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I3 — IS STTHYM FReNer, R (Flesh) 1 Alfieh Ffaoed 2015-16 T&IA A W faw e & am
T | oTqHIfed qeheRt S % STIER HUel GUR, HHd JeUH, T TR&T0T, Hels SUUd Frarfimen! i dreifieht
& & el | fafie afEem st W s =e w1 § s ar o ywifa o iftd € 1 9% S e i
2 fop SR, =@ fAeemer™ 1 smEwdat 9001:2008 T yHIfora foram o © TR Trer H HEyM &l 30-03-2016 W HEA
Hrenfient & &= § ' Ifeadt 918 YR &1 i) T3alt e i 7'’ & faem & fae we Tde 9 o«f gemfa fean
T (9RA Yo WAl 272, 371) |

STV THIEA YaitH & T 1S Fiee S deh H TIT 7T 539 H F 499 THENT I USRS Tuehdl
% STIER edifehd foRaT T © | ST ot V 115 TS| STHITSH THAed ot a4 fefered s yehifem fhan
T ® 1 39 GH9H H, 1998-2003 % A NCFGB T &Y T STHTATSH TshUH & TI&T0] Ui & o1 SMfaet foma
T | T S T - 126 diee (11-12 UMW) 2 3R 3= 3T (6 A ISE H 17.4 fha/ag =1 F==it 3ust)
F WY TR & AU T T T | S 98 TS SR, 141 e 3Tfieh SUS <F dTelt Tad! a1 519 SRR
Tl o |1 3T IS < aTelt fhel i ug= iR @efor auiq & foshrd § oT=st Wifd &t TE € | 39 =9 90
% T W Ui 3ot & ohis] SuS | gig O T ¥ 1500 e / RAHRAR 3 e A0 W 7.64 T SUS S hi T
(910 A TR H) S WM ¥ B 9T (200 US/EHI) IUS (3.54 TH/REIR) hi gorl H 2.16 AT TR
T | TR % TN 576t o i) anT o fore fet 3 e e dl o TRl qaR R T E | e e geEehich
% TS H &N Uve dal o faweror # guitan w4 f Fe, Mn 3R Cu 3= 90ft (>2.5) ¥ & Safeh Zn 7eam S
(1.5-2.5) H 1| YoHveR & o HIs] ST o foTt SFT 7T Ik deaii o TSl 9 Wl =il foh siferenier faedt
T Sifoeh e, ST ASISH, ST Uead H & 9 a1 e iy § ISR (3.72-6.02) o | YThfash
ST 3T A0 o SEAES o T ¢ RS W SR S fess ! oI = wes A & Sifask e ) wm o
A W | TS AT H I e TEAT Rl S o / THIEH 3R B Y& / TH Ak Sid W R 9e e TR ©
St oSt affd 91 X W@ ¥ | FeE SWId WAt § e e SR A & fau 9 i greR’ . 99 % feg
itk T’ & feemea R fasma # %2 Sraaees ufads a0 9t Gaasia § R i S g3 fwan
T 1 I TS WSS FI IUE fAwTOn | U1 9o o 99 Wit Wifeam FaREs e & 9 § Tkt s h
AT W@ T AR S &l Weldt $iR fSetfed st ot § Sl 7 o <l © | o aftid SAe) H, e 9d |Egel
3TR TS| el SIefl & SCIGI o AMehIeheh (0l T E =t 181 ¢ | HIefTen! BEicRol 3 qed Srleeh o Sraol heig foiet
T 1] foraml i 1 § FLD & 997a iR AT & IR & Yo o1 7o foman o € | ST drenfifera
I T fhEM o, T Uf¥rern SRiwdl IR e yewifE & mream § g=iid fhan 7o § 1 39 STamE, Armeie |
STeehdl T 3iR <faror werg, riceh iR e, et § JUad & q8d 98 YeuH W % o T E |

[ft IATRT 1 3T STTHEM & AN & fA IR Hreshia 9fafd & el ol e U 2015-16 % HeH
% fou # w=ae @ g

feaim ;15 5 2016 (Ot Te. W)
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PREFACE

It is my pleasure to present the Annual Report 2015-16 of ICAR-Directorate of Cashew Research
(DCR), Puttur (Karnataka). As per the approved technical programme, projects in the areas of Crop
Improvement, Crop Management, Crop Protection, Post-Harvest Technology and Transfer of Technology
have been taken up and the progress made during the period under report has been presented. It is
pertinent to mention that during 2015-16, DCR has been certified as ISO 9001:2008 institute and
awarded with a patent (India patent No. 272371 awarded on 30-03-2016) for development of “Radial
arm type cashew kernel extracting machine” in post harvest technology.

In geneticresource management, 499 accessions out of 539 planted in National Cashew Field Gene
Bank (NCFGB), have been evaluated as per IPGRI descriptors. A Germplasm Catalogue-V: Minimum
Descriptors of Cashew Germplasm Accessions containing 115 accessions has been published. In this
catalogue, the germplasm accessions planted during 1998-2003 at NCFGB have been included after
characterization. A hybrid H-126 with bold nut (11-12 g nut weight) and high yield (cumulative yield
of 17.4 kg/plant in 6 harvests under replicated trial) has been identified for release. A good progress
has been made in development of dwarf cum compact hybrids and dwarf cum high yielding progenies,
and identification and characterization of large size cum high yielding apple varieties/germplasm lines.
Increased cashew yield per unit area through high density planting at a planting density of 500 plants/
ha recorded the nut yield (in seven harvests) of 7.64 t/ha which is 2.16 times higher than yield (3.54
t/ha) obtained in normal density (200 plants/ha). Soil micronutrients maps for cashew orchards in
Ratnagiri district, Maharastra have been prepared. Analyses of micronutrients in terms of nutrient
index indicated that Fe, Mn and Cu were in high range (>2.5) while Zn was in medium range (1.5-2.5).
Establishment of nutrient diagnostic norms for cashew orchards in Bhubaneshwar regions indicated
that most of the soils were low in organic carbon, available nitrogen and available K, and had acidic
to near neutral pH (3.72 to 6.02). The works on biological control of “Cashew Stem and Root Borer”
and “Tea Mosquito Bug” are also under progress apart from documentation of natural enemies and
pollinators. Diseases such as black spot, die back of shoot/twig/gummosis and inflorescence drying/die
back have been identified in cashew plantations causing major damage. Under post harvest technology,
in design and development of “Solar tunnel dryer for raw cashew nut and apple” and “Mechanical slicer
for cashew apple” several structural changes have been attempted to improve their efficacy. Quality
analysis of cashew apple powder revealed that slices treated with NaCl retained the ascorbic acid and
reduced the tannin content than PVP and gelatin. In value added products, the input requirements
for Cashew apple cider and Cashew apple jelly have been standardized. Under transfer of technology,
impact of FLD in cashew and ICT usage pattern of cashew farmers in Dakshina Kannada District of
Karnataka have been studied. DCR technologies have been disseminated through two farmers’ meets,

three training programmes and five exhibitions. Also, awareness campaign in Nagaland and FLDs in
Dakshina Kannada, Karnataka and Kasaragod, Kerala have been taken up under TSP.

[ thank all the scientists for their research contributions and members of Editorial Committee for
editing of the Annual Report 2015-16.

ot
Place : ICAR-DCR, Puttur (P. L. Saroj)
Date : 15%]June, 2016
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Research on cashew was first initiated in the
early 1950s. Indian Council of Agricultural Research
(ICAR), sanctioned adhoc schemes for Research
Centres located at Kottarakkara (Kerala), Ullal
(Karnataka), Bapatla (Andhra Pradesh), Daregaon
(Assam) and Vengurla (Maharashtra). In 1971,
ICAR also sanctioned All India Coordinated Spices
and Cashew Improvement Project (AICS and CIP)
with its Headquarters located at CPCRI, Kasaragod.
The CPCRI Regional Station, Vittal (Karnataka) was
given the mandate to carry out research work
on cashew while four Centres under Universities
(Bapatla, Vridhachalam, Anakkayam and Vengurla)
were assigned the research component on cashew
under AICS and CIP. During the Vand VI plan periods
three more Centres (Bhubaneswar, Jhargram and
Chintamani) came under the fold of AICS and 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, 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 at Puttur on 18 June, 1986 which
was upgraded and renamed by ICAR in 2009 under
XI Plan as ICAR-Directorate of Cashew Research
(ICAR-DCR). Subsequent to the bifurcation of AICS
and CIP, the Headquarters of All India Coordinated
Research Project on Cashew was shifted to ICAR-
DCR, Puttur. At present, this Coordinated Research
Project is operating at 14 Centres distributed in
major cashew growing areas of the country.

The main campus of ICAR-DCR is situated 5
km away from Puttur town at Kemminje (12.45° N
latitude, 75.15° E longitude and 90 m above MSL).
The main campus has an area of 68 ha with field
experiments and Laboratory-cum-Administrative
Block. Experimental Station at Shantigodu, which
also forms part of the Directorate is 13 km away
from the main campus and has an area of 80 ha.
At main campus, the laboratories like Horticulture,
Soil Science, Plant Breeding, Plant Physiology,
Biotechnology, Plant Protection, Post Harvest

Management and Audio-Visual Laboratory have
been established. Besides, Project Coordination
Cell of AICRP on Cashew, PME Cell, AKMU etc are
also established.

The Directorate has got 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 CD, CROP
CD, PLANTGENE CD and TROPAG CD and online
CAB data base, are also available. The library is
equipped with automation software and bar coding
facility. The library has 1853 books and 1950 back
volumes of various journals. The library subscribes
35 National and 20 International journals. The
library is a member of Consortium of Electronic
Resources on Agriculture (CeRA), New Delhi. Tech-
Focuz digital library software is also available for
CD Database search.

Vision
e Accomplishing self- sufficiency in raw
cashewnut production and maintaining

premier position as largest producer, processor
and exporter at global level.

Mission

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

Mandate

e To undertake strategic, basic and applied
research for enhancing productivity, quality,
processing efficiency and value addition of
cashew.

e To serve as National Repository of genetic
resources and scientific information on cashew.

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

e To promote capacity building through transfer
of technology and consultancy services to
stakeholders.
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HTdRT W9

¥ 2015-16 &% SRH FCWME™ & STETH 9001:
2008 hT THIOT U5 Y& foha 711 | 39k STaATen SEa™
I 30-3-2016 W HEA YRt & & | Wfeaa
S8 YR <! hTs] TSt erte <t 73’ o foermd
% foQ ek U2 ¥ off wEmfa feran T ® (9Ra w2
@A 272371) | 39 T, 15 ATHUM YA hl 3
AW 3R 12 TS ufemred § gty fovan o
¥ 1 9R R o o1ere, 2 fasr gefed, 15 gwe
31T 3R 6 ARTA oRg off Fhmid fopy T R |

T4 2015-16 % SR STEHTSN - SR | Fd
Hieg Ui g off, 59 9 geem,
Teh TTITEY, IR 2o / Yriert iR g s fod
it SRS wfe 1 S 74 fRe, det-o o)
TMe-2, Tiae TR FHf-ord ohis] STTHE RS
o SHES: ATl IR HE TR H STTHYH Fem,
Tren 7 S foR3, SR T # wiee S S
(A TESEL) # Sie foor mn § AR s &
Y FA HUT FEHL 541 B AT B 1 I 2004-05
% SRA TFMT TC G STHEISHI Hl Yok ik
3TIE. 1.5, 3R 3T o ATkl o STIER T&I0 oI
foren o ¥ 1 T o uRemm § qedifehd fRT MU
TR § 9 H-125 § 1H 309 2.49 forall/ig @ik
H-126 ¥ 2.37 fhall/4g TS 1 T | Sl 6 Hat
O H U H-126 | 39 (17.40 fHhel/ig) iR
H-125 & &t &H (16.21 Toreti/Tg) o€ T | AT
e =9 H 15 | 9 6 o9 IR 24 § § 11 IH

TAATET-1 1 dafqdl st <, el st Sa IR
Hgal TR TAS THRIHE 8 T, S ST 3R
TE e YT hie shi GUTeHT ST € | <1 3T’ 3=
39S % foru 9 i fore T Fafaai & godichd &
T, VIR oIk Shid Hafadl ol GER F1d i 3T 0.0
9 0.30 fohel/US off, et ITelel-3 e shid Hafaal
T IS 0.0 ¥ 0.24 TREA/IS TS I TS | TR STl
YRHY i 50 TR STeATA-3 Tt 49 Sk h1d Fadial o
sramfsh FgfHdar feer <t DUS e = faem-
e o1 faesfad e & fore 42 fawiftaa ] foret
* 68 Toaumwareti W 9.9 fa.1%.emR.u. (PPVFRA)
% qed 3Nihel I Yehfold el T B | USE THTTHI
T e ot feafa & dea drhidtes Ydiedl & e
forar T € | 36 S THSTRET-301 &% WY i S
3.35 |t iR a1 ufifyr 38.17 9wt Stferehay arlt T |
SeIfeh =iean & 3R Ug 3T & Siiohe THIRHI-
140 (28.647F 3R 18.23HP) 3R TASREI-189
(27.99F 3R 17.22%) 7 %M AfH 1

fafy=1 a1y =M 1 ITS W IHTE R Gedieh o
T % | S ot 7 I (7.67 T/RHRA, 9
A B) 500 TS/ZHRR TFAT ATt &5 B U T S
200 U /TR i IS (3.54 TA/GHRA) hl Ja1 H
2.16 TAT 3Afeen o1 | 7 foheHl o ffe A&t st Heet
T IS FAH AT (6.25 TI/RFA) T Seallel-3
(5.94 TA/FTFRI) R AA-4 (5.59 TV/THRR) et
FY TS Bl T | FHIY F IUT R YAGd R FHH

% YETRI I Uge ST § Sgedt 9 T (ITeld-3
3R TAARHT-492) | ST IR To Heht foenfaa &
% foru, 2 HASHI i B T ¥ 13T G e
X THASTHI-492, T9Feht x ATeae-1, qrefaisn-1 X
fireiept TR HeshecdU-2 X AIeiTRaT-1 i Hafqai, 9ig

% SO & fau STNfYe TS &l off | gTaifch

AN & Y9I 1 3T T § 1 fafy=
T=aien FASHl & o9 Sf1TRAE-3 T TARH-
492 < oIgd W ey (3.30 fohall/Tg) I 3T
TSl hl TS AT SealTel-3/afeTaien-1 o | o1l %A (3
Tohell/Ug) IUST CS1 ohl TG | ATSTRSTE-3/TAARHI-492
o1 Tt GAISH 4 wEel o S=qH Godl e

foRist x dreften-1 &t gafaa @e & SeE &
foru sTenfyes RIS off | et =Rt x

St | 12.08 ToRal/Ue o ga |
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RN o TN T57et o el o Y diveh el o
TR TR fohT U § | @R ST & 1S ST
Tt ¥ IqeTey YaH diveh dcll o dIveh dcdl Yahich
T 9% 9 T HD RS SN (72.5%) 1 T
# DTPA-Fe, DTPA-Mn 3ik DTPA-CU &t 9m
31fq ferek & Steent SRR garedl faedal § DTPA-
Zn &t 71 T ¥ ) fafee &6 % @ s &
TR fiedt o g&n Siary] & TUE 3 Hehd
feon & o, SRIfE, TRIAmREEH, Fawh, HahRd
I FYaAMaTe 3R TRk REMHE S geutsal
F JET ST e T (FAlew) T YIAvR
(iifewn) iR amaeen (31iY 9ew) | 1.77 § 5.22 T
3Tk T, STkl Hord ATgelei THXehl ohi dIeId rerom
Fg el H 3Afd 31fereh (14.0-17.8 A1) TS I TS |
TH TR feaEgems IR e wRHS TsgHl &t
Tfafafem, st gen foai =t nfafafeet fefma s
8, e i S0 hre el o RIS AL et fredt |
AR 18 TS |

TS o U Tcdl HMGEl i TG A % felg,
JIIER & % 70 N AN % A & T
Fifqen- Tt fogarsti & fere faverdia fre )
wfafsran § <o fafeear smefa & (pH=3.72 ¥
6.02) 9, SIfaek & ST TET 58 IR H HH IR 12
T H HeAH W@EY &1 ot | IUTS AN 66 N
T & 3R 4 IR H AW 9 T | Iqered die iy
41 ST § ¥ STeehl 25 ST H HEIH 91 T4 | TR
(FAfeH), STl (FBN) SR Yoz (shfewm)
&5l i fHeSt i SeRdl Yoehich ¥ I8 a1 9T ¢ T,
Sifaeh ShTeA St AT IR SR e # Heaw wWEy
H1 T | Y Ty IR iR dTet # Hem sk
Y% § HE &1 T

SIS] o Taiichl Hizm aRaey aRfted § F9 o
sfshan o1 Heaiha foran o 7)1 fafi= feedi &
= 200mM =T Hisd § $el FARITEH HET HRRT
T wed Afyes (2.30 WA oft et diai-4 |
FH (1.29 HHIAN) qRA T | Rt fhed o sTdeshd
FARIRe TEerdl gaehich ot 1feeh (81.8%) aFT

@1 STefeh! Aeli-4 fher # o- %7 (45.79%) 9
RN

TEE GR&T o &3 H, e a1 3R S1S f55a & wrhfaen
Jeft % Teleror § I1E Ut 9ol § T, Haa HerRmsiem
AT & HUgRE! o WA W Yeh!q ohi YR
T | U T | TH eI eI it Suferd
S o T shfesh ] T fm & amml
=as gt aferor A W I8 Td 9ol § H 30.8
1% faedt Tl ¥ (Eid) wg 3ufterd €, gTetment
BRHIE R SRERE g &1 sifca &t
o | IS ! BT o shicHd AT | HiSQ arsTeia
T STANT Hich HTHSTRET I Tehe o folu, HieHd
1 SITET-THTH forgetsor foan 721 | IR q&t arsaeiia
SIafsiiel IR Seted Ul U 39 i & fafi=
THgoT o1 STHSTRET 1 AR {d i o foarg fadf=
et STl AR T & aReror fohan e R s
T 3R STe fose (HiwgeTRat) =i emehftd T&f a2
o | foumsit & Sifaes =01 % qgd, e § uret
T AT HIGT Shts (TH T=HT) i Seel feaafay S
Y TR o 31f¥eh (52 TU/fead/STer) R el &l
JTRIYT Y T | SATHYO 1 Gfdfed oF o8 8.30
H 11.00 o9 T 3R U 3.30 ¥ 5.00 TSl Tk TR
T SRR R (12-35 TYSTE) FaI§ o QRA qIG
MW, Seeh! ol | I % SRE HH (3-7 T/SA)
7T T | Tgfae Rusf o Safaq o qed, qHhTd
oS, i hIs] B SITHST T 9eI0l HIdl §, ST
31 foharm o ® | wenTenen uRfeufae | e e
68.92 £ 1.27 fea Sftar ¥ foed ofre erardt = et
UM (10:0:93) <5k UTAT 7T | SHeh! THEIU &l
4.60 rumslt T/ feRg Ufd fem § < g efaed
I gor H e T 1 3H uSta H o Yefoew &
foradra SRTeTon BIa1 761 €, S 9 T WA % fag
T fasar € 1

JUTE STEUTTH T faefad s & fore fisd 3o
Tt # Hefe upE @t Sia fafasar st a1 @l
199 2015-16 & SR et ¥ gC ThaM frae
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el &t qoql § HEIH &Y &1 off, oifehd g4t o
Il IR T IR 72 85 (40% ) 1 Yehid fowma
F IRE (20%) Aok o1 | 59 3ifafiam, Fell Fig
3R Fel @HETE gEi/3eel H SHad B 3@ T
(2-10% ToThH) <ifeh aTG H LSital Y&Teh i ST
Y I8 GHE KA U Tl | IS I 11 TR H U
QM dl hie W& om0 shie i feordt w1 emhed
foran 772, ST SR 9 W HEAH TEY 1 9T AT | TH
WY &g & Sl W Igell IR Tk Weiar vafl <t
foan o =18 siieeR fiefiear €, S a1 &1 T
HIAATE fehe T | hTS] AT & WA TR-TqaR T 4t
worE fohan T g

TS| hiel o Tehfaeh I3l & Yoi@ 3 I8 TR ©
%I, I IRAR 3R 9 39 URarl & Fal 9ierg (16)
TSI SeT0T helg o aR IR WG o his] ST

1 SR foraq # 7R 1@ T €, SefE e gery
1 fafere ol W& 9@ T R

heTE ITXA YrEfTent H, IS] e 3R TIA 1 Y@M Hl
foTe TR for T OR GOT SRR & fesmeA & fawa §
FD WEHS dead fhU T, Aefq, gan e,
14 g % W AR NHHaE 1 i e = ¥
oY SRR & HEaTar § gUR @ | ST SuE
TR TIGTHT ikl W TH! FER e & fere FR aenfig
qATeRYT f=i01 YoTett o fesie fohan T € | 1S 89
TTereR i TUTedT faveravr ¥ 9% 9 T § i R
T o TeRH | $S R W@ U TEhi6h TIE Hi
YT hl SHFTT TR S Rl ot fSierdT 3T dieidt =)
T H fersh A H 0 H AT | FIS 9 qEeT
Y FHehIS TAR R ST Hehdl & | RIS] o TJ0Tal AIHI
& fasr § T 1 A, e SR e W' @

T YR T © | 39 UiEr) & o, SHATded oK Harel
Tg@ 9, S ui= gt s gfaffie s, st
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EXECUTIVE SUMMARY

During 2015-16, the institute has been
awarded with ISO 9001:2008 and has come out
with 14 research publications; 2 in international
and 12 in national journals, 2 extension bulletins,
16 book chapters, and 9 popular articles apart
from bagging 4 awards. Besides, one patent (No.
272371/30-03-2016) has been awarded in post
harvest technology for development of “Radial arm
type cashew kernel extracting machine”.

During 2015-16, a total of fourteen
projects including seven institutional, one
flagship, four ICAR network/consortia
and two externally funded were in
operation at ICAR-Directorate of Cashew
Research, Puttur, Karnataka. Two varieties,

Vengurla-9 and Goa-2 released from AICRP-
Vengurla centre and Central Coastal Agricultural
Research Institute, Goa, respectively have been
added to the National Cashew Field Gene Bank
(NCFGB) raising the total collection to 541. Five
germplasm collections planted during 2004-05
were evaluated and characterized as per IPGRI
descriptors. Among the hybrids evaluated in
replicated trial, H-125 recorded significantly
highest yield (2.49 kg/plant) followed by H-126
(2.37 kg/plant). However, the cumulative yield
of 6 harvests was high in H-126 (17.40 kg/
plant) followed by H-125 (16.21 kg/plant). In
the marker assisted selection, 6 mango and 11
almond primers out of 15 and 24 respectively
were found polymorphic in parental screening
(Ullal-3 and NRC-492). In order to develop dwarf
and compact hybrids, several cross combinations
have been tried. Among them, the progenies of
Priyanka x NRC-492, Priyanka x Taliparamba-1,
Taliparamba-1 x Priyanka and Madakkathara-2 x
Taliparamba-1 progenies were highly negatively
skewed for plant height under descriptive statistic
analysis indicating a good chance of getting real
dwarf plants. However, both plant height and
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canopy spread (NS) values were highly negatively
skewed in Priyanka x Taliparamba-1 indicating
the increased possibility of recovering dwarf and
compact plants. Under evaluation of the back cross
progenies for dwarf and high yield, Bhaskara back
cross progenies in the second year yielded 0.0 to
0.30 kg/plant while it was 0.0 to 0.24 kg in Ullal-3
back cross progenies. Also, 50 Bhaskara back cross
progenies and 49 Ullal-3 back cross progenies have
shown precocious flowering. In order to develop
DUS test guidelines, the data on 68 characteristics
of 42 released cashew varieties have been compiled
under PPV FRA project. Morphometric parameters
were studied in fifteen accessions under field
conditions. Among the cashew apple accessions,
NRC-301 recorded the maximum plant height
(3.35 m) and trunk girth (38.17 cm) while canopy
area and tree volume were more in NRC-140
(28.64 m? and 18.23 m?®) and NRC-189 (27.59 m?
and 17.22 m?®) respectively. In case of yield, NRC-
175 recorded the highest apple yield (37.89 kg/
tree) and nut yield (2.84 kg/tree).

Influence of different plant densities on
yield was evaluated. The highest cumulative nut
yield (7.67 t/ha in seven harvests) was achieved
in the density of 500 plants/ha which was 2.16
times more than the yield (3.54 t/ha) obtained
in 200 plants/ha. Among the varieties, Bhaskara
recorded the highest cumulative nut yield (6.25
t/ha), closely followed by Ullal-3 (5.94 t/ha)
and V-4 (5.59 t/ha). Effect of root stock/scion
combination on nut yield was assessed. Among
different stionic combinations, VRI-3 grafted on
NRC-492 recorded the highest nut yield (3.30 kg/
plant) closely followed by the stionic combination
of Ullal-3 /Taliparamba-1 (3 kg/plant). The stionic
combination of VRI-3/NRC-492 was associated
with highest cumulative nut yield (12.08 kg/
plant) over 4 harvests. Soil micronutrient maps
of Ratnagiri District, Maharashtra have been
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prepared. Available micronutrient status of cashew
orchard soils of Ratnagiri district measured in
terms of nutrient index (NI) indicated that cashew
orchard soils of the district were high (>2.5) in
DTPA-Fe, DTPA-Mn and DTPA-Cu contents while
majority of soils were medium (1.5-2.5) in DTPA-
Zn content. Enumeration of microbial population
in the rhizosphere soil of cashew orchards from
different regions indicated that populations of
microbes such as bacteria, actinomycetes, fungi,
P-solubilizers and Fluorescent Pseudomonas in
Dakshina Kannada district (Karnataka) were 1.77-
5.22 fold higher than in Bhubaneswar (Odisha)
and Bapatla (Andhra Pradesh) regions while
very high population of free N-fixers (14.0-17.8
fold) was recorded in Dakshina Kannada district
than the other two places. Similarly, activities of
dehydrogenase and acid phosphatase enzymes,
which denote microbial activities, were high in
cashew orchards of Dakshina Kannada district.

In view of establishing nutrient diagnostic
norms in cashew, 70 cashew orchard soil samples
of Bhubaneswar region were analysed for physico-
chemical characteristics. Soils were mostly acidic
to near neutral (pH=3.72 to 6.02) in reaction,
organic carbon content was low in 58 orchards
and medium in 12 orchards, available N content
was low in 66 orchards and medium in 4 orchards,
and available K content was low in 41 orchards,
medium in 25 orchards and low in 4 orchards. Soil
fertility index of cashew orchards representing
Puttur (Karnataka), Vengurla (Maharasta) and
Bhubaneswar (Odisha) regions revealed that
the organic carbon content was high in Puttur
and Vengurla and low in Bhubaneswar, available
nitrogen was low in both Puttur and Bhubaneswar
and medium in Vengurla, and available potassium
was medium in Puttur and Vengurla regions, and
low in Bhubaneswar region.

In vitro response of cashew leaves to salt
stress was assessed. Among different varieties,
the total chlorophyll content was high in Bhaskara
(2.30 mg /g fresh wt) and low in Vengurla-4 (1.29
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mg/g fresh wt) at 200 mM salt concentration. Also,
Bhaskara maintained relatively higher chlorophyll
stability index (81.8%) while it was low in
Vengurla-4 (45.79 %).

Under crop protection, surveys for natural
enemies of cashew stem and root borer (CSRB)
infesting cashew indicated that only Metarhizium
anisopliae occurred on the grubs of CSRB in trees
having severe stages of infestation. Extensive soil
sampling from Karnataka Cashew Development
Corporation plantations for presence of
entomopathogenic nematodes (EPN) revealed the
occurrence of Rhabditid group in 30.81% of soil
samples analysed, whereas, Steinernematid and
Heterorhabditid groups were not encountered. In
order to trap the CSRB using volatiles present in
the frass materials of cashew bark, the frass were
subjected to GC-MS analysis. Four main volatile
components viz.,, ketones, aldehydes, geraniol and
butyrates were identified. Various blends of these
components were field-tested for attraction to
CSRB using sticky vane traps, but could not induce
attraction of CSRB. Under biological control of Tea
Mosquito Bug, laboratory reared virgin female
bugs of Helopeltis antonii when used as bait in
DELTA sticky traps attracted the highest numbers
of males (52/day/trap). The diurnal rhythm of
attraction was during 8.30 am to 11.00 am and
during 3.30 pm to 5.00 pm. Higher number of
males were attracted during mornings (12-35
males /trap) than in the evenings (3-7 males/trap).
Biology of the reduviid predator, Sycanus galbanus
which predate on TMB in cashew was studied. It
had a life cycle of 68.92 * 1.27 days and slightly
male biased sex ratio (1.0:0.93) under laboratory
conditions. Its predatory potential was 4.60 TMB
adults or nymphs per day, which was significantly
higher than other reduviids. This species had no
cannibalism unlike other reduviids, which is a
desirable attribute for mass multiplication.

Biodiversity of arthropod fauna is being
recorded over the years for developing effective
IPM strategies. In 2015-16, TMB incidence was
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low to medium compared to previous years,
but incidences of thrips (20%) as well as apple
and nut borer (40%) were high during nut
development. Besides, bud worms and flower
eating caterpillars were noticed during January (2-
10% of inflorescences), but later the incidence was
brought down by the action of parasitoids. Status
of a common defoliating pest of cashew i.e, leaf
miner on 11 varieties was assessed and it ranged
from low to medium. An eupelmid parasitoid was
recorded for the first time on eggs of tasar silk
worm, Antheraea mylitta which is a defoliating
pest of cashew. Pests of common weeds of cashew
plantations were also documented.

