**

Values are expressed as mean£S.E. (n=4). Means followed by a different letter within a
column for each cashew variety are significantly different at P<0.05 according to the Duncan’s
Multiple Range Test (DMRT)
* and **, Significant at 1% and 5%, respectively; NS, not significant.

LWD denotes leaf dry weight (g), RDW, root dry weight (g), SDW, shoot dry weight (g), PB,
total plant biomass (g), SR ratio, shoot to root ratio

Relative water content (RWC) and membrane leakage (ML)

- Significant reduction in leaf water content was observed at 150 mM (30.1%) and 200mM (39.4%)
over control. Reduction in RWC was maximum and minimum in M-2 (61.4%) and Bhaskara
(26.1%) at 200mM

)
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Fig.3.5.16: Salinity stress induced reduction in leaf relative water content after
30 days of treatments.

. Loss of cell membrane in leaves was highest at 150 mM (63.2%) and 200mM (67.6%) among
treatments over control. At 200mM, the percent membrane loss was 48.7% in Bhaskara, while
the same was 79.6% in M-2 among accessions
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Fig 3.5.17 Extent of membrane leakage in leaves of cashew cultivars after
Salinity stress

Photosynthetic pigment contents

- Significant reduction in the contents of Chl a (by 27.6% and 35.4%), Chl b (32.9% and 50.9%)
and total Chl (16.6% and 40.4%) were observed at 150 and 200mM. The pigment contents were
higher in Bhaskara, while M-2 recoded lower pigment contents

(50)
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“"Table 3.5.10 Influence of different levels of salinity stress on photosynthetic

@

=

Variety

NaCl

Chla

Chlb

TChl

Caro

Chla/Chlb

TChl/Caro

Bhaskara

0

0.87+0.01°

0.48+0.02°

1.35+0.01°

0.4+0.01°

1.81+0.00¢

3.38+0.03°

50

0.83+0.01°

0.45+0.01%

1.28+0.01°

0.37+0.00°

1.84+0.01¢

3.46+0.03¢

100

0.8+0.02%

0.42+0.01b

1.22+0.01°¢

0.33+0.01°¢

1.9+0.02¢

3.7£0.03°

150

0.77+0.01«

0.38+0.01%

1.15+0.01¢

0.3+0.01¢

2.03+0.01°

3.83+0.01°

200

0.74+0.00¢

0.35+0.01¢

1.09+0.03°

0.28+0.01¢

2.11+0.01°2

3.89+0.03°

VTH-174

0

0.78+0.022

0.44+0.01°

1.22+0.01°

0.39+40.01°

1.77+0.02¢

3.13+0.009

50

0.74+0.0%®

0.41+0.01%

1.15+0.02°

0.35+0.01°

1.8+0.01¢

3.29+0.03¢

100

0.7+0.02"

0.38+0.01°

1.08+0.02¢

0.31+0.01°¢

1.84+0.01°

3.48+0.02°

150

0.67+0.02«

0.33+0.01¢

1.0+0.02¢

0.29+0.01¢

2.03+0.01°

3.45+0.02°

200

0.64+0.01¢

0.3+0.02¢

0.94+0.00¢

0.26+0.01¢

2.13+0.00°

3.62+0.01°

VTH-

0.77+0.02

0.42+0.01°

1.19+0.022

0.38+0.02°

1.83+0.01°¢

3.13+0.01¢

30/4

50

0.72+0.01°

0.38+0.01°

1.1+0.01°

0.33+£0.02%

1.89+0.01°

3.33+£0.01¢

100

0.67£0.01°¢

0.36+0.01°

1.03£0.01°¢

0.3%0.02"

1.86+0.01%

3.43+0.01°

150

0.61+0.01¢

0.3+0.02¢

0.91+0.00¢

0.27+0.01°¢

2.03+0.01°

3.37+0.02"

200

0.57+0.0¢

0.28+0.01°¢

0.85%0.02¢

0.25+0.02¢

2.04+0.01°

3.4+0.02

Ullal-3

0

0.75£0.012

0.4+0.01°

1.15+0.01°

0.37£0.02°

1.88+0.02°

3.11+0.014

50

0.7+0.01°

0.35+0.03°

1.05+0.02°

0.31+0.01°

2+0.02°

3.39+0.03¢

100

0.64+0.0¢

0.34+0.01%

0.98+0.02°

0.28+0.02"

1.88+0.01°

3.5+0.03°

150

0.56+0.01¢

0.28+0.03

0.84+0.01¢

0.25+0.02¢

2+0.022

3.36+0.01°¢

200

0.53+0.01¢

0.26+0.01¢

0.79+0.01¢

0.22+0.014

2.04+0.01°

3.59+0.02°

V-4

0.75+0.01°

0.37+£0.01°

1.12+0.012

0.34+0.012

2.03+£0.01°¢

3.29+40.04¢

50

0.67£0.01°

0.31£0.03%

0.98+0.01°

0.28+0.01°

2.16+0.01%

3.5+0.03°

100

0.62+0.01°¢

0.3£0.03°

0.92+0.01°¢

0.25+0.02"

2.07+0.02¢

3.68+0.02°

150

0.53+0.04

0.25+0.01%

0.78+0.014

0.22+0.01«

2.12+0.01°

3.55+0.02°

200

0.5+0.02¢

0.23+0.014

0.73+£0.01¢

0.2+0.02¢

2.1740.02°

3.65+0.01°

M-2

0

0.7+0.03°

0.35+0.02°

1.05+0.02°

0.31+0.01°

2+0.02°

3.39+0.04¢

50

0.62+0.01°

0.29+0.02°

0.91+0.00°

0.25+0.01°

2.1440.01°

3.64+0.01°

100

0.56+0.01°¢

0.28+0.02"

0.84+0.03¢

0.22+0.01"¢

2+0.07°

3.82+0.01°

150

0.48+0.01¢

0.23+0.00%

0.71+0.014

0.2+0.01«

2.09+0.04%*

3.55+0.02¢

200

0.43+0.01¢

0.21+0.02¢

0.64+0.01¢

0.18+0.004

2.05+0.01%

3.56+0.02¢

NaCl

245.065%*

62.931**

511.18%*

91.789**

118.561%*

278.454**

Varieties (V)

217.874%*

47.847**

424.998**

42.906**

86.351%*

159.678**

VxNaCl |

3.692%*

0.127NS

2.995**

0.179NS

11.296**

14.554**

Values are expressed as mean+S.E. (n=4). Means followed by a different letter within a column
for each cashew variety are significantly different at P<0.05 according to the Duncan’s Multiple
Range Test (DMRT)
* and **, Significant at 1% and 5%, respectively; NS, not significant.
Chl a denotes Chlorophyll a (mg/g FW), Chl b, Chlorophyll b (mg/g FW), TChl, Total chlorophyll
(mg/g FW), Caro, carotenoid (mg/g FW), Chla/Chlb, chlorophyll a/chlorophyll b, TChl/Caro,
total chlorophyll/carotenoid

(87)
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Biomass partitioning parameters

- The levels of 150 and 200mM reduced biomass allocation to leaf by 19.7% and 24.3% over control
- Biomass allocation to root increased by 11.2% and 22.5% at 150 and 200mM over control

- 1.5% and 2.2% reduction in biomass allocation to stem was observed at 150 and 200mM over

control
150 Bhaskara 150 VTH-174
100 - M leaf Wroot mstem 100 - Leaf _mro
) I I I I I N I l
n - T T T T 1 D L
0 50 100 150 200 0 150
VTH 30/4 -
o . Ullal-3
| mLeaf Mroot wmstem mleaf mroot M stem
100 -
J I | | . I I I I I
D T T T T
50 100 150 0 50 100 150 200
150 V-4 150 M-2

M leaf Mroot wmstem mLeaf ®mroot mstem

100 - 100 -
1] T T T T o - T T T T
2o 50 100 3150 0 200 00000 0 00050 100 150 300 |

Fig 3.5.18: Influence of salinity stress on Biomass partitioning parameters of cashew cultivars

- Salt stress also led to decrease in relative growth rate (RGR). However, maximum reduction was
observed at 150 mM (66.6%) and 200 mM (75%) over control

- Leaf area ratio (LAR) was not significantly affected by salinity where the reduction was only 5% at
200mM over control

- Specific leaf area (SLA) was also not significantly affected by salinity treatments where the reduction

was 1.4% at 200mM
- @ &
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Table 3.5.11: Influence of different levels of salinity stress on relative growth rate,
leaf area ratio and specific leaf area of cashew cultivars

Variety NaCl |RGR LAR SLA

Bhaskara 0 0.15220.0004 16.425%+0.33 167.05°+2.96
50 0.134°+£0.0009 16.15°+0.5 178.575%+5.18
100 |0.124°+0.0004 16.325%+0.32 188.375%+4.03
150  |0.107°+0.0004 15.975%+0.37 199.2%:+4,02
200  |0.084°+0.0009 16.9°+0.41 213.4%+7,23

VTH-174 0 0.147°£0.00091 | 16.6°+0.34157 176.55>+2.03899
50 0.127°40.00071  |16.275®+0.11087 | 184.35"+3.89733
100  |0.12°+0.00108 14.75°40.31754 182.3°+6.76769
150  |0.19+0.00129 15.25+0,5462 187.775"+6.18363
200  [0.067°+0.00108  |16.75°+0.39686 207.175°+5.83529

VTH-30/4 0 0.1422£0.00091  |16.6°+0.21213 204.52+4.15271
50 0.126°+0.00058 | 15.875°+0.275 218°+6.58268
100  [0.11640.00108  |14.675%+0.29545 | 211.225°+7.31282
150  |0.089+0.00108 | 15.625:+0.43277 223.25°+15.70268
200  |0.052°#0.00091  |18.05°+0.55151 242.6°+19.8517

Ullal-3 0 0.139°+0.00041  |22.275°+0.48713 287.575°+5.65691
50 0.127°+0.00071 | 18.725°+0.18875 283.625°+8.15755
100  [0.104°%0.00041 | 17.475%+0.50229 | 259.875%+9.44981
150  |0.077¢+0.00108 | 16.875:+0.65368 247.675°+11.17463
200 |0.031°+0.00108  |20.7°+0.77996 248.45P+10.05008

V-4 0 0.112+0.00108 20.925°+0.2529 300.125°+9.57378
50 0.1°+0.00041 16.975°+0.23936 284.375%+13.54925
100 |0.09°+0.00108 15.075°+0.53444 276.65°+18.51317
150  |0.057°+0.00091 | 15.0°+1.14091 261.625°+9.27859
200  |0.027°#0.00108  |16.025°+0.7587 264.8°+32.3311

M-2 0 0.111°40.00091 | 19.075°+0.76526 305.4°£17.70598
50 0.103°+0.00041 | 14.975°+0.21747 309.5°+18.63782
100  |0.083°0.00041  |14.125°+0.19311 291.3°+17.678
150  |0.05%+0.00108 14.275°+0.60052 262.05°+13.79822
200 |0.025°40.00091  |18.025°+0.9393 244.6°+24.56369

NaCl 9220.963** 45.786** 0.88NS

| varieties (V) 2320.456** 29.106** 57.841%*
VxNaCl | \ 61.213** 5.099%* 2.34%*

Values are expressed as mean%S.E. (n=4). Means followed by a different letter within a
column for each cashew variety are significantly different at P<0.05 according to the Duncan’s
Multiple Range Test (DMRT)

* and **, Significant at 1% and 5%, respectively; NS, not significant.
RGR denotes relative growth rate, LAR, leaf area ratio and SLA, specific leaf area

29
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Salinity tolerance index (STI)

- Salinity tolerance index (STI), criteria for salt tolerance, was affected by salt stress. STI values
were 93.3%, 83.8%, 71.2% and 53.7% at 50, 100, 150 and 200mM. Among accessions, Bhaskara
recorded higher STI values (70.2%) and the same was minimum in M-2 (39%) at 200mM

120.0 | 50m = 100mM 150mmM 200mM
100.0
B0.0
®
= 0.0
&
40.0
20.0
0.0
Bhaskara VTH-174 VTH-30/4 Ultal-3
Accessions

Fig 3.1.19: Salinity tolerance index values of cashew cultivars after imposition
of different levels of salinity

Effect of deficit moisture stress on physiological and flowering parameters

Soil parameters

e Seventeen cashew cultivars were characterized for deficit moisture stress during February to April
months of severe stress in existing cashew plantation (five-year-old) for field screening.

¢ The soil moisture content ranged from 10.2 to 12.0 %, 8.6 to 11.2% and 16.3 to 20.3% at 0-25 cm
depth in un irrigated trees during stress periods of February, March and April months.

¢ Soil moisture deficit ranged from 88 to 89.5% in un irrigated trees during February month while it
was in the range of 88.4 to 91.4% in the month of March. April month recorded soil moisture deficit
in the range of 79.5 to 84% in un irrigated trees.

340
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Fig. 3.5.20: Influence of moisture stress on soil moisture content in both irrigated and un
irrigated trees during stress periods of February to April
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Fig. 3.5.21: Influence of moisture stress on soil moisture deficit in both irrigated and un
irrigated trees during stress periods of February to April

Influence on relative water content (RWC):

- Relative water content ranged from 37.3 to 53.5%, 34.4 t0 52.6% and 41.2 to 62.2% in un irrigated

trees during stress periods of February, March and April months

RWC( %)

«SEBE82232EE

February

=L

March

Stress periods

May

Figure 3.5.22: Influence of moisture stress on relative water content in both irrigated and
un irrigated trees during stress periods of February to April

Influence on flowering parameters:

- Flowering parameters were recorded during flowering seasons coinciding the moisture stress periods
starting from January to March. Male flower ranged from 91 to 108; hermaphrodite flower ranged
from 8 to 18; total flower ranged from 101 to 122 and sex ratio ranged from 0.075 to 0.147 in un

irrigated trees.
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Table 3.5.12 Influence of deficit moisture stress on flowering parameters during January
to March

Variety PL(cm) PW(mm) MF(No) HF(No) TF(No) SR
I Ul I uUI I ur |I uI I Ul I uI

Ullal-2 17.1 |16.1 |5.12 |4.81 | 100 |97 11 8 |110 [105 0.095 | 0.075
VRI-1 153 [125 | 460 |3.33 |101 |98 12 10 | 113 | 108 0.109 | 0.088
V-1 15.8 | 169 |4.67 |3.84 101 |99 14 10 | 116 |109 0.125 | 0.090
V-7 143 |13.0 | 439 |4.04 | 104 |100 15 13 | 119 |113 0.128 | 0.118
V-2 15.8 [13.7 |3.57 | 295 | 100 |99 12 8 |112 |107 0.106 | 0.078
Ullal-1 16.0 | 143 |4.25 |3.85 [102 |98 10 7 | 109 | 106 0.089 | 0.066
Bhaskara 185 |17.1 |510 |4.36 |110 |105 19 17 |129 |118 0.151 | 0.140
VRI-3 18.0 |17.7 |4.19 |3.65 | 111 (108 | 20 18 | 132 |122 0.153 | 0.147

Selection-2 | 17.8 | 14.5 |4.42 |3.69 |112 | 106 18 15 130 |121 0.136 | 0.122
VTH-174 19.1 |18.3 |4.60 |4.09 |107 |[102 16 14 | 123 | 114 0.127 | 0.124

M-1 18.3 | 143 |553 |3.82 (101 |96 14 10 | 115 | 106 0.119 | 0.099
V-3 17.0 | 149 |5.08 |4.40 |[103 |99 15 11 118 |110 0.128 | 0.096
V-4 17.1 187 |4.27 |4.06 | 109 |[102 19 16 |128 | 118 0.146 | 0.135

VTH-30/2 | 184 |156 [4.09 |3.89 | 100 |91 16 10 | 116 |101 0.135 | 0.101
Priyanka 189 | 175 [4.05 |3.26 |111 |103 16 13 | 126 |116 0.123 | 0.112

M-2 194 |154 |4.74 |3.87 | 106 |[101 18 14 | 125 |115 0.147 | 0.124
Ullal-3 19.7 (17.2 | 4.26 |4.09 | 113 |[104 19 16 | 132 |120 0.145 | 0.135
CcD 2.26 | 239 |0.89 |0.84 894 (6.80| 3.64 | 2.60 |8.65 |7.09 |0.031 |0.022
CV(%) 11.29 | 13.24 | 17.15 | 18.82 | 7.39 | 5.92 | 20.47 | 18.35| 6.24 |5.50 |21.107 | 17.561
SE(d) 1.14 |1.20 (045 |042 |449 |342| 183 |1.31 |435 |3.56 |0.015 |0.011

I: Irrigated; UI: Un irrigated; PL: panicle length (cm); PW: panicle width (mm); MF: male flower
(No); HF: hermaphrodite flower (No); TF: total flower (No) and SR: sex ratio

3. Conclusion

The critical salt concentration of 200mM  cashew varieties. Varieties viz., Bhaskara,
was standardized for screening cashew varieties  vengurla-4, Ullal-3 maintained performed better
for Salinity stress. Signiﬁcant differences in by maintaining h|gher relative water, membrane

soil parameters, physiological and flowering integrity and leaf pigment content after different
parameters were observed among seventeen  months of stress periods.
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4. TRANSFER OF TECHNOLOGY AND EDUCATION

4.1 Knowledge management and technology transfer in Cashew (2020-Long term)

The project was formulated with the broad
objective of strengthening technology transfer
in Cashew. Several capacity development
programmes and demonstrations have been
organized for the benefit of farmers and other
stakeholders. A Radio talk series was also organized
in collaboration with All India Radio, Mangalore
on the topic "Gerinu tirulu-tilivu Gerina
samagra krishi kurita banulisarani” to
create awareness among the farmers on the
technological interventions in Cashew for higher
yield and income generation.