Documentation of natural enemies of
cashew pests indicated that a total of 16 species
of praying mantids, belonging to seven families
and ten sub families were recorded to occur on
cashew plantations of Puttur and Shantigodu
regions of Dakshina Kannada. Among the
families, Hymenopodidae and Mantidae were the
dominant, represented by five species each while
Iridopterygidae, Liturgusidae, = Tarachodidae,
Empusidae and Toxoderidae were represented
by single species only. The seasonality, niche
and size of oothecae as well as adult mantids
were also recorded. The pollinators of cashew
and their foraging behavior were documented.
Among the bees, Pseudapis sp., Braunsapis sp.,
Apis cerana indica, Ceratina spp., Seledonia sp. and
Lasioglossum sp. were recorded as frequent visitors
of cashew flowers for pollen and nectar. Pseudapis
sp, Braunsapis sp. Seledonia sp. and Ceratina spp.
had higher pollen load per insect compared to Apis
cerana indica and A. florea. Foraging activity of
bees started from 9.00 - 9.30 am depending on the
sunshine, but peak activity was observed between
10.00 am and 12.00 Noon. Nesting sites of common
bees were also located.

Periodical observations on diseases of cashew
indicated that seven disease viz, wilt or rot, black
leaf spot, sooty mold, red rust, die back of shoot/
twig rot/gummosis, inflorescence drying/die back
and nut rot were recorded in different growth
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period of the crop. Among the diseases, black leaf
spot, die back of shoot/twig rot/gummosis and
inflorescence drying/die back were severe on
across the cultivars/lines while nut rot disease was
observed only on certain line/hybrid.

Under post harvest technology, in design
development of solar tunnel dryer for raw
cashewnut and apple, structural changes viz, air
exhaust, lateral air vents and black ground surface
have been incorporated to improve the efficiency of
dryer. Sensor based environment control assembly
has been designed to generate vapour pressure
difference to enhance moisture diffusion from
slices. Quality analysis of cashew apple powder
(CAP) revealed that slices treated with NaCl
retained more ascorbic acid and reduced higher
tannin than PVP and Gelatin. Cookies could be
prepared outof CAP. Indeveloping quality standards
for raw cashewnuts, moisture content, outturn and
nutcountwere considered as important parameters
influencing the quality of cashew. As an initial step
to develop moisture meter, a private company
was identified and a MoU has been prepared to
design the meter. Under design and development
of mechanical slicer for cashew apples, firmness
of cashew apples of different varieties harvested
at six different growth phase from peanut stage
to fully ripened stage have been determined using
texture profile analyzer in terms of bio-yield point.
Comparing the rotational disc type blades and
vertical reciprocating serrated blade employed in
food processing, a multi disc cashew apple slicer
was developed and its performance was evaluated.
A conceptual alternative design was also prepared
to overcome the problems encountered in the multi
disc slicer.

Development of value added products such
as cashew apple cider and cashew apple jelly have
been attempted. In case of cashew apple cider,
addition of inoculum of active dry yeast (1.5 -2.0
g/L) was suitable for effective fermentation, and
to develop colour, flavour and taste of the product.
Sensory evaluation of the product indicated that the
cider prepared from mixed juices was found to be
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superior. The prepared cider was having 3.5-5.5%
v/valcohol and 8.5 to 10.5% sugar. For preparation
of cashew apple jelly, addition of more than 1.0%
edible pectin was essential.

Under transfer of technology, impact
analysis of Frontline Demonstrations (FLD) in
cashew in South Karnataka indicated that variety
Bhaskara recorded highest productivity among
10 popular varieties/hybrids. Technology gap was
identified as lowest in case of variety ‘Bhaskara’
(4.93 kg/tree) where as it was very high in case
of varieties ‘Vengurla-7" (15.89 kg/tree) and
‘Vengurla-4’ (14.77 kg/tree), while extension gap
was high in variety ‘Ullal-3’ (1.16 kg/tree). Very
high technology gap was observed with respect
to yields of all major cashew varieties grown in
South Karnataka. Technology utilisation status of
FLD farmers were found to decline after period
of financial support and the Adoption Index of
major cashew production technologies among
these farmers were recorded as higher than check
farmers. A study was conducted to analyse the
ICT usage patterns of cashew farmers of south
Karnataka while also attempting to identify the
correlates and determinants of ICT usage.

Ten major social and economic impact
indicators were studied to arrive at the socio-
economic impact of cashew farming in North
Kerala. Classification of cashew farmers based on
the social and economic benefits accrued shows
that nearly half of the cashew farmers (47%)
belong to high social impact category while in case
of economic impact majority (47%) belonged to
low benefits category. Overall, nearly half of the
cashew farmers (46%) recorded low levels of
socio-economic impact. Three sets of databases;
database of cashew farmers representing 5 taluks
of Dakshina Kannada district, cashew farmers
representing Kannur and Kasaragode districts
of Kerala and FLD farmers representing 5 taluks
of Dakshina Kannada district were compiled and
maintained for submission to Krishi Portal of ICAR,
New Delhi.
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Promising DCR  technologies were
disseminated to farmers through several farmers’
meets. During 2015-16, two farmers meet such
as ‘DCR Foundation Day cum Cashew Farmers
Meeting-2015’ and ‘Cashew day cum Interaction
meeting with tribal farmers’ were organized, in
which more than 350 farmers actively participated
and 3 innovative farmers were felicitated and the
innovations were documented. Three training
programmes, one on ‘Advances in Cashew
Production Technology’ and two on ‘Integrated
Pest Management in cashew’ were organized,
which benefitted around 100 participants. Five
DCR exhibitions on cashew production technology
and extension at various venues were arranged.
Under TSP program, 26 new FLD plots were
established in tribal farmer fields of Dakshina
Kannada, Karnataka and Kasaragode district,
Kerala. Financial support amounting Rs. 2,93,800/-
to 26 tribal farmers as first year installment and
Rs.57,190/- as second year installment to 25 tribal
farmers were disbursed under TSP programme.
Farmer participatory Cashew demonstration
plots in different taluks of the district established
under DCCD Scheme were also monitored through
108 field visits during the period. Participatory
Technology Development and Demonstration on
ultra high density (3x3 m) and high density (5x5
m) plantings of cashew was carried out in selected
farmer plots. Effect of pruning on different cashew
varieties and varietal performance under ultra high
density planting were monitored regularly.

E-extension was strengthened in cashew by
developing a Facebook page for dissemination of
latest cashew information and technical knowledge.
The page has been regularly edited, updated and
uploaded with relevant content. Ready reckoner on
frequently asked questions by farmers and Cashew
germplasm catalogues from [ to V were digitized
and made available online at www.cashew.res.in.
A Joomla database (Content Management System)
supporting www.cashew.res.in website of DCR,
Puttur was fine tuned and updated regularly during
the period.




TSI Ak Thaaed 2015-2016

@

ICAR-DCR Annual Report 2015-2016

w1
DCR

RESEARCH ACHIEVEMENTS
1. CROP IMPROVEMENT

1.1 Genetic Resources of Cashew
1.1.1 Germplasm survey and collection

During the fruiting season the locally
available cashew gardens and solitary trees were
observed for their uniqueness. However, no such
material could be located or collected. Two released
varieties viz, V-9 and Goa-1 have been collected
and added to National Cashew Field Gene Bank

(NCFGB) collections.
1.1.2 Germplasm conservation

Planting materials for the 16 evaluated
accessions have been prepared and they are being
maintained in the nursery for planting in main
field. Also planting materials for gap filling in the
existing germplasm conservation block have been
prepared and gap filling was taken up.

1.1.3 Germplasm evaluation

Five germplasm collections planted during
2004-05 were evaluated and characterized as per
[PGRI descriptors (Table 1.1). Among them all five
were having upright growth habit with compact
canopy and extensive branching. All were having
mid season flowering and fruiting behaviour
with short to medium fruiting duration. Mostly
they had obovate to oval leaf shape and yellow
red colour young leaves. Majority had conical to
obovate shaped, big size cashew apple. The nut
attachment to cashew apple was intermediate type
with medium nut to apple ratio. Most of them were
medium to bold nut types. About 80% of them
had intermediate to low shell thickness with loose
testa attachment having high shelling percentage
(<28%) and medium kernel weight. More than
60% of the collections were low yielders and had
less than 9 kg/tree (cumulative yield in 6 harvests).

Table 1.1: Important features of cashew germplasm accessions evaluated in 2015.

Data Field Descriptor

Descriptor State No. of Accessions

7 Tree habit

N o1 W

Upright and compact 0
Upright and open
Spreading

9 Leaf shape

w N

Oblong
Obovate (Club-shaped)
Oval

16 Branching pattern

N =

Extensive

S U1 W N O © Ul

Intensive

19 Colour of young leaves

BwWw N

Red
Yellow red

Green red

o R W R

Purple
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Data Field

Descriptor

Descriptor State

No. of Accessions

28

Season of flowering

N o W

Early (Nov-Dec)
Mid (Dec-Jan)
Late (Jan-Feb)

o

31

Mature cashew apple colour

BOwWw N

Yellow
Red
Yellow red

Red purple

32

Shape of cashew apple

BOwWw N

Cylindrical
Conical-obovate
Round

Pyriform

50

Attachment of nut to cashew

apple

Loose
Intermediate
Tight

35

Nut weight

Low (<5 g)
Intermediate (5-7 g)
High (>7 g)

43

Weight of cashew apple

Low (<27 g)
Medium (27-52 g)
High (>52 g)

60

Flowering duration

Short (<60 days)
Medium (60-90 days)
Long (>90 days)

62

Apple to nut ratio

Low (<6)
Medium (6-12)
High (>12)

= s RO W N AR, O NN RO U OO O B Rk IOoO R kPR W o u

63

Shelling percentage

Low (<18 %)
Intermediate (18-28 %)
High (>28%)

64

Kernel weight

N U1 W NN U1 W Nl U1 Wl U Ww N v W NN W NN o w

Low (<1.2 g)
Intermediate (1.2-2.5 g)
High (>2.5 g)

N W O B mr O
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Data Field Descriptor Descriptor State No. of Accessions
57 Shell thickness 3 Thin (<2.5 mm) 1
5 Intermediate (2.5-4.0 mm) 4
7  Thick (>4.0 mm) 0
65 Attachment of peel to kernel 3 Loose 5
7  Tight 0
68 Cumulative yield per plant 3  Low (<9kg) 3
(6 annual harvests) 5 Medium (9-18 kg) 2
High (>18 kg) 0

1.2 Genetic Improvement of cashew for yield
and quality traits

The promising hybrids were evaluated for
yield and other characters (Table 1.2). The highest
yield was recorded in H-125 (2.49 kg/plant)
followed by H-126 (2.37 kg/plant). The yield levels
of these hybrids are significantly different from

Table 1.2: Performance of promising hybrids.

checks (Selection-2 and Bhaskara). The cumulative
yield of 6 harvests showed that H-126 yielded the
highest with 17.40 kg/plant followed by H-125
(16.21 kg/plant). Among the hybrids, a significant
difference was observed in stem girth while other
characters were not significant.

Hybrid/ Plant Stem Canopy Canopy Yield Cumulative
Variety Height Girth Spread Spread (kg/plant) yield of
(m) (cm) (EwW) (NS) 6 harvests
(kg/plant)
H-43 5.6 49.92 6.34 5.8 1.01 9.04
H-66 5.76 61.58 5.89 5.95 2.05 10.18
H-68 6.42 65.58 6.32 6.87 1.2 13.61
H-125 5.18 57.92 6.45 6.48 2.49 16.21
H-126 5.66 66 6.72 6.69 2.37 17.40
H-2452 5.24 63.83 7.17 6.94 0.21 9.57
H-2473 5.67 72.11 6.99 7.21 0.93 4.2
H-1250 5.63 53.25 5.9 5.96 1.36 8.65
Selection- 2 5.82 57.53 5.81 6.18 1 8.62
Bhaskara 7.24 69.97 6.03 6.68 0.82 11.51
Mean 5.82 61.77 6.36 6.47 1.34
CD (0.05) NS 4.85 NS NS 0.76
CV(%) 11.92 8.37 9.28 12.25 19.15
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Further, fingerprinting of promising hybrids
(H-125 and H-126) has been attempted with
12 polymorphic SSR markers and patterns were
drawn. The DNA profile of cashew SSR (CS-17) is
depicted in the figure (Fig.1.1)

DNA profile of Cashew SSR (CS-17); Index:
from left : Ullal-3, Bhaskara, Selection-2,
Bhedasi, H-125, H-126

Fig.1.1:

Table 1.3: Descriptive statistics of F, progenies.

1.3 Genetic analysis of mapping population
through molecular markers for important
traits in cashew

Parental DNA of Ullal-3 and NRC-492 were
extracted. Mango (15) and almond (24) primers in
parentswerere-screened to confirm polymorphism.
Accordingly 6 mango and 11 almond primers were
found to be polymorphic. Further, two cashew SSR
primers (CS-2 and CS-3) were screened in 89 F,
progenies and banding patterns were generated.
The morphological parameters such as plant
height, girth and canopy spread were recorded on
these progenies along with the yield (Table 1.3).
The skewness values indicated the approximately
symmetric distribution for all the characters.

Character Minimum Maximum Mean SD Kurtosis Skewness
Plant Height (m) 2.00 12.00 6.32 1.97 0.32 0.32
Canopy Spread (EW) 1.50 12.00 7.05 2.22 -0.29 -0.22
Canopy Spread (NS) 1.00 13.00 7.02 2.44 0.05 0.10
Stem Girth (cm) 36.00 96.00 62.11 13.47  -0.46 0.34

1.4 Development of Dwarf and Compact
Cashew hybrids for High Density Planting

A total of 737 trees planted during October
2013 were observed for plant height, girth and
spread along with yield (Tables 1.4; 1.5; 1.6; 1.7
and 1.8). Plant height values of Priyanka x NRC-
492, Priyanka x Taliparamba-1, Taliparamba-1 x
Priyanka and Madakkathara-2 x Taliparamba-1
progenies were highly negatively skewed indicating
chancesofgettingreal dwarfplants. The progenies of
Vengurle-4 x NRC-492, Vengurle-4 x Taliparamba-1,

22

Dhana x NRC-492 and Madakkathara-2 x NRC-
492 progenies are moderately skewed indicating
the recovery of few dwarf plants. However, both
plant height and canopy spread (NS) wvalues
were highly negatively skewed in Priyanka x
Taliparamba-1 indicating the increased possibility
of recovering dwarf and compact plants. The
range of yield levels were highest in NRC-492
x Madakkathara-2 (0.0 to 0.21 kg/plant) and
there was no yield recorded in the progenies of
Taliparamba-1 x Vengurle-4.
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Table 1.4: Descriptive statistics of direct and reciprocal crosses for plant height.

Cross Plant Height (cm)

No. of Min Max Mean SD Kurtosis Skewness

plants
Vengurle-4 x NRC-492 150 75 475 32457 63.93 1.76 -0.79
NRC-492 x Vengurle-4 9 195 345 27833  51.60 -0.88 -0.16
Vengurle-4 x Taliparamba-1 116 75 500 316.72  73.06 1.16 -0.52
Taliparamba-1 x Vengurle-4 6 350 450 407.50 47.30 -2.92 -0.13
Priyanka x NRC-492 65 100 450 341.54 66.99 3.19 -1.20
NRC-492 x Priyanka 12 290 425 359.17 42.36 -0.87 -0.15
Priyanka x Taliparamba-1 9 75 450 33556 116.20 2.69 -1.54
Taliparamba-1 x Priyanka 6 375 425 410.83  19.60 2.15 -1.50
Dhana x NRC-492 56 175 450 353.84 63.92 0.23 -0.69
NRC-492 x Dhan 11 275 500 353.64 60.17 3.09 1.37
Dhana x Taliparamba-1 65 200 550 386.38 80.16 -0.44 -0.05
Taliparamba-1 x Dhana 4 350 500 406.25 65.75 2.23 1.44
Madakkathara-2 x NRC-492 135 100 510 37685 64.52 2.03 -0.82
NRC-492 x Madakkathara-2 10 310 415 373.5 34.24 -0.46 -0.47
Madakkathara-2 x Taliparamba-1 65 30 510 410.31 84.80 5.66 -1.91

Table 1.5: Descriptive statistics of direct and reciprocal crosses for stem girth.

Cross

Stem Girth (cm)

No. of Min Max Mean SD Kurtosis Skewness

plants
Vengurle-4 x NRC-492 150 11 34 24.16 4.49 -0.09 -0.03
NRC-492 x Vengurle-4 9 21 28 24.78 2.28 -0.59 -0.38
Vengurle-4 x Taliparamba-1 116 11 37 26.31 5.20 0.44 -0.37
Taliparamba-1 x Vengurle-4 6 26 34 31.17 2.86 2.05 -1.41
Priyanka x NRC-492 65 8 40 28.55 5.96 2.46 -1.01
NRC-492 x Priyanka 12 23 41 31.75 6.05 -1.10 -0.09
Priyanka x Taliparamba-1 9 10 42 31.00 9.63 2.34 -1.20
Taliparamba-1 x Priyanka 6 30 54 40.33 8.69 -0.23 0.72
Dhana x NRC-492 56 14 41 30.48 5.19 0.89 -0.32
NRC-492 x Dhana 11 16 44 29.36 6.77 2.71 0.25
Dhana x Taliparamba-1 65 18 45 30.37 6.36 -0.47 -0.02
Taliparamba-1 x Dhana 4 30 39 34.5 3.70 1.14 0.00
Madakkathara-2 x NRC-492 135 12 48 28.84 4.79 2.08 0.10
NRC-492 x Madakkathara-2 10 24 36 29.2 3.97 -0.89 0.43
Madakkathara-2 x Taliparamba-1 65 10 42 31.68 5.78 1.95 -0.90
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Table 1.6: Descriptive statistics of direct and reciprocal crosses for Canopy Spread - EW.

Cross

Canopy Spread - EW (cm)

No. of Min Max Mean SD Kurtosis Skewness

plants
Vengurle-4 x NRC-492 150 100 400 21790 56.47 0.79 0.69
NRC-492 x Vengurle-4 9 210 350 261.67 47.37 -0.06 0.93
Vengurle-4 x Taliparamba-1 116 75 410 227.20 63.01 0.64 0.37
Taliparamba-1 x Vengurle-4 6 175 310 245.00 5441 -1.83 0.00
Priyanka x NRC-492 65 75 500 265.85  77.55 1.09 -0.12
NRC-492 x Priyanka 12 250 425 32542 56.47 -0.67 0.23
Priyanka x Taliparamba-1 9 75 400 282.22 103.53 0.83 -0.74
Taliparamba-1 x Priyanka 6 345 400 372.50 23.61 -1.81 -0.21
Dhana x NRC-492 56 100 430 281.16  64.93 0.44 0.18
NRC-492 x Dhana 11 200 400 283.64 56.97 0.36 0.76
Dhana x Taliparamba-1 65 150 450 282.62  73.27 -0.41 0.17
Taliparamba-1 x Dhana 4 250 310 267.5 28.72 3.41 1.85
Madakkathara-2 x NRC-492 135 75 350 219.63  49.76 0.10 0.17
NRC-492 x Madakkathara-2 10 215 330 285 38.73 -0.58 -0.72
Madakkathara-2 x Taliparamba-1 65 20 475 252.62 67.00 2.59 0.03

Table 1.7: Descriptive statistics of direct and reciprocal crosses for Canopy Spread - NS.

Cross

Canopy Spread - NS (cm)

No. of Min Max Mean SD Kurtosis Skewness

plants
Vengurle-4 x NRC-492 150 75 425 219.33  63.01 -0.09 0.42
NRC-492 x Vengurle-4 9 190 370 255.56  57.69 0.41 1.05
Vengurle-4 x Taliparamba-1 116 50 440 215.26  58.64 1.88 0.15
Taliparamba-1 x Vengurle-4 6 225 325 298.33  38.94 3.01 -1.72
Priyanka x NRC-492 65 100 550 27715 84.47 1.22 0.47
NRC-492 x Priyanka 12 250 400 316.67 44.59 -0.50 0.47
Priyanka x Taliparamba-1 9 50 400 297.78 115.98 1.52 -1.29
Taliparamba-1 x Priyanka 6 310 405 370.00 36.33 0.06 -0.99
Dhana x NRC-492 56 110 420 285.63 67.92 0.07 -0.04
NRC-492 x Dhana 11 225 400 30091 5394 -0.35 0.64
Dhana x Taliparamba-1 65 120 410 267.54 70.33 -0.27 0.29
Taliparamba-1 x Dhana 4 200 300 256.25  42.70 0.34 -0.75
Madakkathara-2 x NRC-492 135 105 405 217.78  51.87 0.51 0.50
NRC-492 x Madakkathara-2 10 210 400 2915 60.33 -0.51 0.31
Madakkathara-2 x Taliparamba-1 65 25 430 267.69  83.10 -0.04 -0.24
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Table 1.8: Yield levels in different crosses during second year.

Cross No. of plants Yield (kg/plant)
Min Max
Vengurle-4 x NRC-492 150 0.0 0.17
NRC-492 x Vengurle-4 9 0.0 0.12
Vengurle-4 x Taliparamba-1 116 0.0 0.17
Taliparamba-1 x Vengurle-4 6 0.0 0.0
Priyanka x NRC-492 65 0.0 0.19
NRC-492 x Priyanka 12 0.0 0.20
Priyanka x Taliparamba-1 9 0.0 0.16
Taliparamba-1 x Priyanka 6 0.0 0.04
Dhana x NRC-492 56 0.0 0.17
NRC-492 x Dhana 11 0.0 0.14
Dhana x Taliparamba-1 65 0.0 0.19
Taliparamba-1 x Dhana 4 0.0 0.06
Madakkathara-2 x NRC-492 135 0.0 0.18
NRC-492 x Madakkathara-2 10 0.0 0.21
Madakkathara-2 x Taliparamba-1 65 0.0 0.06

1.5 Development and evaluation of back cross
progenies of promising hybrids for dwarf
stature with high yield

A total of 542 plants involving 472 back
cross progenies and 70 parent plants were planted
during October 2014. The back cross progenies
were generated by back crossing either Bhaskara
or Ullal-3. Observations on plant height, girth,
canopy spread, precocious flowering and yield
have been compiled on these progenies during the
current year. The summary of statistics of different
characters in two back cross progenies is given in
Table 1.9 and Table 1.10.

The yield obtained from Bhaskara back cross
progenies was 0.0 to 0.30 kg while it was 0.0 to
0.24 kg in Ullal back cross progenies. Precocious
floweringwasrecorded in 50 progenies of Bhaskara
back cross and 49 progenies of Ullal-3 back cross.
Plant height in Bhaskara back cross progenies and
stem girth in Ullal-3 back cross progenies showed
moderate negative skewed distribution indicating
that plants with less plant height and stem girth
are less likely in the respective progenies. Other
characters showed approximately
distribution. The progenies will be evaluated
further in the ensuing years for their dwarf stature
and yield.

symmetric

Table 1.9: Descriptive statistics of (Bhaskara x NRC-492) x Bhaskara progenies.

Parameter Minimum  Maximum Mean SD Kurtosis Skewness
Plant Height (cm) 50.00 300.00 195.10 50.15 0.47 -0.77
Stem Girth (cm) 3.00 27.00 15.87 4.03 0.70 -0.49
Canopy Spread (EW) 12.00 300.00 159.02 53.38 -0.28 -0.28
Canopy Spread (NS) 9.00 290.00 154.43 54.07 -0.24 -0.09
Yield (kg) 0.00 0.30
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Table 1.10: Descriptive statistics of (Ullal-3 x NRC-492) x Ullal-3 progenies.

Character Minimum  Maximum Mean SD Kurtosis Skewness
Plant Height (cm) 25 320 196.14 44,57 1.26 -0.29
Stem Girth (cm) 2 24 15.78 3.54 1.42 -0.77
Canopy Spread (EW) 9 275 146.26 45.81 -0.07 -0.10
Canopy Spread (NS) 8 250 143.62 45.59 -0.41 -0.21
Yield (kg) 0 0.24

1.6 Evaluation of cashew genotypes for 1.7 Evaluation of cashew germplasm for

Cashew Nut Shell Liquid content

Anew project on identification and evaluation
of cashew genotypes for Cashew Nut Shell Liquid
(CNSL) was initiated. To identify accessions with
high and very low CNSL content, extraction of CNSL
using hexane solvent was standardised. Estimation
of CNSL content in 21 accessions indicated that
CNSL was high in NRC-109 (23.32%) while it was
low in NRC-40 (10.62%) (Table 1.11).

Table 1.11: CNSL content of different cashew
germplasm accessions.

Accessions CNSL content (%)
NRC 40 10.62
NRC 88 11.98
NRC 27 13.06
NRC 98 15.26
NRC 78 15.74
NRC 190 16.19
NRC 23 17.25
NRC 351 17.68
NRC 18 18.01
NRC 85 18.56
NRC 171 19.00
NRC 291 19.50
NRC 87 19.80
NRC 19 20.27
NRC 267 20.85
NRC 83 21.59
NRC 346 21.70
NRC 359 22.16
NRC 362 22.66
NRC 300 23.30
NRC 109 23.32

cashew apple yield and quality traits

1.7.1 Morphological characterization of

different cashew accessions

Fourteen germplasm accessions along with
one hybrid check (cv. Vengrule-8) were planted
at a spacing of 7.5 m x 7.5 m in RBD with three
replications in 2013 for evaluation of cashew
apple yield and quality traits. Observations on
morphometric parameters viz., plant height, trunk
girth, canopy spread (E-W and N-S), canopy area
and tree volume were recorded for the accessions
during 2015-16 (Table 1.12). Among the different
accessions, NRC 301 recorded the maximum
plant height (3.35 m) and trunk girth (38.17 cm)
(Fig 1.2). However, the maximum canopy spread
(E-W and N-S) was recorded in NRC 140 (4.42 m
and 4.95 m) and NRC 189 (4.50 m and 4.64 m)
respectively. Similarly, NRC 140 (28.64m? and
18.23m?) and NRC 189 (27.59 m? and 17.22 m?)
exhibited the maximum canopy area and tree
volume respectively.
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Table 1.12: Observations on morphometric parameters of different accessions.

Accessions Height  Trunk girth Canopy spread (m) Canopyarea Tree volume
(m) (cm) (m?) (m®)
NS
NRC 301 3.35 38.17 4.18 4.10 25.97 15.63
NRC 389 3.08 34.33 417 4.60 26.35 16.00
NRC 120 3.23 30.83 4.08 411 24.56 14.14
NRC 189 3.02 33.17 4.50 4.64 27.59 17.22
NRC 175 2.87 35.17 4.50 4.54 26.02 15.47
NRC 493 2.97 34.58 4.18 4.02 23.35 13.29
NRC176 2.96 30.25 3.75 3.97 22.24 12.36
NRC183 2.86 32.00 3.71 3.81 20.28 10.65
NRC 111 3.06 34.17 4.06 391 23.01 12.95
NRC 270 2.81 34.83 4.21 3.87 22.01 11.97
NRC75 2.73 35.25 4.38 4.58 25.00 14.51
NRC 144 2.58 30.17 3.68 3.85 19.08 9.81
NRC 112 3.05 36.42 4.25 4.52 26.27 15.83
NRC 140 297 33.58 442 495 28.64 18.23
Vengurla -8
(check) 2.25 21.50 3.83 3.79 17.92 8.90
Mean 2.92 32.96 4.13 4.22 23.88 13.80

A wide variation in colour of young and
mature leaves, leaf shape, apex, length and breadth
of leaves was observed among the accessions. In
case of colour of young leaves, 13 accessions were
in yellow red, and one each was in red (NRC 120)
and green yellow (NRC 183) (Fig. 1.3 and 1.4).
Whereas in colour of mature leaves, one accession
was in light green (NRC 183) and rest were in green

(14 accessions). In case of leaf shape and apex, the
majority of the trees were oblong shape leaves and
rounded leaf apex (Table 1.13). Leaf length and
leaf breath were high in Vengurla 8 (16.19 cm and
9.61 cm respectively) and vice versa in NRC 175
(11.17 cm and 6.59 cm respectively). Similarly, the
maximum leaf area was recorded in Vengurla 8
(111.27 cm?).

Fig 1.4: Green yellow colour young leaves
in NRC 183
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Table 1.13: Observations on leaf descriptors of different accessions.

L
DCR

Accessions Colour of  Colourof Leaf Leafapex  Leafsize (cm) Leaf
young leaf mature leaf shape Length  Breath area
(cm?)
NRC 301 Yellow red Green Oblong  Rounded 14.79 8.27 88.00
NRC 389 Yellow red Green Oblong Rounded 14.45 7.92 82.40
NRC 120 Red Green  Obovate Rounded 13.84 8.54 84.20
NRC 189 Yellow red Green Oblong Indented 14.09 8.04 82.01
NRC 175 Yellow red Green Oblong Rounded 11.71 6.59 55.15
NRC 493 Yellow red Green Oblong Rounded 13.63 7.92 77.98
NRC176 Yellow red Green Oblong  Rounded 13.62 7.68 74.93
NRC183 Green yellow Light green Oval Rounded 14.51 8.87 92.22
NRC 111 Yellow red Green Oblong Rounded 14.38 7.89 81.24
NRC 270 Yellow red Green Oblong  Pointed 16.35 8.92 104.59
NRC75 Yellow red Green Oblong  Pointed 14.45 7.57 77.88
NRC 144 Yellow red Green Oblong  Pointed 14.44 7.61 78.61
NRC 112 Yellow red Green Oblong Rounded 14.58 8.16 85.28
NRC 140 Yellow red Green Oblong Indented 14.29 7.68 78.33
Vengurla -8
(check) Yellow red Green Oblong Indented 16.19 9.61 111.27
Mean 14.36 8.08 83.61

Characterization of inflorescence indicated
thatamong the 15 accessions, 10 were in pyramidal
shape and 5 were in broadly pyramidal shape
(Table 1.14; Fig. 1.5 and 1.6), while compactness,
type and color of inflorescence were uniform in
all accessions. Inflorescence length and breadth

were more in NRC 183 (22.16 cm) and NRC 389
(27.83cm) respectively. Colour of boot leaf was
light green in all accessions except overlapping of
pink or red in different proportions present in NRC
140 and NRC 183.