Information need analysis of Cashew
farmers in non-traditional areas — a case
analysis

A survey was carried out in Shimoga and
Chitradurga districts of Karnataka considering the
rapid expansion of this crop in these regions. Data
were collected from 52 farmers using a pretested
questionnaire prepared in Kannada. The data
collected was subjected to several statistical
analyses.

Farmers focus on information related to
cashew varieties suitable to their area and crop
protection measures in cashew such as pest
and disease management approaches. Among
pests, farmers wanted information regarding the
identification of Tea Mosquito Bug (TMB) damage

and its control in cashew orchards. Studies have
revealed that pests and diseases are a major
hindrance to realising the potential yield in cashew
and it is important to bridge the information gap
for higher yields in this. Farmers also centered
their interests in non-crop information needs like
market availability, price of cashew and schemes
and subsidies available for cultivating the crop.
This is because for a cash crop like cashew
there are no government announced prices for
procurement and farmers are usually exploited by
middle men. As a result, a huge variability exists
in the market price leading to an information gap.
The least preference was given to information
related to modern planting systems like ultra
density planting and high density planting which
recommend a closer spacing such as 3m x 3m
and 4m x 4m. This may be because farmers
in this region prefer diversified cashew based
cropping systems in which wider spacing between
cashew trees (7.5m x 7.5m) helps a farmer to go
for intercropping in the cashew orchards and gain
more income. Also, wider spacing allows reducing
production costs, especially in terms of labour
when compared to high density and ultra density
planting. Farmers’ information needs with respect
to standard agronomic and horticultural practices
were found to be less important as most farmers
prefer cashew due to its less labour intensive
nature.

&)
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Procesing of cashew nuts
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Fig. 4.1: Important information needs of Cashew farmers

Farmers’ information needs also were found
to be high which signifies the importance of
tailor made extension strategies for improving
the livelihood security of these farmers. The
study results also illustrate that organisational
communication channel was a prominent source
of information in the study region and most
farmers accessed public organisations followed
by fellow farmers for information on cashew.
The study suggests that farmers prefer personal
contact and ICT based methods for information
exchange.

4.2 Development of an exclusive android
application for cashew cultivation

Earlier in the project, Cashew India - a state of
the art android app that gives comprehensive
information on cultivation, processing, marketing
and agencies involved in cashew development
etc. was developed in 11 languages for 10 cashew
growing states with the inputs from AICRP centres
on cashew.

The Google Play store rating of the app is 4.1
and the app is downloaded 3264 times. A total
of 11,606 grafts have been booked via the app
during 2020. During the year 2021, a total of
15,295 grafts have been booked via the app by
25 farmers.
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Indigenous Technical Knowledge (ITK) of farmers

Over a period of time, cashew farmers have gathered
considerable knowledge on various aspects of
cashew cultivation and its use. We present the
glimpses of such knowledge here for the benefit of
stakehobders.

Cultivation Aspects

Sowing, planting and fertilizer application

Soaking of cashew nuts in cow dung slumry for
germination purpose is an old age practice which
softens seed coat and also acts as disinfectant.

Two
At times, whole coconut husks are tied along with

the potting mixture and a seed is sown inside. After
the emergence of the seedling or after sufficient
growth of the seediing, the whole husk is placed
slang with the seedling in the pit and planted

Modules in Cashew India app

The second version of the app is developed
and is made available in Google Play Store. In
this version, two new modules i.e Indigenous
Technical Knowledge (ITK) and Pollination in
cashew were introduced for all cashew growing
states in respective languages. Further, under
“"Pest management’ module, information on
‘Minor pests’ is included. The ‘search’ feature has
been newly introduced. Registration process has
been removed as users felt it difficult while using
it for the first time. Moreover, the speed of the app
is increased along with additional user-friendly
features.
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i Pollination in cashew

POLLINATION IN CASHEW

Though cashew has both male and hermaphrodite
flowers (flowers with both male and female
reproductive  parts) in same inflorescence, sell
pollination is wvery difficull because of the
arrangement of male and female reproductive paris
in the flowers. Further cashew pollen grains are
sticky in nature, thus wind has no role in pollination.

new

Bee fnrrtzl.n_g on Antigonan leptopirs
This makes cross pollination by insects importan
for the nut sel in cashew. Low nut set and
productivity in cashew orchards is due to of
adequate pollination. Cashew flowers are ¥
many insect species. Bees, ants, wasps, bi
'ﬂ!ea and moths have I_:een re_poﬂed as pollin in

[ ] 3 4

4.3 Improving area, production, and

productivity of cashew in Shivamogga and
Chitradurga districts in Karnataka

During the year 2021, twenty-one farmers
have been given financial assistance as per MIDH
guidelines for expanding the cashew area in 67.81
acres. In Shimoga district, 44.26 acres belonging
to 16 farmers were covered. In Chitradurga
district, 23.55 acres belonging to 5 farmers were
covered. During the inspection, advisory for
pruning, maintenance and fertilizer application
was given.

So far, for the last two years, a total of 185.46
acres are covered involving 57 beneficiaries in
both the districts.
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New farmers (top two) and farmers with two-year-old plants
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4.4 Cashew Protect: An Artificial
Intelligence (AI) based website and app
for identification of pests, diseases and
nutrient deficiencies in Cashew

Cashew farmers often need expert advice
for proper management of pests and diseases in
addition to nutrient deficiencies. However, due
to remote nature of villages and farms, advice
is not easily available when it is most required.
Recent advances in mobile technologies can help
to a greater extent in this connection. Apps and
websites based on technologies such as artificial
intelligence, visual recognition and deep learning
are being developed worldwide for identification of
plants/animals/insects including pests/diseases/
nutrient deficiencies. These tools have been found
very useful and are regularly used by farmers in
different parts of the world.

ICAR- Directorate of Cashew Research has
developed the Cashew Protect website and app
for identification of pests and diseases of cashew

aifiies ufaaes Annual Report 2022

CASHEW 2PROTECT

along with nutrient deficiencies (Website-https://
cashewprotect.icar.gov.in/; App for android phones
-https://play.google.com/store/apps/details?id=
com.tosall.cashewprotect&pli=1 and app for iOS
- https://apps.apple.com/us/app/cashew-protect/
id1619732962). The website/app is targeted to
diagnose about 60 cashew pests, 20 diseases
and 10 nutrient deficiencies instantly from the
uploaded images. However, as of now, in the first
phase of the work, it can detect 6 pests and 1
disease.

Artificial Intelligence (AI) and computer
vision-based techniques are deployed here. The
website/app is constantly being trained with
additional data and gets more accurate with

time. In the backend application, PHP Laravel
framework, MySQL, Windows OS, Apache/NGINX
are deployed. React Native/Flutter is deployed in
mobile phone application.

(97
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The AI machine learning system included
Python, Windows OS, Tensor Flow as Al framework
and GPU server for training. This website/app
is available in 11 languages i.e., English, Hindi,
Kannada, Gujarati, Marathi, Malayalam, Tamil,
Telugu, Bengali, Odia and Garo to cater to the
needs of farmers in the local language. Options
for contacting experts and sharing photos in social
media have been provided in case of no detection
or unsatisfactory results.

This is probably the first ever attempt of
developing an AI based app/website in the world
and in the ICAR system for cashew. The team
behind developing this app/website included
the scientists of ICAR- Directorate of Cashew

Most interestingly, it is possible to capture
data via users on the number and type of pests,
diseases and nutrient deficiencies observed in
different countries/regions/districts/taluks during
different time periods through this website/app.
This will eventually help in early forecasting of
these problems and alert farmers in a particular
region in time. Further, it also helps to channelize
efforts and inputs required for management by
the concerned agencies in an area/region of the
country.

bewy wrpat ially duting ponl thohsoson prrod (Jeptessies

Research, Puttur and the scientists of AICRP-
Cashew centres spread across the country. This
work is funded by the RKVY-RAFTAAR program of
Government of Karnataka.
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Screenshots of the Cashew Protect App
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Further, during the vyear, text pertaining
to insect morphology, management and
precautionary measures is developed for 23
pests and 2 diseases. More than 3000 images of
different pests, diseases and nutrient deficiencies
are collated. The work is under progress.

4.5 Establishment of an exclusive ‘Cashew
Parlor’ for creating awareness on value
added products of cashew

During the vyear, architectural design of
cashew parlour and cashew processing buildings
is finalized. Both 2D and 3D designs are handed
over to CPWD for further needful. First instalment
of 30% of the total budget has been released to
CPWD. The tender for procurement of cashew
kernel and apple processing equipment along with
other facilities for cashew parlour has been floated
and the process is under progress to identify the
firms for supply.

4.6 On-farm training and demonstration
on "“Training and pruning technique in

Acrocercops syngramma M.

Pest Appearance :

Epgs e iy, tranaparent, glus lie, laid on the
o upper side of iencer lseves

Dl whhibe o redidish boown smnsll caterpllans
<  pee yeen wilhin the feeding mines. iMatured
Larva faiis on to The ground and pupsies n the

Tha adull is & Ty silvery geoy math sdth red

Diseases

MNutrient Deficiencies

Cashew”: organized by ICAR-CPCRI, KVK,
Kasaragod, and ICAR-DCR, Puttur on
26.07.2022

The Front-line demonstration of Cashew
was laid out in Kasaragod District, initiated by
ICAR-CPCRI, KVK adopted by 10 farmers. In this
connection, as a part of the 75" Azadi Ka Amrit
Mahotsav, ICAR-KVK organized On-farm training
and demonstration of “Training and Pruning
techniques in Cashew” on 26.07.2022. The KVK,
Head Dr. Manoj Kumar and Dr. Saritha Hegde,
along with ICAR-DCR Scientists Dr. Thondaiman,
V., Dr. Manjesh, G.N., and Supporting staff Mr.
Narayana Poojari visited 4 FLD plots (aged about
9 to 10 months) at Kudlu village, Kasargod.
During the visit, Dr. Saritha Hegde introduced the
farmers and briefed them about the technology
adopted by farmers in the FLD plots. The farmers
adopted the High-density planting technique with
pruning responsive varieties (VRI-3, Sel-2, and
Ullal-1). Dr. Thondaiman addressed the practical
aspects of the initial care and maintenance

(99
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of cashew plants. Further Dr. Manjesh briefed
about the technique of training and pruning, its
advantages, and aftercare and carried out an
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on-farm demonstration on training and pruning
techniques to be adopted in Cashew.

Fig. 4.2 FLD on Cashew: “Training and Pruning techniques” organized in collaboration
with ICAR-CPCRI, KVK, Kasaragod, Kerala dated 31.10.2022

ICAR - Directorate of Cashew Research,
Puttur organized a front-line demonstration in
collaboration with ICAR-CPCRI KVK, Kasaragod,
on 31.10.2022 with an aim to disseminate the
knowledge on cashew pruning practices and farm
advisorytobetakencareofintheinitially established
cashew plantations of Kolathur, Kasaragod.
Scientists (Horticulture) of this Directorate Dr.
Manjesh, G.N., Dr. Veena, G.L., and Dr. Bhagya H.P.
briefed and demonstrated practically the training

and pruning techniques to be carried out at their
cashew plantations. This activity was assisted by
Sri. Narayana Pujari (Skilled Supporting staff).
Dr. Saritha Hegde and Dr. Benjamin Mathew, SMS,
ICAR-CPCRI, KVK coordinated the FLD plots and
training program. A total of six plantations were
visited and demonstrated the pruning practices.
FLD farmers learned hands-on experience
in training and pruning cashew and other
management practices of cashew.
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4.7 Consultancy/Advisories

Dr. D. Balasubramanian | « Provided technical consultancy to enhancing cultivation of
cashew and improving cashewnut processing system in South
Samara Mankachar district, Assam 14-18 February, 2022.

e Provided technical consultancy to start up ‘Cashewnut
processing plant’ at Hulikoti cluster, Gadag taluk, Karnataka
funded by SPM RURBAN Mission on 27 July, 2022.

Dr. Mohana G S « Visited AICRP, Cashew Hogalagere center on 16-07-2022 for
monitoring of experiments

o \Visited AICRP- Cashew Bapatla, AP on 25-09-2022 for
monitoring of the experiments

Dr. Eradasappa E e Advised cashew farmers through whataspp and phone calls

for their problems my side and through subject experts of

the institute.

Dr. V. Thondaiman « Deputed for field inspection of the Cashew plantation of

DCCD-funded KCDC plantations in Karnataka on 9" March,

2022,

Dr. Manjesh G N + Provided farm advisory to Mr. Krishnananda Kamath, 59/1c,

Giregoudanahalli, Madhugiri in association with 20 farmers for

"Possibility in the cultivation of Cashew”, Dated 25.05.2022.

(Dr. T.N. Raviprasad, Dr. ].D. Adiga and Dr. Manjesh, G.N.).

e Deputed for field inspection of the Cashew plantation of
DCCD-funded KCDC plantations in Karnataka during 10-11
March 2022.

4.8 Exposure visits They were taken to the museum, nursery
and the showcase plots to appraise about the

Several farmers, students and other officials . X
achievements and technologies developed by

have visited the Directorate during this period.

ICAR-DCR.
Sl. Visitors Organization/Place Number of | Date of
No. category participants visit
1. Students St.  Philomena  College, 10 20.01.2022
Darbe, Puttur
2. Students College  of  Horticulture 28 02.03.2022
Engineering  and Food
Technology, Devihosur,
Haveri, Karnataka
3. Farmers Koppa taluk of Sringeri, 10 16.03.2022
Karnataka
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4, Students SDM Degree College, Uijire, 39 26.03.2022
Karnataka

6. Farmers Maharashtra 20 19.04.2022

7. Students College  of  Sericulture, 31 25.04.2022
Chintamani, Karnataka

8. Students JC Diwakar Reddy 32 27.04.2022
Horticultural College, Andhra
Pradesh

9. Students Kittur Rani Channamma 25 27.04.2022
College of Horticulture,
Arabhavi, Karnataka

10. Students College of Horticulture, 43 05.05.2022
Mudigere, Karnataka

11. Students Jain University, Bengaluru, 30 23.05.2022
Karnataka

12. Students College  of  Agriculture, 45 23.05.2022
Shivamogga, Karnataka

13. Students College  of  Agriculture, 41 25.05.2022
Shivamogga, Karnataka

14. Farmers Tamil Nadu 38 26.05.2022

15. Students Keladi Shivappa Nayaka 14 09.06.2022
University of Agricultural and
Horticultural Sciences,
Shimoga

16. Farmers Wayanad 25 17.06.2022

17. Input dealers | DAESI programme 39 01.07.2022
participants  from  KVK,
Mangalore

18. Technical Agriculture Department, 10 13.10.2022

Officers Erode, Tamil Nadu

19. Students Tamil Nadu Horticulture 39 13.10.2022
Management Institute

20. Students BEST Innovation University 130 25.10.2022
Andhra Pradesh

21. Students Dr. YSR Horticultural 8 25.11.2022
University, Andhra Pradesh

22. Students Department of Agriculture, 25 26.11.2022
Mudibidre, Karnataka

23. Students K.S.S College 10 10.12.2022

®


Highlight

Highlight

Highlight


aifiies ufaaes Annual Report 2022

4.9 Exhibitions

ICAR-DCR, Puttur participated and exhibited
cashew technologiesat:Mega Kisan Mela organized
by ICAR-CPCRI, Kidu during 19*.to 23 November
2022.

Exhibited ICAR-DCR Stall in the Hort Fair
held on 07.03.2022 at ICAR-CPCRI-RS, Vittal and
disseminated cashew production technologies to
farmers (Staff: Dr. Eradasappa, Sr. Scientist).

Technologies suitable for incubation and
startup ecosystem in cashew viz, i) Nursery
management and cashew grafting; ii) Value
addition to cashew apples and iii) Cashewnut
processing were exhibited during ‘All India Agri.
Start-up Convention” conducted by National
Agricultural Higher Education Project-Institutional
Development Plan (NAHEP - IDP) and the University
of Horticultural Sciences, Bagalkot (UHSB),
Karnataka during 15-17, September, 2022 at
UHSB, Bagalkot. Activities of ABI Centre narrated

to visitors as it provides the effective platform

to promote agribusiness and entrepreneurship
developments in cashew with the concept of
growth through innovation, upgradation of
technology and skill development. Mentorship

[ary

is being provided in the area of professional
assistance and guidance to the entrepreneurs for
better business insights; consultancy services to
the Farmer/ Entrepreneur and Established units;
incubation facilities and services to entrepreneurs
to convert their innovative ideas into commercially
viable products; training programs and workshops
for capacity building of incubatees; preparation
of business plan to the farmer/entrepreneur
availability of incubation facility for potential
entrepreneur etc., were briefed to 350 no. of
visitors of farmers, students, entrepreneurs,
business men and general public (Staff: Dr. D.
Balasubramanian, Pr.Scientist).

4.10 Field Day Organized

ICAR-DCR, Puttur organized Filed Day
on cashew as a part of DCCD sponsored one-
day training on Cashew cultivation at Sagara in
Shivamogga district during 16.03.2022.

ICAR-DCR, Puttur Field Day on cashew as
a part of DCCD sponsored one-day training on
Cashew cultivation at Chikkachelluru village in
Challakere taluk of Chitradurga district during
17.03.2022.
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4.11Guiding of Students

Dr. Siddanna Savadi guided the following students for project/thesis/internship

7SI 7 . Project/Thesis / Internship Year of
No. Name Institute report Title award
. St. Berchmans Assessment of Genetic Diversity in
Ms. Manju college, . . 4
1. cashew using Novel microsatellite | 2022
Manuel Chenganassery,
Markers
Kerala
St. Berchmans Screening of Novel Simple
7 Mr. Gokul college, sequence repeat markers for 2022
' Mohan Chenganassery, | Polymorphism and genetic
Kerala diversity analysis in cashew
Mr. Ashuthosh R
) II:fIarncli(Irr : -~ Department of
: Mr. Biotechnology, Biotechnology and horticultural
5 Shivana ouda College of aspects of cashew (Anacardium 2022
' Haranalg Agriculture, occidentale L.)
- Hassan
6 Mr.Thejus
) Prabhakar

Dr. Veena G L guided the following students

Sl . Project/Thesis / Internship Year of
No. Name Institute report Title award
Ms. Drishya K Mangalore
1 Msc (Food University Development of dehydrated 2022
' Science and Department of products from cashew apple
Nutrition) Biosciences
Ms. Ashwini Ma.ngalc.)re Development and evaluation of
7 Msc (Food University itionall iched cash 2022
. Science and Department of nutritionally enriched cashew
" . apple pomace powder extrudate
Nutrition) Biosciences

&)
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Dr. Eradasappa, E. (Plant breeding), Former
officer-SCSP.

Ao et rlech godaeclos Doersmeoal
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ICAR-DIRECTORATE OF CASHEW RESEARCH
(moby @9 Edaa e
" recs mang ed SescoE
gistribution of Cashew Grafts under
Schedule Caste-Sub Plan (SCSP) Programme
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effective implementation of the scheme.
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Housur. Kalliborekaval, Mootikere, Koramangala,

Bramadevarahalli villages of Hassan District. The
Nodal officer SCSP, Dr. Manjesh G.N, and Dr.
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LLakya] were covered for effective implementation

of the scheme.

Distribution of Cashew grafts to the SC beneficiaries of Hassan District, Karnataka

Kisan Diwas was organized for the farmers
under the SCSP and STC/TSP project

The “Kisan Diwas” was organized at this
Directorate for the farmers under the SCSP & Tribal
sub-plan programme on 23 December 2022. As
a part of the Kisan Diwas celebration, vegetable
seed kit was distributed to the SC and ST farmers
and a demonstration on “Weeding in cashew

orchard by using brush cutter” was conducted at
Kemminje farm followed by field exposure visits
to the field of Sri Kadamajalu Subhash Rai to
create awareness and motivate the farmers to
take up scientific cashew cultivation. A total of 80
farmers from Bettampady, Kuriya, and Kemminje
villages of Puttur, Karnataka, and Karadka village
of Kasaragod, Kerala attended the “Kisan Diwas".

(108) %
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PM Kisan Samman Sammelan 17t October 2022: Farmers were invited to ICAR-DCR, Puttur

grafting and aftercare of cashew grafts, nutrient
management, and pest and disease management.

farmers on cashew nursery production techniques

which included preparation of the potting mixture,

Kasaragod and staff of ICAR-DCR, Puttur attended
the program.
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Training under SCSP-2022
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Sl. Title of training conducted Place Date
No.
1 A Skill Development training (Nursery techniques | DCR Puttur 17 Oct
in Cashew) during Agri-Startup Conclave and 2022
Kisan Sammelan
2 Nutrient management in Cashew DCR Puttur 17 Oct
2022
3 Importance of cashew grafts in realizing higher | Farmer’s  field | 3-4 Nov
production and productivity Chikkamagaluru | 2022
District
4 Cashew cultivation Farmer's field | 3-4 Nov
Chikkamagaluru | 2022
District
5 Pest Management strategies in Cashew Farmer’'s field | 3-4 Nov
Chikkamagaluru | 2022
District
6 Training cum advisory on Cashew cultivation Farmers field | 16-17
Hassan District Nov
2022
Demonstrations under SCSP-2022
SI.No. | Title of a demonstration conducted | Place Date
1 Weeding in cashew orchard by using a | ICAR-DCR | 23.12.2022
brush cutter as a part of Kisan Diwas | Puttur
23.12.2022
2 Nursery management in Cashew and | ICAR-DCR |17.10.2022
Softwood grafting techniques Puttur
3 A Skill Development training -Cashew | ICAR-DCR |17.10. 2022
production technology during Agri-Startup | Puttur
Conclave and Kisan Sammelan
4 Nutrient management in Cashew ICAR-DCR | 17.10. 2022
Puttur
5 A Skill Development training- Training and | ICAR-DCR | 17.10.2022
pruning in cashew Puttur

g
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Distribution of inputs under the SCSP project 2022
Sl. Inputs Beneficiaries Place
No. (No.)
1 Cashew grafts 82 Chikkamagaluru and Hassan Districts-
Karnataka
2 Vegetable seed 52 Dakshinakannada and Kerala
kit
3 Pruning tools 11 Kasaragod, Kerala

Tribal Sub Plan- 2022

Kerala. The

activities taken up include-

Distribution of benefits

A total of 66 kitchen garden kits comprising of

etable seed kits
were also distributed to 40 ST beneficiaries of
Kasaragod and Puttur.

Area expansion under Cashew

6305 cashew grafts of improved varieties
of ca

‘ )||
ah |
3

cashew grafts, the technical sessions focussed on
cashew nursery production techniques.

[ary
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6. AGRIBUSINESS INCUBATION

ICAR IP & TM Scheme: Agri Business
Incubation (ABI), ICAR-DCR, Puttur

A total of six incubates have registered with
ABI and utilized ‘State-of-the-Art’ processing
facility on the basis of ‘Custom hiring’ during the
year 2022. Three days training on cashewnut
processing conducted at ABI, ICAR-DCR, for

incubatees to enhance knowledge on technical,
management and financial aspects. At present,
three incubatees (50%) have started small
to medium scale processing units. Revenue
generated to the tune of Rs.75,150/- through
training for incubates and technical consultancy
exclusively under ABI.

3-days trainings offered under ABI for registered incubates — 6 Nos. as detailed below

Sl. Name of the trainee /
No incubatee

Address

Time period

1 Mr Ranganathappa

Bangalore, Karnataka

4-6 April, 2022

Ms Lakshmi Nayak

Mangalore, Karnataka

10-12 October, 2022

Mr Manosh Gowda

Chikballapur, Karnataka

2-4 November, 2022

Bangalore, Karnataka

2-4 November, 2022

Mr Roshan Bidare

Pune, Madhya Pradesh

2-4 November, 2022

2
3
4 Mr M Amarendra
5
6

Mr Raghavendra Y Nayak

Mangalore, Karnatak

14-16 November,
2022

Ms Laksmi Nayak, Incubatee Hands on training on peeling Training program for ATMA,

undergoing training in
cashewnut processing

cashew kernels to Mr Roshan
Bidare, Incubatee in ABI

Cannanore, Kerala

®)
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Agri Business Incubation — Learning by doing — Operation of shelling
Exhibition at UHS, Bagalkot. Incabtees machines — Training for
at ABI, ICAR-DCR incubatees — ABI, ICAR-DCR

Mr Manosh Gowda receiving ABI Incubatee certificate from Director, ICAR-DCR
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7.1 Awards and Recognitions
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osium on Horticultural Crops of Humid TYropics
t Madikeri, Karnataka
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during 2-3, December 2022 organised by C
Society for Promotion of Horticulture, IIHR, Beng

e Passed Parangat Hindi Examination conducted by Dept. of Official

Language, Govt. of India during December 2022 wit
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Dr. K. Vanitha
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Dr. Eradasappa E .
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the Hort Fair held on 07.03.2022 at ICAR-CPCRI-RS, Vittal.
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e Delivered alecture on the topic entitled “Commercial nursery management
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8.7 EXTENSION BULLETINS /PAMPHLETS
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8.11 Production of educational videos

Videos detailing the cultivation and plant f6F dissemination of technologies to the farmers
protection was developed in English and Kannada  and other stake holders.

S. No

Title

1.

rfedh euE9 BTe BoBge
(Geru uthpadana tanthrajnana)

1030 00T Weeod Torie B3 Teod) LeToad
(Gerinalli Sandra besaya hagu athi sandra besaya)

rfedh B¥ahO) Fpeaz03RY ASrBEH
(Geru beleyalli poshkamshagala nirvahane)

riedh 3¥abhe) NedR ASrBEH
(Geru beleyalli neerina nirvahane)

r1edRQ 2dze ey (a0d)ad AIrBe
(Gerinalli chaha sole(TMB)ya nirvahane)

1edRQ ried 3008 DA Jed BT (AAFTFST* Q) B IIFDE
(Gerinalli Geru kanda mattu beru koraka(CSRB)ya nirvahane)

0.Q.0.830° - red) BoZReFTo NELEBT0), DR
(ICAR-Geru samshodhana Nirdeshanalaya, Puttur)

rfedh TRLr 685938 LRI D) FITDIB
(Geru maragalige akara needuvike mattu savaruvike)

riedh B3, esTeer; 233F9 Lob- B TorjToLoD
(Geru sasya arogya chikithsalaya- Vasthu Sangrahalaya)
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8.12. Extension Teaching aids developed

Three posters were developed as extension
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teaching aids for supplementing the training
activities and for the purpose of display during

exhibitions. Posters developed include-

Sl.

No.

Title of the Poster

Prepared by

Farm level cashewnut processing

1. Dr. D Balasubramanian,
Principal Scientist (AS &PE),
ICAR-DCR, Puttur

2. Dr. Aswathy Chandrakumar
Scientist (Agrl. Extension),
ICAR-DCR, Puttur

3. Dr. T N Raviprasad
Director (Acting),

ICAR-DCR, Puttur

Popular cashew varieties in India

1. Dr. Aswathy Chandrakumar
Scientist (Agrl. Extension),
ICAR-DCR, Puttur

2. Dr. ] Dinakara Adiga,
Principal Scientist (Horticulture),
ICAR-DCR, Puttur

3. Dr. T N Raviprasad,

Director (Acting),

ICAR-DCR, Puttur

Value addition of Cashew apple

1. Dr. Rajkumar A D,
Scientist (Food Processing),
ICAR- DOGR

2. Dr. Veena G L

Scientist (Fruit Science),
ICAR-DCR, Puttur

3. Dr. Aswathy Chandrakumar,
Scientist (Agrl. Extension),
ICAR-DCR, Puttur

4. Dr. T N Raviprasad,
Director (Acting),
ICAR-DCR, Puttur

8
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9. LINKAGES / COLLABORATION

Dr. D. Balasubramanian

ICAR-Central Institute of Agricultural engineering (Regional Centre),
Coimbatore, Tamil Nadu.

M/s Environmental Control, Cochin, Kerala

10. HUMAN RESOURCE DEVELOPMENT AND CAPACITY

Dr. D. Balasubramanian

Dr. Mohana G S

Dr. Shamsudheen M

Dr. K. Vanitha, Dr. Veena
GL, Dr. Bhagya, H.P and
Dr. Aswathy
Chandrakumar

Dr. Siddanna Savadi

BUILDING

Training on ‘Intellectual Property Awareness’ conducted by National
Intellectual Property Awareness mission (NIAPM), Kolkatta in
association with Intellectual Property and technology Management
(IP&TM), Indian Council of Agricultural Research, New Delhi during 1-5
August, 2022 (Webinar series).

Participated as resource person in International ITEC Training
Programme on ‘Computer Applications in Agricultural Extension’ held
during 13— 27 September, 2022 at MANAGE, Hyderabad and delivered
a talk on ‘Useful applications and websites for agricultural extension
professionals’ on 24-09-2022.

Attended a national workshop on ‘Smart management of Agricultural
Resources for transforming Indian farms at CTCRI Trivandrum on
15-12-2022 and presented an invited paper on “Cashew Protect: An
Artificial Intelligence (AI) based website and app for identification of
pests, diseases and nutrient deficiencies in Cashew”.

Attended the Khajane-2, PFMS training organized by Office of
Commissioner of Treasuries, 5th floor, KPCL green building, Palace Road,
Bengaluru & RKVY Cell, Govt. of Karnataka at Office of Commissioner
of Treasuries, 5% floor, KPCL green building, Palace Road, Bengaluru for
implementation of RKVY Scheme through PFMS K2 on 20 Aug 2022.

Participated in the Mega Kisan Mela and Agri Expo conducted during
19-23 November, 2022 at Kidu, CPCRI regional station and involved in
demonstration of DCR technologies in the stall. The stall of ICAR-DCR
received 'First best stall award' during the programme.