Fig. 1.5: Broadly Pyramidal inflorescence in
NRC 183

28

NRC 140
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Table 1.14. Inflorescence characters of different cashew accessions.

against diseases under field conditions

Fourteen lines were screened for resistance
against black spot, shoot die back/twig rot/

Accessions Inflorescence Colour of
boot leaf
Shape Colour Compact Type Length Breath
(cm) (cm)
NRC 301 Pyramidal Cream Loose Allaround 15.73 19.93 Light
main axis green
NRC 389 Broadly = Cream Loose Allaround 21.85 27.83 Light
Pyramidal main axis green
NRC 120 Pyramidal Cream Loose Allaround 19.97 25.15 Light
main axis green
NRC 189 Broadly = Cream Loose Allaround 17.13 27.41 Light
Pyramidal main axis green
NRC 175 Pyramidal Cream Loose Allaround 18.17 25.52 Light
main axis green
NRC 493 Pyramidal Cream Loose Allaround 16.99 25.37 Light
main axis green
NRC176 Pyramidal Cream Loose Allaround 16.41 21.83 Light
main axis green
NRC183 Broadly = Cream Loose Allaround 22.16 26.23 Light
Pyramidal main axis green
with pink
tinge
NRC 111 Pyramidal Cream Loose Allaround 18.53 25.75 Light
main axis green
NRC 270 Pyramidal Cream Loose Allaround 16.44 21.96 Light
main axis green
NRC75 Pyramidal Cream Loose Allaround 17.26 22.43 Light
main axis green
NRC 144 Pyramidal Cream Loose Allaround 18.13 22.39 Light
main axis green
NRC 112 Broadly = Cream Loose Allaround 18.88 2691 Light
Pyramidal main axis green
NRC 140 Broadly = Cream Loose Allaround 21.07 27.02 Light
Pyramidal main axis green
with pink
tinge
Vengurla -8 Pyramidal Cream Loose Allaround 17.41 21.67 Light
(check) main axis green
Mean 18.41 24.49
1.7.2  Screening of cashew apple accessions gummosis and inflorescence drying/die back

diseases during 2015-16. Disease was scored
using 0-4 scale and per cent disease index (PDI)

was calculated using standard formula. On
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the basis of PDI, genotypes were categorized
in six disease reaction groups: symptomless
(SL, 0), resistant (R, 0.1-10), moderately resistant
(MR, 10.1-25), moderately susceptible (MS, 25.1-
50), susceptible (S, 50.1-75) and highly susceptible
(HS, 75.1-100). Among fourteen lines, three lines

viz., NRC301,NRC 176 and NRC 75 were resistant to
black leaf spot disease while none of the lines were
resistant to shoot die back/twig rot/gummosis
and inflorescence drying/die back diseases
(Table 1.15).

Table 1.15: Reaction different germplasm to black leaf spot, Shoot die back/twig rot/gummosis
and Inflorescence drying/die back diseases under field conditions.

Germplasm/ Reaction (PDI)
cultivar Black leaf spot Shoot die back/twig Inflorescence
rot/gummosis drying/die back

NRC 301 R (7.00)* MS (34.0) MS (35.7)
NRC 493 MR (14.20) MS (34.0) MR (27.8)
NRC140 MR (20.90) MR (20.4) MS (36.1)
NRC 389 MR (11.20) MS (31.0) MS (28.2)
NRC 75 R (8.70) MS (34.5) MR (18.4)
NRC 111 MR (15.50) MR (22.0) MR (17.2)
NRC 120 MR (13.90) MS (28.0) MR (21.9)
NRC 176 R (1.30) MS (25.5) MS (43.2)
NRC 270 MR (15.60) MR (23.0) MS (32.5)
NRC 112 MR (10.90) MS (28.1) MR (7.0)
NRC 144 MR (17.00) MS (35.4) MR (15.1)
NRC 189 MS (30.60) MS (32.0) MS (33.2)
NRC 175 MS (34.30) MS (26.0) MR (17.4)
NRC 183 S (67.20) MS (28.2) MS (33.5)

Values in parentheses are PDI

1.7.3. Incidence of insect pests on different
cashew apple accessions

During 2015-16, incidence of Tea Mosquito
Bug (TMB) (Helopeltis antonii) was less, but

thrips (Scirtothips dorsalis) and, Apple and
Nut Borer (ANB) (Thylacoptila paurosema)
infestations were more compared to previous years
(Table 1.16).
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Table 1.16: Incidence of insect pests on the accessions during 2015-16

Accession TMB damage grade  Thrips damaged nuts Apple and nut borer
(0-4) (%) damaged nuts (%)

NRC 176 0.83 45.12 06.69

NRC 389 1.01 18.75 05.30

NRC 144 0.43 16.50 16.74

NRC 175 1.56 29.45 05.45

NRC 112 0.88 29.38 10.25

NRC 75 1.00 01.05* 02.78*

NRC 270 0.82 18.34 15.15

NRC 301 1.08 40.00 08.25

NRC 111 091 29.60 14.41

NRC 140 0.61 33.64 04.90

NRC 120 0.85 16.96 07.11

NRC 183 0.83 00.00* 00.00*

NRC 493 1.11 28.71 22.07

NRC 189 0.84 24.07 02.98
Vengurla 8 0.13 12.12 02.75

(Where, Resistant: 0.0-1.0, Moderately Resistant: 1.1-2, Moderately Susceptible : 2.1-3, Susceptible : 3.1-4)

*Late flowering accessions, yielding is in progress.

During flushing period, highest TMB damage
was recorded in NRC 175 followed by NRC 493. In
all the accessions, TMB damage was less than grade
2. But, spraying of insecticide (lambda cyhalothrin
5 EC @ 0.006 %) was taken up immediately after
TMB grading. During flowering and fruiting period,
TMB population was very less. But thrips and ANB
incidences were more between December and
April while other pests like aphids, mealy bugs,
slug caterpillar and leaf miner were also recorded
in a localized manner at very low level. Among the
accessions, infestation of thrips was very high on
NRC 176 (45.12%), followed by NRC 301 (40.0%)
and NRC 140 (33.64%). Least thrips damage was
recorded on check variety Vengurla-8 (12.12%),
followed by NRC 144 (16.5 %) and NRC 120

- 31

(16.96%). Whereas, apple and nut borer infestation
was maximum on NRC 493 (22.07%) followed by
NRC 144 (16.74%) and NRC 270 (15.15%) while,
V-8 (2.75%) and NRC 189 (2.98%) had minimum
infestation of ANB.

1.7.4. Yield of cashew apple and nut in

different accessions

Among the different accessions, NRC 175
recorded the highest apple yield (37.89 kg/
tree) followed by NRC 140 (18.56 kg/tree), NRC
389 (14.96 kg/tree) while the yield was lowest
(0.334 kg/tree) in NRC 183 (Fig.1.7 and Fig.1.8).
Similarly, NRC 175 registered high nut yield (2.84
kg/tree) whereas it was low in NRC 183 (0.038 kg/
tree).

)




TSI Ak Thaaed 2015-2016

@

ICAR-DCR Annual Report 2015-2016

w1
DCR

Apple Yield {(kg/ tree)

40 -
)
- 30 7
g
¥ 20
T
] F
2 10 I l
g . 8 = B
n?n.?""'-ﬂ- »i\"h?i”-(\“#.\h"«“o«"w,\(bﬁb&
9 3
Fig.1.7. Cashew apple yield indifferent accessions
Nut Yield (kg/ tree)
3 -
B
- 2 T
=y
[=1:]
k4
T 197
o
=
0 _d
S AR A S S S R R R A
e o'g? O Tl i TRl G SN L T T ol
T FEFFFEFEFEFEFEFTEFEs ,@q

Fig.1.8. Cashewnut yield in different accesions

1.7.5. Variability in apple characters

Significant differences in fruit weight, juice
content, TSS, pH, acidity, tannin, vitamin C and
phenol content were recorded in various cashew
apple accessions (Table 1.17). Among fifteen
accessions, the highest fruit weight was recorded
in NRC-301 (177 g) (Fig. 1.9) while it was lowest
in NRC-176 (47 g). NRC-301 recorded the highest
juice content (77.00%) and lowest juice was in
NRC-176 (71.00%). Whereas, NRC-176 recorded
highest content of pomace (28.3%) and lowest
pomace was in NRC-183 (22.0%). The highest TSS
(13.5°B) was recorded in NRC-176 and NRC-183
while lowest TSS wasin NRC-112 (10°B). Maximum
acidity of 0.76% was recorded in accession
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NRC-270 and NRC-183 while it was minimum
in NRC-75 (0.31%). Accession NRC-175 had the
highest tannin content (6.43 mg/ml of juice)
followed by NRC-140 (6.10 mg/ml of juice) whereas
NRC-183 recorded lowest tannin content (2.11 mg/
ml of juice). Accession NRC-270 had the highest
vitamin C content (3.9 mg/ml of juice) followed by
NRC-112 (3.8 mg/ml of juice) and NRC-144
(3.6 mg/ml of juice) whereas NRC-140 recorded
the lowest vitamin C content (2.2 mg/ml of juice).
Among the fifteen accessions the highest phenol
contentwasrecorded in NRC-270 (0.38%) followed
by NRC-176 (0.32%) and NRC-111 (0.31%)
while the lowest phenol was found in NRC-175
(0.18%).
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Table 1.17: Variations in apple quality in different cashew accessions.

Accession/ Apple Juice Pomace TSS pH Acidity Tannin Vit. C Phenols
Variety Weight yield yield (%) (°B) (%) content (mg/ml) (%)
(8) (%) (mg/ml)
NRC 301 177 77.00 22.50 115 4.7 0.72 3.94 3.3 0.28
NRC 389 97 75.10 23.70 125 44 0.50 3.05 2.8 0.28
NRC 144 110 76.00 23.00 11.5 45 0.56 2.34 3.6 0.24
NRC 175 89 75.60 23.00 125 46 0.68 6.43 3.2 0.18
NRC 112 105 76.20 23.10 10.0 44 0.54 3.10 3.8 0.33
NRC 75 85 74.80 24.00 125 4.6 0.31 2.70 3.3 0.27
NRC 270 93 76.00 23.00 12.0 43 0.76 3.02 3.9 0.38
NRC 176 47 71.00 28.30 135 43 0.48 3.80 3.5 0.32
NRC 111 124 76.25 23.00 115 45 0.58 2.80 2.8 0.31
NRC 140 148 74.80 23.80 13.0 45 0.56 6.10 2.2 0.23
NRC 120 115 71.30 23.30 120 45 0.58 5.65 3.3 0.26
NRC 183 158 76.70 22.00 135 44 0.76 2.11 2.8 0.22
NRC 493 128 75.00 24.10 115 4.6 0.53 2.21 3.2 0.26
NRC 189 109 74.40 25.10 120 44 0.49 2.90 3.8 0.28
V8 92 73.20 26.00 12.0 4.6 0.71 2.60 3.3 0.26

1.8 Externally Funded Projects

1.8.1 Development of morphological
descriptors and DUS test guidelines
for cashew (Funded by PPV FRA, New
Delhi)

In order to arrive at DUS test guidelines for
cashew, a project funded by Protection of Plant
Varieties and Farmers Rights Authority, New
Delhi was initiated. During the year, the data on
68 characteristics of 42 released cashew varieties
have been compiled and Image database of these
varieties with respect to different plant parts are
being compiled (Fig 1.10).

Fig. 1.9: Large size apple of NRC 301
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Colour of young leaves Grooves on cashew apple

Leaf apex shape - Suture of nut

DHANA

Leaf apex shape Suture of nut

Fig 1.10: Morphological descriptors for DUS testing
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1.8.2 CRP-Agro biodiversity

A Consortia Research Platform on Agro
biodiversity was initiated during the year at this
Directorate with Indian Institute of Horticultural
Research, Bangalore as the nodal centre. The main
objective of the program is to generate evaluation

data on existing germplasm collections and
germplasm bank. Accordingly,
characterisation of 5 cashew germplasm accessions
planted during 2006 and documentation of data
on 16 accessions evaluated during 2014-15, were
completed.

maintain
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2. CROP MANAGEMENT

2.1. Organic Farming in Cashew

A field experiment has been initiated in
2012 to develop organic nutrient management
modules for sustainable cashew productivity. The
objectives of the project include: i) to examine the
influence of organic sources on growth, yield and
quality of cashew and ii) to quantify the changes
in soil physical, chemical and biological properties
resulting from organic farming practices.

The experiment was laid out in randomized
block design with cashew variety ‘Bhaskara’. The
planting was done at a spacing of 7.5 m x 7.5 m. The
details of the treatments are shown below:

T.: FYM to supply 500 g N/tree

T.: FYM to supply 500 g N/tree + biofertilizer
consortia*

T,: FYM to supply 500 g N/tree + Rock

phosphate to supply 125 g P,0./tree and

woodash to supply 125 g K,0/tree.

T, Poultry manure to supply 500 g N/tree

T.: In situ composting using recyclable cashew
biomass and weeds

T,: In situ composting using recyclable cashew

biomass and weeds + Green manuring
(Growing Glyricidia between two rows of
cashew)

T : Vermicomposting of recyclable cashew
biomass

T, FYM + Organic cakes + Recyclable cashew
biomass + biofertilizer consortia

T, Recommended NPK fertilizer**

T,,; Recommended NPK fertilizer + 10 kg FYM/
tree

T : Control.

11"
* Azospirillum, PSB and AMF at a rate of 50 g each/
tree/year.

** Fertilizer dose: 1 year of planting: 1/5% of
recommended N, P and K per tree per year, 2™
year: 2/5™ of recommended N, P and K per tree
per year, 3™ year: 3/5% of recommended N, P and
K per tree per year, 4" year: 4/5% of recommended
N, P and K per tree per year and 5" year onwards
full dose i.e. 500 g N, 125 g each of PO, and K,0/
tree/year.

The Influence of organic and inorganic
sources of nutrients on growth of cashew showed
a wide variation. Growth parameters were the
greatest in ‘recommended NPK fertilizer + 10 kg
FYM/tree’ followed by ‘poultry manure to supply
500 g N/tree’ with minimum under ‘control’. The
plant height and stem girth varied from 366.67 to
458.33 cm and 30.78 to 37.83 cm, respectively. The
canopy spread in N-S direction ranged from 300 to
408.33 cm and in E-W direction varied from 304.17
to 420.83 cm, canopy height ranged from 70.50 to
98.92 cm (Table 2. 1).

Table 2.1: Influence of organic source of nutrients on growth parameters of cashew

Treatment Plant height Girth Canopy spread (cm) Canopy
(cm) (cm) height (cm)
E-W N-S
T, 429.17 33.83 383.33 370.83 80.25
T, 454.17 34.58 387.50 391.67 81.83
T, 429.17 36.33 370.83 358.33 81.67

[ 36 )
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Treatment Plant height Girth Canopy spread (cm) Canopy
(cm) (cm) height (cm)
E-W N-S

T, 437.50 35.25 350.00 337.50 98.92
T, 370.83 31.42 325.00 308.33 92.92
T, 416.67 33.58 304.46 341.67 84.67
T, 375.00 31.67 304.17 300.00 70.50
Tg 391.67 31.00 341.67 366.67 87.83
T, 425.00 33.92 325.00 333.33 83.67
T, 458.33 37.83 420.83 408.33 96.42
T,, 366.67 30.78 316.67 308.33 97.67

CD (p=0.05) NS 4.31 69.78 NS NS

Influence of organic and inorganic sources
of nutrients on soil micronutrient contents was
analysed (Table 2.2). Variations in Fe (15.2 to 21.2

ppm), Mn (6.0 to 9.0 ppm), Zn (0.74 to 0.92 ppm)
and Cu (1.00 to 1.98 ppm) contents were observed
among the different treatments.

Table 2.2. Influence of organic and inorganic sources of nutrients on soil micronutrient content

Treatment Fe (ppm) Mn (ppm) Zn (ppm) Cu (ppm)
T1 20.0 8.2 0.82 1.86
T2 19.8 8.2 0.91 1.85
T3 21.2 8.8 0.90 1.95
T4 20.0 9.0 0.86 1.98
T5 18.5 7.0 0.74 1.22
Té6 17.9 7.9 0.82 1.45
T7 18.2 7.8 0.80 1.40
T8 18.0 7.0 0.78 1.30
T9 16.0 6.2 0.76 1.20
T10 21.0 8.6 0.92 1.84
T11 15.2 6.0 0.74 1.00
2.1.1 Management of Tea Mosquito Bugusing The TMB damage score recorded at three different

Entomopathogenic fungus

Two rounds of entomopathogenic fungus
(2 x 107 spores/ml) were sprayed in the form
of liquid formulation and wettable powder for
management ofteamosquito bug (TMB) infestation.

intervals showed that there was no significant
difference in TMB damage score between treated
and control. On an average the TMB damage score
was 0.87, 1.34 and 1.25 in liquid formulation,
wettable powder and control, respectively.
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2.2 Irrigation requirement of cashew under
high density planting

Field experiment was laid out in split plot
design with variety Bhaskara during 2011. The
treatment details of the experiment are given
below

Main plot treatments (Plant densities):

° M,: 5 m x4 m (500 plants/ha)
° M,: 6 m x 4 m (416 plants/ha)
° M,: 10 m x 5 m (200 plants/ha)

Sub plot treatments (Irrigation levels):
° T,: 20% CPE
e  T,:40% CPE
° T,: 60% CPE

° T,: critical irrigation (once in 15 days)

<

° T.: Soil and water conservation technique
° T,: control (without irrigation and soil &
water conservation)

2.2.1 Plant densities and irrigation levels on

growth of cashew

The growth parameters viz, plant height,
girth and canopy spread (N-S and E-W direction)
of cashew plant was recorded under different
densities and irrigation levels (Tables 2.3 and 2.4).
No significant difference was observed in growth
parameters with respect to different densities
and irrigation levels. However, the height of the
plant ranged from 447.89 cm to 467.25 cm under
different plant densities and 444.72 cm to 476.16
cm under different irrigation levels. Girth of the
plant under different densities and irrigation levels
varied from 38.29 cm to 41.28 cm and 37.94 to
40.61 cm, respectively.

Table 2.3: Effect of spacing and irrigation on plant height and girth of cashew var. Bhaskara

Irrigation (T) T, T, T, T, T, Mean (M)
Spacing (M) Plant height (cm)
M, 480.14 470.83 513.75 470.83 467.50 400.42 467.25
M, 451.67 482.08 435.42 44792 424.86 445.42 447.89
M, 496.67 460.83 448.75 436.67 467.08  488.33 466.39
Mean (T) 476.16 471.25 46597 451.81 453.15 444.72
Source Main (M) Sub (T)  Sub (T) x Main (M) Main (M) x Sub (T)
SE (d) 27.55 19.73 34.17 41.62
LSD at 5% NS NS NS NS
Spacing Trunk Girth (cm)
M, 39.36 40.17 43.21 39.88 39.17 34.03 39.30
M, 39.61 39.42 36.92 37.71 38.74 37.36 38.29
M, 42.86 41.25 39.54 40.88 40.71 42.42 41.28
Mean (T) 40.61 40.28 39.89 39.49 39.54 37.94
Source Main (M) Sub (T)  Sub (T) x Main (M) Main (M) x Sub (T)
SE (d) 2.36 2.12 3.68 4.10
LSD at 5% NS NS NS NS

Canopy spread in N-S and E-W direction
of the cashew plant under different densities
varied from 393.56 cm to 425.02 and 396.64 cm
to 421.25 cm, respectively. Canopy spread with

[ 38 )

respect to different irrigation levels ranged from
392.08 to 433.19 cm in N-S direction and 392.73 to
417.82 cm in E-W direction.
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Table 2.4: Effect of spacing and irrigation on canopy spread of cashew (cv. Bhaskara).

w1
DCR

Irrigation (T) T, T, T, T, T, T, Mean (M)
Spacing (M) Canopy Spread N-S (cm)
M, 411.81 445.42 440.00 40292 43750 359.44 416.18
M, 376.25 396.67 398.75 376.25 420.83 392.64 393.56
M, 471.39 392.92 397.50 42292 441.25 42417 425.02
Mean (T) 419.81 411.67 412.08 400.69 433.19 392.08
Source Main (M) Sub (T)  Sub (T) x Main (M) Main (M) x Sub (T)
SE (d) 27.55 19.73 34.17 41.62
LSD at 5% NS NS NS NS
Spacing Canopy Spread E-W (cm)
M, 381.25 412.50 461.25 403.75 414.58 358.61 405.32
M, 423.89 374.17 413.75 378.75 39597 393.33 396.64
M, 446.67 397.92 372.08 441.67 44292 426.25 421.25
Mean (T) 417.27 394.86 415.69 408.06 417.82 392.73
Source Main (M) Sub (T)  Sub (T) x Main (M) Main (M) x Sub (T)
SE (d) 31.88 24.93 43.19 50.70
LSD at 5% NS NS NS NS
2.2.2 Soil properties as affected by different plant densities indicated that there was no

plant densities and irrigation levels

Soil samples at three different depths (0-30,
31-60 and 61-90 cm) were collected and processed
for analysis of various physical, physico-chemical
and chemical properties under different densities
and irrigation levels (Table 2.5). Influence of
irrigation levels on soil properties under different

significant difference in pH, EC, organic carbon
and Exch. Mg contents. However, available N, K
and Exch. Ca were significantly higher in normal
density (10 m x 5 m) as compared to high density
planting (5 m x4 m and 6 m x 4 m). Of the irrigation
levels, 40% CPE and 60% CPE resulted in higher
available nutrient contents over other treatments.

Table 2.5: Effect of plant densities and irrigation levels on soil properties

Treatment pH EC ocC Available Available Exch.Ca Exch. Mg
Plant (ds (%) N(kgha?!) K(kgha?) cmol(p*) cmol (p+)
density (M) m?) kg1 kg1
M, 5.20 0.08 1.12 278.8 200.5 2.22 0.82
M, 5.31 0.07 1.06 282.6 193.2 2.10 0.90
M, 5.10 0.08 1.18 319.5 216.8 2.36 0.95
CD (p=0.05) NS NS NS 19.35 20.8 0.34 NS
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pH EC ocC Available Available Exch.Ca Exch. Mg
Irrigation (T) (ds (%) N(kgha?!) K(kgha') cmol(p*) cmol (p+)
m-l) kg-l kg-l
T, 5.19 0.07 1.15 292.7 209.3 2.21 0.88
T, 5.16 0.09 1.19 300.5 218.1 2.32 0.97
T, 5.18 0.06 1.18 312.5 205.8 2.29 0.90
T, 5.21 0.08 0.99 288.5 208.4 2.20 0.93
T, 5.17 0.07 1.08 287.4 189.5 2.16 0.85
T, 5.29 0.09 1.14 280.2 190.0 2.18 0.81
LSD at 5% NS NS NS 30.1 22.5 NS NS

2.3 Establishment of Nutrient Diagnostic

Norms in Cashew

2.3.1 Regional survey and collection of soil and
leaf samples from selected Centres of
AICRP on Cashew

A regional survey was carried out in cashew
orchards of 5 to 20 years old in Puttur (Karnataka),
Vengurla (Maharashtra), Bhubaneswar (Odisha)
and Bapatla (Andhra Pradesh) regions in order
to develop diagnostic norms and for evaluation of
yield limiting nutrients in low yielding orchards.
Seventy cashew orchards each in Puttur, Vengurla
and Bhubaneswar and Bapatla under AICRP-
Cashew were selected at random, covering the
entire range of management and yield level. Soil
and leaf samples were collected from different
cashew orchards besides information on yield and
other management practices of each orchard.

2.3.2 Spatial Variability of  Available
Micronutrients in Cashew Orchards of
Konkan Region, Maharashtra

In order to assess the spatial variability of
available micronutrients viz,, Fe, Mn, Zn and Cu
in different cashew orchards of Ratnagiri district,
Maharashtra, 70 cashew orchards of 5 to 20 years
old in different villages were selected at random,

covering the entire range of management and yield
level. Surface soil (0-30 cm) samples collected
from each orchard were utilized for the analysis.
The collected soil samples were processed and
analysed for DTPA extractable Fe, Mn, Zn and Cu
as per standard methods (Lindsay and Norvell,
1978). The range and mean values of DTPA
extractable micronutrient contents in soils showed
wide variation among orchards (Table 2.6). The
content of DTPA-Fe in soils varied from 5.48 to
42.63 mg kg! with an average value of 15.44 mg
kg™, Considering the critical limits of 4.5 mg Fe kg
soil as suggested by Lindsay and Norvell (1978),
Fe contents of cashew orchard soils of Ratnagiri
district are on the high side. The Mn situation in
cashew orchards was very similar to that of Fe. The
DTPA-Mn content varied from 12.86 to 34.93 mg
kg with mean value of 30.10 mg kg™. As per critical
limits (2.0 mg Mn kg'! soil), cashew orchard soils of
Vengurla were exceptionally rich in Mn. Owing to
the acidic nature of soils, Fe and Mn values were
typically high in Vengurla. Moreover, laterization
processes in which sesquioxides accumulate to
increase the Fe content since the soils under study
were laterite soils.

The DTPA-Zn contents of soils vary largely
from one site to another. It varied from 0.1 to
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3.64 mg kg! with mean value of 0.97 mg kg
Considering the critical limits (0.6 mg Zn kg), 26
per cent of soil samples were deficient in available
Zn. Similarly, the DTPA-Cu contents of soil vary
largely, extremely very low and very high DTPA-
Cu values were recorded. The DTPA-Cu contents
of soils varied from 0.06 to 19.92 mg kg' with
an average value of 1.67 mg kg!. Considering the
critical limits (0.2 mg Cu kg! soil), 9 per cent of
soil samples were deficient in available Cu. The
available micronutrient contents of these soils
were in the order of Mn > Fe > Cu > Zn. High spatial
variability in available micronutrient content
of cashew orchards of Vengurla might be due to
differences in nutrient management approaches
among cashew farmers.

Based on the analysis of micronutrient
contents of cashew growing orchards of Vengurla
region, they were classified into three ratings as
shown in Table 2.7. The frequency distribution
of available micronutrients showed that, in most
parts of the study area, the DTPA-Fe content was
greater than 10.0 mg kg'!, while, in a few places, the
content varied between 5 and 10 mg kg™. In whole
study area, DTPA-Mn content was higher than 10
mg kg, revealing that available Fe and Mn content
of all cashew orchards under study were sufficient
to meet the crop demand for longer period. Ranges
of variation in DTPA-Fe were wide as compared to
DTPA-Mn, though all ofthe Fe and Mn values were on
higher side. With respect to DTPA-Zn content, only
in a small part of the study area, DTPA-Zn content
was < 0.5 mg kg'!, while in other parts it varied from
0.5 to >1.0 mg kg. On the basis of critical limits
of available zinc, 18.6 per cent soil samples were
deficient, 44.3 per cent samples were marginal and
37.1 per cent samples were sufficient in available
zinc. Although the DTPA-Zn content of most cashew
orchard soils (44.3% of soil samples) of Vengurla

<

seems to be medium (>0.5-1.0 mg Zn kg? soil),
which may potentially be at risk to Zn deficiency
in future, if no external sources are applied. As the
case for DTPA-Zn, the variation of soil DTPA-Cu
was very wide. Of the 70 soil samples, 8.6 per cent
of cashew orchard soils fell in deficient, 11.4 per
cent occured in the marginal and 80.0 per cent of
cashew orchard soils were in sufficient categories.
Only in very few locations, Cu deficiencies have
been noted. However, a great number of samples
showed alarmingly high contents of Cu (>1.0 mg
kg™1). The data clearly indicates the deficiency of a
single micronutrient prevails in different cashew
orchards of Vengurla compared to the multiple
micronutrient deficiencies. DTPA-Fe and DTPA-Mn
have lower spatial variability compared to DTPA-
Zn and DTPA-Cu, most likely due to no / limited
application rates (Table 2.8).

Micronutrient status of cashew orchard
soils was measured in terms of nutrient index
(NI) values. Based on the soil test values for DTPA
extractable micronutrients, soil samples were
classified into three categories, low, medium and
high. Using these categories, nutrient index was
calculated as per the following equation.

Nutrientindex = (NLx1+NMx 2 + NHx 3) / NT

Where, NL, NM and NH are number of
samples falling in low, medium and high classes of
micronutrient status, respectively and NT is total
number of samples analyzed for a given area.