Participated in the DBT sponsored Training on Biosecurity and Biosafety:
Policies, Diagnostics, Phytosanitary Treatments and Issues organized
by the ICAR-NBPGR during August 2-11, 2022 in virtual mode.

Participated in the talk by Dr. T. Ramasami on Science and Technology:
For Low Resource Setting and Coping with Diversity Challenges
organized by Tata Institute for Genetics and Society (TIGS), Bengaluru
on August 22, 2022.

(130)
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e Participated in the DGCA-Certified Remotely Piloted Aircraft System
(RPAS) Training Course for the RPAS flying training and pilot license
scheduled during 10-11 October 2022 (online) and 17-22 October
2022 (offline) at Drone Destination Pvt. Ltd., Pyramid Meditation
Room, Om Shanti Retreat Centre Road, Patti Kawan, Bhora Kalan,
Haryana-122 414.

e Participated in the online training on RNA world: Advanced
bioinformatics for deciphering regulatory molecules organized by
Division of Agricultural Bioinformatics, ICAR-Indian Agricultural
Statistics Research Institute, New Delhi-110012 during November 3-9,
2022 online mode.

Dr. Bhagya H P e Undergone orientation training program at ICAR-DCR, Puttur from
22.08.2022 to 21.09. 2022.

Dr. Manjesh G N e Online training on Cashew production and post-harvest technologies.
ICAR-DCR and MANAGE, Hyderabad. dated:16-18 February 2022.

e Hands-on Training Program on “Advances in Biochemical Techniques
and applications” organized at the Department of Biochemistry North-
Eastern Hill University Shillong, Meghalaya, India Under the aegis of
the Department of Science & Technology (DST), Government of India,
from 01t to 8" September 2022.

Dr. K. Manjunatha e Attended the Remotely Piloted Aircraft System (RPAS) Training
Course (pilot training) from October 10-11, 2022 (online classes) and
October 17-19, 2022 (hands-on training) at Drone Destination Pvt.
Ltd., Gurugram’s DGCA-approved RPTO Center, followed by product
training at IoTechWorld Avigation Pvt. Ltd., Gurugram, from October

20-22, 2022.
Dr. Aswathy e Participated and demonstrated “Drone Technology” during Mega
Chandrakumar Kisan Mela and Agri Expo organized by ICAR-CPCRI at Kidu on 19th

November, 2022.

e Advances in Web and Mobile Application Development organised by
ICAR-NAARM, Hyderabad from 02.08.2022 — 06.08.2022.

)
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| 11. PARTICIPATION IN SYMPOSIA/ CONFERENCES/

SEMINARS/ WEBINARS / MEETINGS

Dr. D. Balasubramanian

Participated in ‘National level training programme’ on “Recent
Advances in Cashew Production Processing & Post-Harvest
Management” conducted by ICAR-Central Coastal Agricultural
Research Institute (CCARI), Goa in collaboration with the
Directorate of Cashewnut & Cocoa Development (DCCD), Cochin,
Kerala organized the at Krishi Vigyan Kendra (KVK), North
Goa during 6-8 January, 2022 and delivered a talk on ‘Cashew
processing and preparation of project report’.

Participated in in the ‘Training program’ on Cashew Production
and Post-Harvest Technologies (Online) conducted by ICAR-
Directorate of Cashew Research, (ICAR-DCR), Karnataka
and National Institute of Agricultural Extension Management
(MANAGE), Hyderabad on 15 February, 2022 and delivered a talk
on ‘Raw cashewnut processing'.

Participated in ‘Training program’ on Cashew cultivation under
Scheduled Caste Sub Plan (SCSP) conducted by ICAR-Directorate
of Cashew Research, Puttur on 23 March, 2023 and delivered talk
on ‘Raw cashewnut processing’.

Participated in ‘Caju Utsav’, organized by Karnataka Cashew
Manufacturers Association (KCMA), Karnataka, conducted at Dr T
M A Pai International Convention Centre, Mangalore, Karnataka on
28-28 July, 2022.

Participated in ‘All India startup convention-2022" conducted
by National Agricultural Higher Education Project-Institutional
Development Plan (NAHEP - IDP) and the University of Horticultural
Sciences, Bagalkot (UHSB), Karnataka at UHSB, Bagalkot from
15-17 September, 2022 and delivered a talk on ‘Entrepreneurship
development in cashew ecosystem — Opportunities through
Agribusiness incubation centre’.

Participated in ‘International Symposium’ on India 2047:
Agricultural Engineering Perspective, jointly organized by Indian
Society of Agricultural Engineers (ISAE), New Delhi and Tamil Nadu
Agricultural University (TNAU), Tamil Nadu during 9-11 November,
2022 and delivered a talk on ‘Optimization of composition and
extrusion operating parameters for the production of cashew
apple powder enriched extrudate using mixture-process design’.

132)
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Participated the International Conference On Advancement
of Science and Technology for Environment, Society and
People (ICASTESP-2022), organized by Society for Technology,
Environment, Science & People, Kerala, India from 28-29 Jan 2022.

National Conference on Advancement of Science and Technology
for Environment, Society and People (NCASTESP-2022), organized
by Society for Technology, Environment, Science & People, Kerala,
India on 28" August 2022

National Symposium on Horticultural Crops of Humid Tropics for
Nutritional and Livelihood Security (NSHCHT)-2022 organised
jointly by IIHR-Central Horticultural Experiment Station (CHES),
Chettalli & Society for Promotion of Horticulture (SPH), IIHR,
Bengaluru from 2-3 December 2022

Participated online in three days International Conference on
Advances in Agricultural, Veterinary and Allied Sciences for
ImprovingLivelihoodand Environmental Security (AAVASILES-2022)
conducted during 28 to 30 September, 2022 organized jointly by
ICAR-IGFRI, Janshi, NADCL, ICAR-NAHEP and BHU, Ranchi at
Gandhi Bhawan, University of Kashmir.

Participated in XVIII AZRA International Conference on ‘Advances
in applied Zoological Researches towards food, feed and nutritional
Security and safer environment’, 10-12 November, 2022 organized
jointly by OUAT, Bhubaneswar, BAU, Ranchi, Dr. YSRHU, A.P,, IRRI,
Philippines-IIRI, India, Bhubaneswar, ICAR-NRRI, Cuttack and
AZRA, Bhubaneswar at Hotel Suryansh, Bhubaneswar, Odisha.

Participated in the National Symposium on Horticultural Crops of
Humid Tropics for Nutritional and Livelihood Security organized by
CHES, ICAR-Indian Institute of Horticultural Research, Chettalli,
Kodagu, Karnataka during December 02-03, 2022 and presented
on the topic Development and utilization of genomic resources in
cashew.

Participated in the Knowledge Series lecture on Intellectual Property
Rights (IPR) in Biotechnology Prosecution of Biotech Patents
by Ms. Chitra Sundar, Advocate & Patent Agent, in the webinar
organized by BioNcube, WIPO-TISC and IPFC at AIP-ICRISAT on
13 December 2022.

Participated and poster presented in 5% International conference
on international conference on advances in agriculture technology
and allied sciences (ICAATAS-2022) (In hybrid mode) from 4" to

133)
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5% June, 2022. Organized by society of agriculture research and
social development, NRRI, Odisha.

Participated in IVth International Web Conference on Innovative
and Current Advances in Agriculture and allied sciences from 12th
to 14th June 2022 organized by Society for Scientific development
in Agriculture and Technology Meerut (U.P.) India and Delivered
oral presentation on "Diversity of bioactive components in Cashew
apple”.

Participated in National symposium on Horticultural crops of humid
tropics for nutritional and livelihood security (NSHCT)-2022 from
02" to 03 December 2022 organized by ICAR-IIHR RS-Chettalli
at Madikeri & delivered oral presentation on Cryopreservation in
cashew (4nacardium occidentale L.)

Participated and oral presentation was given on “Identification and
selection of promising oil palm genotypes for high FFB and oil
yield traits” at National symposium on Horticultural crops of Humid
Tropics for Nutritional and Livelihood security (NSHCHT) held from
02-03 December 2022 organized by ICAR-IIHR, Chettalli.

Participated and delivered oral presentation on Performance
evaluation of roller-type fruit collector authored by Manjunatha
K., Ravindra Naik and Adiga J. D. in 56 Annual Convention of
Indian Society of Agricultural Engineers (ISAE) on Agricultural
Engineering Innovation for Global Food Security and International
Symposium on India @2047: Agricultural Engineering Perspective
held on November 9-11, 2022 at Tamil Nadu Agricultural University,
Coimbatore.

Attended an International Conference of Agricultural Librarians &
User Community (ICALUC-2022) on theme “Innovation, Growth
and Sustainability of Agricultural Libraries  jointly organised
by University Library, Assam Agricultural University, Jorhat and
Association of Agricultural Librarians and Documentalists (AALDI)
from 28" to 29™ April, 2022 held at Assam Agricultural University,
Jorhat and presented a paper entitled “Use of Social Media Tools
by Agricultural Library Users: A Study of ICAR Institute of South
India”.
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"12. ONGOING AND CONCLUDED RESEARCH PROJECTS

Ongoing projects
Continuous | Division | Title, duration, | PI Co-Pls
No. - wise Number
No.
CROP IMPROVEMENT
Priority area I: Management of cashew genetic resources
(Leader: Dr. Mohana. G.S)

1. 1. Collection, Mohana. G.S. Vanitha. K
conservation, Eradasappa. E
characterisation Veena. G.L.
and evaluation of Rajashekara. H
cashew genetic
resources, [1986 —

Long term]

PIMS Number:

IXX00382
Priority area II. Genetic improvement of cashew for yield and
quality traits (Leader: Dr. Mohana. G.S)

2. 2. Genetic J.D. Adiga Mohana, G.S.
improvement of Eradasappa, E.
cashew through Siddanna Savadi
hybridisation and Veena. G.L.
seedling selection Manjesh G.N.
approaches [1986 Bhagya. H.P.
-Long Term]

PIMS Number:
IXX00393

3. 3. Breeding in | Eradasappa, E. | Mohana, G.S.
cashew for special J.D. Adiga
traits [06/2012- Veena. G.L.
05/2027] PIMS
Number:

IXX09323

4, 4, Breeding Mohana, G.5. Eradasappa, E.
approaches  for K. Vanitha
developing TMB
tolerance
[09/2017-8/2030]

PIMS Number:
IXX13687

5. 5. Genetics of traits in | Eradasappa, E. | Mohana, G.S.
cashew [05/2019 - Siddanna Savadi
04/2025]
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PIMS Number:
IXX15237

Polyploidy
breeding in
cashew [10/2020-
09/2030]

PIMS Number:
IXX17064

Mohana, G.S.

Eradasappa, E.

Evaluation of
dwarf and semi
dwarf accessions
and their seedling
progenies for high
density planting
system [09/2021-
08/2032]

PIMS Number:
IXX17065

Mohana G.S

Eradasappa, E

Priority area III. Development, refinement and use of
biotechnological approaches in cashew (Leader: Dr.
Siddanna Savadi)

8

Genetic dissection
of QTLs governing
nut vyield and
cashew nut shell
liquid (CNSL)
content in cashew
[06/2018-5/2025]
PIMS Number:
IXX14347

Siddanna Savadi

Eradasappa, E
Mohana, G.S.
Manjunatha. K
Manjesh. G.N

Deciphering the
molecular basis of
Cashew-Tea
Mosquito Bug
(TMB) interactions
to understand
host response and
TMB effectors (4
years: 09/2022-
09/2026)

PIMS Number:
IXX17066

Siddanna Savadi

T.N. Raviprasad
K. Vanitha

10.

10

Externally
Funded Project:
Development of
morphological
descriptors  and

Mohana, G.5.

(136)
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DUS test
guidelines for
cashew

Funded by:

Protection of Plant
Varieties and
Farmers’ Rights
Authority
(PPVRFRA), New
Delhi

Budget: Rs. 10
Lakhs
[04/2015-3/2022]
PIMS Number:

0XX03473

CROP MANAGEMENT

Priority area IV: Enhancing input use efficiency and

productivity (Leader: Dr. Shamsudheen M)

11. 1. Developing Shamsudheen V. Thondaiman
nutrient Mangalassery Babli Mog
management 1.D. Adiga
strategies for Manjesh. G.N
cashew based on Aswathy
soil and leaf status Chandrakumar
[10/2020-9/2023]

PIMS Number:
IXX16218

12. 2. Carbon  cycling, | Shamsudheen Babli Mog
sequestration and | Mangalassery K. Manjunatha
nutrient dynamics Bhagya. H.P.
in cashew
orchards
[10/2020-9/2023]

PIMS Number:

IXX16199
Priority area V: Physiological and basic studies (Leader: Dr.
Babli Mog)

13. 3. In-vitro pollen | Babli Mog Eradasappa, E.
germination and Veena. G.L.
pollen tube V. Thondaiman
growth of cashew Manjesh. G.N
varieties in K.B. Hebbar
response to high (ICAR-CPCRI)
temperature
stress [05/2019 -

04/2024]

4
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PIMS Number:
IXX15130

14. 4, Physiological and | Babli Mog 1.D. Adiga,
biochemical basis Shamsudheen M
of salinity Manjesh. G.N.
tolerance in Veena. G.L.
cashew rootstocks V. Thondaiman
[09/2021- Bhagya. H.P.
08/2026] K.B.Hebbar
PIMS Number: (ICAR-CPCRI)
IXX16223

Priority area VI: Horticulture production technologies
(Leader: Dr. 1.D. Adiga)

15. 5 Effect of growth | V. Thondaiman | J.D. Adiga
regulator in K. Vanitha
combination with Babli Mog
flower and fruit- Veena. G.L.
set enhancing Bhagya. H.P.
chemicals on
cashew
(Anacardium
occidentale  L.)

[10/2020-9/2022]
PIMS Number:
IXX16215

16. 6 Development of | V. Thondaiman | 1.D. Adiga
cashew Shamsudheen
(Anacardium Mangalassery
occidentale  L.) K. Vanitha
based cropping Babli Mog
system for west H. Rajashekhara
coastal region
[10/2020-9/2025]

PIMS Number:
IXX16363

17. 7 Design, Manjunatha. K | D.
development and Balasubramanian
performance Ravindra Naik
evaluation of
Cashew fruit and
nut separator
[10/2020-9/2024]

PIMS Number:
IXX15634

18. 8 Design and Manjunatha. K D.
development of Balasubramania
gadgets for n

y



cashew fruit Ravindra Naik
harvesting and J.D. Adiga
collection
[10/2020-9/2024]
PIMS Number:
IXX15635

19, 9 Influence of Manjesh, G. N. | J.D. Adiga
weather Babli Mog
parameters on K. Vanitha
growth dynamics Siddanna Savadi
of apple and nut Bhagya. H.P.
in selected
varieties of
Cashew [09/2021-
08/2024]
PIMS Number:
IXX16942

20. 10 Effect of inter- H.P. Bhagya V. Thondaiman
stocks in Cashew J.D. Adiga
(Anacardium Veena. G.L.
occidentale) Manjesh. G.N.
[09/2021-8/2024]
PIMS Number:
IXX16474

21. 11 Biochemical and | Veena. G.L. V. Thondaiman
mineral J.D. Adiga
composition Shamsudheen M
studies in relation Manjesh. G.N
to phenology of Manjunatha. K
fruit development Bhagya. H.P.
and maturity in
cashew [09/2021-
08/2023]
PIMS Number:
IXX16364

22. 12 Externally Manjunatha. K | T.N. Raviprasad
Funded Project: 1.D. Adiga
Demonstration of Shamsudheen M
drone technology, Siddanna Savadi
Funded by Aswathy
DA&FW, Gol, Rs. Chandrakumar
35.0 lakhs
[24-06-2022 to 31-
03-2023]
PIMS Number:
0XX5457

(139)
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CROP PROTECTION

Priority area VIII: Integrated management of pests and
diseases & ecosystem services in cashew (Leader: Dr. T.N.
Raviprasad)

1

Cashew tea
mosquito bug
interactions and
the defensive
responses
[05/2019-4/2023]
PIMS Number:
IXX14975

K. Vanitha

T.N. Raviprasad
V. Thondaiman
Shamsudheen
Mangalassery
Veena. G.L.

Characterization
and synthesis of
female sex
pheromone of Tea
Mosquito Bug;
(Helopeltis
antonif) and its
bioassay
[10/2020-9/2025]
PIMS Number:
IXX16224

T N Raviprasad

K. Subaharan
(ICAR-NBAIR)

K.Vanitha

25.

Influence of Apis
cerana indica and
Braunsapis  spp.
on pollination and
fruit set of cashew
[05/2019-4/2023]
PIMS Number:
IXX14974

K. Vanitha

Veena. G.L

26.

Assessing the field
effectiveness  of
entomopathogeni
o nematodes
(EPN) and
indigenous strain
of
entomopathogeni
¢ fungus (EPF) in
management  of
cashew stem and
root borers
(Plocaederus
ferrugineus  and
Plocaederus

T.N. Raviprasad

K.Vanitha
Rajkumar (ICAR-
CPCRI)
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obesus)
[09/2021-8/2026]
PIMS Number:
IXX16225

27.

Survey and
diagnosis of
diseases occurring
in cashew crop
and their
morphological and
molecular
characterization
[09/2021-8/2024]
PIMS Number:
IXX17045

H. Rajashekara

T N Raviprasad
Siddanna Savadi
RTP Pandian
(ICAR-CPCRI,
RS, Vittal)

Species complex
of thrips infesting
cashew, their role
and management
measures (3
years, 2022-25)
PIMS Number:
IXX17067

K. Vanitha

T.N. Raviprasad
Rachana, R
(ICAR-NBAIR)
Rajashekara, H
Mohana, G.S.

POST HARVEST TECHNOLOGY

Priority area VIII: Post-Harvest Technology (Leader: Dr. D.

Balasubramanian)

29.

Design and
development  of
mechanized slicer
for cashew apple
[10/2014-6/2023]
PIMS Number:
IXX11563

D.
Balasubramanian

Ravindra Naik
(ICAR-CIAE)

30.

Studying
comparative
performance  of
cashewnut
processing
systems in India
[10/2017-
09/2023]

IXX13902
IXX13683

D.
Balasubramanian

31.

Design and
development of
moisture meter for

D.
Balasubramanian

Sreejith
(M/s EMCON)

(141)
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raw cashewnuts
[07/2018-6/2023]
IXX13901
IXX13682

32.

Development of
value added
products from
cashew apple and
sprouts [06/2018-
05/2024]

PIMS Number:
IXX14346

Veena. G.L.

Shamsudheen
Mangalassery

33.

Optimizing
processing
parameters in
cashew for
enhancing whole
kernel recovery
[10/2020-9/2023]
PIMS Number:
IXX17068

D.
Balasubramanian

34.

Development of
ready to eat
alternate snack
food using
cashew apple -
extrusion and
vacuum frying
approach
[09/2021-8/2024)
PIMS Number:
IXX17069

D.
Balasubramanian

M R Manikandan
(ICAR-CPCRI)

35.

Development of
probiotic food
products from
cashew apple
[09/2021-
08/2024]

PIMS Number:
IXX16226

Veena. G.L.

H. Rajashekara
Manjesh. G.N
K. Renjitha
(ICAR-IIHR)

36.

Phytochemical
characterization
of cashew (leaf
and apple)
nutraceuticals for
its utilization in
development of
functional foods

Manjesh. G.N.

Veena. G.L.
Bhagya. H.P
Shabbir A
(ICAR-NRCG)
Rajkumar. A.D,
(ICAR-DOGR)
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[09/2021-
08/2025]
[09/2021-
08/2025]

PIMS Number:
IXX16286

TRANSFER OF TECHNOLOGY

Priority area IX: Transfer of technology and knowledge
management (Leader: Dr. Aswathy Chandrakumar)

37. 1 Knowledge Aswathy T N Raviprasad
management and | Chandrakumar | ] D Adiga
technology Mohana G S
transfer in cashew Manjesh. G.N
[09/2021-Long Bhagya. H.P
term]
PIMS Number:
IXX17070

38. 2 Socio-economic Aswathy D
and innovation Chandrakumar Balasubramanian
system analysis in Eradasappa E
Cashew sector V Thondaiman
[09/2021-Long C Thamban,
term] (ICAR-CPCRI)
PIMS Number: Jayasekhar S,
IXX17071 (ICAR-CPCRI)

39. 3 Externally Veena. G.L. Shamsudheen
Funded Project: Mangalassery
Utilization of Manjunatha. K
cashew apple for Aswathy
new products and Chandrakumar

entrepreneurship
development of
rural women and
youth in
Karnataka for
mitigating the
effect of COVID-
19

Funded by: RKVY-
FAFTAAR,
Government  of
Karnataka

Budget: Rs. 57.0
lakhs

[04/2020 to
03/2023]
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PIMS Number:

0XX5068
40. Externally Mohana, G.5. E. Eradasappa
Funded Project:
Improving area,
production, and
productivity  of
cashew in
Shivamogga and
Chitradurga
districts in
Karnataka
Funded by: RKVY-
FAFTAAR,
Government  of
Karnataka
Budget: Rs. 36
lakhs
[04/2020 to
03/2023]
PIMS Number:
0XX5458
41. Externally Mohana, G.S. K. Vanitha
Funded Project: Shamsudheen
Development of Mangalassery
an Al-based app H Rajashekara
for identification
of pests and
diseases in
cashew
Funded by: RKVY-
FAFTAAR,
Government  of
Karnataka
Budget: Rs. 16
lakhs
[04/2020- 03/2023]
PIMS Number:
0OXX5459
42, Externally Mohana, G.5. Manjunatha K
Funded Project:
Establishment of
an exclusive
‘Cashew  Parlour’
for creating
awareness on
value added

(43
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products of
cashew

Funded by: RKVY-
FAFTAAR,
Government  of
Karnataka
Budget: Rs. 2.2
Crores

[04/2020 to
03/2023]

List of projects concluded in 35 IRC

Continuous
No.

Division-
wise No.

Title, duration,
Number

Project
workers

Level and
Duration of
involvement

CROP IMPROVEMENT

1.

1.

Evaluation of big
cashew apple
genotypes for apple
yield and quality
[10/2013-06/2022]
IXX10492
IXX10491

Saroj. P.L.

PI from
10/2013 till
10/2016

Janani

PI from
10/2016 to
06/2018

Preethi. P

PI from
06/2018 to
10-08-2020

Eradasappa, E.

PI from 10-08-
20 to 06/2022
Co-PI from
10/2013 till
10/2015; &
06/2018 to
09-08-2020

K. Vanitha

Co-PI from
10/2013 to
06/2022

M.G. Nayak

Co-PI from
10/2013 to
07/2021

Ramkesh
Meena

Co-PI from
10/2013 to
12/2015

M. Loganathan

Co-PI from
10/2015 to
03/2017

Rajkumar AD

10/2016 to
03/2018;
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09/2021 to
04-03-2022
Veena. G.L. 12-10-2020 to
06/2022
2. De nove genome | Siddanna PI from
assembly, linkage | Savadi 09/2017 to
analysis and 08/2022
E:L?jl;gmnin St;:::luer; Mohana, G.S. | Co-PI from
(Anacardium 09/2017 to
occidentale L.) . 08/2022
[09/2017 — 08/2022] |J-D- Adiga Co-PI from
OXX04051 09/2017 to
08/2022
B.M. Co-PI from
Muralidhara 09/2017 to
09/2018;
16-07-2021 to
07-10-2021
3. Externally Funded | Siddanna PI from
Project: Savadi 04/2020 to
Establishment of a 03/2022
Centre of Excellence | Mohana, G.S. | Co-PI from
for Biotechnology 04/2020 to
Needed for Genomics 03/2022
Assisted Breeding in | V. Co-PI from
Cashew Thondaiman 11-01-2021 to
Funded by: RKVY- 03/2022
FAFTAAR, Government | Shamsudheen | Co-PI from
of Karnataka Mangalassery | 11-01-2021 to
Budget: Rs. 75 lakhs 03/2022
[04/2020 to 03/2022] | Anitha Karun | Co-PI from
11-01-2021 to
27-09-2021
CROP MANA
4. Characterization of | Babli Mog PI from
physiological 10/2015 to
responses of cashew 09/2022
(A. occidentale L.)|T.R.Rupa Co-PI from
accessions to salt and 10/2015 to
drought stresses 02/2016
[10/2015-09/2022] Prabha S. Co-PI from
IXX11537 Philip 02/2016 to
IXX11536 07/2017
Veena. G.L Co-PI from
12-10-2020 to
09/2022

3
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[09/2017-03/2022]
0OXX04052
OXX03985
0OXX03984

V. Thondaiman Co-PI from
12-10-2020 to
09/2022
CROP PROTECTION
511 Investigations on inflorescence K. Vanitha PI from 10/2016
insect pests of cashew to 05/2022
and their management T.N. Raviprasad Co-PI from 10/2016
[10/2016-05/2022] to 05/2022
ICC13176
TRANSFER OF TECHNOLOGY
6. 1 Development of an exclusive android Mohana G.S. PI from 09/2017
application for cashew cultivation to 03/2022
Funding: Directorate of Cashewnut and | M.G. Nayak Co-PI from
Cocoa Development (DCCD), Kochi 09/2017 to
Budget: Rs. 5.0 Lakhs 07/2021

NEW EXTERNALLY FUNDED PROJECTS BY RKVY

7 1 Establishment of Farmer- H. Rajashekara PI from 10/2022
Centric Pest Diagnostic till 09/2024
and Bio-Control T. N. Raviprasad Co-PI from 10/2022
Laboratory to Achieve till 09/2024
Sustainable Cashew
Health Management K. Vanitha Co-PI from
(KA/RKVY-AGRE/2022/1345) 1072022 till
Funded by: RKVY-FAFTAAR, 09/2024
Government of Karnataka Siddanna, S. Co-PI from
Budget: 100 lakhs 10/2022 till
09/2024
2 Establishment of Centre Veena, G. L. PI from 04/2021
of Excellence for profiling till 03/2023
of bioactive components J. D. Adiga Co-PI from
in Cashew apple and nut 04/2021 till
(KA/RKVY-AGRE/2022/1344) 03/2023
Budget: Rs. 95 lakhs Shamsudheen, M. | Co-PI from
04/2021 till
03/2023
Siddanna, S. Co-PI from
04/2021 till
03/2023
3 Mechanization of pesticide Manjunatha, K. PI from 04/2021
and nutrient sprays in till 03/2023
cashew orchards through J. D. Adiga Co-PI from
drones. 04/2021 till
Funded by: RKVY-FAFTAAR, 03/2023
Government of Karnataka Shamsudheen, M. | Co-PI from
Budget: Rs. 83.0 lakhs 04/2021 till
03/2023
K. Vanitha Co-PI from
04/2021 till
03/2023

3
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13 CONSULTANCY, PATENTS AND COMMERCIALIZATION
OF TECHNOLOGY

13.1 Commercialization of ICAR-DCR
technologies: Licensing of Nethra Jumbo-1

Signing of Memorandum of Understanding
(MoU) with M/s Yashaswi Nursery, Puttur to

13.2 Copyrights/Patent/Plant
registration:

Variety
ITMU facilitated the following
copyrights, patent and plant variety registration
processes.

e ICAR-DCR filed application for registration of
‘H-126: cashew hybrid” with PPV&FRA, New
Delhi under PPV&FR act 2001 with PVP no.
DL10122100010n 11 February 2022.

license Nethra Jumbo-1 hybrid for commercial
multiplication and sale was done on 20" June
2022. The terms and clauses of the MoU were
discussed with the proprietor of the M/s Yasaswi
Nursery before signing of the MoU.

ICAR-DCR, Puttur for the apps/software i).
Cashew leaf diagnosis (https://cashew.icar.
gov.in/leafanalysis/) SW-15715/2022 on 12-
08-2022, ii). DCR-Cashew Drip / Fertigation
Calculator (https://cashew.icar.gov.in/
water/) SW-15535/2022 on 30-06-2022,
iii). DCR-Cashew Nutrient Manager — Offline
[SW 15864/2022-CO/SW] on 3/10/2022 and
iv). Cashew diseases [SW-15907/2022] on

e A total of four copyrights were granted to 9/11/2022.
Copy rights obtained
Sl. | Details of software / mobile app Copyright | Filing Registration | Issue
No. DiaryNo. Date No. date
1 Cashew leaf diagnosis 347/2022- | 06/01/22 | SW- 12-08-22
(https://cashew.icar.gov.in/leafanalysis/) | CO/SW 15715/2022
2 DCR- Cashew Drip/Fertigation Calculator | 138/2022- | 03/01/22 | SW- 30-06-22
(https://cashew.icar.gov.in/water/) CO/SwW 15535/2022
3 | DCR-Cashew Nutrient Manager — Offline | 8062/2022- | 16/04/22 | SW- 03-10-22
CO/SW 15864/2022
4 | Cashew diseases (Mobile app) 8073/2022- | 16/04/22 | SW- 09-11-22
CO/sSw 15907/2022
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14. RAC/ IRC/ IMC/ 1JSC MEETINGS

14.1. Research Advisory Committee (RAC)

The second meeting of 9th Research
Advisory Committee (26" RAC) of ICAR-DCR,
Puttur was held during 7 and 8 June, 2022 at
video Conference Hall of ICAR-DCR, Puttur on
hybrid mode. The meeting started on 07.06.2022
at 9.30 am with the welcome address by Dr.
T.N. Raviprasad, Director (A), ICAR-DCR. This
was followed by the introductory remarks of
the Chairman, Dr. N.K. Krishna Kumar. After the
brief introductory remarks by the RAC members,
Dr. Anandprakash, Dr. Pravu Charan Lenka, Dr.
George V. Thomas, Dr. R. Muraleedhara Prasad
and Dr. N. Basavaraj. Action taken report on the
recommendations of 1st meeting of 9 RAC was
presented by Dr. K. Vanitha, Member Secretary
(9 RAC). During the remarks, RAC opined to take
up the studies on influence of climate change
on crop phenology; research interventions to
enhance productivity of cashew and also market
analysis. The IMC members, Mr. K Subash Rai and

Mr. Udaya Kumar also participated in the meeting
and shared their opinions about cashew farming
and the problems faced by the farmers in recent
years. Subsequently, there were presentations
by the scientists of ICAR-DCR on their ongoing
research projects under crop improvement,
crop management and farm machinery, crop
protection, post-harvest technology and transfer
of technology sections. The research progress
and the accomplishments of 47 research projects
including seven external projects were presented
during the meeting under nine mega projects.
There were critical observations by the RAC on
the research outcomes, and the suggestions
to proceed further were discussed at length.
Following the concluding remarks by the RAC
Chairman and members, the recommendations
were finalized. On the second day of the meeting,
cashew nurseries and farmers’ field in and
around Puttur, Brahmavara and Udupi regions of
Karnataka were visited by the RAC.

14.2 Institute Research Council (IRC)

The meeting of the 35" Institute Research
Committee (IRC) was held during 27-28,
September 2022 under the Chairmanship of Dr.
T.N. Raviprasad, Director (Acting), ICAR-DCR,
Puttur in hybrid mode at Videoconference hall of

Silver Jubilee Building, DCR, Puttur and through
Zoom platform. Dr. Shamsudheen M, Member
Secretary, IRC welcomed the Chairman, members
of IRC and the resource persons. In a brief
address, the Chairman, IRC, Dr. T.N. Raviprasad
welcomed the scientists and appreciated the

(149)
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efforts of the scientists. Dr. G.S. Prakash,
Former Head, Fruit Crops, IIHR, Bengaluru said
that scientists should work in close association
with farmers. Dr. M.G. Bhat, Former Director,
DCR, Puttur indicated the need to enhance
the productivity and thereby the production in
cashew. The scientists should closely observe the
cashew plants and the experimental material. He
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also suggested that the Vision document of DCR
and ICAR (Vision 2030 and 2050) need to be kept
in mind while formulating new projects and while
implementing ongoing projects. The scientists
presented the achievements made under various
ongoing projects and presented some new
project proposals also. The summary of projects
presented in IRC is given below.