Nutrient index value of <1.5 is taken as low
fertility, values between 1.5 -2.5 considered as
medium fertility and >2.5 as higher fertility. Based
on the nutrient index value, cashew orchard soils of
Ratnagiri district were high in DTPA-Fe and DTPA-
Mn contents while, majority of soils were medium
in DTPA-Zn and high in DTPA-Cu status.
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Table 2.6: Available micronutrient content in different cashew orchards (70) of Ratnagiri district

Available Range Mean % samples % samples
micronutrient (mgkg?) (mg kg!) deficient sufficient
DTPA-Fe 5.48-42.63 15.44 0 100
DTPA-Mn 12.86-34.93 30.10 0 100
DTPA-Zn 0.1-3.64 0.97 25.71 74.29
DTPA-Cu 0.06-19.92 1.67 8.57 91.43

Table 2.7: Ratings for DTPA extractable micronutrient soil test levels
Rating DTPA extractable
Fe Mn Zn Cu
Low <5 <5 <0.5 <0.2
Medium 5-10 5-10 0.5-1.0 0.2-0.4
High >10 >10 >1.0 >0.4

Table 2.8: Frequency distribution of micronutrient availability of cashew orchards of Ratnagiri

district
Category DTPA-Fe DTPA-Mn DTPA-Zn DTPA-Cu
No. of % of No. of % of No. of % of No. of % of
soil soil soil soil soil soil soil soil
samples samples samples samples samples samples samples samples
Low 0 0 0 0 13 18.57 6 8.57
Medium 18 25.71 0 0 31 44.29 8 11.43
High 52 74.29 70 100 26 37.14 56 80

2.3.3 Assessing soil properties of cashew
orchards in Bhubaneswar region

Seventy soil samples (0 to 30 cm depth)
collected from different cashew orchards in
Bhubaneswar region were analyzed for selective
physico-chemical characteristics. Soil pH varied
from 3.72 to 6.02 with a mean value of 4.58. The
pH values of all representative soils were mostly
acidic to near neutral in reaction. The organic
carbon content of the samples ranged from 0.14 to
0.71 with a mean value of 0.38 per cent. Organic
carbon content was low in 58 orchards, medium in

12 orchards and none of the samples recorded high
status for organic carbon.

The available N content of the soils varied from
75.05 to 350.95 kg/ha with a mean value of 209.30
kg/ha. Available N content was low in 66 orchards
and medium in 4 orchards. None of the soils fell
under the category of high in available N content in
the region. Available K content of the soils showed
a wide variation ranging from 5.03 to 667.01 kg/
ha with a mean value of 124.31 kg/ha, indicating
41 orchards were low, 25 were medium and 4 were
high in available K content in the region.
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Rating chart and nutrient index value for soil
test values of organic carbon, available nitrogen
and available potassium for soil samples collected
from cashew orchards of Puttur, Vengurla and
Bhubaneswar regions have been presented in
Tables 2.9 and 2.10. High fertility index for Puttur
and Vengurla and low for Bhubaneswar were

recorded with respect to organic carbon content.
Fertility index value for available nitrogen was
low for both Puttur and Bhubaneswar and medium
for Vengurla. For available potassium, medium
fertility index values, were recorded for Puttur
and Vengurla regions and low for Bhubaneswar
region.

Table 2.9: Rating chart for soil test values for organic carbon, available N and K of cashew orchards

Soil parameter No. of soil samples falling under the category of
Low Medium High
Soil organic carbon 2 : Puttur 10 : Puttur 5 : Puttur
14 : Vengurla 4 : Vengurla 52 : Vengurla
58 : Bhubaneswar 12 : Bhubaneswar 0 Bhubaneswar
Available N 66 Puttur 4 : Puttur 0 Puttur
26 Vengurla 44 : Vengurla 0 Vengurla
66 Bhubaneswar 4 : Bhubaneswar 0 Bhubaneswar
Available K 46 Puttur 20 : Puttur 4 Puttur
32 Vengurla 33 : Vengurla 5 Vengurla
41 Bhubaneswar 25 : Bhubaneswar 4 Bhubaneswar
Table 2.10: Soil fertility index of cashew orchard soils
Soil parameter % Frequency
Low Medium High
<1.5 1.5-2.5 >2.5
Organic carbon 1.17 : Bhubaneswar 3.57 : Puttur

2.55 : Vengurla

Available N 1.28 : Puttur 1.63 : Vengurla
1.06 : Bhubaneswar
Available K 1.47 : Bhubaneswar 1.79 : Puttur

1.62 : Vengurla

2.4 Rootstock studies in cashew

The different stionic combinations planted
in the field were compared for growth and yield.
The stionic combinations varied with respect
to flowering and yield parameters (Table 2.11).
Among different stionic combinations, the highest
number of flowering laterals per m? was recorded

in VRI-3/V-4 (12.90) which was on par with
NRCC Selection-2/V-4 (12.60), V-4/V-4 (12.40),
Ullal-3/NRC 492 (12.40), VRI-3/ Taliparamba-1
(11.70), VRI-3/ NRC 492 (11.30) and Ullal-
3/V-4 (11.00). The non-flowering laterals did not
exhibit significant differences among the different
stionic combinations. A significant variation was
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observed in nut yield per plant among different
stionic combinations. The highest nut yield was
associated with a combination of VRI-3/NRC
492(3.30 kg/plant), which was on par with Ullal-3/
Taliparamba-1 (3.00 kg/plant), V-4 /Taliparamba-1
(290 kg/plant), V-4/V-4 (2.80 kg/plant), VRI-
3/V-4 (2.70 kg/plant), Ullal-3/NRC 492 (2.70

<

kg/plant), Sel-2/NRC 492(2.60 kg/plant), V-4/
NRC 492 (2.60 kg/plant), Ullal-3/V-4(2.50 kg/
plant) and Sel-2/V-4 (2.40 kg/plant). The stionic
combination of VRI-3/NRC 492 was associated
with highest cumulative nut yield (12.08 kg/plant)
over 4 harvests.

Table 2.11: Flowering parameters and yield in different stionic combinations in cashew (2014-15)

Stionic combination Flowering Non-Flowering Yield Cumulative
(scion/rootstock) Laterals/m™ laterals/m™ (Kg/plant) yield

(4 harvests)
Ullal-3/ V-4 11.00 8.30 2.50 6.98
VRI-3/V-4 12.90 10.50 2.70 8.65
Sel-2/V-4 12.60 11.00 2.40 6.24
V-4/V-4 12.40 8.70 2.80 9.12
Ullal-3/ NRC 492 12.40 8.30 2.70 10.04
VRI-3/ NRC 492 11.30 14.00 3.30 12.08
Sel-2/ NRC 492 9.00 12.00 2.60 8.24
V-4/ NRC 492 8.30 9.00 2.60 8.76
Ullal-3/ Taliparamba-1 7.50 10.50 3.00 8.81
VRI-3/ Taliparamba-1 11.70 10.00 1.80 6.53
Sel-2/ Taliparamba-1 7.00 9.00 2.10 4.69
V-4 / Taliparamba-1 8.00 11.50 2.90 7.61
Mean 10.34 10.23 2.62 -
CD@5% 3.09 NS 1.08 -

2.5. Performance of high yielding varieties of
cashew in different planting densities.

A field experiment was laid out in 2006 with
grafts of nine varieties in four different spacing to
determine optimum plant density for achieving the
highest yield and profits for the first ten years.

Main plot: Number of trees/ha

S1-200 (10 m x 5 m), S2 - 236 (6.5 m x 6.5 m),
S3-384 (6.5mx4m),S4-500(5mx4m)

Sub plot: Varieties

[ 44 )

T1 - VRI-3, T2 - NRCC Sel- 2, T3 - V-7, T4 - Ullal -1,
T5 - Dhana, T6 - Madakkathara-2, T7 - Ullal- 3, T8
- V-4, T9 - Bhaskara

Design: Split plot, Replication: 3

2.5.1 Growth parameters under different

planting densities

Different plant density did not exhibit
significant effect on plant growth viz, plant height,
girth and average spared of canopy. The plant
height ranged from 3.96 m (VRI-3 planted at 6.5
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m x 6.5 m) to 6.96 m (Madakkathara-2 planted at  average spread of canopy ranged from 5.21 m
5 m x 4 m spacing). The stem girth ranged from  (VRI-3 planted at 5 m x 4 m) to 7.31 m (Ullal -3
40.17 cm (VRI-3 planted at 6.5 m x 6.5 m) to 65.25  planted at 10 m x 5 m) (Table 2.12).

cm (Madakkathara -2 planted at 6.5 m x 4 m). The

Table.2.12. Effect of plant densities and varieties on morphometric characteristics of cashew

Varieties VRI-3 Ullal-3 V4 Bhaskara Madakka Sel-2 V7 Ullal-1 Dhana Mean
Thara-2
Treatments- Plant height ( m)
plants/ha
S1-200 4.17 6.05 5.08 5.75 5.83 460 6.04 588 5.33 5.42
S2-312 3.96 558 5.74 5.88 6.04 496 492 579 5.67 5.39
S3-384 4.25 6.00 5.79 6.21 6.17 579 550 6.08 6.08 5.76
S4-500 4.08 5.88  4.83 5.75 6.96 438 550 6.58 5.96 5.55
Mean 4.12 588 5.36 5.90 6.25 493 549 6.08 5.76  General
mean=
5.53
CD for main plot (p=0.05) NS
CD for sub plot (p=0.05) 0.57
CD for main x sub plot (p=0.05) NS
Girth of Collar region(cm)
S1-200 46.83 61.83 5250 60.50 63.33 47.33 62.00 58.33 61.00 57.07
S2-312 40.17 55.83 53.33 54.17 65.50 49.33 56.17 55.17 62.17 54.65
S3-384 4483 5850 53.67 59.17 65.17 47.33 5233 61.33 5417 55.17
S4-500 45.33 60.00 44.83 67.83 65.67 46.83 5833 57.67 55.83 55.81
Mean 4429 59.04 51.08 60.42 64.92 47.71 57.21 58.13 58.29 General
mean=
55.68
CD for main plot (p=0.05) NS
CD for sub plot (p=0.05) 5.48
CD for main x sub plot (p=0.05) NS
Average spread of canopy (m)
S1-200 5.25 731 6.25 6.71 5.96 6.15 7.04 717 6.43 6.47
S2-312 5.54 6.58  6.27 6.00 6.23 550 6.25 579 7.04 6.13
S3-384 5.52 6.63  6.58 6.75 6.38 6.04 633 6.46 6.83 6.39
S4-500 5.21 721 581 6.52 5.90 558 613 6.08 6.48 6.10
Mean 5.38 693 6.23 6.49 6.11 5.82 6.44 6.38 6.70  General
mean=
6.27
CD for main plot (p=0.05) NS
CD for sub plot (p=0.05) 0.62
CD for main x sub plot (p=0.05) NS
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2.5.2 Effect of plant density and varieties on
ground coverage

The ground coverage of different varieties
planted at different densities indicated that the
density of 500 plants/ha occupied highest available
space (148.73%), closely followed by the density of

384 plants/ha (125.17%). The ground coverage by
plant canopy was least (67.65%) under the density
of 200 plants/ha. The ground coverage of canopy
was influenced by different varieties. The ground
coverage was highest (117.86%) with Dhana, while
it was least (75.88%) with VRI-3 (Table 2.13).

Table 2.13: Effect of plant density and varieties on the ground coverage by canopy (%) (2015)

Varieties VRI-3 Ullal-3 V4 Bhaskara Madakkathara-2 Sel-2 V7 Ullal-1 Dhana Mean
Treatments-
plants/ha
S1-200 1-200 43.96 84.37 61.79 73.87 55.76 62.13 78.25 8221 66.55 67.65
S2-236 5790 80.85 74.38 67.80 72.24 57.00 72.60 6280 9390 71.05
S3-384 93.29 133.31 133.28 138.28 124.62 110.99 122.77 128.30 141.73 125.17
S4-500 108.36 204.61 13390 167.92 136.64 124.41 148.11 14535 169.27 148.73
Mean 75.88 125.79 100.84 11197 97.32 88.63 105.43 104.67 117.86 General
Mean
=103.15
CD for main plot (p=0.05) 16.32
CD for sub plot (p=0.05) 21.40
CD for main x sub plot (p=0.05) NS

2.5.3 Nutyield asinfluenced by variety and spacing

The annual nut yield exhibited significant
differences among the varieties, spacing treatments
and their interactions (Table 2.14). However,
among plant densities, the density of 500 plants/

ha was associated with highest annual yield of 1.46
t/ha. Among the varieties, Bhaskara (1.56 t/ha)
recorded the highest annual yield in the seventh
harvest while VRI-3 recorded the lowest yield
(1.04 t/ha).

Table 2.14. Effect of plant density and varieties on the nut yield (t/ha) (2014-15)

Varieties VRI-3 Ullal-3 V4 Bhaskara Madakka Sel-2 V7 Ullal-1 Dhana Mean

(Yield t/ha) Thara-2

Treatments-

plants/ha

S1-200 0.72 1.32 1.47 1.62 1.53 090 1.48 1.28 1.12 1.27

S2-236 0.79 1.24 1.36 1.48 1.26 087 1.24 1.10 1.02 1.15

S3-384 1.25 141 150 1.57 1.41 1.25 144 154 1.54 1.43

S4-500 1.42 1.54 133 1.58 1.38 1.29 158 1.33 1.71 1.46

Mean 1.04 1.38 142 1.56 1.39 1.08 144 1.31 1.35 General
mean=

1.33

CD for main plot (p=0.05) 0.09

CD for sub plot (p=0.05) 0.07

CD for main x sub plot (p=0.05) 0.15
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Among different plant densities, density of
500 plants/ha recorded highest cumulative nut
yield (7.67 t/ha), followed by density of 384 plants/
ha (6.68 t/ha) (Table 2.15). The density of 200
plants/ha was associated with lowest cumulative
yield of 3.54 t/ha. Increase in yield to the tune of
2.16 times under the density of 500 plants per

hectare over the density of 200 plants per hectare
indicates the potentiality of high density planting in
cashew in the initial years of plantation. Among the
varieties, Bhaskara recorded highest cumulative
nut yield of 6.25 t/ha, followed by Ullal-3 (5.94 t/
ha) and V-4 (5.59 t/ha).

Table 2.15. Effect of plant density and varieties on the cumulative nut yield (t/ha) (2008-15)

Varieties VRI-3 Ullal-3 V-4 Bhaskara Madakka Sel-2 V-7 Ullal-1 Dhana Mean
thara-2

Treatments-

plants/ha

S1-200 2.55 3.74 3.63 4.32 3.71 313 3.69 391 3.14 3.54

S2-236 3.19 414 5.32 4.34 3.93 346 382 4.24 4.13 4.06

S3-384 5.78 6.73 554 7.36 6.50 777 649  6.57 7.32 6.68

S4-500 6.55 9.15 7.86 8.94 7.22 7.62 7.07 7.50 7.09 7.67

Mean 4.52 594 559 6.25 5.34 549 527 555 5.42 General
mean=

1.33

2.6 Assessing relationship between Leaf
Morphological/Physiological Traits and
yield of cashew

Morphological and physiological parameters
for 15 cashew accessions and their responses on
weather parameters and yield have been studied.
Average nine years data on weather and yield
have been correlated with morphological and
physiological traits.

2.6.1 Relationship between leaf morphological
traits/growth and physiological parameters

A significant positive correlation was
observed between leaf traits and growth
parameters. Among leaf traits studied, leaf length,
leaf width, petiole length and leaf thickness showed
highly significant positive correlation with total
leaf area. Leaf density showed significant positive
correlation with specific leaf weight while it was
significant negative correlation with specific leaf
area. Leaf thickness did not show any correlation

with specific leaf area (Table 2.16).

Table 2.16: Correlation between leaf traits and growth parameters

Leaf Leaf Petiole Leaf Leaf Leaf Specific Specific

width size length thickness density area leaf leaf

(cm) (cm) (um) (mg/cm?3) area weight
Leaf length 0.825*  0.271 0.984** 0.706 ** -0.145 0.669**  -0.117 0.161
Leaf width -0.316  0.912* 0.855** -0.080 0.739**  -0.263 0.289
Leaf size 0.097 -0.279 -0.0890 -0.156 0.236 -0.207
Petiole 0.780** -0.130 0.716**  -0.168 0.208
length




TSI Ak Thaaed 2015-2016

@

ICAR-DCR Annual Report 2015-2016

G
DCR

Leaf Leaf Petiole Leaf Leaf Leaf Specific Specific
width size length thickness density area leaf leaf
(cm) (cm) (um) (mg/cm?3) area weight
Leaf -0.036 0.609**  -0.320 0.390
thickness
Leaf -0.375 0.904**
density -0.912**
Leaf area 0.097 -0.083
Specific
leaf area -0.975**

* - Correlation significant at 5% **- Correlation significant at 1%

Among physiological parameters studied,

traits. There was no significant correlation among

chlorophyll b, total chlorophyll content and per
cent water loss showed positive and negative
correlation with leaf morphological and growth

chlorophyll a, carotenoid content and Relative
Water Content and per cent membrane leakage
(Table 2.17).

Table 2.17: Correlation between leaf growth parameters and physiological parameters

Chlb Total Carotenoid RWC Water % LTh LD LA SLA SLW
chl loss leakage
%

Chlla -0.347 0.657**  0.428 0.167 -0.210 -0.148 0.299 0.005 0.379 -0.103 0.145
Chlb 0.477* 0.510* -0.130 0.191 -0.195 -0.118 -0.559* -0.082 0.580* -0.572*
Total chl 0.812**  0.051 -0.046 -0.296 0.185 -0.444* 0.289 0.369 -0.323
Carotenoid -0.013 0.189 -0.089 -0.149 -0.413 0.117 0414 -0.437
RWC -0.668** -0.530* 0.037 -0.347 0.051 0.298 -0.301
% water 0.491* -0.495* 0.311 -0.572* -0.063 0.086
loss
% -0.199 0.515* -0.313 -0.398 0.393
leakage
LTh -0.036 0.609** -0.320 0.390
LD -0.375 -0.912** 0.904**
LA 0.097 -0.083
SLA -0.975%*

* - Correlation significant at 5% **- Correlation significant at 1%
RWC-Relative water content; Lth- leaf thickness; LD- leaf density; La- leaf area; SLW-specific leaf weight and

SLA- specific leaf area

2.6.2 Relationship between leaf traits and
canopy characters

Significant correlation was observed between
leaf traits and canopy characters. Among canopy
characters studied, a strong positive correlation

was exhibited by main shoot, lateral shoot and
total leaves of lateral shoots and also flowering
panicle with leaf traits. There was no relationship
found between canopy spread and leaf traits
(Table 2.18).
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Table 2.18: Correlation between leaf growth traits and canopy characters

MS LS TL FP LL LW LTh LA SW
CS 0.200 0.432 0.490*  0.318 0.085 0.204  0.208 0.180 0.177
MS 0.556*  0.563* 0.504* 0.476* 0.637** 0.402 0.479* 0.108
LS 0.632** 0.290 0.338 0.557* 0.446* 0.563* 0.383
TL 0.746** 0.417 0.567* 0.452* 0.493* 0.498*
FP 0.569* 0.498* 0.272 0.381 0.364
LL 0.825** 0.706** 0.669**  0.161
LW 0.855** 0.739**  0.289
LTh 0.609**  0.390
LA -0.083

* - Correlation significant at 5% **- Correlation significant at 1%
CS- canopy spread, MS- main shoot, LS- lateral shoot, TL- total leaves
FP- flowering panicle, LL- leaf length, LW- leaf width, LTh.- leaf thickness, LA- leaf area and SW- specific leaf weight

2.6.3 Relationship between leaf morpho-
logical /growth traits and nut yield

There was significant relationship between
leaf morphological /growth traits and yield. Among
leaf traits studied, significant positive correlation
was recorded by leaf length, leaf width, petiole

length and leaf thickness but it was opposite in case
of relationship between leaf size and yield. Among
growth parameters studied, significant positive
correlation was observed between total leaf area
and yield but it was non- significant in case of SLW
(Table 2.19).

Table 2.19: Correlation between leaf traits/growth parameter and yield

Leaf Leaf Leaf Petiole Leaf Leaf Leaf Specific
length width size length  thickness density area leaf
weight

Yield 0.508* 0.715** -0.461*  0.593** 0.645** -0.086 0.499* -0.282
Leaf 0.826**  0.271 0.350 0.706** -0.145 0.669** 0.161
length
Leaf width 0.305 0.448* 0.855** -0.080 0.739** 0.290
Leaf size -0.182 -0.072 -0.279 -0.089 -0.156 -0.207
Petiole 0.780** -0.130 0.716** 0.208
length
Leaf -0.036 0.609** 0.390
thickness
Leaf -0.375  0.904**
density
Leaf area -0.083

* - Correlation significant at 5%
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**. Correlation significant at 1%
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2.6.4 Relationship between physiological/ physiological parameters and yield but it showed
canopy characters and nut yield: positive correlation with canopy characters

Table 2.20).
There was no significant correlation between (Table )

Table 2.20: Correlation between physiological parameters/canopy characters and yield

Chlorophyll Chlorophyll Total  Relative Rateof Main Lateral Total Flowering
a b chlorophyll water  water shoots shoots leaves panicle
content loss of
lateral
shoots
Yield 0.090 -0.102 -0.002 -0.047  -0.319 0.502* 0.504* 0.496* 0.498*
Chlorophyll a -0.347 0.657** 0.167  -0.213 0385 0.011 0.489* 0.554*
Chlorophyll b 0.477* -0.130  0.191 -0.339 -0.455* -0.453* -0.446*
Total 0.051  -0.043 0.088 -0.355 0.094 0.161
chlorophyll
Relative water -0.668** 0.196 0.068 0.024 0.074
content
Rate of water -0.249 -0.437 -0.369 -0.233
loss
Main shoots 0.556* 0.563* 0.504*
Lateral shoots 0.632** 0.290
Total leaves 0.746**
for lateral
shoots
* - Correlation significant at 5% **- Correlation significant at 1%

2.6.5. Relationship between weather para-

whereas it showed positive significant correlation
meters and yield

o _ with sunshine hours and pan evaporation
There was no significant correlation (Table 2.21).

between yield, and rainfall and temperature

Table 2.21: Correlation between yield and environmental parameters

Total rainfall Average Sunshine Pan evaporation

(mm) temperature (°C) (hours) (mm)
Yield -0.072 -0.319 0.577* 0.566*
Total rainfall 0.027 -0.255 0.215
(mm)
Average -0.300 0.442*
temperature
Q)
Sunshine 0.119
(hours)
* - Correlation significant at 5% **- Correlation significant at 1%
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In the present study, leaf traits, growth
canopy characters showed
significant relationship with yield and yield
attributing characters. Therefore, it is evident that
important morphological and physiological traits
should be integrated together in order to study
the complex mechanisms influencing biomass

parameter and

partitioning and yield.
2.7 Screening of cashew varieties for
tolerance to salt stress:

2.7.1 Response of cashew seedlings of different
varieties to salt stress

To assess the salt tolerance/susceptibility

of cashew accessions, leaf discs from leaves of 4
months old cashew seedlings (6 varieties) were
incubated over different concentrations of NaCl
solutions viz, 50, 100, 150 and 200 mM for 4
days under darkness. The extent of bleaching and
chlorophyllloss was determined at the end of 4 days
of salt treatments (Fig.2.1). At 200 mM salt stress,
total chlorophyll content was high in Bhaskara
with mean of 2.30 mg/g fresh weight and low in
Vengurla-4 with mean value of 1.29 mg/g fresh
weight among the cashew varieties. Bhaskara also
maintained relatively higher chlorophyll stability
index (81.8%) while it was low in Vengurla-4
(45.79%) (Fig. 2.2).

Figure 2.1: Response of cashew varieties to salt stress : a. VTH 30/4, b. Bhaskara and c. Vengurla-4.
Where, C: Control, different concentrations of NaCl viz., 50,100, 150 and 200 mM.
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Figure 2.2: Extent of variation in total chlorophyll content of cashew varieties to salt stress. A. Total
leaf chlorophyll content (mg/g fresh wt) in cashew varieties at 0 mM (control) and 200
mM (stressed) NaCl. B. Chlorophyll stability index of cashew varieties after salt stress.

2.8. ICAR Network Project on Micronutrient
Management in Horticultural Crops for

Enhancing Yield and Quality - Cashew
of district wise soil
status maps and
indexing of cashew

2.8.1. Preparation
micronutrient
micronutrient

orchards

The maps showing the spatial distribution of
available micronutrients in cashew growing soils of
Ratnagiri District, Maharashtra have been prepared
(Fig. 2.3; 2.4; 2.5 and 2.6). Available micronutrient

52

status of cashew orchard soils of Ratnagiri district
measured in terms of nutrient index (NI) indicated
that the values for DTPA-Fe, Mn, Zn and Cu were
3.0, 3.0, 2.18 and 2.71, respectively. Nutrient index
value of <1.5 is taken as low fertility, values between
1.5 and 2.5 considered as medium fertility and
>2.5 as higher fertility. Based on the nutrient index
value, cashew orchard soils of Ratnagiri district
were high in DTPA-Fe, DTPA-Mn and DTPA-Cu
contents while, majority of soils were medium in
DTPA-Zn content.
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Fig. 2.3: Available Fe status map of cashew orchards  Fig. 2.4: Available Mnstatus map of cashew orchards
of Ratnagiri district in Maharashtra of Ratnagiri district in Maharashtra
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Fig. 2.5: Available Zn status map of cashew orchards  Fig.2.6: Available Custatus map of cashew orchards
of Ratnagiri district in Maharashtra of Ratnagiri district in Maharashtra
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2.8.2. Micronutrient management in cashew

In order to examine the effect of foliar spray
of need based micronutrients on cashew, a field
experiment has been initiated in 2015. The
treatments were sole and different combinations
of micronutrient fertilizers containing B, Zn, and
Mo. The experimental plants (cv. Bhaskara) were
6 years old (during first year of study) spaced at
5mx5m.

The treatments were as follows:
Boron 50 ppm
Zinc 200 ppm

Molybdenum 10 ppm

Boron 50 ppm + Molybdenum 10 ppm

Tl

TZ

T3

T, : Boron 50 ppm + Zinc 200 ppm
T;

T, : Zinc 200 ppm + Molybdenum 10 ppm
T7

Boron 50 ppm + Zinc 200 ppm + Molybdenum
10 ppm

T_ : Control.

To determine the effects of nutrient
deficiencies on the growth and vigour of cashew
seedlings and to identify and document deficiency
symptoms, sand culture nutrient deficiency studies
with young cashew seedlings (cv. Bhaskara) were
initiated in the polyhouse. Cashew seedlings of
two months old raised in coir pith medium with
uniform heightand stem diameter were transferred
to plastic pots containing acid treated sand.
Treatments included -N, -P, -K, -Ca, -Mg, -S, -Fe, -Mn,
-Zn, -Cu, -B and -Mo, complete nutrient solution and
control. The untreated sand and acid washed sand
were tested for their nutrient contents before pot
preparation. The acid washed sand had pH of 6.7
whereas, the organic carbon content, available N, P,

<

K, Ca and Mg contents were negligible and suitable
for treatment applications. Further observation on
this study is in progress.

2.8.3. Enumeration of microbial population
in the rhizosphere soil of cashew

orchards from different regions

The rhizosphere soil samples from cashew
orchards (Ten sub-samples each site) representing
Bhubaneswar (Odisha), Bapatla (Andhra Pradesh)
and Dakshina Kannada district (Karnataka)
were collected for enumeration of microbial
population. A considerable difference in microbial
population in the rhizosphere soil sample of
cashew orchards collected from different regions
was noted. The microbial population was higher in
cashew orchards of Dakshina Kannada district as
compared to Bhubaneswar and Bapatla regions.
On an average, in cashew orchards of Dakshina
Kannada district, the populations of bacteria
(78.8 x 10° CFU/g dry soil), actinomycetes
(29.47 x 10° CFU/g dry soil), fungi (58.19 x 10*
CFU/g dry soil), free N-fixers (59.56 x 10* CFU/g
dry soil), P-solubilizers (49.22 x 10> CFU/g dry
soil) and Fluorescent Pseudomonas (13.97 x 103
CFU/g dry soil) were 2.81 and 3.64; 1.96 and 2.91;
4.71 and 4.66; 17.8 and 14.0; 5.22 and 3.06; and
1.77 and 2.36 fold higher than Bhubaneswar and
Bapatla regions, respectively.

Dehydrogenase activity, which is used as
an indicator of microbial activity of soil, was the
highest in cashew orchards of Dakshina Kannada
district (31.81 pg TPF/g dry soil/24 h/30°C) which
was 9.94 and 10.13 fold greater than Bhubaneswar
and Bapatla regions, respectively. Similarly, the
acid phosphatase activity (4.91 pg PNP/g dry
soil/h/37°C) of cashew orchard soils of Dakshina
Kannada districtwas 3.45 and 2.99 fold greater than
Bhubaneswar and Bapatla regions, respectively.
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3. CROP PROTECTION

3.1 Cashew Stem and Root Borer (CSRB)

3.1.1.Survey for indigenous natural enemies of
CSRB

Surveyswere donetoidentify natural enemies
of the major pests of cashew viz., CSRB and TMB in
cashew plots of ICAR-DCR and Karnataka Cashew
Development Corporation (KCDC) plantations.
Only Metarhizium anisopliae occurred on the grubs
of CSRB. Particularly, trees in severe stages of
infestation had grubs infected by M. anisopliae.

Extensive soil sampling from rhizosphere of
cashewtrees wasundertakenin KCDC plantations of
Kunthur, Koila, Alangar, Sowthadka and Thurkalike
and analysed for presence of entomopathogenic
nematodes (EPN) at ICAR-CPCRI, Kasaragodu.
Pathogenic nematodes occurred in 25 out of
81 soil samples analysed. The Rhabditid group
of nematodes was encountered however, EPN
belonging to Steinernematid and Heterorhabditid
groups were not encountered.