Division Institute projects External projects Total
Projects
Concluded | Ongoing | New Total Concluded | Ongoing | New Total
projects | ongoing projects | ongoing
institute external
projects projects
2022-23 2022-23
Crop 2 8 1 9 1 1 1 10
Improvement
Crop 1 11 11 1 12
Management
Crop 1 5 1 6 6
Protection
Post Harvest 8 8 8
Technology
Transfer  of 2 2 1 4 4 6
Technology
Total 4 34 2 36 2 5 1 6 42

14.3 Technology meet-2022

Technology Meet-2022 of DCR was held on
21.02.2022 at 2.30 PM at ICAR-DCR, Puttur in
hybrid mode under the Chairmanship of Dr. T.N.
Raviprasad Director (Acting), ICAR-DCR, Puttur
for commercialization of two technologies i.e.,

Nethra Vaman and Nethra Jumbo 1. Participants
from various parts of Karnataka, Kerala and
Tamil Nadu namely; Nursery owners and officials
of Farmer Producer Organizations (FPOs)
participated in the technology meet. The project
investigators (PIs) briefed about the technologies

(150)
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being commercialized: Nethra Vaman and Nethra
Jumbo-1. At first, Dr. Mohana G. S., Principal
Scientist (Genetics & Cytogenetics), presented
about the unique features of dwarf variety
Nethra Vaman. Later on Dr. J.D. Adiga, Principal
Scientist (Horticulture), presented about Nethra
Jumbo 1, the second jumbo nut hybrid from
the Directorate, which yields big and uniform
size nuts. At last Dr. Siddanna Savadi, Officer in-
charge, ITMU & Coordinator of the Technology
Meet-2022, presented the process for licensing
DCR technologies and also the pricing details of
the technologies. The interested buyers were
invited for the price negotiation.

14.5 Institute Joint Staff Council (IJSC)
1JSC Meeting held on 22.06.2022

aiftier Ufaae® Annual Report 2022

14.4 ITMC meetings

Two ITMC meetings 19" and 20 were
conducted on18.02.2022 and 17.06.22

respectively under chairmanship of the Director
Dr. T. N. Raviprasad (Acting). In 19" meeting
conducted on 18.02.22, TDFs of Nethra Jumbo-1
and Nethra Vaaman varieties were discussed and

llql

recognized as commercializable technologies and
licensing fees were fixed for both the varieties.
In 20th meeting conducted on 17.06.22, the
licensing fee for Nethra Jumbo-1 variety was
reduced after negotiation with the potential
licensees. With respect to royalty fixation for
the Nethra Jumbo 1 variety, it was decided to
discuss with Agrinnovate. It was decided to make
correspondence with the Vice Chancellors of UHS,
Bagalkot and UAHS, Shimoga.

2. Dr. Mohana G.S. Senior Scientist Member, Official side
3. Dr. K. Vanitha, Scientist Member, Official side
4,  Sri. Muralikrishna K, Chief Technical Officer Member, Official side
5.  Administrative Officer Member, Official side
6. Asst. Finance & Accounts Officer Member, Official side
7.  Asst. Administrative Officer Secretary Official side
8. Smt. Reshma K, PA Member, Staff side
9. Ms. Winnie Lobo, Asst. Secretary Staff side
10. Sri Bojappa Gowda. Technical Officer CJSC Member

11. Sri. Honnappa Naik P, Sr. Technician Member, Staff side
12.  Sri. Vijaya Achary, Skilled Support Staff Member, Staff side
13 Sri T. Padmanabha, Skilled Support Staff Member Staff side
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15. PROGRAMMES, WORKSHOPS, SEMINARS, TRAINING,
FARMERS DAYS AND OTHER RELEVANT EVENTS ORGANISED

International Women's day, 2022

International Women'’s Day was celebrated at
the Directorate on 8" March, 2022. The function
was presided by Dr. T N Raviprasad, Director
(Acting). Dr. Babli Mog, chairman of Women’s
cell welcomed the gathering. Following this, Dr.
Aswathy Chandrakumar, scientist (Agrl. Extension),
delivered a presentation on “Developmental
programmes for women in India”. The programme

concluded with a brief interaction among the staff
on the importance of empowerment of women.
Dr. Vanitha K, member secretary, Women'’s cell
gave the vote of thanks.

B

Kisan Bhagidari Prathmikta Hamari campaign

The Government of India had launched
a nation-wide campaign on the theme “kisan
Bhagidari Prathmikta Hamari" as a part
of the Azadi ka Amrut Mahotsav. This
campaign has been organized throughout the
country from 25% April — 30" April, 2022 and
a series of activities have been undertaken
by various ministries and departments to
support the farming community of the country.

Inauguration of Silver Jubilee building

The honourable Shri. Narendra Singh Tomar,
Union Minister of Agriculture & Farmers’ Welfare
virtually inaugurated the Silver Jubilee Building of
the ICAR-Directorate of Cashew Research, Puttur,
Karnataka on 31.03.2022.

The Union Minister regarded the New
Silver Jubilee Building as a new dimension in the
council’s vision of empowering and benefiting
the agricultural community which will help in
advancing the research on the cashew crop. He
stated about the council’s efforts of enabling the
farmers to connect with it through technological
advancements.
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As a part of this campaign, ICAR-Directorate of
Cashew Research, Puttur also organized a webinar
on the theme “Nutritional Security through
Biofortification for the benefit of agriculture
stakeholders” on 28" April, 2022. Dr. Rajkumar A
Dagadhkhair, Scientist (Food Technology), ICAR-
Directorate of Onion and Garlic Research, Pune
gave a talk on this topic. In his talk, he explained
about the need for biofortification, the means to
achieve it, how it can address food security issues
and shared some of the success stories. A total of
25 participants had attended the webinar.

International Yoga Day celebration at ICAR-
DCR, Puttur

International Yoga Day was celebrated at
ICAR-Directorate of Cashew Research, Puttur on
21%t June, 2022. Dr. Udayakumara K, Lecturer,
Department of Yogic Science, Mangalore
University, was invited for the function. The
programme commenced with the introductory
remarks by Dr. Udayakumara K wherein he briefed
about the importance of inculcating yoga in our
life. This was followed by a brief yoga session
under his guidance in which the participants were
taught about the basic yogasanas, the importance
of each yogasana and meditation. A total of 35
participants attended the function which included
scientists, technical staffs, skilled supporting

staffs, contractual staffs, research associates and
students.
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On the occasion of PM Kisan Samman
Sammelan, 2022 organised during the Agri-
Startup Conclave and Kisan Sammelan at Mela
ground in Delhi on 17th October, farmers were
invited to ICAR-DCR, from Puttur, Chikkamagaluru
and Kasaragod for the webcasting of the inaugural
function of PM Kisan Samman Sammelan. During
the inaugural function, Hon’ble Prime Minister, Shri
Narendra Modi addressed the farmers throughout
the country. He emphasized on the concept of “Ek
Desh Ek Urvak” (One Nation One Fertiliser) while
inaugurating 600 Pradhan Mantri Kisan Samrudhi
Kendras and highlighted that Rs. 16,000 crores
has been released as part of PM KISAN fund. A
total of 71 farmers attended the programme.

PM Kisan Sammelan

World Soil day celebrations

Every year World Soil day is celebrated on
5th December, 2022 advocating the importance
of healthy soils and the need for sustainable
management of soil resources. The theme for this
year is “Soils: Where Food begins”. As a part of
the World Soil day celebrations at the Directorate,
a soil health camp was organized in the farmer’s
field in Bettampady village of Puttur.

The camp aimed at sensitizing the farmers on
the importance of soil health in ensuring food and
nutritional security and highlighted the need for
soil health analysis for sustainable management
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of soil resources. Soil health cards were distributed
to the farmers during the soil health camp and
farmers were given advisories on soil management
based on the soil health analysis. The camp
commenced with the lighting of the lamp by Dr. D
Balasubramanian, Director-in-charge, ICAR-DCR,
Puttur. In his opening remarks, he briefed about
the soil health card programme of Govt. of India
and he emphasized on the importance of judicious
application of nutrients including micronutrients,
based on soil test report. He highlighted the
importance of soil in the production of quality
food for human beings.

Following the distribution of soil health
cards by Director-in-charge, Dr. Shamsudheen
Mangalassery, Senior Scientist (Soil Science)
delivered a talk on the theme “Soils: Where food
begins.” Dr. Bhagya H, Scientist (SPM and AP) and
Dr. Veena G L, Scientist (Fruit science) of ICAR-
Directorate of Cashew Research coordinated the
event and assisted in giving advisories to the
farmers. A total of 31 farmers attended the soil
health camp and they opined that the camp was
very fruitful.

Kisan Diwas

On 23/12/2022, Kisan Diwas was organised
at ICAR-Directorate of Cashew Research, Puttur
for the farmers under the SCSP and Tribal sub
plan programme. The one of the chief guests
of the function, Sri. Kadamajalu Subhash Rai,
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a progressive farmer delivered the speech by
highlighting importance of farmers and agriculture.
The other chief guest, Sri. Uday Kumar, M.,
who is also a progressive farmer addressed the
gathering with his own agricultural success stories.
Consequently, farmer and scientist interaction
session was arranged in which farmers interacted
with the scientists about nutrient, pest and disease
management in cashew. Dr. T.N. Raviprasad,
Principal Scientist (Agricultural Entomology) and
Dr. Shamsudheen, Senior Scientist (Soil Science)
addressed the queries received from the farmers.
Farmers interacted well and they requested
the Director for one day training programme
on “Cultivation practices of Cashew” which was
accepted by the Director, ICAR-DCR, Puttur.

The presidential address was delivered by
Dr. 1. Dinakara Adiga, Director, ICAR- DCR, Puttur.
In his speech, he has narrated the objective of
conducting Kisan Diwas and briefed about ICAR-
DCR’s achievements and schemes for the benefit
of the cashew farmers. As a part of the Kisan
Diwas celebration, seed kit was distributed to
the farmers and a demonstration on “Weeding
in cashew orchard by using brush cutter” was
conducted in our Kemminje farm. This was
followed by a field exposure visit for the farmers
to the field of Sri Kadamajalu Subhash Rai to
create awareness and motivate the farmers to
take up scientific cashew cultivation. A total of 75
farmers from Bettampady, Kuriya and Kemminje
villages of Puttur, Karnataka and Karadka village
of Kasaragod, Kerala attended the “Kisan Diwas”
function.

Cashew Day

Cashew Day, an annual event of ICAR-
Directorate of Cashew Research, Puttur was
organised on 22" March, 2022 with an aim to
create awareness about systematic cultivation
of cashew among the farmers, providing an
opportunity for mutually beneficial farmer-scientist
interaction and show them the ways to increase
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their income through value addition from cashew
nuts and cashew apple. During the day long
program, four progressive cashew farmers and
two entrepreneurs in the field of value addition of
cashew apple shared their experiences motivating
the farmers gathered in large number.

Sri S N Bhat Khandige, President, All India
Cashew Growers Association and Vice-president
CAMPCO was invited as the Chief Guest. While
delivering the remarks, he requested the farmers
to come out of the old mindset that cashew was
a “forest produce” and called for its systematic
cultivation. Dr. T N Raviprasad, Director (Acting),
ICAR-DCR, Puttur, in his introductory remarks,
emphasized on the need for participatory research
wherein the contributions of both the farmers and
researchers are important in development of the
sector. During the function, a new Cashew variety
Netra Jumbo-1 and the improved and revised
version of “Cashew India App-2" were released.
Three technical bulletins and three extension
folders (Kannada and English) were also released
for the benefit of farmers.

Following the official inauguration, technical
sessions were organised for the farmers, wherein
progressive farmersandentrepreneurswereinvited
to share their experiences. Shri Brijith Krishna
M C, CEO Eatery Malabarikas, Kannur shared his
experience in venturing into cashew sprouts and
explained its scope. Shri Chandrashekhara Udupa,
a progressive farmer from Udupi explained about
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the activities of a Cashew based FPO while another
progressive farmer Shri Ravichandra Amtange
from Uppinangady spoke on how cashew farming
can be made profitable with intercrops and bee
keeping. Shri Canute Aranha, Kalpady progressive
cashew farmer and entrepreneur from Mulky, gave
a talk on the scope of value addition in Cashew
apple and explicitly said how cashew apple value
addition can bring 2-3 times the returns over raw
nuts to farmers. He told there is great demand
for products like cashew Halwa, Juice and Wine
and anybody can venture with it. Technologies
developed by ICAR-DCR, different varieties of
cashew fruits and grades of cashew kernels and a
few value-added products prepared from cashew
apple and many food items prepared using cashew
apple by the households were also exhibited on
the occasion.

Vigilance Awareness Week

ICAR-Directorate of Cashew Research,
Puttur celebrated the Vigilance Awareness Week
-2022. A week-long programme was conducted
by the Directorate from 31t October 2022 to 6%
November 2022. The Vigilance Awareness week
was started by taking the integrity pledge by
staff members and general public on 31 October
2022. The week-long activities during the period
were intended to create awareness about the
transparency, accountability, and corruption
free governance, among the staff members and
the civil society. Various internal housekeeping
activities were attended by different sections.

The valedictory function was held at the
main conference hall of the Directorate on 07-
11-202. Dr. Shamsudheen. M, Senior Scientist
& Vigilance Officer, ICAR-DCR, Puttur welcomed
the gathering. The programme was inaugurated
by Sri. Gowda. R.P., Principal Senior Civil Judge
and ACIM, Puttur & President, Puttur Taluk Legal
Services Committee. He mentioned that greed is
the basic cause of corruption. He stressed that
individual must develop corruption opposition
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mindset and protest the corruption. Sri. Manohar.
K.V, President, Bar Association, Puttur also talked
on the occasion and he indicated that it is the
corrupt practices that facilitate corruption and
stressed on the need to curb such practices. The
resource person, Adv. Sudheer Tholpady, Puttur,
delivered a special talk on the theme “Corruption
free India for a developed Nation”. He narrated
in detail how the corruption comes in between
the development of a nation and indicated that

P

the least corrupt nations are highly developed
and highly corrupt nations are extremely under
developed and poor. The programme was presided
over by Dr. T.N. Raviprasad, Director (Acting) of
the Directorate. The programme was organized
jointly by DCR, Puttur, Legal Cell, Puttur and Bar
Association, Puttur. The programme was attended
by 126 members including the students from
Sandeepani School.

SI No. Programme details

Date Male Female Total

1 Valedictory function of Vigilance
Awareness Week 2022

07-11-2022 80 46

126

Swachhta Pakhwada - 2022

The ICAR- Directorate of Cashew Research,
Puttur, Karnataka has observed “Swachhta
Pakhwada" from 16.12.2022 to 31.12.2022 by
conducting various day-wise activities as per the

guidelines received from the Government of India.
The day-wise activities like, pledge taking, display
of banners in prominent places of the institute,
cleaning of residential premises, celebration
of kisan diwas, debate related to Swachhta,
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VIP address on Importance of Swachhta, visit
to waste management unit of Puttur, webinar
on demonstration of composting technologies,
lectures on rainwater harvesting, waste water

DEMONSTRATIONS
Drone Demonstration

Conducted forty-four Drone technology
demonstrations for spraying of agricultural
chemicals/micro nutrients/organic pesticide under
the scheme "“Drone Technology Demonstration
(DTD)” funded by Central Sector Scheme of Dept.
of Agriculture & Farmers Welfare, implemented
through ATARI (Sub Mission on Agricultural
Mechanization) with aim to create awareness
about Drone applications in agriculture among

Details of demonstrations

aifiies ufaaes Annual Report 2022

9

recycling and generation of wealth from cashew
apple waste has been conducted. The programme
has increased the awareness about the Swachhta
among the participants.