3.1.2. Identification, synthesis and field
evaluation of volatile concentrates from
frass of infested cashew trees

The frass material volatiles
concentrated by cold suction in n-hexane and
dichloromethane, which were later characterised
using Head-space analyser and GC-MS. Four
components viz, Kketones, aldehydes, geraniol
and butyrates
blended in various ratios and field-tested for
attraction to CSRB, using sticky cross-vane traps
and bucket traps in various cashew plots having
CSRB infested trees in both campuses (Kemminje
and Shantigodu) of ICAR-DCR. Attraction of
CSRB to these components was not recorded
in field conditions and stereoisomers of these
compounds are presently being evaluated under
field situations.

were

were identified. These were

Hanging- bucket trap fixed
onto CSRB infested tree

Cross-vane sticky trap with
synthesized components (bait)

Close up of Cross-vane
sticky trap with bait

in field

3.2 Tea Mosqutio Bug (TMB)

3.2.1 Assessing the diurnal rhythm of female
sex pheromone activity in TMB and field
evaluation of whole body extracts for field
assays.
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Laboratory reared virgin female bugs of H.
antonii were used as bait in DELTA sticky traps to
confirm the diurnal rhythm of attraction to males
under field conditions. It was observed that the
virgin females attracted highest numbers of males
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(72/day/trap), while freshly mated females did not
show any attraction to males. Older mated females
could attract males after 3-5 days of first mating.
The diurnal rhythm of attraction was observed to
be during 8.30 am to 11.00 am in the mornings and

DELTA sticky trap with live virgin
TMB female as bait

3.2.2 Biology and predatory potential of the
reduviid, Sycanus galbanus on TMB.

The reduviid predator Sycanus galbanus
which predates on TMB in cashew ecosystem
was reared on the nymphs and adults of TMB
under laboratory conditions. Its biology and
predatory potential on TMB were also recorded.
The species had a life cycle of 68.92 + 1.27 days,
slightly male biased sex ratio (1.0 : 0.93) and
had a predatory potential of 4.60 TMB adults/
nymphs/day, which was higher in comparison to
the other reduviid predators on TMB. The total
adult longevity was significantly higher in case of
both males (74.00 * 1.29 days) and females (81.10
+ 1.06 days). It was observed that this species
does not have cannibalism tendency unlike other
reduviids, which is a desirable attribute for mass
multiplication.

G
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during 3.30 pm to 5.00 pm during the evenings.
The number of males attracted during the
mornings (12-35 males/trap) surpassed the
number of males attracted in the evenings (3-7
males/trap).

Males of TMB attracted to the virgin
TMB female baited trap

3.2.2.1 Biology and morphology of Sycanus
galbanus - an indigenous predator of
TMB

Sycanus galbanus laid eggs on the bottom
and sides of the rearing bottles and also on the
underneath of muslin cloth cover. Eggs were
brownish yellow in colour, endo-lateral of chorion
yellow, brown; operculum was
transparent white. Cylindrical shape, basal portion

exo-lateral

was wider than the apical portion, smooth and
shiny outer surface. The operculum was extended
and serrated. The fertilized egg turned reddish
brown as the hatching time approached whereas
the unfertilized eggs became black and shrunk
after few days. The eclosion duration lasted for
about 5 to 8 minutes. The egg duration was 17.00
0.28 days and mean per cent egg hatchability was
95.5.
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There were totally five nymphal instars with
durations 0f9.24+0.18,7.72+0.22,8.32+0.17,10.40
* 0.21 and 16.04 * 0.19 days, respectively. The per
cent survival was 90.24, 89.19, 95.80, 96.90 and
96.33 for the five instars respectively (Table 3.1).
Body colour varied from yellow to brown with dark
brown colouration at the tip of the abdomen. Ocelli
were not noticeable in initial instars and were
discernable in the fifth instar only. No cannibalism
was observed in any of the instars.

Adults of S. galbanus exhibited distinct sexual

G
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dimorphism. Generally, males and females were
similarin their external appearance with black body
and yellow band on the wing, but varied in size and
shape. Females were larger (2.8 cm length) with a
round bulged abdominal base, whereas males were
relatively small (2.4 cm in length) and lean, with a
pointed abdominal base. The adult longevity and
total duration of male lifecycle were 74.00 + 1.29
days and 142.92 = 2.56 days and that of female
were 81.10 + 1.06 days and 150.02 + 2.33 days,
respectively, which indicates that females survived
for a longer period when compared to males.

Table 3.1: Biological parameters of Sycanus galbanus on wax moth larvae under laboratory

conditions
Parameters observed Duration (in days)
Incubation period (days) 17.00 £ 0.28
Stadial period (days) [ instar 9.24+0.18
Il instar 7.72 £0.22
[IT instar 8.32+0.17
IV instar 10.40 £ 0.21
Vinstar 16.04 +0.19
[ -V instars 68.92 +1.27
Fecundity/female (no.) 96.60 + 5.65
Hatchability (%) 95.5
Survival rate (I-V) (%) 87.63
Sex ratio (male: female) 1:0.93
Pre-oviposition period (days) 14.00 £ 0.70
Oviposition period (days) 9.40 £ 1.20
Post-oviposition period (days) 13.90 + 0.78
Adult longevity (days) Male 74.00 £ 1.29
Female 81.10 £ 1.06
Total longevity (days) Male 14292 + 2.56
Female 150.02 + 2.33
(n=25; x + SE)
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3.2.2.2 Predatory efficiency of Sycanus galbanus

The predatory efficiency of S. galbanus was
assessed separately with different prey densities
of 1,2,3,4 and 5 prey per predator for both wax
moth larvae and its natural prey Helopeltis spp.
for 5 continuous days in a 500 ml glass rearing
bottles. For each experimental trial, 5 replicates
were maintained. The number of prey killed was
recorded at 24 hours interval. Prey number was
maintained constant in the experiment by the
introduction of new prey.

The following parameters were used for obtaining
the ‘disc’ equation:

x = prey density

y = total number of prey killed in given period
of time (Tt)

y/x= attack ratio

Tt = total time in days when prey was exposed
to the predator

b = time spent handling each prey by the
predator (Tt / k)

a = rate of discovery per unit of searching

time [(y/x)/Ts]
The handling time ‘b’ was estimated at the

time spent for pursuing, feeding and subduing on
each prey. The maximum predation was denoted

w1
DCR

by the ‘k’ value and it was restricted to the higher
prey density. ‘a’ was the rate of discovery and was
defined as the proportion of the prey attacked
successfully by the predator per unit of searching
time. Assuming that the predatory efficiency is
proportional to the prey density and to the time
spent by the predator in searching the prey (Ts),
and is expressed in a relationship as:

y=aTsx (1)

Since time available for searching is not
constant, it is deducted from the total time (Tt)
by the time spent for handling the prey. If one
presumes that each prey item requires a constant
amount of time ‘b’ for consumption, then

Ts=Tt- by (2)

Substituting (2) in (1), Holling’s ‘disc’ equation is
arrived i.e.,

y=a(Tt-by)x(3)

The data were subjected to linear regression
analysis (Daniel, 1987). The reduviid killed more
wax moth larvae and TMB at higher densities (Table
3.2 and Table 3.3). It exhibited a typical functional
response and thus established the applicability of
the second model of Holling’s ‘disc’ equation.

Table 3.2: Functional response of Sycanus galbanus to TMB as prey

Prey Prey Max Days/y Ally’s Searching Attack Rate of Disc equation
density attacked Yy’ (k) b=Tt/k days days ratioy/x discovery y’=a(Tt-b*y)x

x) v) (b%y) Ts=Tt-b%y {0/x)/Ts}=a

1 0.73 4.6 1.09 1.49 3.51 0.73 0.21 y'=0.81(5-1.09y)x
2 1.40 0.78 4.22 0.70 0.17

3 1.16 0.94 4.06 0.39 0.10

4 2.60 0.42 4.58 0.65 0.14

5 4.60 0.24 4.76 0.92 0.19
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Table 3.3: Functional response of Sycanus galbanus to wax moth larvae as prey

Prey Prey Max Days/y Ally’s Searching Attack Rate of Disc equation
density attacked ‘y’ (k) b=Tt/k days days ratio discovery y'=a(Tt-b*y)x
x) » (b*y) Ts=Tt-b*y y/x {(y/x)/Ts}=a
1 0.08 1.68 2.98 0.24 4.76 0.08 0.02 y'=1.99(5-2.98y)x
2 0.34 1.01 3.99 0.17 0.04
3 0.82 2.44 2.56 0.27 0.11
4 1.40 4.17 0.83 0.35 0.42
5 1.62 4.82 0.18 0.32 1.81
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Eggs of S. galbanus laid on cloth Nymphs of S. galbanus hatching from eggs

Adults of S. galbanus (Male-2.4 cm,
Female-2.8 cm)
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3.3 Incidence of insect pests and their natural
enemies

A total of 160 insect pests and natural
enemies were documented in cashew and a
set has been preserved in taxonomy collection
of DCR. Occurrence of bud worms and flower
eating caterpillars was comparatively high during
January (Fig. 3.1), but later parasitoids had control
over them. TMB incidence was low to medium
compared to previous years and among the four
species, Helopeltis antonii Sign., was the dominant.
Other species like H. bradyi Waterhouse, H.
theivora Waterhouse and Pachypeltis maesarum
Kirkaldy were negligible. Maximum of 20% of
eggs of TMB were found to be parasitized by
Telenomus cuspis Rajmohana and Srikumar during
December-March, 2016. Among the minor pests,

G
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thrips and apple and nut borer (ANB) were severe
during January-April (Fig. 3.1). ANB incidence
was up to 20%, while thrips damage was in
around 40% of developing nuts. Other minor
pests recorded include scale insects (Ceroplastes
sp.), aphids (Toxoptera odinae Van der Goot),
mealy bugs (Ferrisia virgata (Cockerell)), thrips
(Scirtothrips dorsalis Hood), ANB (Thylacoptila
paurosema Meyrick, Hyalospila
Ragonet,), slug caterpillar (Parasa lepida), tasar
silk worm (Antheraea mylitta Drury), unidentified
shoot beetles and flower beetles. Incidence of
the scale insect was high during January on VRI-
3 and Vengurla-1 in localized pockets, resulted
in drying of tender shoots. But, the parasitoids
(unidentified) caused 100% mortality of the scales
subsequently.

leuconeurella

Fig.3.1: Damage by apple and nut borer, thrips and flower eating caterpilars

3.3.1 Pest status of leaf miner on common
varieties of cashew

Leaf miner Acrocercops syngramma M.
(Lepidoptera: Gracillaridae) is one of the important
pests of cashew (Fig. 3.2). Studies were conducted
in a cashew plantation at Puttur, Karnataka, India
between 2011 and 2015 on 11 common cashew
varieties during post monsoon flushing period to
determine the pest status of leaf miner. During
peak pest infestation period, 100 number of
miner infested leaves were collected randomly

[ 60

from the laterals of each variety and brought to
laboratory to calculate leaf area as Y = 0.71 * x; R?
value - 0.96, where, ‘X’ is the product of leaf length
() and maximum width (w) following Rao and
Sebastian (1994). The mean blotch area formed
due to complete development of a leaf miner was
also calculated variety wise using the trace paper
method. To assess the pest status of leaf miner, the
method developed by Jacob (1993) was adopted.
The number of sample leaves observed was 150
in each variety. The total number of larvae present
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in the sample leaf population was counted to work
out the number of larvae in 50 leaves by using the
formula: ] = 50 X/n. Where, X’ is the total number
of larvae in the sample leaves, ‘n’ is the number of
leaves in the sample. Then, minimum number of
larvae required to cause a 10% loss (J,) and 5%
loss (J,) in the photosynthetic area of 50 leaves
was calculated. The value of ‘]’ is then compared to
those of ‘],” and ]’ for fixing the status of the pest.
If ‘]’ is equal to or higher than ], the pest status was

G
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considered as ‘high’, if less than J,, then pest status
as ‘low’; and if between J1 and J,, as ‘medium.

Number of leaf miner larvae per infested cashew
leaf varied widely among the varieties. A maximum
of 45 larvae/leaf was recorded on Ullal-4 followed
by V-7 (44 larvae), VRI-3 (41) and MDK-2 (40).

But, up to 15 and 16 larvae were seen on NRCC-
Sel-2 and V-4 respectively. Within a single blotch,
even up to five larvae were seen. In most of the

Fig. 3.2. Leaf miner infestation on lateral shoots

varieties, there was no significant correlation
between the leaf area and the number of leaf miner
larvae (Table 3.4). Mean leaf area damage (ie,
a blotch) caused by individual leaf miner larva
upon full development varied from 2.71 (V-1, V-4)
to 3.16 cm? (Ullal-1) (Table 3.5). Considering the
mean leaf area of infested leaves and the mean
leaf area damage, the number of larvae required
for a complete leaf was calculated between 17.4
and 29.1, which was highest for Bhaskara and
lowest for V-1. Distribution of number of leaf
miner larvae against the percentage of infested
leaves revealed that, nearly 90 per cent of infested
leaves had number of larvae between 1 and 10.

. 61 |

Since, mean leaf area of V-1 variety itself was less
compared to all other varieties, less number of
larvae (17.4) would be sufficient for complete leaf
damage followed by Ullal-1 and VRI-3. However in
Bhaskara, mean leaf area was more (80.05 cm?),
while, the leaf area damage per leaf miner was
less (2.75 cm?), indicating that Bhaskara succumbs
to less leaf miner damage followed by V- 4 and
Ullal-3. The pest status of leaf miner remained as
low to medium in all 11 cashew varieties (Table
3.6) during 2014-15.




TSI Ak Thaed 2015-2016 @

G
DCR

ICAR-DCR Annual Report 2015-2016

Table 3.4: Correlation between number of leaf miner larvae and length, width and area of infested
leaves among cashew varieties

Variety Range of leaf Correlation coefficient
miner larvae/leaf Leaflength Leaf width Leaf area

Ullal-1 1-24 0.236 0.306* 0.273*
Ullal-3 1-29 0.031 -0.172 -0.043
Ullal-4 1-45 0.564** 0.082 0.356**
V-1 1-35 0.014 0.041 0.001
V-4 1-16 -0.210 -0.272* -0.245
V-7 1-44 0.271* 0.264* 0.247
NRCC -2 1-15 0.252 0.295* 0.285*
Bhaskara 1-32 0.304* 0.005 0.169
VRI-3 1-41 0.080 0.026 -0.007
Dhana 1-26 0.584** 0.225 0.437**
MDK-2 1-40 0.510** 0.373** 0.477**

Table 3.5: Variation in mean leaf area and leaf area damage per leaf miner among cashew

Variety Mean leaf area of Mean leaf area damage/ No. of larvae required
infested leaves (cm?) leaf miner (cm?) for a complete leaf
mean + SEM mean + SEM damage
Ullal-1 63.42+5.82 3.16+0.18 20.1
Ullal-3 72.85%4.79 2.73+0.25 26.7
Ullal-4 67.10+3.86 3.06£0.10 219
V-1 47.23+3.49 2.71+£0.13 17.4
V-4 75.03+8.41 2.71+£0.14 27.7
V-7 80.10+5.24 3.09+0.11 25.9
NRCC -2 69.55+5.63 2.95+0.12 23.6
Bhaskara 80.05+6.24 2.75%0.16 29.1
VRI-3 62.98+4.20 3.11+0.09 20.3
Dhana 75.21+4.69 2.94+0.14 25.6
MDK-2 74.47+4.51 3.11+0.16 24.0
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Table 3.6: Pest status of leaf miner among cashew varieties in 2014-15

Variety J1 ]2 Pest status in field

X J Status
Ullal-1 97.85 48.92 233 60.68 Medium
Ullal-3 130.04 65.02 213 55.43 Low
Ullal-4 106.90 53.45 187 48.72 Low
V-1 85.07 42.54 133 34.74 Low
V-4 134.91 67.45 103 26.82 Low
V-7 126.29 63.15 169 4411 Low
NRCC -2 114.92 57.46 113 29.50 Low
Bhaskara 141.84 70.92 199 51.78 Low
VRI-3 98.73 49.36 109 28.51 Low
Dhana 124.66 62.33 219 57.07 Low
MDK-2 122.64 61.32 213 49.72 Low

3.3.2 New report - Egg Parasitoid of tropical
Tasar silkworm in cashew plantations

Random surveys were undertaken at weekly
intervals in cashew plantations of Puttur and
Shantigodu of DCR, Puttur, Karnataka, for the
occurrence of tasar silkworm from July 2014 to
August 2015. Incidence of Antheraea mylitta was
noticed on cashew between July - November, and
the egg stage was seen only during July and August.
Female moth laid its eggs individually both on the
upper as well as under surface of young and semi-
matured cashew leaves (Fig. 3.3a). Eggs laden
leaves were collected from the field, kept separately
in 250 ml glass containers and covered with muslin
cloth. They were observed daily for any parasitoid
emergence. The yellowish silkworm larvae hatched
out from healthy unparasitized eggs within 6-7
days (Fig. 3.3b). Upon hatching, the larvae fed more
than half the portion of chorion and gradually fed
cashew leaves. Whereas, a few eggs failed to hatch
in 7 days, from which, the eupelmid wasps emerged
through the chorion at the lateral side of the egg
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by chewing out a tiny hole of 0.8 mm (Fig. 3.3c),
in some cases it took nearly 20 days for parastoid
emergence. The parasitoids were identified as
Anastatus leithi (Eupelmidae: Chalcidoidea) (Fig.
3.3d) measuring 4.1 to 4.2 mm length. Itis a solitary
parasitoid, remained less active during 15t/2"¢ day
after emergence, but later became very active and
remained active till their death. The parasitoids
actively fed the honey solution provided at 10%.
A total of five parasitoids have emerged from
a number of 42 field collected eggs, in which
two emerged during August 2014 and the other
three during August - September 2015. All the
parasitoids emerged were males. They lived even
up to 14 days under lab conditions when provided
with a cotton swab dipped in 10% honey solution.
The per cent parasitism on tasar eggs was recorded
at 11.90%. In near future, these egg parasitoids
may spread to other regions also and could cause
considerable loss of tasar culture in our country.
Hence, monitoring is required in traditional tasar
growing areas for such parasitoids.
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Fig. 3.3: Egg parasitoid of tropical tasar silkworm, a. Unparasitized tasar egg; b. Hatched tasar
larva; c. Parasitized eggs with parasitoid emergence holes; d. Male Anastatus leithi

3.3.3 Pests of weed species

Insect pests on certain common weed species
of the cashew plantations have been documented
(Fig 3.4 a-h). Shoots of Terminalia paniculata young
plants were found to be damaged by chrysomelid
beetles namely, Cryptocephalus bisexsignatus and
C. sexsignatus (Fig.3.4b) and by a leaf twisting
weevil, Paramecolabus discolour. It is important
to note that most of the insect pests attacking T.
paniculata are also pests of cashew viz., Helopeltis
antonii, Amblyrhinus poricollis, Eurybrachis sp.,
Oenospila flavifusata, membracid bugs, lymantrid
hairy caterpillar, Hyposidra talaca and Orthaga
exvinacea. During July-October, development of leaf
galls and shoot drying were noticed on Getonia (=
Calycopteris) floribunda every year (Fig.3.4c). The
galls were sac like, sub-globose, and were unevenly
thick. Some of the leaves almost turned into a mass
of gall with hardly any portion of normal lamina left
which later turned into brown colour and dried.
Inside the leaf galls, three insect species namely
a thrips, Scirtothrips dorsalis, and two wasps,
Megastigmus viggianii and Systole calycopterae
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were seen. Besides galls, bark damage by a long
horn beetle, Celosterna scabrator was also seenon
G. floribunda (Fig.3.4d ). The adult fed on the bark
of young plants and caused death or breakage of
the shoots.

Shoots of another common weed,
Chromolaena odorata were found to be severely
infested by Aphis sp. (Aphididae) during July-
October which caused severe distortion of affected
shoots and leaves. Upon severe infestation, plants
remain even stunted (Fig. 3.4a). But soon after
2-3 weeks, aphid population was controlled by
parasitoids and large number of predators like
coccinellids and syrphids within a short period
(Fig. 3.4a). The milk weed, Calotropis gigantea
was found to be infested by many insect pests like
Corynodes peregrinus, Sebaethe indica, Erthesina
fullo, Spilostethus sp., Leptocorisa acuta, Aphis
nerii, Aulacophora foveicollis, Anosia chrysippus etc.
between May-July during all the years (Fig. 3.4g
and h). Likewise, caterpillars of Catopsilia crocale
were found defoliating severely on Cassia alata
during July-September. Up to 25 eggs were seen
on a compound leaf and the caterpillars fed
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gregariously on the tender leaves leaving alone
the midrib (Fig.3.4e). Larval and pupal periods
were 8-9 and 6-7 days, respectively. Similarly on

Fig. 3.4: Pests of weed species, a. Aphis sp. damage on C. odorata; b. Cryptocephalus sp. on T. paniculata;
c. Leaf galls on G. floribunda; d. C. scrabator damage on G. floribunda; e. C. crocale damage on

C. alata; f. O. bipunctata damage on Spermacoce sp.; g. C. peregrines damage on C. gigamtea;
h. S. indica damage on C. gigantea.

The results showed that, severe defoliation
caused byinsects on certain weeds namely, C. crocale
on C. alata and Cryptocephalus bisexsignatus and C.
sexsignatus on T. paniculata can be exploited for
biological control of these weed species. The study
also suggests importance of weed management in
cashew pest management.

3.4 Natural enemies of cashew pests

3.4.1 Diversity of mantid fauna in cashew
plantations

In the cashew plantations, praying mantids
are also one of the predators of cashew pests. The
prey insects of most praying mantids include tea
mosquito bug, leaf beetles, weevils, many dipteran
flies, leaf and panicle feeding lepidopteran larvae,
hoppers, cow bugs, ants, grass hoppers, moths
and hemipterans. A total of 16 species of praying
mantids, belonging to seven families and ten
sub families were recorded to occur on cashew
plantations of Puttur and Shantigodu regions of
Karnataka. All-out-reach method was followed to
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Spermacoce sp., severe defoliation was resulted
by a chrysomelid beetle namely O. bipunctata
(Fig. 3.4 f).

e

find and collect praying mantids of different stages
throughout the cashew plantations including tree
base, litter, trunk, canopy of cashew trees, common
weed plants inside the cashew plantations as
well as wire fences around the plantations. Based
on the number of occasions each mantid species
was noticed, they were grouped into categories
as, common (> 25 occasions), moderate (10-24),
occasional (3-9) and rare (1-3).

Out of 16 species recorded, four mantid
species namely, Creobroter apicalis, Euantissa
pulchra, Eomantis guttatipennis and Statilia
maculata were already reported from Karnataka,
while ten mantid species were reported for the
first time in Karnataka state but two species
are yet to be identified (Table 3.7). Among the
families, Hymenopodidae and Mantidae were the
dominant, represented by five species each while,
Iridopterygidae,  Liturgusidae,  Tarachodidae,
Empusidae and Toxoderidae were represented by
single species only (Fig. 3.5). Observations revealed
that, though activities of praying mantids were
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noticed throughout the year in cashew plantations,
activity was very less during May-June. Nymphs and
adults of various mantid species were sporadically
noticed from the mid rainy season (July) to summer
season (April), while mantids were frequent
during flushing and flowering periods of cashew.
During the onset of monsoon (June), adults of
Leptomantella parva and E. guttatipennis were seen,
while in July, Amantis fumosa, Gongylus gongylodes,
Ambivia undata, C. apicalis were also noticed (Table
3.8). During the present survey, stages of C. apicalis
and E. pulchra were recorded from September to
April and August to June, respectively. Both the
bark mantises, H. similis and E. lata were noticed
throughout the year.

Different niche requirements were noticed for
different praying mantid species. Among the mantids,
E. pulchra and E. pictipes dominate the canopy
area, while, H. similis dominates the trunk region
of cashew. Though most species were noticed on
canopy region of cashew, especially on tender shoots
and leaves, two species were noticed on panicles,
two on trunk, and two on ground. However, activities

<

of Amantis fumosa were noticed only during night,
and specimens were collected near the light source.
There was variation in the colour and size of both
male and female mantids of each species.

In most species, the female mantids were
generally larger than the males, except E. lata and H.
similis, Among the mantids recorded, G. gongylodes
was the biggest (8.9 cm long female), followed by H.
membranacea (8.0 cm long female) and A. undata
(7.1 cm female). The smallest mantid species were
A. fumosa (1.5 cm female), EImantis lata (2.0 cm
long female) and Euantissa pulchra (2.0 female
). Oothecae of E. pictipes, H. brunneriana, H.
membranacea, E. pulchra, E. guttatipennis and L.
parva were noticed on shoots as well as leaves of
cashew. However, oothecae of E. lata and H. similis
were noticed on cashew trunk region, compound
walls, fence stones, building walls etc. Nymphs of
H. brunneriana were also noticed commonly on
some weeds i.e., Getonia floribunda, Terminalia
paniculata and Ixora sp inside the cashew
plantations. Different species of mantids are shown
in Fig. 3.6.

Table 3.7: Mantid fauna recorded in cashew plantations of South West Karnataka

Scientific name of the species Abundance

Ephestisula pictipes (Wood-mason, 1879)* Common Acromantinae Hymenopodidae
Ephestiasula sp. Rare

Hestiasula brunneriana Saussure, 1871* Common

Euantissa pulchra Fabricius, 1787 Common

Creobroter apicalis Saussure, 1869 Moderate Hymenopodinae

Hierodula membranacea Burmeister, 1838* Moderate Paramantinae Mantidae
Statilia maculata Werner, 1935 Occasional

Elmantis lata Mukherjee & Hazra, 1983* Moderate Amelinae

Amantis fumosa (Giglio-tos, 1915)* Rare

Ambivia undata Fabricius 1793* Rare Vatinae

Leptomantella parva (Werner, 1933)* Occasional Caliridinae Tarachodidae
Eomantis guttatipennis Stal, 1877 Occasional Tropidomantinae Iridopterygidae
Humbertiella similis Giglio-tos, 1917* Common Liturgusinae Liturgusidae
Gongylus gongylodes (Linné, 1758)* Rare Empusinae Empusidae
Toxoderopsis sp.* Rare Toxoderinae Toxoderidae
Unidentified sp. Rare - -

* = Species not reported earlier in Karnataka. - = Unknown
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Table 3.8: Seasonality, colour, size and niche of praying mantids recorded in cashew plantations

Species Period of Niche Mean Colour of nymph / Oothecae
occurrence Adult wing colour
size (cm) in adult
Female Male Size (cm) colour
Ephestisula August-March Leaf 24 2.1 Green; brown 1.8x0.55 Creamy
pictipes yellow
Ephestiasula sp. April- July Leaf - 2.2 Brown - -
Hestiasula Throughout  Leafand 3.2 24 Shinygreenwith 1.3x0.7 Brownish
brunneriana the year Weeds Grey patches white
Hierodula June- April Leaf, 8.0 7.6 Yellow; Green 4.2x1.8 Whitish
membranacea panicles Brown
Creobroter June- April Shoot, 35 - Green with yellow 3.3x0.3  Brownish*
apicalis Panicles and pink markings
Euantissa August- June Leaf 2.0 1.7 Green with 1.8x0.55 Creamy
pulchra pink border yellow
Humbertiella Throughout  Bark, 3.5 3.85 Brownish Grey 1.6x1.0  Whitish
similis the year compound grey
walls,
buildings
Elmantis lata Throughout  Bark, 2.0 2.6 Blackwithspecks 0.6x0.45 White
the year compound in? Rudimentary in?
walls
Leptomantella October-May Leaf 33 2.8 Green 0.45x0.3 Light
parva Brown*
Amantis fumosa  July-April - 1.5 1.3 Black - -
Eomanits June-April Leaf 32 24 Green 3.0x0.2 Canary
guttatipennis yellow
Gongylus July-October  Ground 8.9 - Yellowish brown - -
gongylodes
Statilia maculata January-April Ground, 53 4.4 Green; yellow; 2.1x0.7 Creamy
leaf Brown white
Toxoderopsis sp.  April- Leaf - - 1stinstar nymph- 1.2x0.5  Brownish
November long, lean, grey yellow*
in colour
Ambivia undata  July- Leaf 7.1 - Grey with - -
September black patches
Unidentified sp.  April- May Leaf - - Chocolate - -
brown Nymph

*= Qotheca with a slender hornlike projection at one end,

- = details not recorded
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Fig. 3.5: Species richness and abundance of praying mantises across different families of praying

mantises

Fig. 3.6: Adult praying mantises, a. Hierodula membranacea; b. Ephestiasula pictipes; c. Leptomantella
parva; d. Mating pair of Euantissa pulchra; e. Mating pair of Hestiasula brunneriana;
f. Humbertiella similis; g. Statilia maculata; h. Creobroter apicalis; i. Gongylus gongylodes; j.
Eomantis guttatipennis; k. ElImanits lata; i. Ambivia undata; m. Ephestiasula sp.; n. Amantis fumosa.

3.5 Pollinators of cashew

The flower visitors of cashew and a few
common plants submitted at University of
Agricultural Sciences, GKVK, Bengaluru were
got identified. Among the bees, Pseudapis sp.,

(
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Braunsapis sp., Apis cerana indica, Ceratina spp.,
Seledonia sp. and Lasioglossum sp. were recorded
as frequent visitors of cashew flowers for pollen
and nectar (Fig. 3.7). Pseudapis sp, Braunsapis sp.
Seledonia sp. and Ceratina spp. had higher pollen

I
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load per insect compared to Apis spp. Bee bowls
of different colours and sizes were kept again

in cashew plantations to record the diversity of
pollinators.

Fig. 3.7: Bee foraging on cashew inflorescence (from left) Seledonia sp. and Pseudapis sp.

Foraging period and activity of certain
pollinators have been recorded at preliminary
level. Foraging activity started from 9.00 - 9.30 am
onwards on cashew depending on the sunshine, but
peak activity was observed between 10.00 to 12.00
Noon. Though Apis cerana indica visited flowers
up to 5.30 pm, it mainly visited for nectar, which
accidentally pollinated the hermaphrodite flowers
as well. Attempts have been made to assess the peak
foraging period of bees and pollination efficiency
in cashew on the selected panicles by covering of

panicles by nylon net bags, hand pollination and
open pollination. Nesting sites of Braunsapis sp.
Ceratina spp., and Seledonia sp. have been located
in the dried twigs of cashew (Fig. 3.8c). While, nests
of Pseudapis sp. was noticed in the barren lateritic
soil. Attempts have been made to establish a colony
of Apis cerana indica during cashew flowering
season at Shantigodu. The colony established well
with broods, showing the possibility of bee keeping
in cashew plantations provided other pollen and
nectar sources are also available.

Fig. 3.8: a.Pollen grainsloaded on Pseudapis sp. after foraging; b. Pollen grains deposited on stigma
after bee visit; c. Nest of Braunsapis sp. in a dried cashew shoot.
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3.6 Survey and surveillance of important
diseases of cashew

Cashew plants in DCR research plots were
observed periodically for different diseases. The
incidence or severity of diseases was recorded.

3.6.1 Wilt or rot disease

Wilt or rot disease was observed in ‘Seed
Orchard’ and ‘Apple evaluation plot. The disease
was noticed during rainy season (June- September).
Initially the infected plants showed yellowing of
older leaves and later the yellowing spread to
young leaves as well (Fig 3.9). In advanced stage,
the infected plants showed complete yellowing, leaf
fall and death. The disease incidence ranged from
1 to 5%. The disease may be caused by Pythium
sp. or Phytophthora sp. Bordeaux mixture (0.1%)
application at initial stage of infection was found
effective to check the disease.

Fig. 3.9: Seedling infected with wilt disease.

3.6.2 Black leaf spot or black mold disease

Black mold disease was noticed in ‘Apple
evaluation plot. Symptoms of the disease were
black to dark brown spots (colonies) on the
leaves (Fig. 3.10), yellowing of foliage, leaf fall and
shortening of internode length. It is considered
to be caused by Pilgeriella anacardii, which is an

P
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obligate parasite. The disease occurred during
September and severity was 1.0 - 60%. Severity of
scoring of different germplasm lines indicated that
the lines viz., NRC 301, NRC 75 and NRC 176 were
less infected (<10.0%) while NRC 183 was severely
infected (67.20%).Spraying of Bordeaux (0.1%)
was found effective to control the disease.

[
"

Fig 3.10: Black leaf spot disease caused by
P. anacardii

3.6.3 Sooty mold disease

The disease is caused by Capnodium spp.
and presence of black powdery superficial spots
on leaves has been typical identification symptom
(Fig. 3.11). Disease was observed invariably in all
seasons. However, the incidence was less during
rainy season as powdery spots were washed easily
by rain water. The disease is considered to be of
minor importance.

Fig. 3.11: Sooty mold disease
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3.6.4 Red rust disease 3.6.5 Die back of shoot/twig rot/gummosis
The disease is caused by red algae, disease
Cephaleuros sp. It was identified by presence of Disease was observed in young orchards

orange to red colour spots on leaves (Fig. 3.12). It  (Apple evaluation and Showcasing plots). The
was noticed during rainy season and severity of  disease symptoms were die back of shoot tip, twigs
disease was very less. and branches, the infected stems showed dark
colour swelling with cracks and oozing of gummy
exudates/transparent resins like fluid from the
cracks (Fig 3.13a and b). The disease is considered
to be caused by Lasiodiplodia theobromae
(Botryodiplodia  theobromae). The disease was
severe during flushing stage (September-October)
and the severity was ranged from 16 to 25%.
Disease severity scoring of different germplasm
lines indicated that none of the lines were free
from the disease. Attempt is being made to isolate
and identify the causal agent responsible for the
disease.

Fig. 3.13 a: Die back of shoots/twigs Fig. 3.13 b: Gummosis on stem

3.6.6 Inflorescence drying/die back disease drying of floral branches, withering of floral parts
and progressive die back of inflorescence (Fig.
3.14a and b). The disease was observed during
January to March.

Inflorescence drying/die back disease was
observed in all orchards (Apple evaluation, NCGB,
DTD and Showcasing blocks). Characteristic
symptoms observed for inflorescence blight Observations on inflorescence drying of
were initially water soaked lesions on rachis and  different accessions indicated that the severity of
secondary rachis and later they became brown to  dryingranged from 9 to 30% among the accessions.
black colour, gummy exudations from lesions and = However, the severity was more in NRC 301, NRC

C 71
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140, NRC 176 and NRC 175. It is considered to be
caused by Gloeosporium mangiferae and Phomopsis
anacardii in association with Tea mosquito bug
(TMB), Helopeltis antonii. Hence, apart from
attempting to isolate the pathogen(s) responsible
for the disease, a field trial was initiated to
ascertain the association between the TMB and
disease. Treatments such as i) Caging with nylon

w13
DCR

Fig. 3.14a: Inflorescence drying

3.6.7 Nut rot disease

The disease symptoms observed initially
were water soaked lesion or spot at base of the nut
where it has attached and later symptoms spread
to entire nut (Fig. 3.15). Finally the infected nuts

mesh and insecticidal spray (Lambda Cyhalothrin
0.003%); ii) Fungicidal spray (Mancozeb 0.2% +
Carbendazim (0.1%); iii) Caging with nylon mesh;
iv) Control, were imposed on four accessions
NRC 301, NRC 140, NRC 176 and NRC 175 and
observations on TMB and disease incidences are
being made at periodical intervals.

Fig. 3.14b: Inflorescence die back.

become rotten and dried. Sometimes the infected
nut became shriveled. The disease was observed
in Showcasing block especially in H-130 and
incidence was 20-40%. The disease was noticed
during February.
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During 2015-16, periodical observations on
diseases of cashew indicated that seven diseases
viz., wilt or rot, black leaf spot, sooty mold, red rust,
die back of shoot/twigrot/gummosis, inflorescence
drying/die back and nut rot occurs in different

growth period of the crop (Table 3.9). Among the

<

diseases, black leaf spot, die back of shoot/twig
rot/gummosis disease and inflorescence drying/
die back disease have been found to be severe
across the cultivars/lines while nut rot disease has
been specific to certain line/hybrid.

Table 3.9. Periodical observations on diseases of cashew

Disease Incidence/Severity  Period of Remark

range (%) occurrence

Wilt or rot 1-5 June - September Affect young orchard plants of

disease <5-6 year old.

Black leaf spot 1-60 September Affect all age plants but cause
economic yield loss in young
plants of <5-6 year old.
Differential resistance has been
observed.

Sooty mold Less All seasons butless  Minor disease

during rainy season.

Red rust Less During rainy season  Minor disease

Die back of shoot/ 16 to 25 September-October  Affect all age plants but incidence

twig rot/gummosis is less in adult plants. Rare to find

disease. resistance source.

Inflorescence 9to 30 January to March Affect all age plants. Differential

drying/die back resistance has been observed.

disease. May cause economical yield loss.

Nut rot disease 20-40 February Specific to certain variety/hybrid.
May cause economical yield loss.

A Plant Pathology lab was established with certain
facilities such as working platform, exhaust fans,

[ 73

mini autoclave, microwave oven, magnetic stirrer,
pH meter, and refrigerator.
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4. POST-HARVEST TECHNOLOGY

4.1 Design development of solar tunnel dryer
for raw cashewnut and apple

Certain structural changes viz., air exhaust,
lateral air vents and black ground surface have
been provided to improve the efficiency of Poly
House Solar Tunnel Dryer (PHSTD), accounting
the resultant data of no load test conducted with
the dryer. In view of differential rate of drying
cashew apple slices, sensor based environment
control assembly is designed to generate vapour
pressure difference to enhance moisture diffusion
from slices. This also aids in induced air flow inside
the natural convection solar dryer to overcome

the problem of low buoyancy. Phenolic compound
present in cashew apple is the major hindrance
in utilizing it either for food or feed. As the final
product, cashew apple powder without tannin is
warranted, detanning is carried out with either
Poly Vinyl Pyrollidone (PVP) or Gelatin or Sodium
Chloride (NaCl). Drying characteristics of treated
and untreated cashew apple slices (cv. Bhaskara)
revealed that the diffusion of moisture found to
be faster in the case of untreated slices (Fig. 4.1)
followed by slices treated with NaCl and PVP of
different concentrations, but the changes are non-
significant.
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Fig. 4.1: Drying characteristics of tretaed and untreated cashew apple slices

Cashew Apple Powder (CAP), thus generated is
analyzed for reduction in tannin and retention of
ascorbic acid. Quality analysis of CAP prepared
after solar drying revealed that tannin reduction
observed to be maximum for the slices treated
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with NaCl (190 mg L*') (Fig. 4.2) followed by
PVP and Gelatin. Similarly, NaCl treatment could
retain maximum Vit. C (63%) (Fig. 4.3) than other
treatments investigated.




TSI Ak Thaaed 2015-2016

ICAR-DCR Annual Report 2015-2016

Tanin (mg k')

Control | NeCl | VP |Gllul|r|9;

Cunho1| HaCl | PP |Gn|.|1inn

Bhaskata Uilad 3

Cashewapple powder

Fig 4.2: Reduction of tannin in untreated and
treated CAP

In order to investigate the effect of size
reduction on drying rate of cashew apple and
associated problems of size reduction, ground
cashew apple (paste), cashew apple cubes (< 1.0
cm3) and cashew apple slices having 1-2 mm
thickness were dried under solar dryer. Rate of
drying cashew apple paste found to be faster
than cubes and slices. But the resultant product
found to be sticky and developed problems
during pulverization. Although, cube like pieces
dried faster, but, non-uniform drying was noticed.
Diffusion of moisture found to be uniform and
the physical quality of end product showed better
results for sliced cashew apple. An attempt has
also been made to prepare cookies using CAP
as substitution i.e. 30% of the main ingredient.
Scientist (Animal Nutrition and Feed Technologist),
Kerala Veterinary and Agricultural Sciences

DCR

841

7o 96

VitC mg 100g!

358 315
325 332

Control | Nacl ‘ PVP Gemine‘ Contred | NaCl PVP | Gelatine

Bhaskara Ullal 3

Cashew apple powder

Fig. 4.3: Retention of Vit. C in untreated and
treated CAP

University, Kerala had been contacted for extended
investigation of CAP as an admixture in animal
feed and its effect on milch animals. Exploring the
possibility of external funded project for detailed
investigation as suggested.

4.2 Developing quality standards for raw
cashewnuts

Inview of poorresponse through e-mail contact,
cashew processor, traders, farmers, organizations
located in selected districts of Karnataka (Dakshina
Kannada), Kerala (Kollam) and Tamilnadu (Panruti)
were visited personally for want of information. Based
on the information provided, certain problems have
been identified (Table 4.1) which needs to be refined
or revised, to develop a common standard/technique
to assess quality of raw cashewnuts convenient to all
stakeholders in the cashew supply chain.

Table 4.1. Status of assessing the quality of raw cashewnuts and inherent problems

Existing quality Inference Problem identified
parameters
Number of nuts Weight of the nuts. Represent the weight of the nuts rather than size of

per kilo

the nuts. It is assumed that nut size is correlated to
weight. As such there is no correlation between
length, width, thickness representing the size and
the weight of the nuts.

Surface colour of
the nuts

Maturity of the nuts and
nuts representing storage
period (Fig. 4.4).

Highly subjective as no standards are available.
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Existing quality Inference Problem identified
parameters
Outturn Assessing the quantity Normally inner quality of the kernels (when split
and quality of the edible into two) is assessed. But ultimate aim in cashewnut
portion of the nuti.e. processing is the extraction of whole kernels and
kernel. its quality isassessed based on surface characteristics
rather than inner quality. Refined technique needs
to be devised.
Representation Computed for 80 kg bags Presumed to be a complicated calculation.
of Outturn and represented in pounds
(British standard).

Identification of
defective nuts

To work out the Kernel
Percentage Recovery
(KPR) at packaging and to
estimate economic returns.

Standard protocol is not available for assessing physical
quality of defective nuts. A portion of defective nuts
in the range of 25-50% is accounted for outturn computation.
Methodology differs with agents certifying the quality.

Moisture content
of raw cashewnuts

Available moisture in raw
nuts to either dry further or
transport to storage system
to improve its shelf life and
keep stock for lean period.

Unscientific method of rubbing between the palm
of the hand is followed (Subjective). Presently
available moisture meter for agricultural commodities
found to be unsuitable for raw cashewnuts.

Sampling of raw
cashewnuts.

Drawing samples for
quality assessment

Subjective and various methods are followed
without any statistical technique.

Contribution of

quality parameters.

To compute sale price for
Raw cashew nut.

Only number of nuts and outturn is used and it is
subjective (Intermediaries role decides the market).

Fig. 4.4: Variation in surface colour of the raw cashewnuts with reference to storage period

Among the parameters which influence the

quality of cashew, primarily three parameters
viz., Moisture Content (MC), Outturn (OT) and Nut
Count (NC) are considered utmost importance to
assess the quality and certain reputed agencies
are engaged in certifying the quality. Normally

(
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imported nuts undergo testing before procurement
and this procedure is seldom followed for domestic
nuts. Sampling, methodology and instrumentation
to assess the quality have been identified as areas
needing immediate attention.

I
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indicated that
determining moisture content of raw cashewnuts
is of prime importance than other parameter
considered influencing the quality of raw
cashewnuts during harvest, transportation,
storage and processing. Understanding the crux
of the problem, a private company is contacted i.e.
M/s EMCON, Kerala to develop non-destructive,
non-chemical and on-the-site measuring device.
MoU has been prepared to take up collaborative
research work in consultation with the private
partner. Preliminary work on these lines initiated

Technical survey report

Healthy nuts

TMDB affected nuts

and anticipating administrative approval for
collaborative research work.

Inordertoassessthe quantumofdefective nuts
due to insect infestation in the bulk of cashewnuts,
raw nuts harvested during the season at both the
farms of this Directorate assessed for its quality in
terms of good nuts, infected nuts, count, shelling
outturn etc., Damage of three different pests viz.,
Tea Mosquito Bug (TMB), Thrips and Apple and Nut
Borer (ANB) (Fig. 4.5) were assessed at preliminary
level in the field harvested raw cashewnuts collected
from the farms of this Directorate.

Apple and nut borer
affected nuts

Thrips affected nuts

Fig. 4.5: Comparison of healthy and defective raw cashewnuts

Among the pests investigated, nut damage caused
by Thrips was high (27%) followed by TMB (8.5%)
and ANB (6.3%). Kernel damage found to be high

in ANB infested nuts wherein 10% and 17% of
total ANB infested nuts had shriveled and brown
patched kernels (Fig. 4.6).
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Fig. 4.6: Proportion of healthy and defective nuts harvested from farm (ICAR-DCR, Puttur)
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4.3. Design and development of mechanical

slicer for cashew apples

Firmness of cashew apples of different

On an average firmness of the cashew
apple found to be in the range of 0.68 to 1.28 kg
force irrespective of varieties and growth stage.
Obviously, firmness of fruits has increased towards
maturity phase or ripening. Among the varieties

G
DCR

s o/

varieties harvested at six different growth phase
from peanut stage to fully ripened stage (Fig. 4.7) is
determined using texture profile analyzer in terms
of bio-yield point.

Fig. 4.7: Various stages of cashew apple from peanut to ripened stage

selected, Ullal 1 offered more resistance for
penetration by the P 10 cylindrical probe and on
the other hand, VRI 3 resulted as highly firm fruit
(Fig. 4.8).

144392
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Fig. 4.8: Firmness of cashew apple of different varieties harvested at different stages

Comparing the rotational disc type blade and
vertical reciprocating serrated blade employed
for cutting or shearing food products, former one
with specific bevel angle found to be appropriate
mechanism for slicing high moisture pulpy
fruit like cashew apple.  Accordingly, multi
disc cashew apple slicer developed and its
performance was evaluated. Although cutting
of slicer is proper, multiple discs load acting at a

. 78

time on the fruit crushed it, leading to lose of some
amount of juice content. Food processing
machinery manufacturer located in Southern
India were visited to explore the possibility of
identifying / developing suitable mechanism for
slicing cashew apple. Based on the information
collected, suitable mechanism for slicing cashew
apple has been designed and attempting to
fabricate.




ATFH3TTI- 1AM A Tfaaed 2015-2016

@

ICAR-DCR Annual Report 2015-2016

4.4. Award of Patent

Radial arm type cashew kernel extractor
machine was designed to operate in sitting
posture thereby it reduces the operator’s drudgery
experienced in the existing sheller (Fig. 4.9). It has
9.3 kg h' operational capacity and 88.1 per cent
quantitative efficiency. This technology has been
awarded with Government of India Patent (No.
272371) on 30.03.2016.

Fig. 4.9: Radial arm type cashew kernel
extractor machine

G
DCR

4.5. Value Added Products from Cashew Apple
4.5.1 Cashew apple cider

Efforts were made to identify the size of
inoculums to be added to the media to obtain
superior sensory quality of the cider. The quantity
of active dry yeast added was 0.5, 1.0, 1.5, 2.0 and
2.5 g per liter of juice. An inoculum 1.5-2.0 g/L was
observed to be the best with respect to the time
of fermentation, colour, flavour and taste of the
product. Based on these observations five different
trials have been taken by using juice of four varieties
namely Dhana, Madakathara-2, Vengurla-4 and
germplasm collection NRC-301, and a mixture.
Sensory evaluation of the prepared products
consistently claimed that the cider prepared from
mixed juices was found to be superior (Table
4.2), which attributed to contribution of flavor
characteristics by different unidentified unique
constituents of each variety. Cider prepared from
germplasm collection NRC-301 has a positive
appeal towards its colour characteristics owing to
ability to retain red colour of skin in the juice unlike
other varieties. The alcohol percentage measured
with the help of hydrometer was in the tune of
3.5-5.5% v/v. The sugar contents of all varieties
selected were in the range of 8.5 to 10.5%.

Table 4.2: Sensory analysis of Cashew apple cider.

Sample Code Colour Flavour Body Taste Overall Acceptability
A 5.22 5.33 5.67 5.89 5.78
B 7.78 7.67 7.56 7.67 7.78
C 5.44 5.89 6.22 6.33 6.33
D 7.78 7.89 7.78 8.22 7.89
E 6.11 5.78 6.33 6.56 6.33
F 8.33 8.11 7.67 8.33 8.22
SEd 0.4502 0.4207 0.3425 0.3889 0.3822
CD(.05) 0.9052 0.8458 0.6886 0.7820 0.7685
CD(.01) 1.2077 1.1285 0.9187 1.0432 1.0253
CV% 14.09 13.17 10.57 11.51 11.49
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4.5.2 Cashew apple jelly

The jelly preparation was tried with and
without pectin addition. It was learnt that in the
case of cashew apple without an external source
of pectin, the quality jelly preparation was not

possible. Hence the edible pectin was added at the
rate of 0.5%, 1.0%, 1.5%, and 2%. The prepared
product was tested for its sensory quality by
different age group people (Table 4.3) and it was
noticed that more than 1.0% pectin addition was
essential to set a quality jelly (Fig. 4.10).

Table 4.3: Sensory analysis of Cashew apple jelly

Sample Code Colour Flavour Texture Taste Overall Acceptability
A 5.78 478 4.89 5.56 5.22
B 5.78 4.89 5.44 5.00 5.33
C 6.56 5.89 6.00 5.78 5.78
D 7.33 6.78 6.78 6.89 6.44
E 8.00 7.56 8.33 8.11 8.11
F 7.22 7.00 7.22 6.78 6.67
SEd 0.4559 0.5574 0.4315 0.4468 0.3349
CD (.05) 0.9166 1.1208 0.8677 0.8983 0.6733
CD(.01) 1.2229 1.4953 1.1576 1.1985 0.8983
CV% 14.27 19.23 14.20 14.92 11.35

|

Fig. 4.10: Consistency of well set cashew apple jelly

4.5.3. Reduction in tannins in cashew apple
juice by low cost food grade material

Earlier established methods of tannin
reduction using gelatin, PVP, Activated Charcoal
and Sago were checked for the efficacy of removal
tannin from cashew apple juice (Table 4.4). Few
results were matching with the earlier reports. To
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overcome the problems associated with earlier
methodologies, considering the chemistry of
tannins, different food grade materials viz., defatted
soybean meal/ flour (rich in proteins that bind
tanins), Bajara flour in the form of dry powder or
gruel (rich in iron), Maiz flour/ gruel (rich in starch,
proteins capable of precipitating the tannins) and
Potato (raw and cooked) have been identified.
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Table 4.4. Effect of different concentrations of gelatin, PVP, Activated Charcoal and Sago on removal

of tannin from cashew apple juice

Treatment Juice Recovery Absorbance (%) Transmittance (%) Tannin Reduction (%)
Control 70.0 0.1449 88.08 00.00
Sago 1% 89.0 0.0890 93.01 23.25
Sago 2% 87.0 0.1199 91.22 39.69
Sago 3% 81.0 0.1640 87.60 28.82
Sago 4% 89.5 0.2077 81.30 24.47
PVP 1% 91.0 0.1557 88.55 31.62
PVP 2% 88.0 0.2044 83.55 27.30
VP 3% 83.0 0.1888 87.84 30.26
PVP 4% 84.0 0.1353 91.70 34.43
Gelatin 1% 88.0 0.4996 58.79 26.41
Gelatin 2% 82.0 0.8534 42.62 24.69
Gelatin 3% 83.0 0.1935 82.96 33.58
Gelatin 4% 82.5 0.1259 53.69 25.56
Charcoal 2.5% 87.5 0.0421 96.35 15.12
Charcoal 5.0% 79.0 0.1138 87.60 13.23
Charcoal 7.5% 87.5 0.2091 77.55 7.93
Charcoal 10% 85.0 0.1817 80.58 9.52

4.5.4. Blended juice product

In order to prepare ready to serve (RTS)
beverages, five different varieties/accession viz,
Vengurla-3, Dhana, Bhaskara, Ullal-3 and NRC-301
were chosen. The product was prepared from the
cashew apple juice itself and compared with the RTS

prepared by blending lime juice with different level
of concentration keeping cashew apple concentration
same. The product prepared (Sample Code:E) from
3% lime juice and 0.250 g citric acid/liter juice
was found superior after conducting organoleptic
evaluation based on 9 point hedonic scale (Table 4.5).

Table 4.5. Sensory analysis of cashew apple-lime and citric acid blended RTS

Sample Code Colour Flavour  Astringency Taste Overall Acceptability
A 3.9 4.5 5.4 4.9 4.5
B 4.9 5.1 5.7 5.0 5.0
C 4.7 4.4 5.4 5.7 5.2
D 6.2 6.4 6.7 7.0 6.4
E 7.6 7.6 7.8 8.2 7.9
F 6.1 6.2 6.4 6.6 6.4
SEd 0.5538 0.4480 0.5544 0.4753 0.3839
CD (.05) 1.1103 0.8983 1.1116 0.9530 0.7697
CD(.01) 1.4796 1.1971 1.4814 1.2700 1.0258
CV% 22.24 17.58 19.89 17.05 14.55
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5. TRANSFER OF

TECHNOLOGY

5.1 Transfer of Technology Programme in
Cashew

5.1.1 Impact of Frontline Demonstrations (FLD)
in Cashew

Study on impact of FLDs established by DCR
was conducted during 2015-16 under this project.
Methodology and Instrument to measure impact
of FLD in Cashew was developed and the tool was
used to measure impact of FLDs on area, production
and productivity of cashew in South Karnataka.
Data have been collected from FLD farmers who
have completed at least 10 years under cashew
cultivation and analyzed for measuring the impact
of FLD on area, production and productivity of
cashew, social and economic benefits accrued and
adoption of recommended cashew production
technologies in comparison with non FLD farmers
of the region. The technology gap and extension gap

existing in major cashew varieties were measured
and documented along with the status of technology
utilisation of FLD farmers in comparison with other
cashew farmers.

5.1.2 Performance of major cashew varieties
under FLD

Twelve major cashew varieties under FLD
were studied to assess their performance (Table
5.1; Fig. 5.1). The variety ‘Bhaskara’ was identified
for the highest yield under demonstration to the
tune of 5.77 kg/tree closely followed by variety
‘Ullal-3" (5.03 kg/tree). Variety Ullal-1 (4.79 kg/
tree) and Madakkathara-2 (MDK-2: 4.60 kg/tree)
also were found to give comparatively better yield
in relation to other varieties. Varieties Priyanka
(4.51 kg/tree) and ullal-4 (4.00 kg/tree) closely
followed while varieties VRI-3, NRCS-2, Vengurla-7
and vengurla-4 were found to perform poorly both
in FLD and Non-FLD plot.
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Table 5.1: Impact of cashew varieties on production and productivity of cashew

Variety Production (kg/tree) Productivity (kg/ha)
Check Rank FLD Rank Check Rank FLD Rank

Bhaskara 4.73 1 5.77 1 737.88 1 905.89 1
*NRCS-2 3.47 7 2.70 8 541.32 7 4239 8
**MDK-2 4.45 2 4.60 4 694.2 2 722.2 4
Ullal-3 3.87 5 5.03 2 603.72 5 789.71 2
Ullal-1 3.9 4 4.79 3 608.4 4 752.03 3
Ullal-4 3.67 6 4.00 6 572.52 6 628 6
VRI-3 3.06 8 3.40 7 477.36 8 533.8 7
V-4 1.51 10 243 10 235.56 10 381.51 10
V-7 3 9 2.61 9 468 9 409.77 9
Priyanka 41 3 4.51 5 639.6 3 708.07

* NRC Selection-2 ** Madakkathara-2

Variety Bhaskara recorded the highest
productivity of 906 kg/ha under FLD against 738 kg/
ha in Non-FLD farms. Ullal-3 yielded second highest
productivity of 790 kg/ha among FLD farmers while
variety Madakkathara-2 yielded second highest
productivity (694 kg/ha) among Non-FLD farmers.
Variety Ullal-1 recorded third highest productivity of
752 kg/ha among FLD plots while variety Priyanka
recorded third place in productivity among non-FLD
farmers with output of 640 kg/ha.

*** Vengurla-4

*k¥* Vengurla-7

5.1.3 Technology and extension gap in major
cashew varieties

Technology gap was the lowest in ‘Bhaskara’
(493 kg/tree) where as it was very high in
‘Vengurla-7’ (15.89 kg/tree) and ‘Vengurla-4’ (14.77
kg/tree), while extension gap was high in variety
‘Ullal-3’ (1.16 kg/tree). Very high technology gap
was observed with respect to yields of all major
cashew varieties grown in this region (Fig. 5.2).

Technology and extension gap in cashew cultivation
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5.1.4 Technology utilisation status of FLD and
Non-FLD farmers

Technology utilisation status of
demonstration farmers were found to decline after

period of financial support and the Adoption Index

w1
DCR

of major cashew production technologies among
these farmers were recorded as 48 against 40 in
case of check farmers (Table 5.2). Majority (36%)
of FLD farmers belonged to High adoption category
while majority of check farmers (44%) belonged to
medium adoption category.

Table 5.2: Technology utilisation status of FLD and Non-FLD farmers (n1+n2=129)

Cashew Production Adoption Farmers under various levels of adoption (%)
Technologies Index Check FLD

Check FLD Low Medium High Low Medium High
Planting and Initial Care 73 72 23 52 25 28 48 24
Soil and Water Conservation 48 53 33 35 32 26 30 44
Manures and Fertilizers 30 36 33 14 53 33 24 43
Pruning and Training 43 50 32 35 33 35 22 43
Plant Protection 20 30 45 26 29 37 33 30
Intercropping 22 30 75 20 5 63 4 33
Harvesting and Post Harvest 43 43 24 39 37 19 43 38
Overall Adoption Index 40 48 32 44 24 32 32 36

5.1.5 Constraints faced by FLD farmers

The major constraints faced by FLD farmers
were identified (Table 5.3) as price fluctuations/
poor price (80%), low availability of labour
(70%), attack of Tea Mosquito Bug (61%) and
attack of Cashew Stem and Root Borer (36%).

Other constraints reported were flower drying
(35%), poor yielding varieties (23%), problems
in collection of nuts/theft (21%), price control
by processors (17%), lack of cashew farmers
associations (11%) and lack of subsidy after third
year of planting (33%).