—

- .'--r 3
Wit hi

the farmers, extension workers and other

stakeholders.

A team of scientists involved in Drone
technology demonstration are Dr. Manjunatha K.,
Scientist (Farm Machinery & Power) & PI of the
project; Dr. T.N. Raviprasad, Principal Scientist
(Agrl. Entomology); Dr. J Dinakara Adiga, Principal
Scientist (Horticulture); Dr. Shamsudheen M.,
Senior Scientist (Soil Science); Dr. Siddanna
Savadi, Scientist (Biotechnology) and Dr. Aswathy

Chandrakumar, Scientist (Agrl. Extension).

~ No. of Area N o _of Coordin_ator Convenor
No. Date Place Demo covered Crop participant | Co-coordinator
- ) (acres) s
Kemminje Farm, Dr. Manjunatha Dr. Siddanna
Puttur, K, Savadi, Dr.
1. 22.09.2022 D.K., Karnataka 1 2.0 Cashew 57 Dr. 1. D. Adiga Shamsudheen M,
Dr. Veena G L, Dr.
Manjesh G N
Shantigodu Farm, Dr. Manjunatha Dr. Siddanna
D.K., Karnataka K, Savadi, Dr.
2. 23.09.2022 1 2.5 Cashew 32 Dr. J. D. Adiga Shamsudheen M,
Dr. Veena G L, Dr.
Manjesh G N
Kemminje Farm, Dr. Manjunatha Dr. Siddanna
3. 24.09.2022 Puttur, 1 1.5 Cashew 23 K, Savadi,
D.K., Karnataka
Kemminje Farm, Dr. Manjunatha Dr. Siddanna
4, 04.11.2022 Puttur, 1 4.0 Cashew 18 K, Savadi,
D.K., Karnataka
CPCRI Research Dr. Manjunatha Dr. Siddanna
Centre and K, Savadi,
International
5. 18.11.2022 Coconut Gene 1 1.5 Coconut 27
Bank for South
Asia, KIDU, D.K.,
Karnataka
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Kisan Mela of Dr. Manjunatha Dr. Siddanna
CPCRI Research K, Savadi,
Centre and
International
6. 19.11.2022 Coconut Gene 7.0 Coconut 500
Bank for South
Asia, KIDU, D.K.,
Karnataka.
Dr. Manjunatha K Dr. Babli Mog
Kaddirampura, Dr. Eradasappa,
7. 06.12.2022 Hosapete (T), 1.5 Sugarcane 88 E.
Vijayanagara (D) Dr. Siddanna
Savadi
06.12.2022 Dr. Manjunatha K Dr. Babli Mog
Anegundi, Dr. Eradasappa,
8. Gangavati (T), 2.5 Banana 90 E.
Koppal (D) Dr. Siddanna
Savadi
06.12.2022 Dr. Manjunatha K Dr. Babli Mog
Chikka Jantakal, Dr. Eradasappa,
9. Gangavati (T), 5 Banana 136 E.
Koppal (D) Dr. Siddanna
Savadi
Dr. Manjunatha K Dr. Babli Mog
Chikka Chellury, C:;lz'l’f;” ' Dr. Eradasappa,
10. | 07.12.2022 Challakere (T), 4.5 Custara 229 E.
Chitradurga (D) apple Dr. Siddanna
Savadi
Dr. Manjunatha K Dr. Babli Mog
Siddeshwaranadur Dr. Eradasappa,
08.12.2022 | ga, Challakere (T), 1.75 Cashew 46 E.
Chitradurga (D) Dr. Siddanna
Savadi
Dr. Manjunatha K Dr. Babli Mog
Hariyabbe, Dr. Eradasappa,
11. | 08.12.2022 Hiriyuru (T), 2 gf‘j;e:t’ig( 28 E.
Chitradurga Dr. Siddanna
Savadi
. ) Bengal DrbMag'jL;Inatha K Dr. H.P Bhagya
ovanakoppa, r. Siddanna
12, | 20.12.2022 Bailhonga 2 ghrflaar;;e& 135 Savadi, Dr.
Rajashekara, H.
Dr. Manjunatha K Dr. H.P Bhagya
Chikkabellikatti, Bengal Dr. Siddanna
13.| 20.12.2022 Bailhongal 25 gram 93 Savadi, Dr.
Rajashekara, H.
Mallammana Drbl:‘lasl}gégit:: K Dr. H.P Bhagya
14, | 20.12.2022 Belavadi, 2 Maize 119 S;wa di Dr
- , Dr.
Bailhongal Rajashekara, H.
Dr. Manjunatha K Dr. H.P Bhagya
Dodwada, Bengal Dr. Siddanna
15. | 21.12.2022 Bailhongal 2 gram 210 Savadi, Dr.
Rajashekara, H.
Dr. Manjunatha K Dr. H.P Bhagya
. Dr. Siddanna
16. | 21.12.2022 Kittur, Belgaum 3 Mango 239 Savadi, Dr.
Rajashekara, H.
Dr. Manjunatha K Dr. H.P Bhagya
Khanapura, Dr. Siddanna
17. | 22.12.2022 Belgaum 2 Cashew 40 Savadi, Dr.
Rajashekara, H.
Dr. Manjunatha K Dr. H.P Bhagya
Karaguppi, Hukkeri Cotton & Dr. Siddanna
18. | 22.12.2022 (T), Belgaum 2 Sugarcane 155 Savadi, Dr.
Rajashekara, H.
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Demonstration on soil sampling

Soil sampling is an important step towards
better soil health management. Soil health is
important for achieving Honourable PM’s vision of
Swasth Dharaa. Khet Haraa and for ensuring
food security in the country. With an aim to
sensitise the farmers on the importance of soil
sampling in soil health management, ICAR-
Directorate of Cashew Research, Puttur organized

a demonstration in Bettampady under the Tribal
sub plan programme of the Directorate on 10%
November, 2022.

A team of scientists comprising of Dr.
Shamsudheen M, Senior Scientist (Soil Science),
Dr. Bhagya H, P. Scientist (SP&MAP) and Dr.
Veena G L, Scientist (Fruit Science) visited
the farm of Smt. Anitha, who is a progressive
farmer practicing integrated farming system in
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Bettampady. The programme commenced with
the introductory remarks by Dr. Bhagya H. P. and
dr. Veena, G.L. who spoke about the importance
of soil health in ensuring productivity of crops. Dr.
Shamsudheen M who is a scientist in soil science
sensitized the farmers about the soil health card
initiative of Govt. of India and explained in detail
the procedure of collecting soil samples for soil
testing. He also highlighted, how the soil needs to
be collected from their field and how the method
varies for different crops. This was followed by
a method demonstration by the scientists for
enhancing the knowledge of the participants in
arecanut plantation. Around 22 farmers from
nearby villages attended the demonstration and
they found the session very useful as many were
not aware of the technique.

Monitoring of Demonstration plots under
Cashew area expansion programme

A team of scientists comprising of Dr.
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Scientist, (Plant Breeding), Dr. Rajashekhara
H, Scientist (Plant Pathology) and Dr. Aswathy
Chandrakumar, Scientist (Agrl. Extension) visited
the demonstration plots laid under Cashew area
expansion programme in Sagar and Chitradurga
districts from 2" February, 2022-5" February,
2022. Around 15 plots were visited and advisories
were given to the farmers regarding pruning,
management of ultra high-density plantations,
application of fertilizers and control for tea
mosquito bugs and thrips.

Webinars organised as a part of "Azadi ka
Amrut Mahotsav" campaign

Azadi ka Amrut Mahotsav a flagship
scheme of Govt. of India was launched to
commemorate 75 years of India’s independence.
As a part of this campaign, weekly webinars
were organised on various topics for the benefit
of researchers, students, farmers and other
stakeholders involved in agriculture. A total of 21

Mohana G S, Principal Scientist (Genetics webinars were organised during this period, the
and Cytogenetics), Dr. Eradasappa E, Senior details of which have been tabulated below.
Sl. Title of Resource person with Date No. Of
No. webinar/activity contact details participants
1. | Clean milk production Dr. D N Hegde 06.01.2022 28
Former Director (AH)
Karnataka Milk Federation
2. | An overview of Protected | Dr. M S Biradar, 14.01.2022 58
cultivation of horticultural | Associate Professor (Hort.) and
crops Head, Hi-tech Horticulture Unit,
UAS, Dharwad
3. | Indian sandalwood: A | Dr. Sangram Chavan 21.01.2022 81
productive and profitable | Scientist (Agroforestry)
parasite ICAR-NIASM,
4. | Pollinators of Cashew: | Dr. K Vanitha, 28.01.2022 43
Species Diversity and | Senior Scientist (Agrl.
their Importance Entomology),
ICAR-DCR, Puttur
5. Appemidi: An Dr. Veena G L, 04.02.2022 48
endangered treasure of | Scientist (Fruit Science),
Western Ghats of ICAR-DCR, Puttur
Karnataka
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6. | Therapeutic potentials of | Dr. Manjesh G N 11.02.2022 39
terpenoids from medicinal | Scientist (SPM & AP),
and aromatic plants ICAR-DCR, Puttur
7. |Is Cashew Farming | Dr. Eradasappa E, 25.02.2022 37
Profitable now? Senior Scientist, (ICAR-DCR,
Puttur
8. | Do plants have brains? An | Dr. B N  Sathyanarayana, | 28.02.2022 59
Insight into Plant | Emeritus Scientist and Formerly
Intelligence Dean-Post Graduate studies
9. | Is there anything called | Dr. MohanG S, Principal Scientist | 11.03.2022 37
Indian Science (Genetics and Cytogenetics),
ICAR-Directorate of Cashew
Research, Puttur
10. | Recent Developments in | Dr. Rajashekhar H, 19.03.2022 39
Blast Disease of Cereal | Scientist (Plant Pathology),
Crops ICAR-DCR, Puttur
11. | Plant Health Management | Dr. Bhavishya, 25.03.2022 47
in Arecanut for Better | Scientist (Horticulture)
Productivity ICAR-CPCRI Regional Station
Vittal
12. | Achieving self sufficiency | Dr. H C Lohithaswa, Professor | 11.04.2022 31
in Indian Pulse production: | and Scheme Head, AICRP on
the way forward Pulses, UAS, GKVK, Bengaluru
13. | Useful and Unique | Dr. MohanG S, Principal Scientist | 23.04.2022 39
Agricultural Websites and | (Genetics and
Apps for Stakeholders Cytogenetics), ICAR-
Directorate of Cashew Research,
Puttur
14. | Forage Entomology Dr. Narendra Kulkarni, 29.04.2022 31
Principal Scientist (Agrl.
Entomology), ICAR-IGFRI,
Dharwad Regional Station
15. | Participatory = Ecosystem | Dr. Anil Kumar N, 07.05.2022 36
Management and | Senior Director, MSSRF, Wayanad
Biodiversity Conservation
16. | Increasing the visibility | Dr. Sridhar Gutam, 12.05.2022 32
and impact of research Senior Scientist (Plant
Physiology), ICAR-IIHR,
Bengaluru
17. | Breeding for Plant type | Dr. Rajesh S Patil, 19.05.2022 22
and earlines in cotton Principal Scientist (GPB), UAS,
ARS farm, Dharwad
18. | Climate Change and Dr. Babli Mog, 17.06.2022 36
Indian Cashew Scientist (Plant Pathology), ICAR-
DCR, Puttur
19. | Role of genetic | Dr. Siddanna Savedi, Scientist | 24.06.2022 37
engineering in  crop | (Plant Biotechnology), ICAR-DCR,

improvement in the era of
climate change and
diversified food habits

Puttur
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Training/ Workshop

Three days Online Training Programme
on “Cashew Production and Post Harvest
Technologies” in collaboration with
MANAGE, Hyderabad

A virtual training programme on “Cashew
Production and Post Harvest Technologies
sponsored by MANAGE, Hyderabad was organised
by ICAR-Directorate of Cashew Research, Puttur
from 16 February to 18 February, 2022.

The training received a good response from
the participants from different parts of the country.
Atotal of 140 participants had attended this training
programme of which nearly 70 were students
and the rest were faculty from State Agriculture
Universities, KVKs, SAMETI, ATMA, NGO and
private organisations. Training was imparted on
various aspects such as nursery management,
cashew varieties, breeding in cashew, canopy
management, soil and nutrient management,
protection measures and processing of Cashew.
The participants expressed that the training was
very useful in increasing their awareness and
knowledge.

Training on Cashew Production technology

Two trainings were organised in Sagar
taluk of Shimoga district and Challakere taluk of
Chitradurga district on 16" and 17" of March,
2022 which were sponsored by DCCD, Kochi.
Considering the rapid expansion of cashew
cultivation in non-traditional areas like Sagar,
Soraba, Hosanagar, Thirthahalli and drier parts
of the state such as Challakere, Chitraduga,
Hiriyur etc. the trainings were organised to impart
knowledge on scientific cashew cultivation for the
benefit of the cashew growers. Keeping in view
of the low adoption of scientific management
practices due to low awareness and the prospects
of increasing the area under cashew cultivation in
these areas, the trainings were planned to cover
all aspects of cashew cultivation.
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Training at Sagar on 16.03.2022

The training programme at Sagar commenced
at 11.00 am with a brief inaugural session which
was presided by Dr. J Dinakara Adiga, Principal
Scientist (Horticulture), ICAR-DCR, Puttur. Two
progressive farmers Shri. Prakash Naik and Shri.
Vinayaka Maneghatte were also invited to share
their views on the prospects of cashew cultivation
during the function. This was followed by a lecture
by Dr. Mohana G S, Principal Scientist (Gen.
and Cytogen.) and coordinator of this training
programme, in which he gave an overview of
the Cashew scenario in India. Following this
session, Dr. Eradasappa E, Senior Scientist (Plant
Breeding), gave a lecture on different varieties of
Cashew which are available for cultivation with a
prime focus on the varieties suitable to that area.
Since the introduction of Cashew Area Expansion
programme in Neechadi village and other adjoining
villages in Sagar, many farmers were attracted to
this crop. However, scientific cultivation of cashew
was adopted by very few. Keeping this in view, Dr.
J Dinakara Adiga, Principal Scientist (Horticulture),
ICAR-DCR, Puttur sensitized the farmers on the
need to adopt scientific cultivation practices.

Ultra high density cashew planting system was
gaining popularity in this region. In this system of
planting, cashew trees were planted at a spacing of
2.5m x 2.5m and VRI-3 variety which is responsive
for pruning was adopted for this kind of planting.
Dr. Mohana G S, Principal Scientist (Gen. and
Cytogen.), ICAR-DCR, Puttur gave a detailed
presentation on the scope of Ultra high density
planting and the management practices that
need to be adopted for realizing the potential
yield from this system of planting. After lunch,
there were two sessions on crop protection
and one recorded session on processing of
Cashew apple. Dr Vanitha K, Senior Scientist
(Agrl. Entomology), ICAR-DCR, Puttur during
the lecture emphasized on management of tea
mosquito bug and cashew stem and root borer
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in Cashew while Dr. Rajashekhara H, Scientist,
(Plant Pathology) created awareness among the
farmers on the precautions to be taken to avoid
the spread of diseases in cashew. The technical
sessions concluded with a recorded talk by Dr.
Veena G L, Scientist (Fruit Science), ICAR-DCR,
Puttur in which she emphasized on the scope of
value addition by explaining about the various
value added products from cashew apple which
were commercialized from ICAR-DCR, Puttur. A
total of 51 participants had attended the training
programme.

Training at Challakere,
17.03.2022

The training programme commenced
with the inaugural function presided by Dr. ]
DinakaraAdiga, Principal Scientist (Hort.), ICAR-
DCR, Puttur. During the function, Shri B S Ragunath
a progressive farmer from Hariyabbe, Hiriyur taluk
shared his views on the scope of promoting this
crop in the region and also he shared his insights
on the way forward for promoting this crop. Shri
Ramkumar from Siddeshwaranadurga and Shri
Rajashekharappa from Challakere Taluk also
shared their experiences.