Table 5.3: List of constraints faced by FLD cashew farmers

Constraints FLD (%) Non-FLD (%)
Poor price/Price fluctuation 80 83
Low availability of labour 70 71
TMB attack 61 41
CSRB attack 36 35
Flower drying 35 20
Poor yielding varieties 23 17
Collection of nuts / theft 21 13
Price control by processor 17 12
Lack of cashew farmer association 11 12
No subsidy after initial years 33 -
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5.1.6 ICT usage of cashew farmers

Interesting patterns with respect to ICT usage
of cashew farmers emerged from a study conducted
to assess performance of recommended production
technologies under FLDs. Study analyzed the
ICT usage patterns of cashew farmers of south
Karnataka while also attempting to identify the
correlates and determinants of ICT usage. Results
revealed that majority cashew farmers registered
high levels of ICT usage. Use of modern media
was wide but restricted largely for entertainment
purpose. Usage of social media was very high among
young members of cashew farmers’ families but its
utilisation for cashew cultivation was found rare.

w1
DCR

5.1.7 Correlates and determinants of ICT usage
of cashew farmers

Correlation analysis showed that four
variables; Age of farmer (-.483**), Education
(-.285*), Extension contact (.272*) and Extension
participation  (.432**) having highly
significant relationship with the ICT usage of
cashew farmers. The regression analysis identified
three variables; Age of farmer (-.386%*), Occupation
(.367**) and Extension participation (.641**) that
significantly contribute to the ICT usage of cashew
farmers explaining 57 per cent of variability in ICT

usage of cashew farmers (Table 5.4).

were

Table 5.4: ICT usage of cashew farmers: Correlates and determinants

Coefficients?
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1  (Constant) -.209 7.836 -.027 979
AGE -.182 071 -.386 -2.547 .015
EDCN -508 564 -112 -901 373
OCCPN 6.584 2.239 367 2.941 .005
FRMNGEXP -126 .073 -291 -1.739 .090
CSHWEXP .058 111 .072 523 .604
EXTNCNT -.146 129 -211 -1.134 .263
EXTNPRTPN 476 131 .641 3.638 .001
CSMPLTNS -.028 128 -.034 -219 .828
NONCLTV 325 494 .080 .658 514
CSHWLND 5.987 2.796 243 2.141 .038
OTHCRPLND -.258 862 -.036 -300 .766
PLOTDIST .001 .001 145 853 .399
a. Dependent Variable: ICTU
Model Summary
Model R R Square Adjusted R Square Std. Error of the Estimate
1 7522 .566 439 4.269
a. Predictors: (Constant), PLOTDIST, EDCN, NONCLTV, EXTNPRTPN, CSHWEXP, CSHWLND, OCCPN
OTHCRPLND, AGE, CSMPLTNS, FRMNGEXP, EXTNCNT
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5.1.8 Models predicting ICT usage of cashew (-0.488) and extension participation (0.438). The

farmers: Stepwise regression analysis model 2 also had the lowest standard error of the
estimate (4.405) thus making it the best model
suited to predict adoption of cashew production
technologies by farmers. Understanding the above
dynamics in ICT usage can help researchers and
extension agencies working in cashew sector to
design better innovations and effective outreach

Stepwise regression was used to identify
predictorsand selectmodels explained the variation
in ICT usage of cashew farmers. In this analysis,
two models were tested to examine the variation
in adoption among the respondents (Table 5.5).
Model 2 was found explaining up to 40 per cent of

strategies.
variability in ICT usage using the predictors; age &

Table 5.5: Models predicting ICT usage of cashew farmers

Coefficients®
Model Unstandardized Standardized t Sig.
Coefficients Coefficients
B Std. Error Beta
1  (Constant) 19.317 2.905 6.651 .000
AGE -227 .057 -483 -3.977 .000
2 (Constant) 17.019 2.601 6.544 .000
AGE -.230 .050 -488 -4.592 .000
EXTNPRTPN 325 .079 438 4121 .000
a. Dependent Variable: ICTU
Model Summary
R R Square Adjusted R Square Std. Error of the Estimate
4832 233 218 5.037
.652P 425 402 4.405
a. Predictors: (Constant), AGE
b. Predictors: (Constant), AGE, EXTNPRTPN

Database of 54 FLD cashew farmers 5S-2 Impact of Cashew Production Technologies
on Area, Production and Productivity of

representing 5 taluks of Dakshina Kannada
Cashew

district was compiled and maintained in MS Excel
format and handed over the data for submission  5.2.1 Socio-economic impact of cashew
to Krishi Portal of ICAR, New Delhi. The database cultivation in North Kerala

has data corresponding to 123 variables/status/ Ten major social and economic impact

indices related to cashew cultivation, technology  ndicators were analysed to arrive at the socio-
utilisation and socio-economic status of these  economic impact of cashew farming among the
farmers. respondents (Table 5.6). Study on impact on

cropping pattern didn’t record much of change as
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only 10 per cent of farmers increasing area under
cashew over the years (0.05 acres) while only
negligible per cent (7) of them purchased new
lands (0.32 acres) for cashew cultivation. Impact on
labour engagement was also low with only 25 per
cent farmers hiring labour for cashew and only 9
per cent of them opting for increased family labour
engagement (0.40). The hiring oflabour was noticed
particularly for harvesting operations with farmers
mostly engaging one to two labourers during this
period. A large majority (94%) reported no change

<

in farm expenditure due to cashew cultivation,
while 46 per cent of farmers reported an increase
in farm income due to cashew cultivation. Farmers
reported an average increase of ¥ 410 /year in farm
expenditure and I 5240 /year in farm income due
to cashew cultivation. Resultant increase in family
incomes was also reported by 36 per cent of the
farmers to the average of ¥ 4320/year followed by
an average increase of I 460/year in their family
expenditure.

Table 5.6: Socio-Economic impact of Cashew cultivation (n=68)

Impact Indicators Increased No change  Index
f % f %

Impact on cropping pattern

Area under cashew cultivation over the years 7 10 61 90 0.05

Purchase of new land and cashew cultivation 7 63 93 0.32

Impact on labour engagement

Hired labour engagement for cashew 17 25 51 75 4.30

Family labour engagement for cashew 6 9 62 91 0.40

Impact on farm expenditure

Cashew cultivation and farm expenditure 4 6 64 94 0.41

Impact on farm income

Cashew cultivation and farm income 31 46 37 54 5.24

Impact on family income

Cashew cultivation and family income 31 46 37 54 4.32

Impact on family expenditure

Profit from cashew cultivation and family expenses 7 10 61 90 0.46

Impact on social participation

Cashew cultivation and participation in social events 41 60 27 40 1.60

Impact on extension contact

Contacts with extension agency and research institutes 32 47 36 53 1.47

Impact on mass media exposure

Cashew cultivation and mass media exposure 32 47 36 53 1.47

Impact on opinion leadership

Cashew cultivation and opinion leadership in his/her area 37 54 31 46 0.54

* for last 10 years of cashew cultivation for those respondents who reported an increase in indicators
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Analysis of social impact presented a better
picture in comparison to economic impact as
majority (60%) of the farmers had reported the
increased social participation while nearly half
(47%) majority could increase their contacts with
extension agencies and research institutes due
to cashew cultivation. Majority (47%) reported
increase in their mass media exposure while a
majority (54%) reported an increase in their
opinion leadership status due to cashew cultivation.

<

Classification of cashew farmers based on
the social and economic benefits showed that
nearly half of the cashew farmers (47%) belong to
high social impact category while in case of
economic impact majority (47%) belonged to low
benefits category. Overall, nearly half of the cashew
farmers (46%) recorded low levels of socio-
economic impact (Table 5.7) accrued from cashew
cultivation.

Table 5.7: Classification of farmers based on social and economic impact (n=68)

Categories Social Impact Economic Impact Socio-economic Impact
f % Range f % Range f % Range

Low 31 45.58 <1.07 32 47.05 <0.56 31 45.58 <0.79

Medium 5 735 1.07-1.47 24 3529 0.56-3.76 24 35.29 0.79-2.86

High 32 47.06 >1.47 12 17.64 >3.76 13 19.12 >2.86

Mean 1.27 2.16 1.83

SD 0.39525 3.194884 2.073558

Two data sets viz, one database of 75
representative cashew farmers representing 5 taluks
of Dakshina Kannada district and another database
of 68 representative cashew farmers representing
Kannur and Kasaragode districts of Kerala, have
been compiled and maintained in MS Excel format.
The each database has data corresponding to 123
items of variables/status/indices related to cashew
cultivation status of these farmers. Both the data
sets in MS Excel format have been handed over for
submission in Krishi Portal, ICAR, New Delhi.

5.3 DevelopmentofanInteractiveand Dynamic
Web space for Cashew Information
Management at DCR

The Joomla database of the website (www.
cashew.res.in) has been fine tuned. Fields such
as About us, Research, Extension, Facilities, Staff,
Library, AICRP, For farmers, Reports, FAQ, Tender,
RTI, Office orders, RFD documents etc. have been
continuously updated with new information.

[ 88 |

5.4 Training programmes organized

5.4.1 National Training on Advances in Cashew
Production Technology

The growing demand for cashew both at
global and national levels has made it imperative
to increase production and productivity of raw
cashewnut,
cashew apple for preparation of value added
products. To achieve this and to provide better
technology backstopping at stakeholder level, it
is essential to know the current status of research
and development in cashew in the country.
The Directorate of Cashew Research, Puttur in
collaboration with Directorate of Cashewnut &
Cocoa Development, Kochi organized a National
Level Training Programme on “Advances in Cashew
Production Technology” from 21-23, May, 2015
with special emphasis on the latest concepts,
methodologies,approachesand practicesinthefield
of cashew research for the benefit of stakeholders

besides enhancing production of
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and a training manual was alsobeenreleased during
the programme (Fig. 5.3). A total of 39 participants
from Development Departments, SAUs, Cashew and

Forest Development Corporations and Horticulture
Missions of Odisha, Andhra Pradesh, Tamil Nadu,

Fig. 5.3: Release of Training Manual during
National training

Kerala, Goa and Karnataka had participated in the
training. The training was coordinated by Dr. M.G.
Nayak and Dr. Sajeev M.V. of the directorate.

5.4.2 Trainingon “Integrated PestManagement
in Cashew” for organic cashew farmers of
Maharashtra and Goa states

Pests and diseases account for nearly
30 per cent of crop loss in cashew. In this
scenario, DCR, Puttur organized Training
Programmes on “Integrated Pest Management

in Cashew” with special emphasis on organic

of Maharashtra and
resource persons

Fig. 5.4: Participants

practices for the benefit of stakeholders. Two
training programmes viz., one for 30 farmers from
Maharashtra and another for 27 farmers from
Goa were conducted during 8-9 December, 2015
and 28-29 January, 2016 respectively (Figs. 5.4
and 5.5). The training exposed the participants
to integrated management of Tea Mosquito Bug,
Cashew Stem and Root Borer, Major Diseases of
Cashew and Minor Pests of Cashew along with

Fig. 5.5: Participants from Goa attending
training programme

hands-on practical lab sessions. Both the trainings
were coordinated by Dr. Sajeev M.V, Scientist (Agri.
Extn.) of the directorate.

5.5 Exhibitions organized

The directorate arranged five exhibitions
on cashew production technology and extension
during 2015-16. The Directorate put up four off-
campus exhibitions at UAHS, Shivamogga; Kukke
Subrahmanya, KVK, Kankanady, CPCRI, Kasaragode
and one on campus.

5.5.1 DCR Exhibition at Krishi Mela of UAHS,
Shimoga (03-10-15 to 06-10-15)

More than 200000 farmers and several
delegates visited the stall during the exhibition.
Farmers were mainly from Shimoga district and
several queries were made by them regarding
cashew. Scientists and officers from various
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organizations who were participating in the
Krishimela also visited the stall and necessary
information was provided.

5.5.2 DCR Exhibition at Krishi Mela of Sri
Kukke Subrahmanya Temple, Kukke
Subrahmanya (16-12-15 to 17-12-15).

More than 5000 farmers mainly from
Dakshina Kannada district visited the stall during
the exhibition. Officials from various organizations
who were participating in the Krishimela also
visited the stall and necessary information was
provided.

5.5.3 DCR Exhibition at Krishi Mela of KVK,
Kankanady (28-09-2015).

Around 2000 farmers attending the Krishi
Mela visited the stall.
organizations also visited the stall and necessary
information was provided (Fig. 5.6).

Scientists from various

Fig. 5.6: DCR Exhibition at KVK, Kankanady.

5.5.4 DCR Exhibition at CPCRI, Kasaragode.
(12-03-16)

The Directorate put up an exhibition during
the inauguration of Centenary Celebration at CPCR],
Kasaragode. Around 5000 farmers representing
various districts of Kerala and Karnataka visited
the DCR stall during the exhibition (Fig. 5.7).
Since cashew is grown widely in Kerala, there
was immense interest among the farmers. A lot of

G
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queries were raised on opportunities for utilization
of cashew apple. Non availability of quality planting
material of latest varieties was a great concern
echoed by most farmers.

Fig. 5.7: DCR Exhibition at CPCRI, Kasaragode.

5.6 Frontline Demonstrations

Under project on transfer of technology
programmes in Cashew, frontline demonstration
plots established with financial assistance from
NHM through DCCD, Kochi were monitored
regularly by extension team of the directorate (Fig.
5.8). A total of 30 FLD plots established in Puttur,
Sullia and Bantwal taluks of Dakshina Kannada
district were visited during the year and technical
advisory was provided to the farmers on pest
management, pruning, fertilization and marketing
aspects.

Fig. 5.8: Monitoring of

L &4

FLD plots
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5.7 Participatory Technology Development

Participatory  technology  development
has been taken up under project on transfer of
technology programmes in cashew with willing
cashew farmers to assess and refine various cashew
production technologies. Participatory technology
development is presently tried in case of ultra high
density planting in cashew, pruning and canopy
management and suitability of varieties for high
density and ultra high density planting in cashew.
The plots were monitored regularly, technical
advice were given and feedback was collected by
the extension team of the directorate (Fig. 5.9).

Fig. 5.9: Extension team in PTD plots

5.8 E-extension in Cashew

E-extension was strengthened in cashew
through Social Media during 2015-16. Under the
project, a Facebook page for dissemination of latest
cashew information and technical knowledge has
been developed [ICAR-DCR PUTTUR] (Fig. 5.10).
The page has been regularly edited, updated
and uploaded with relevant content. All HRD
programmes and farmer awareness programmes
conducted at the Directorate were given wide

G
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publicity through DCR Facebook page. Availability
of Cashew Grafts (variety wise) was posted and
applications invited from time to time. During
the period, 24 programmes have been publicized
through 56 posts and 187 organizations/
stakeholders are actively following DCR Facebook
page for updates.
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Fig. 5.10: Facebook page of DCR, Puttur

5.9 Advisory visits/ Consultancy

The scientists of this Directorate were
requested for technical advice/lectures
various aspects of cashew production by different
organizations. The team of scientists provided
consultancy/lectures as and when requested and
also participated as resource persons in various

cashew related programmes.

on
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6.1 Farmer meets organised

6.1.1 Foundation Day of ICAR-DCR: Innovative
Cashew Farmers Meet: 2015

Directorate of Cashew Research, Puttur
celebrated its foundation day on 18-06-2015.
On this occasion ‘Farmers Meet - 2015’ was also
organized in which more than 150 progressive
cashew farmers participated besides nursery men,
representatives of KVK, development departments,
NGOs Dr. S.D. Shikhamany,
former Vice Chancellor, Dr. YSR Horticultural
University, Andhra Pradesh was the Chief Guest
of the programme and Dr. Sanjay S. Bijjur, Chief
Conservator of Forests, Mangalore was the Guest
of Honour. The Director, DCR, Puttur, Prof. PL.
Saroj presided over the inaugural session. Three
selected innovative farmers were felicitated before

and scientists.

the audience. Sri. K. Subhash Rai, innovative
farmer from Kadamajalu, Puttur was felicitated
for achieving high productivity of 1500 kg/ha in
second year of planting through adoption of high
density modes of planting (Fig. 6.1).

former Vice
Chancellor, Dr. YSR Horticultural
University, Andhra Pradesh felicitating
innovative farmer

Fig. 6.1: Dr. S.D. Shikhamany,

[ 92

Sri. Purandhara Rai of Thingalady, Puttur
was felicitated for being the pioneer in adopting
ultra high density planting on a large scale
and successfully establishing a state of the art
processing factory in the area. Sri. M. Natesh from
Paduvannur was felicitated for demonstrating high
density technique with a yield of 2000 kg/ha. The
awardees also shared their experiences.

Dr. S.D. Shikhamany, Chief Guest of the
function, congratulated the past and present
leadership of DCR. He highlighted the three major
technology contributions of DCR as Softwood
Grafting Technique, high yielding variety Bhaskara
and High Density Planting method. He called
for adoptable and sustainable technologies to
combat low productivity in Cashew. He exhorted
the farmers of this region to make the full use of
recommended technologies to produce quality
cashew in a sustainable and profitable way. He
stressed on the need for ‘anticipatory research’ in
cashew sector. Dr. Sanjay S. Bijjur, Guest of Honour,
congratulated cashew farmers and scientists and
stressed on the need for better productivity and
income from cashew farming and called for focus
on nutritional security and water security in
cashew cultivation. He appreciated the adoption
of latest technologies by innovative farmers. Prof.
P.L. Saroj, Director, DCR pointed out the present
status of cashew research and cashew cultivation
in India. He called upon the farmers to follow
the right technologies along with the proper
recommendations as indicated by scientists to reap
the benefits from cashew cultivation. He promised
full cooperation of DCR to cashew farmers of the
region and also congratulated the innovative
farmers for their achievements. He observed that
the achievements of these innovative farmers will
motivate the other farmers to take up cashew
cultivation in a scientific manner. Earlier, Dr. M.G.
Nayak, Principal Scientist (Hort.), DCR welcomed
dignitaries and participants and highlighted the
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importance of sharing farmer’s innovations for
facilitating farmer to farmer learning. On this
occasion a Catalogue V on ‘Minimum Descriptors
of Cashew Germplasm’ was also released. The
programme was coordinated by Dr. Sajeev M.V,
Scientist (Ag. Extn) and came to an end with a
farmer - scientist interaction session.

6.1.2 Cashew Day and Interaction meeting with
tribal farmers

To providetechnologybackstoppingto farmers
on frontline cashew production technologies,
Directorate of Cashew Research, Puttur celebrated
Annual Cashew day on 29-03-2016. More than 150
cashew farmers participated besides nursery men,
representatives of KVK, development departments,
NGOs and scientists (Fig. 6.2).

P

Dr. H.P. Singh, Former DDG (Horticulture)
was the Chief Guest of the programme and
Dr. S.D. Sharanappa, Superintendent of Police;
Dakshina Kannada was the Guest of Honour.
The Director, DCR, Puttur, Prof. PL. Saroj
presided over the inaugural session. Dr. H.P.
Singh, Former DDG (Horticulture) distributed
the financial assistance to tribal farmers for
cashew demonstration plots set up by DCR.
Later, in the inaugural address, he stressed on
the need for better management of cashew
orchards utilizing the power of science and
technology (Fig. 6.3). He appreciated the research
achievements of DCR, Puttur and called for
wider outreach of the technologies in collaboration
with development departments. He opined that
farmer producer associations may be started
by cashew farmers so that farmers get more
benefit from the crop. Earlier, Dr. S.D. Sharanappa,
Superintendent of Police; Dakshina Kannada
addressed the gathering and highlighted the
importance of farming as the noblest profession
(Fig. 6.4). He stressed upon sustainability in yield
and income from cashew farming and called for the
institutionalization of cashew processing at grass
root level.

Fig. 6.3: Dr. H.P. Singh, Former DDG(Hort.)
ICAR, addresses the gathering

Fig. 6.4: Dr. S.D. Sharanappa, Superintendent of
Police, Dakshina Kannada addresses the
gathering
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In his presidential address, Prof. P. L. Saroj,
Director, DCR called upon the farmers to follow
the right technologies along with the proper
recommendations as indicated by scientists to
reap the benefits
He promised full cooperation of DCR to cashew
farmers of the region and also congratulated the
successful farmers for their achievements. He
observed that the achievements of these farmers

from cashew cultivation.

will motivate the new farmers to take up cashew
cultivation in a scientific manner. Earlier, Dr. M.G.
Nayak, Principal Scientist (Hort.), DCR welcomed
dignitaries and participants and highlighted the
work done by DCR in last three decades. On this
occasion, an exhibition of cashew production
technologies was organized along with field trip
to various cashew research plots. Farmers in large
numbers visited the exhibition and took part in
field visits thereby gaining much exposure to
latest cashew production technologies. Earlier
two publications; ‘Insect pests of cashew and their
management’ and ‘Cashew cultivation practices’
were released by the dignitaries.
cashew farmers also shared their views on
cashew cultivation during the programme. Set of
pruning implements were also distributed to the
beneficiary tribal farmers during the programme.
The programme was coordinated by Dr. Sajeev
M.V, Scientist (Ag. Extn) and came to an end with
a farmer - scientist interaction session and Vote of
thanks by Dr. G.S. Mohana, Senior Scientist of the
Directorate.

Innovative

6.2 Activities under Tribal Sub Plan (TSP) and
North Eastern Hilly Region (NEH) Plan

6.2.1 Report on NEH programme

“Cashew  Awareness

Two Campaign”

w1
DCR
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programmes were organized during 7" Mar. 2016,
at Green Park, Dimapur and on 8" Mar. 2016, in
Town Hall of Jalukie in Nagaland (Fig. 6.5). Around
50 farmers had participated in these campaigns
alongwithpersonnelofDepartmentofHorticulture.,
SASRD, Nagaland University, Medziphema and
from Dept. of Hort.,, Govt. of Nagaland, Dimapur,
who moderated the discussions in local Nagamese
language. Details of interested farmers have been
collected for area expansion in Chumukedima and
Jalukie.

It was learnt that some farmers who had
earlier planted cashew had either removed the
plants or left them uncared, due to lack of local
market for raw cashew nuts. Most farmers opined
that the varieties distributed earlier to them
had small sized nuts; on further enquiry, they
mentioned the nut size was bigger when they were
using fertilizers. Due to the constant promotion of
organic cultivation and impetus / financial support
given to pineapple and rubber cultivation, cashew
has been relegated to a lesser position. In spite of
lower yields, some farmers had annual income of
more than ¥ 50000 from cashew due to extensive
area of 10-15 acres.

Few enterprising cashew farmers adopted
manual cutting of sundried nuts using an
areca- cutter which fetched up to ¥ 100 for
100-150g of kernels locally. However, these
farmers demanded funding for starting of
homestead processing units in order to obtain
higher quality of processed nuts. During field visits,
farmers mentioned that TMB incidence and flower
drying during foggy period was quite common
and a low incidence of CSRB was noticed in some
locations.
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Fig. 6.5: Cashew farmers and other participants of the Cashew Awareness Campaign held at

Jalukie, Nagaland

6.2.2 Area expansion and FLD under Tribal
Sub Plan (TSP)

Under TSP program, 26 new FLD plots were
established in tribal farmer fields of Dakshina
Kannada district of Karnataka and Kasaragode
district of Kerala (Fig. 6.6). The plots were visited
by TSP team of DCR comprising of Dr. M.G. Nayak
and Dr. Sajeev M.V. for identification of farmers,
grouping of interested farmers at village level,
identifying suitable plots and for provision of
assistance during planting and aftercare. Also,
25 FLD plots established under TSP programme

during 2014-15 were also monitored regularly and
technical advice was provided on aftercare, pest
management and manuring. Financial support
amounting to the tune of Rs. 293800 to 26 tribal
farmers as first year installment and Rs. 57190
as second year installment to 25 tribal farmers
were also disbursed under TSP programme (Fig.
6.7 and 6.8). During 2015-16, the TSP team of
the directorate made 127 field visits covering all
FLD fields of tribal farmers and offered necessary
technical support.

Fig. 6.6: Area expansion FLD under Tribal Sub Plan
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6.7: Financial support to tribal farmers for
adopting new technology

6.3 World Soil Day celebrated at ICAR-
Directorate of Cashew Research, Puttur

ICAR-Directorate of Cashew Research (DCR),
Puttur organized World Soil Day on 5" December
2015. A total of 213 farmers from Dakshina
Kannada District attended the function (Fig.6.9).
Smt. T. Shankunthala Shetty, Hon’ble Member
of Legislative Assembly, Puttur inaugurated the
function (Fig. 6.10). In her address, she appreciated
the efforts made by DCR for improvement of cashew
production. She congratulated the Directorate
for developing new technologies in cashew
production and urged the authorities to deliver
the new technologies to farmers through the
extension agencies of State Government and Krishi
Vigyan Kendras. Prof. PL. Saroj, Director, DCR, in
his introductory remarks, informed the gathering
about the importance of soil health and nutrient
management for sustainable crop production.

Fig. 6.9:

A glimpse of farmers on
World Soil Day
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Fig. 6.8: Distribution of pruning implements
to tribal farmers

He also briefed about the research activities of
the institute and technologies developed. Shri
Anna Vinayachandra, Former M.L.C.,, Karnataka
Legislative Council, Sullia, was the Guest of Honour.
In his speech, he highlighted the importance of
soil by quoting examples appeared in national
news papers. Dr. TR. Rupa, Principal Scientist
(Soil Science) gave a talk on Soil sampling, testing,
fertilizer recommendation for better soil health
and high yields. Earlier, Dr. M.G. Nayak, Principal
Scientist, Puttur welcomed the dignitaries and
participants. On this occasion, soil health cards
developed at Soil Science laboratory, DCR were
distributed to 20 cashew farmers. Before end
of the programme, there was a farmer-scientist
interaction, in which scientists clarified the doubts
raised on soil health and plant nutrition by the
farmers. The function ended with vote of thanks by
Dr. G.S. Mohana, Senior Scientist.

N

Fig. 6.10: Dignitaries on the dias-on- World
Soil Day at DCR, Puttur
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6.4. Mera Gaon Mera Gaurav Programme Kembraje, Amara Mudnoor, Aletti (Fig. 6.11) and
collected the base line data viz., details about the
farmer, farm holding, crops, package of practices
adopted, general and agricultural problems faced
by the famers.

Under Mera Gaon Mera Gaurav programme,
DCR has identified fifteen villages in Dakshina
Kannada district. Scientists of the Directorate
had visited the villages viz., Irde Bettampady, Arla
Padavu, Nidpalli, Aaryapu, Balnadu, Jalsoor, Nellur

Fig. 6.11: Interaction during Mera Gaon-Mera Gaurav Programme
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ADDITIONAL INFORMATION
7. LINKAGES / COLLABORATION

Organization

Area of collaboration

National Bureau of Agriculturally Important
Insects (NBAII), Bengaluru

Identification of kairomones/ pheromones of
major pests of cashew.

Indian Institute of Horticultural Research
(ITHR), Bengaluru

Biosystematics of tea mosquito bug and
natural enemies.

University of Agricultural Sciences (UAS),
GKVK, Bengaluru

Indian Agricultural Research Institute
(IARI), New Delhi

Identification of arthropod fauna associated
with cashew.

Directorate of Cashewnut and Cocoa
Development (DCCD), Kochi

Training programmes for farmers and
frontline demonstrations.

Department of Horticulture, Karnataka.

Horticultural Research Station, Ullal, Mangalore.

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

Training programmes for farmers and Krishi Melas.

KVK, Mangalore.

Achal Industries, Mangalore.
UAHS, Shimoga.

CPCRI, Kasaragod.

KCMA, Mangalore.

Transfer of technology

AICRP-Cashew Centres located in SAUs /
ICAR institutes

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

[ARI-Indian Type Culture Collection, New Delhi

Identification of plant pathogens

| 98 !
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8. TRAINING AND CAPACITY BUILDING

Training programmes attended by Scientist

Janani, P e Undergone professional attachment training at ~ 15® May 2015
Central Institute for Subtropical Horticulture, to 12" August 2015
Lucknow

Prabha Susan Philip e Undergone ‘FOCARS Training’ at ICAR-NAARM,  15tJuly 2015
Hyderabad. 30™ September 2015

Prabha Susan Philip e Undergone ‘Professional Attachment Training’  12™ November 2015
at ICAR-Indian Society of Soil Science, Bhopal. 11" February 2016

Prabha Susan Philip e Undergone a short training course on  20-29, November 2015
‘Geoinformatics onnaturalresource management
and climate change mitigation’ held at ICAR-IISS,

Bhopal
Loganathan, M,, e Participated in National Level Training  21-23, May, 2015
Babli Mog, Programme on “Advances in Cashew Production
Rajkumar Arjun Technology” held at DCR, Puttur.

Dagadkhair

Training programmes attended by Technical staff

Abdulla P. e Participated in Competence enhancement 19-28, August, 2015
training programme for technical officers held at
ICAR-NAARM, Hyderabad.

Training programme organized at ICAR-DCR, Puttur

Topic No. of participants Duration

National Training Programme on “Cashew 39 21-23, May, 2015
Production Technology” at DCR, Puttur

Training on “Integrated Pest Management in Cashew” 30 8-9, December, 2015
for organic cashew farmers of Maharashtra.

Training on “Integrated Pest Management in Cashew” 27 28-29, January, 2016
for organic cashew farmers of Goa.

Status of Budget (2015-16) for training and capacity building
Allocation : Rs. 2.0lakhs Utilization : Rs. 1.97 lakhs

Budget (Approx.) proposed for training (2016-17) : Rs. 2.0 lakhs

[ 99 !
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9. PUBLICATIONS

9.1 Research Publications
9.1.1 International

Adiga, ].D., Eradasappa, E., Mohana, G.S,
Thimmappaiah, Meena, RK. and Bhat, M.G.
2015. A Quest for Dwarf and Compact Hybrids
in Cashew (Anacardium occidentale L.),

Vegetos. 28(1): 26-30.

Vanitha, K. Bhat, PS., Ravi Prasad, T.N. and
Srikumar, K.K. 2015. Species composition
of ants in cashew plantations and their
interactions with cashew. Proc. Nat. Acad.
Sci., India: Biological Section, B. DOI: 10.1007/
5s40011-015-0600-3.

9.1.2 National

Adiga, ].D., Eradasappa, E., Mohana, G.S., Meena,
R.K. and Nayak, M.G. 2016, Seedling selection
in open pollinated genotypes of cashew
(Anacardium occidentale). Indian Journal of
Agricultural Sciences. 86(1): 82-5

Balasubramanian, D. 2015. Comparative
Performance of Mechanized Peelingmachines.
Journal of Plantation Crops. 42(3):323-328.