Chitradurga on

Dr. Mohana G S, Principal Scientist (Gen. and
Cytogen.) gave a brief overview of the cashew
scenario in the country and shared his insights on
why we should promote this crop. A detailed talk
on varieties available in cashew was given by Dr.
Eradasappa E, Senior scientist (Plant Breeding),
ICAR-DCR, Puttur with emphasis on varieties
suitable to Chitradurga district. Following this
introductory session, Dr. J Dinakara Adiga briefed
the farmers on the important crop management
measures that need to be taken up in cashew
which includes planting, nutrient management,
water management, canopy management and
growing of intercrops in cashew. The session on
management of tea mosquito bug and cashew
stem and root borer was handled by Dr. K Vanitha,
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Senior Scientist (Agrl. Entomology), ICAR-DCR,
Puttur and Dr. Rajashekhara H explained to the
farmers on the precautionary measures to be
taken to control diseases. A total of 75 participants
attended the training programme.

One day training programme on Cashew
Processing

Dr. D. Balasubramanian organized one day
training program on ‘Cashewnut processing’ for
30 nos. of farmers group from Chikkamagalur
district, Karnataka on 22 March, 2022.

One day training programme on Startup for
cashewnut processing and value addition

Dr. D. Balasubramanian organized 1-day
training program for 30 nos. of Agriculture
technology = Management agency (ATMA),
Cannanore, Kerala on ‘Startup for cashewnut
processing and value addition” on 23 March, 2022.

Research-Extension-Farmers-interface
meeting on 16* and 17" March 2022

Research-Extension-Farmers-interface
meeting were organized with the participants of
both the training programmes organized at Sagar
and Challakere on 16" and 17" March, 2022. Dr. ]
Dinakara Adiga, Principal Scientist (Horticulture),
Dr. Mohana G S, Principal Scientist, (Genetics and
Cytogenetics), Dr. Eradasappa E, Senior Scientist
(Plant Breeding), Dr. Vanitha K, Senior Scientist
(Agrl. Entomology), Dr. Rajashekhara H, Scientist
(Plant Pathology) and Dr. Aswathy Chandrakumar,
Scientist (Agrl. Extension) interacted with the
farmers for better understanding of field level
problems and other issues which they face in
cashew cultivation. Farmers raised a number of
queries like possibility of applying water soluble
fertilizers in Cashew, broadcasting of fertilizers
for reducing cost of cultivation, ideal time for
pruning, fruit set issues in VRI-3 and regarding
pest management and bee keeping in cashew
orchards.
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Scientist-Extension-Farmer Interface
meetingon Cashew Production Technologies
on 16 August, 2022

ICAR-DCR Puttur has been organising several
events for the farmers, students and scientific
community as a part of the "Azadi ka Amrut
Mahotsav campaign”. Under this initiative, a
Scientist-Extension-Farmer interface meeting on
Cashew Production technologies was organised
on 16" August, 2022. The interface meeting
commenced with the introductory remarks by
Dr. T N Raviprasad, Director (Acting) wherein he
emphasized on the need for scientific cultivation
of cashew for better yield.

During the interface meeting farmers wanted
information regarding the varieties suitable to this
Karavali region, application of fertilisers as well as
pest and disease management. Since few of the
farmers were new to the crop, Dr. T N Raviprasad,
Director (Acting) gave an overview of the scientific
cultivation practices and about management of
important pests in Cashew like Tea Mosquito Bug
and Cashew Stem and Root Borer. Dr. J Dinakara
Adiga, Principal Scientist (Horticulture) during his
interaction with the farmers informed about the
fertiliser recommendation for the crop while, Dr.
Eradasappa E, Senior Scientist (Genetics and Plant
breeding) explained about the varieties suitable
to this region. Since farmers were not aware of
the utilisation of cashew apple for value addition,
Dr. Veena G L, Scientist (Fruit Science) briefly
explained the scope of value addition of cashew
apple. Dr. Rajashekara H, Scientist (Pathology)
gave a brief orientation to the farmers on diseases
like anthracnose in cashew and the application
of Bordeaux paste as a control measure. An
important concern raised by the farmers during
the interface meeting was regarding the low price
for raw cashewnuts which make cashew farming
less profitable.
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One day Training-cum-demonstration on
cashew processing

A training cum demonstration programme on
cashew processing was organised for 5 farmers
from Badiadka panchayat of Kasaragod on 30th
July 2022. The training programme was organised
in collaboration with the Badiadka Krishi Bhavan,
Kasaragod. The training session was handled by
Dr. D Balasubramanian, Principal Scientist (AS
& PE) and who is also heading the Agribusiness
Incubation Centre of ICAR-DCR, Puttur. The
training commenced with a theory class, in which
the basic aspects of cashew processing and the
steps involved was explained to the farmers.
Following this, the participants were acquainted
with machineries required for cashew processing.
Shelling of raw cashew nuts with the hand-cum-
pedal operated shelling machine and peeling were
demonstrated to the participants, which were
followed by hands on training session on shelling
and peeling by them. The farmers opined that the
training was very useful and the hands-on training
session helped them to understand the process of
shelling and peeling in a better way.

Entrepreneurship-cum-Skill Development
Training Programme on "“Value-added
products from Fruits & Vegetables” during
4 to 10 May 26022

The ICAR-Directorate of Cashew Research,
Puttur, Karnataka organized a five days virtual
Entrepreneurship-cum-Skill
Training  Programme  on

Development
"Value-added

&)



.'- %‘I:"I

—a T
an

products from Fruits & Vegetables" during
4 to 10 May 2022.The virtual training programme
commenced with the inaugural session. In
his inaugural address, Dr. T.N. Raviprasad,
Director (Acting), ICAR-DCR, Puttur highlighted
the importance of value addition and the
need for imparting the skills & knowledge and
empowering the people for self-employment. Dr.
P. Muralidharan, Head, ICAR-Krishi Vigyan Kendra,
Alappuzha, Kerala briefed about the KVK’s various
activities and the impacts of the various training
programmes. Around 30 participants attended
the programme which covered various aspects
such as value addition in vegetables and fruits like
jackfruit, banana and cashew apple and coconut.
Dr. Veena G.L and Dr. K. Manjunatha served as
the convenor of this training.

Entrepreneurship-cum-Skill Development
Training Programme on “Value-added
products from Fruits & Vegetables” from 28

Around 100 participants attended the
programme which included rural vyouth,
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The ICAR-Directorate of Cashew Research,
Puttur, Karnataka organized three days virtual
Entrepreneurship-cum-Skill Development
Training  Programme on  "Value-added
products from Fruits & Vegetables" from
28 to 30 November 2022. The training dealt with
different aspects of processing covering the value
addition of vegetables, fruits like banana, cashew
apple, jackfruit and coconut.

to 30 November 2022

In his inaugural address, Dr. T.N. Raviprasad,
Director (Acting), ICAR-DCR, Puttur highlighted
the importance of value addition, especially in the
horticultural sector and the role of such training in
generating employment opportunities.

Dr. P. Muralidharan, Head, ICAR-Krishi

Vigyan Kendra, Alappuzha, Kerala briefed about
the various activities of KVK and the impacts of
their training programmes.
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entrepreneurs, students and farm women. Dr.
Veena G.L served as the convenor of this training.
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17. DISTINGUISHED VISITORS

Mr. Sajeev, V.

Dr. V Aravindan Nambi

Mrs. Madhushree

Dr. Anandprakash,

Dr. Geroge V. Thomas

Namitha N.V

Anitha K
Dr. Bhoomika HR
Dr. Narendra Kulkarni

K. L. Raaghothama

P. Kumaresan

Dr. S. Das

Dr. Chinmaya

Sr. Suresh Babu

Manager, Planataion
Corporation of Kerala

Independent Expert On
Biodiversity

Chennai

Assistant Professor, Dept.
of PG Studies, Ujire
Member, RAC, ICAR-DCR,
Puttur

Former Director, ICAR-
CPCRI, Kasaragod

BTM, ATMA, Kasaragod

AGM, Karadka Block,
Kasaragod

Assistant Professor, COH,
Mudigere

Principal Scientist, IGFRI-
Dharwad

Purdue University, USA

Horticulture Officer,
TNHMI, Chennai
Best Innovative University

Best Innovative University

Associate Dean, Best
Innovative University

29.01.2022

19.02.2022

26.03.2022

08.06.2022

08.06.2022

10.06.2022

17.06.2022

18.06.2022

19.06.2022

29.09.2022

13.10.2022

20.10.2022

20.10.2022

20.10.2022
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18. PERSONNEL

Dr. J. Dinakara Adiga Director

Scientific

1. Dr. T.N. Raviprasad Principal Scientist (Agricultural Entomology)

2.  Dr. D. Balasubramanian Principal Scientist (Agricultural Structures
and Processing Engineering)

3. Dr. Mohana, G.S. Principal Scientist (Genetics & Cytogenetics)

4.  Dr. Shamsudheen Mangalassery Senior Scientist (Soil Science)

5. Dr. Eradasappa, E. Scientist (Plant Breeding)

6. Dr. K. Vanitha Scientist (Agricultural Entomology)

7. Dr. Babli Mog Scientist (Plant Physiology)

8. Dr. Siddanna Savadi Scientist (Agricultural Biotechnology)

9. Dr. Thondaiman V Scientist (Plantation medicinal spices and
aromatic crops)

10. Dr. Rajashekara, H. Scientist (Plant pathology)

11. Dr. Veena, G.L. Scientist (Fruit Science)

12. Dr. Bhagya, H. P. Scientist (Plantation medicinal spices and
aromatic crops)

13. Dr. Manjesh G N Scientist (Plantation medicinal spices and
aromatic crops)

14. Dr. Manjunath, K Scientist (Farm machinery and Agriculture
Engineering)

15. Dr. Aswathy Chandrakumar Scientist (Agriculture Extension)

Technical

1.  Shri. K. Muralikrishna Chief Technical Officer

2. Shri. P. Abdulla Chief Technical Officer

3. Shri. Prakash G. Bhat Chief Technical Officer

4,  Shri. N. Manikandan Sr. Technical Officer

5.  Shri. Raghurama Kukude Sr. Technical Officer

6. Shri. M. Bhojappa Gowda Technical Officer

7. Shri. Ravishankar Prasad Sr. Technical Assistant

8. Shri. Honnappa Naik, P. Sr. Technician

(169)
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Administration

1. Smt. M. Leela Upper Division Clerk
2. Smt. Reshma, K Assistant

3. Ms. Winnie Lobo Assistant

4,  Shri. Umashankar Upper Division Clerk
5. Smt. K. Padminikutty Upper Division Clerk

Research Management Position

Sri. N. Narayana Naik
Sri. Vijaya Achari

Sri. Veerappa

Sri. K. Annu

Sri. Krishnappa Naik
Sri. V. Sundara

Sri. C.H. Hariya Naik
Sri. K. Narayana

o e O [ S e TN e

Inter- Institutional Transfers

1  Sri Rajkumar Arjun Dagadkhair, Scientist
(Food Technology) Transferred to Directorate
of Onion & Garlic Research, Pune on
04.03.2022 (AN)

2 Sri R. Muthuraju, Asst Chief Technical
Officer Transferred to ICAR- National Dairy
Research Institute, Southern Regional Station,
Adugodi, Bengaluru on 29.03.2022(AN)

3  Sri. K.V. Ramesh Babu, Asst Chief Technical
Officer Transferred to ICAR-Indian Institute
of Horticultural Research, Bangalore on
15.12.2022 (AN)

Inter- Institutional Transfers - Join

1. Dr. H.P. Bhagya., Scientist (Spices, Plantation,
Medicinal and Aromatic Plants) from ICAR

9.  Sri. B. Narayana Poojari
10. Sri. B. Kushalappa

11. Sri. B. Babu Gowda

12  Sri. T. Padmanabha

13. Sri. S. Monappa

14. Sri. B. Seetharama

15. Sri. K. Gopalakrishna
16. Smt. S. Kasturi

— Indian Institute of Oil Palm Research,
Pedavegi, has reported for duty to this
Directorate w.e.f 17.08.2022(FN).

Retirement

Sri. K. Umanath Shetty, (Messenger),
Skilled Supporting Staff on superannuation
w.e.f.31.03.2022(FN)

Smt. M. Rathna Ranjini, Administrative Officer
retired on VRS w.e.f - 01.04.2022(FN).

Sri O.G. Varghese, PS retired on superannuation
w.e.f.30.06.2022 (FN).

Appointment

1. Dr. J.Dinakara Adiga, Principal Scientist as
appointed as Director w.e.f. 12.12.2022(FN).

(170)
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Promotion

2.

Dr. Shamsudheen. M, Senior Scientist (Soil
Science), has been Promoted from the pay
Matrix Level 12 to next higher grade pay
Matrix Level — 13A w.e.f 08.01.2020.

Dr. Eradasappa.E, Senior Scientist (Plant
Breeding), has been Promoted from the pay
Matrix Level 12 to next higher grade pay
Matrix Level — 13A w.e.f 26.02.2021.

Dr. Vanitha.K, Senior Scientist (Agriculture
Entomology), has been Promoted from the

aifiies wfaaeT Annual Report 2022 @
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pay Matrix Level 12 to next higher grade pay
Matrix Level — 13A w.e.f 21.04.2021.

Dr. Manjesh. G. N., Scientist (Spices,
Plantation, Medicinal and Aromatic Plants)
has been Promoted from the pay Matrix 10
to next higher grade pay Matrix Level — 11
w.e.f 05.07.2021

Smt. M. Leela, Assistant has been promoted
to AAO w.e.f -13.04.2022.

Smt. Reshma.K, Personal Assistant has
been promoted to Private Secretary w.e.f
27.07.2022

)



February

June
July
August

‘November
December
—

Annual
Total

3355

34.20

3558

34,90

27.46

2943
2838

30.34

3143

3173

33.17

31.97

19. WEATHER DATA (2022)

20.96

2146

23.91

- 2413

21.57

22.36

21.36

21.18

71.06

64.31
7060
83.20
85.21
88.75

190.06

88.75
86.82
85.60
77.04
76.97

38.57
4314
50.14
64.80
86.14

8151

80.61

57.93

56.60

51.86

48.66

57.92
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0.00

0.00
0.00
43.70

493.10

1217.40

1239.30

842.90

187.20

3.30

291

24
1.70

177

5

244.60

221.50

227.90

122.50

54.90

56.90

56.10
135.10
245.00
188.30

168.49

5.82
3.91
4.44
4.37
4.84
2.00
1.90
2.50
2.80

2,60

3.50

3.49
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20. PUBLICATIONS FOR SALE

DETAILS OF SALE OF INSTITUTE PUBLICATIONS

Sl. Name of the Publication sold Qty. | Amount
No.
1 | Cashew production technology 240-00
2 | Process catalogue on development of economically viable 180-00
on -farm cashewnut processing
3 | Pruning and canopy architecturing in cashew 3 120-00
4 | Soil and water mgt. in cashew plantations 3 90-00
5 | Softwood grafting and nursery mgt. in cashew 90-00
6 | Catalogue of minimum descriptors of cashew:
Germplasm accessions -1 1 165-00
Germplasm accessions -I1 1 125-00
Germplasm accessions -III 1 128-00
Annotated bibliography on cashew 1 205-00
8 | Development of dual-mode dryer for raw cashewnuts 1 90-00
Biochemical characterization of released varieties of 1 85-00
cashew
Total 22 | 1518-00

&)



FLD on Cashew: “Training and Pruning techniques” organized in collaboration
with ICAR-CPCRI, KVK, Kasaragod, Kerala
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Skill Development training programme on Nursery techniques in Cashew



Database on Beneficial Arthopods in Cashew Plantation
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