Balasubramanian, D. 2015. Failure force and energy

of in-shell cashewnuts under uni-axial
compression loading Influenced by moisture
content. Journal of Bioresource Engineering

and Technology. 2:8-16.

Balasubramanian, D. and Joycy, R.L.K. 2015.
Moisture dependant physio-mechanical
properties of processed cashew kernels.
Journal of Plantation Crops. 43(1): 74-82.

Balasubramanian, D. Saroj, PL., Meena, R.K.
and Vanitha, K. 2015. Research status of
technological developments of cashew in India.
The Cashew and Cocoa Journal. 4(1):13-20.
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Loganathan, M., Manjunath, M., Saha, S., Akhilesh
Kumar, Rai, A.B. and Singh, B. 2015.
Comparative efficacy of different fungicides
in the control of chilli anthracnose. Indian
Journal of Plant Protection 43:214-216.

Sajeev, M.V. and Saroj, P.L. 2015. Social and economic
benefits of cashew (Anacardium occidentale)
cultivation in Dakshina Kannada, Karnataka:
An analysis of the impact, its determinants
and constraints. Indian Journal of Agricultural
Sciences. 85(6): 821-6.

Sajeev, M.V,, Saroj, PL. and Meera Manjusha, A.V.
2015. Technology adoption and socio-
economic determinants of Cashew farming

in North Kerala. Journal of Plantation Crops.
43(1):9-16.

Vanitha, K. 2015. A report on the occurrence
of eulophid parasitoids on
the Cashew Leaf Miner Acrocercops
syngramma Meyrick (Insecta: Lepidoptera:
Gracillariidae). Journal of Threatened
Taxa. 7(12): 7933 -7936.

Vanitha, K, Bhat, PS. Raviprasad, T.N. and
Srikumar, K.K. 2015. Occurrence, Damage,
Colour Morphism and Natural Enemies
of Monoleptalongitarsus Jacoby (Coleoptera:
Chrysomelidae), A Defoliating Pest of Cashew.
The Indian Forester. 141(6): 687-692.

Vanitha, K., Bhat, P.S. and Raviprasad, T.N. 2015. Pest
status of leaf miner;, Acrocercopssyngramma
M. on common varieties of cashew in Puttur
region of Karnataka. Pest Management in
Horticultural Ecosystems. 21(1): 55-59.

Vasanthi, P. and Raviprasad, T.N. 2015. Incidence
of  Batocerarufomaculata  De  Geer
(Coleoptera:Cerambycidae) on cashew. J.
Ent. Zool. Studies. 3(6): 174-177.
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9.2 Papers presented in
Workshops/Seminars

Symposia/

Balasubramanian, D. 2015. Researchable areas
in Post Harvest technology of Cashew. In.
Making Engineering Scientists for Stake
holders and for Nation. ICAR-Engineering
Scientists Meet conducted by Division of
Agricultural Engineering, ICAR at NASC,
New Delhi from 13-14 April, 2015.

Balasubramanian, D. 2016. Achievements of
ICAR-DCR in Intellectual Property and
Technology Management. In: Annual

Meet cum Workshop conducted by Zonal

Technology Management Unit (ZTMU-South

Zone), ICAR-Indian Institute of Horticulture

Research, Bangalore on 8% February, 2016.

Balasubramanian, D. 2016. Processing and value
addition of cashew. In: Statelevel seminaron
cashew entitled Strategies for sustainable
development of cashew in Karnataka,
conducted by College of Horticulture, Bidar,
Karnataka from 8-9 March, 2016.

Janani, P. and Prabha, S.P. 2016. Problems in cashew
cultivationinIndia. In: Seminaron Strategies
for sustainable development of cashew in
Karnataka, College of Horticulture, held at
Bidar on 8-9* March 2016.

Mohana, G.S., Eradasappa, E., Adiga ].D., Saroj, P.L.
and Bhat, P.G. 2015. Development of dwarf
and high yielding genotypes in cashew:
Prospects of back cross breeding. In:
International symposium on biodiversity,
agriculture, environment and forestry,
held at Ooty, Tamil Nadu during 11-12%
December 2015.

Nayak, M.G. and Mohana, G.S. 2016. Development
of DUS guidelines in cashew. In: Tenth DUS
Review meeting held at MPKV Rahuri,
Maharastra on 26" February, 2016.

<
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Rupa, T.R.2015.Soiland nutrientrelated constraints
and their management in horticultural
crops-cashew. In: ICAR-Sponsored winter
school on ‘Utilization of Degraded Land
and Soil through Horticultural Crops for
improving Agricultural productivity and

Quality’ held at ICAR-

National Research Centre on Seed Spices,

Tabiji, Ajmer, during 3-23 December, 2015.

Environmental

Rupa, T.R. 2015. Soil sampling, testing, fertilizer
recommendation for better soil health and
high yields. In: World Soil Day organized at
[CAR-DCR, Puttur on 5" December, 2015.

Rupa, T.R,, Kalaivanan, D., Vijay Singh and Srividya,
B.R.2015. Optimizing nutrient management
for irrigated mature cashew plantations. In:
National Seminar on Development in Soil
Science. In: 80" Annual Convention of the
Indian Society of Soil Science (ISSS) held at
University of Agricultural Sciences, GKVK,
Bengaluru during 5-8 December, 2015.

Sajeev M.V, Nayak, M.G. and Saroj, P.L.2016. ‘ICT usage
of cashew farmers: An enquiry of patterns
and determinants. In: 8" GCRA International
Conference on “Innovative Digital Applications
for Sustainable Development”, UAS, GKVK,
Bengaluru, 5-7, January, 2016.

Saroj, PL, Balasubramanian, D. and Janani, P. 2016.
Technological Advancement in Cashew for
Coastalregionsin India. In: National Symposium
on Innovations in Coastal Agriculture -
Current Status and Potentials under Changing
Environment, conducted by Indian Institute
of water Management, Bhubaneshwar, Odisha
from 14-17 January, 2016.

Saroj, PL. 2016. Conservation, characterization,
breeding and improvement in cashew.
In: National Seminar on Strategies for
Development of Cashew, held at RFRS,
Vengurla held on 19 February, 2016.
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Saroj, PL.2015. Road Map for Cashew Development
in West Coast Plains and Ghats Agro
Climatic Zone. In: One day Workshop on
preparation of road map for the agricultural
development held at CCARI, Goa on 16%
October, 2015.

Vanitha, K. 2016.Seasonality, life cycleand breeding
of an ant mimicking mantid, Euantissa
pulchra F. occurring in cashew plantations.
In: XV AZRA International Conference on
recent advances in life sciences held at
Ethiraj College for women, Chennai, Tamil
Nadu during 11-13 February, 2016.

Vanitha, K. and Raviprasad, T.N. 2016. Diversity
of flower visitors in cashew plantations:
seasonality,  pollinating  flora  and
their foraging behaviour. In: XV AZRA
International  Conference on recent
advances in life sciences held at Ethiraj
College for women, Chennai, Tamil Nadu
during 11-13 February, 2016.

9.3 Book Chapters/ Lecture Notes

Bhat, PS. Raviprasad, T.N. and Vanitha, K.
2016. Insect pests of Cashew and their
management. In: Insect Pest Management
of Fruit Crops (Ajay Kumar Pandey and
Promod Mall, Eds.), Biotech Books, New
Delhi, pp. 423-436.

Balasubramanian D.and P L Saroj. 2015. Cashew. In:
Managing post harvest quality and losses in
Horticultural crops, Vol 3, (Eds. K L Chadha
and R.K. Pal), Daya Publishing house, New
Delhi, India. PP. 581 - 595.

Loganathan, M. and Vanitha, K. 2015. Management
of diseases of cashew. In: Training manual
on ‘Integrated pest management in cashew’.
Lecture notes Series.25. ICAR- DCR, Puttur,
pp. 21-23.
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Mohana, G.S., Eradasappa, E., Adiga, ].D., Saroj, P.L.

and P.G. Bhat, 2015, Development of High
Yielding Genotypes in Cashew: Prospects of
Back Cross Breeding. In: Proceedings of the
International Symposium on Biodiversity,
Agriculture, Environment and Forestry.
Association for the Advancement of
Biodiversity Science, p. 124.

Raviprasad, T.N. and Vanitha, K. 2015. Tea mosquito

bug and its management. In: Training
manual on ‘Integrated pest management
in cashew'. Lecture notes Series.25. ICAR-
DCR, Puttur, pp. 8-11.

Rupa, T.R.2015. Nutrient Managementin cashew. In:

Advances in Cashew Production Technology,
Lecture Notes Series 24, pp. 73-77.

Rupa, T.R.2015.Soiland nutrientrelated constraints

Sajeev,

Sajeey,

Sajeev,

and their management in horticultural
crops — cashew. In: Compendium of winter
school on Utilization of Degraded Land
and Soil through Horticultural Crops for
improving Agricultural productivity and
Environmental Quality (Aishwath, O.P,
Singh Balraj., Dubey, P.N. and Mishra, B.K,,
Eds.), ICAR-National Research Centre on
Seed Spices, Tabiji, Ajmer, pp. 113-118.

M.V. 2015. Transfer and Impact of cashew
production technologies, In: Advances in
Cashew Production Technology, Lecture Notes
Series 24, ICAR-DCR, Puttur, pp. 96-108.

M.V. 2015. Transfer and Impact of cashew
production technologies. In: E-manual on
Advances in Cashew Production Technology,
ICAR-DCR, Puttur. pp. 96-108.

M.V. and Nayak, M.G. 2015. Participatory
Technology Development and Transfer in
Cashew: Experiences from farmers’ field. In:
Training Manual, Participatory Technology
Transfer Approaches for Plantation Crops,
ICAR-CPCRI, Kasaragode, pp. 100-116.
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Sajeev, M.V. and Thamban, C. 2015. Farming
System Research/Extension approach for
technology transfer in plantation crops, In:
Training Manual, Participatory Technology
Transfer Approaches for Plantation Crops,
ICAR-CPCRI, Kasaragode, pp. 204-217.

Saroj, PL. and Rupa, TR. 2015. Prospects of
Cashew Cultivation under Changing
Climatic Conditions. In: Climate Dynamics
in Horticultural Science, (Editors: M.L.
Choudhary, V.B. Patel, Mohammed Siddique
and S. Sheraz Mahdi), Vol. 1, CRC Press,
Suite, pp. 85-104.

Saroj, PL., Mohana, G.S. and Adiga, ].D. 2016. Crop
Improvement in cashew. In: Proceedings
of the National Seminar on Strategies for
Development of Cashew, during 19-20%
February, 2016, Regional Fruit Research
Station, Vengurle-416516, Sindhdurg,
Maharastra, pp.7-18.

Srikumar, K.K., BhatP.S., Raviprasad T.N., Rajmohana
K. and Vanitha K. 2015. Studies on Egg
Parasitoids of Helopeltis spp. (Hemiptera:
Miridae. In: Biopestides: Innovations and
Practices (Sahayaraj and Selvaraj, Eds.),
First edition, Smith and Franklin, pp. 159-
166.

Vanitha, K. 2015. Management of minor pests of
cashew. In: Training manual on ‘Integrated
pest management in cashew’. Lecture notes
Series.25. ICAR- DCR, Puttur, pp: 15-20.

Yadukumar, N. and Rupa, T.R. 2015. Irrigation
and Fertigation in Cashew. In: Advances
in Cashew Production Technology, Lecture
Notes Series 24, pp. 78-81.

9.4  Technical Reports / Compendia

Annual Report, 2014-15. ICAR-Directorate
of Cashew Research, Puttur, p. 116 (Eds: PSS.

<
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Bhat and T.R. Rupa).

Annual Report, 2014-15. All India Co-ordinated
Research Project on ICAR-
Directorate of Cashew Research, Puttur, p.
167 (Ed: T.N. Raviprasad).

Cashew.

Cashew News, 2015. ICAR-Directorate of Cashew
Research, Puttur, Vol.20 (1), p. 12 (Eds: T.R.
Rupa and M.V. Sajeev).

Cashew News, 2015. ICAR-Directorate of Cashew
Research, Puttur, Vol.20 (2), p. 12 (Eds: T.R.
Rupa and M.V. Sajeev).

Report on concluded AICRP-Cashew Trails 2014-
15. ICAR-Directorate of Cashew Research,
Puttur, p. 64 (Eds. Saroj, PL. and Mohana,
G.S.).

9.5 Extension Bulletins / Pamphlets

Nayak, M.G., Bhat, PS. and Sajeev, M.V. 2015.
Sudharitha Geru Besaya (Kannada)-
Revised.

Nayak, M.G., Mohana, G.S., Bhat, PS., Saroj, PL.
and Swamy, K.R.M. and Bhat, M.G. 2015.
Minimum descriptors of cashew germplasm
accessions. Catalogue-V, ICAR-Directorate
of Cashew Research, Puttur, p. 44.

Saroj, P.L., Nayak, M.G., Raviprasad, T.N., Rupa, T.R.
and Sajeev, M.V. 2015. Cashew Cultivation
Practices (English).

9.6 Technical Bulletin

Vanitha, K. and Saroj, PL. 2015. Insect pests of
cashew and their management. [CAR-DCR
Technical Bulletin No. 27, p. 68.

Zote, VK., Gajbhiye, R.C,, Salvi, B.R. and Salvi, S.P.
2015. Minor pests of cashew in Konkan
region (Eds. Vanitha, K. and Mohana G.S.),
p. 32.
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9.7 Technical / Popular Articles

Adiga,].D., Mohana, G.S., Meena, R.K, Eradasappa, E.,
Nayak, M.G., Saroj, P.L. and Bhat, M.G. 2015.
H-126: First Jumbo nut cashew hybrid from
ICAR-DCR. Cashew News 20(1): 3-5.

Balasubramanian, D. 2016. Major suppliers of raw
cashewnut to India. Ingredients South Asia.
Eds. Francis. Safron Media Private Limited,
Mumbai, India.

Kalaivanan, D. and Vanitha, K. 2015. Mundiri
saagupadi  thozhilnutpangal.
Velanmai. July Issue, pp. 17-22.

Naveena

Loganathan M., Rai A.B., Pandey, K.K., Nagendran,
K., Tripathi, A.N. and Singh, B. 2016. PGPR
Bacillus subtilis for multifaceted benefits in
vegetables. Indian Horticulture (January-
February): 36-37.

Rupa, T.R. and Srividya, B.R. 2016. Spatial variability
of available micronutrients
orchards of Konkan region, Maharashtra,
Cashew News, 20(2): 3-5.

in cashew

Saroj, P.L. and Singh, K. 2015. The Cashew: Equally
healthy for mankind. NAAS News, 15(4):11-
14.

Saroj, PL. and Nayak, M.G. 2016. High density
orcharding in cashew. Cashew Week,
16(4):13-14.

Saroj, PL. 2015. Cashewnut-a valuable nutritional
package. ICAR News 21(4):7-8.

Vanitha, K. Saroj, PL. and Bhat, P.S. 2015. Indian
tropical tasar silkworm on cashew
plantations. ICAR Newsletter, 22(1): 8-9.

<
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9.8 Scientific / teaching reviews

Training manuals: ¢ Training manual on
Advances in Cashew Production Technology
(Series No: 24), 2015, prepared for
circulation among participants of National
training on Advances in Cashew Production
Technology held during May, 2015 (Eds:

M.G. Nayak and Sajeev M.V.), p 121.

¢  Training manual on Integrated Pest
Management in Cashew (Series No: 25), 2015,
prepared for circulation among participants
of training programme on Integrated Pest
Managementin Cashew held during December,
2015 (Ed: Sajeev M.V.), p 27.

E-manuals:

¢ E-manual on Advances in Cashew Production
Technology (Series No: 24), 2015, prepared
for circulation among participants of National
training on Advances in Cashew Production
Technology held during May, 2015 (Eds: M.G.
Nayak and Sajeev M.V.), p 121.

. E-manual on Integrated Pest Management in
Cashew (Series No: 25), 2015, prepared for
circulation among participants of training
programme on Integrated Pest Management
in Cashew held during December, 2015 (Ed:
Sajeev M.V)), p 27.

. E-manual on Integrated Pest Management in
Cashew (Series No: 26), 2016, prepared for
circulation among participants of training
programme on Integrated Pest Management
in Cashew held during January, 2016 (Ed:
Sajeev M.V)), p 26.
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TSTUTHT ShTi-aa |fafa
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8. il ehTal St 9 e afea
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T o STIUTeH o Heig | qsHr favm gr Heifia
aftier Rk o Sfoafad waai =it gfd e TSt
& & ST T 7q TS SRF &
Teqstl W 39 e # ya e S w2
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Q91 Ta SAICEN o STIUTe Ta TSTHTH kiAo i
yiIfd i FHiE §g 39 o § feweh #eied i
reeTdl | Tfed TSTUT ShEataad |fufq ) d3d
frafta w1 @ S =t s w21 39 9% 9 &
fammEl § e 9N TS 1 S @l R

Tq gfhfa § sy favmr & aiftiss wrishA
o STIER TS kA=A WA q qRdr i
FIHYH RO o TG o ST W F=l TH
geiter bt S € | 39 FRwera % gt sfierit
fafim s % ®: wHOR! 39 9fbfd & g5 €

YAk o3k h HEgd wt gHren v
(TSTHT) ¥R Hi FEHYH qRUS i IR § i
St € 3R qegER el e | W= 9} R
TEICT 1 A ¥ gfte i St B |
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TSI AU 1963 91T 3(3) o ST &
feru sifremfyes wam fohen SiraT € 1 degeR fAgeme
i SR Y SR T ST TR Tl i fgumiieneon o6 fom
1 STUTe gfAfsea fohan Srar § | anfifer gfaaesi
quiey ¥ & # off TaR R eifufem &1 srued
[ERIE IR kS

TSN o Yfd STRTEehdl UaT T 7 TSTuToT
forsr Y SR & Y T T A TR ¥ SR
39 fewmera # 14 fdsr | &< teare 99rie ArsH
fmam T | W SIW W wu=nREl & fau fafvys
gfqatarst s & fey oed, aew, fomu waE
AT oA gfaattid, foes gfaifan et srefsa
F T ¥ wfaafrael % fasiarel w1 RERR ot
foraeon fohen wmen 21 35k sifafiad TR 19w
T &S 1 ATURIYS TR Hdmel ARl &
FHAMET ! TH TIR W & 3y gRI Fiedre
AT & 3T ohe YLK farawor fohan <imar 7 |

goHm fem 1976 fE9 11 % SR 7g
STEYa® HHERE S 999, We & ARy, W U8
SMEIHATER fgummn § TR &R 99§79 W
Arifader fean Sar @ | Il 1 SR ud e um
fguren # € weRia feran ST §1

&S ool &t efafd o faw g Tt @
TS e 1976 T4 5 <A1 STdTe qof ®9 9 o
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ATATEE T YS9

e it erarge |quf fgumn 7 yefvla #
& fore Riferer IR € 1 @eft fewt nfafaf=i o6 faazo
JeITEe R e < % |
&t smredvmen

LR M S | &) 61 g4 sieH o+ foe
@ & § ey 91 uw wH 7 e
T frafta 9 9 wEEmenst & AreH fwar T
ST et AnfeefeRl T Anfe # wHier orgm, oo,
AR Ta T e erfufrem w f&St wrfemen
TSI <t T8 AR 375 1w ot fohan w7 |

SUge wrdwTenstl ¥ fewer o sAfushiiE
T TR TSI S GiHfd & 959 wrafed
% ATl Wd e & o Uik gH &
YT Y& bl T |

R TR ASTHTHT Shrai-aa |t

TR TR iR 8 96 & &% Warl wriad
H T fe<l o1 drEaae gHed w & R
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Institution

ICAR-DCR has been awarded with 1SO 9001:2008
on 19" March, 2016 for Quality Management
System.

ICAR-DCR has been awarded with Government
of India Patent (No. 272371) on 30.03.2016 for
the patent filed entitled “Radial arm type cashew
kernel extracting machine”.

Individual/Team
Awards

K.PV. Menon best poster award bagged by Dr.
Loganathan, M. for poster entitled “Diagnostics and
management of Fusarium wilt infecting tomato and
chilli” presented during the 67™ Annual Meeting
and National Symposium on “Understanding host-
pathogen interaction through science of Omics”
conducted by Indian Phytopathology Socienty at
Indian Institute of Spices Research, Kozhikode,
Kerala on March 16-17, 2015

Best Paper Award bagged by Dr’s. Sajeev, M.V,

Nayak, M.G. and Saroj, PL. for presentation of the
paper ‘ICT usage of cashew farmers: An enquiry
of patterns and determinants’. In: 8" GCRA
International Conference on “Innovative Digital
Applications for Sustainable Development” held at
UAS, GKVK, Bengaluru during 5-7, January, 2016.

Prof. P. Kameswara Rao Award - 2015-16 bagged
by Dr. Vanitha, K. for best research paper oral
presentation made on ‘Seasonality, life cycle and
breeding of an ant mimicking mantid, Euantissa
pulchra F. occurring in cashew plantations’ during
XV AZRA International Conference on recent
advances in life sciences held at Ethiraj College
for women, Chennai, Tamil Nadu, during 11-13
February, 2016.

Awarded Degree in ‘Doctor of Philosophy’ to
Smt. Vasanthi, P, Research Scholar at Mangalore
University, Mangalagangothri for her
entitled “Studies on biology and population
dynamics of Cashew Stem and root Borers, with
special reference to management approaches for
Plocaederus spp” (Guided by Dr. Raviprasad, T.N.).

thesis
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12. RAC/RC /IMC / JISC MEETINGS

12.1 Research Advisory Committee

Dr. R.R. Hanchinal, Chairperson, Protection of Plant Varieties and Farmers’

Chairman

Rights Authority, 52, A -Block, NASC Complex DPS Marg, Pusa, New Delhi

Dr. K.R.M. Swamy, Former Head (VS), [IHR, 630, 3rd cross, CBI Road, HMT

Member

Layout, Ganganagar, RT Nagar, PO Bangalore-560032

Dr. C.A. Viraktamath, Professor, Department of Entomology, University of

Agricultural Sciences, GKVK, Bangalore

Dr. R.T. Patil, Former Director, CIPHET, Ludhiana, Technocrat Institute of

Technology, Anand Nagar, Bhopal- 462021

Dr. M.R. Hegde, Principal Scientist, Indian Institute of Horticultural

Research, Hesaraghatta Lake, Bangalore

Prof. P. L. Saroj, Director, DCR, Puttur

Dr. T. Janakiram, ADG (H-I), ICAR, KAB-II, Pusa, New Delhi-110012

Shri. Vishnu Vasanth Bhandarakara, Post- Karki, Honnavara Taluk, Uttara

Kannada district

Member

Member

Member

Member

Member

Member

Sharada R. Rai, Shreya, Mogarodi, Kaniyooru post, Belthangadi Taluk,

Dakshina Kannada district

Dr .G.S. Mohana, Member Secretary, Sr. Scientist, Directorate of Cashew

Research, Puttur

The first meeting 7" RAC was held during 06-07%
January, 2016. The RAC visited the demonstration
plot of cashew varieties, cashew field gene bank,
showcasing block and cashew apple experiments of
ICAR-DCR. Further, the cashew orchards of farmers
were also visited. On both days, presentations
on research progress in crop improvement, crop
management, crop protection and post harvest
technology were made by scientists of DCR. The
RAC appreciated the efforts of scientists in various
experiments and gave specific suggestions to
improve the quality of research. Further, the
committee felt that need based collaboration with
other research institutes may be initiated and
services of KVKs/NGOs may be utilized for transfer
of technologies generated by the DCR and in
germplasm survey and collection. It recommended

Member
Secretary

that the Scientists of DCR should be deputed to
visit cashew research institutes in other cashew
growing countries such as Brazil, Australia,
African countries, China (Hainan) etc. for scientific
exposure. For this purpose short term study
tours, germplasm collection surveys etc. may be
proposed. The committee felt that cashew museum
at the Directorate should be upgraded. Looking to
the achievements and contributions made by DCR
over the last 30 years, Chairman and the Members
of RAC felt that ICAR may consider upgrading DCR
into Indian Institute of Cashew Research (IICR).
The meeting was concluded with remarks by the
Chairman and members of RAC followed by vote of
thanks by Dr. TN Ravi Prasad, Scientist In-charge,
PME cell.
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Field visit at DCR - Research farm Visit to cashew gene bank

Visit to Farmer’s field Visit to Farmer’s field
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12.2 Institute Management Committee
Name and Address Status
Prof. P.L. Saroj, Director, ICAR-DCR, Puttur - 574 202, Karnataka. Chairman

Assistant Director General (Hort-1), ICAR, Krishi Anusandhan Bhavan-I[, New  Member
Delhi- 110012

The Joint Director of Horticulture, (Plantation Crops and Plant Protection), Member
Directorate of Horticulture, Govt. of Karnataka, Lalbagh, Bengaluru - 4,
Karnataka

Dr. Mahabaleshwar Hegde, Professor of Horticulture, College of Agriculture, =~ Member
Hassan, Hassan District, Karnataka

Dr. K.V. Bhat, Head, DNA Fingerprinting, ICAR-NBPGR, Pusa Campus, New  Member
Delhi 110 012

The Special Officer (Cashew), Aravind Chambers, Mundakkal West, Near DCC  Member
Office, Kollam - 691 001, Kerala State

Dr. Sudha Mysore, Principal Scientist, ICAR-IIHR, Hesaraghatta Lake post, Member
Bengaluru - 560 089.

Dr. Ramanathan, Principal Scientist, ICAR-CTCRI, Thiruvananthapuram, Member
Kerala - 695 017

Dr. T.N. Raviprasad, Principal Scientist, ICAR-DCR, Puttur - 574 202, Karnataka. = Member

Smt. Sharda R. Rai, Shreya, Mogarodi, Kaniyooru Post, Belthangadi Taluk, D.K.  Non-Official Member
District, Karnataka

Shri Vishnu Vasanth Bhandarakar, Post Karki, Taluk Honnavara District = Non-Official Member
Uttara Kannada, Karnataka

Dr. TN. Raviprasad, Principal Scientist (Ent) & I/c PME Cell, DCR, Puttur- Member
574202, DK District, Karnataka

The Finance and Accounts Officer, ICAR-CPCRI, Kasaragod - 671 124, Kerala Member

Shri. K.M. Lingaraja, Asst. Administrative Officer (E) & Administrative Officer =~ Member
in-charge, ICAR-DCR, Puttur- 574 202, Karnataka Secretary

The Institute Management Committee (IMC)
met twice on 13-10-2015 and 26-02-2016. The
activities of the Directorate were appraised to
the IMC during the meetings. The IMC reviewed
the progress made during the period. The
recommendations emanated were compiled and
sent to Council. The approved recommendations
were duly circulated to all the members of this

Directorate.

Progress of IMC meeting
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12.3 Institute Research Committee

In order to review the ongoing research programs
under Crop Improvement, Management, Protection,
Post Harvest Technology and Transfer of
Technology, 28" meeting of Institute Research
Council (IRC) was held at the Directorate of Cashew
Research, Puttur on 20™ October 2015 under the
Chairmanship of Prof. P. L. Saroj, Director, DCR,
Puttur. The meeting was started with the welcome
by Dr. Mohana, G.S., Senior Scientist and Member
Secretary, IRC. This was followed by introductory
remarks of Prof. P. L. Saroj, Director, DCR, Puttur.
He highlighted the importance of IRC meeting and
need for in-depth deliberations regarding various
projects. However, the Chairman expressed his
concern about better management of all field
experiments, timely submission of RPPs and
development of research database in consultation
with PME cell.

As Member Secretary, Dr. Mohana presented the
Recommendations and Action Taken Report of
the 27" IRC meeting which was agreed by the
house. The progress of various research projects
along with new project under crop improvement,
crop management, crop protection, transfer

of technology, post harvest technology, food
technology and plant physiology were presented by
the scientists of DCR. The results were discussed in
detail and recommendations pertaining to different
research projects were drawn. The meetings came
to close with vote of thanks by Dr. Mohana, G.S.,
Member Secretary, IRC.

Progress of IRC meeting

<

Major ongoing research programmes
A. Institute projects

e Collection, conservation, characterization,
evaluation and documentation of cashew
germplasm.

e Improvement of cashew through conventional
and innovative approaches.

e Integrated water and nutrient management
and physiological intervention for improving
productivity of cashew.

e Horticultural intervention / approaches for
enhancing productivity of cashew.

e Integrated pest and disease management in
cashew.

e Development and refinement of post harvest
handling, storage and processing techniques.

e Knowledge management and impact
assessment in cashew for improving cashew
production.

B. Flagship Programme

e Management of tea mosquito bug (TMB) and
cashew stem and root borer (CSRB) using
semiochemicals.

C. ICAR Consortia / Network projects

e  Micronutrient Management in horticultural
crops for enhancing yield and quality
(Participating centre).

e  Consortium research projects (CRP) on borers
in network mode.

e Out Reach Programme on Management of
sucking pests in Horticultural crops.

e CRP on Agro-biodiversity.
D. Externally Funded Projects

e Development of Morphological Descriptors
and DUS Test Guidelines for Cashew
(Anacardium occidentale L.) - PPV&FRA.

e Evaluation of indigenous strain of fungal
pathogen Beauveria bassiana against
Helopeltis sp. on guava, cashew and tea - DST.
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1 Prof. P.L. Saroj Chairman, IJSC

2 Dr. T.R. Rupa Member (Official side) / Dr. Babli Mog
from Feb, 2016

3 Dr. Mohana, G.S. Member (Official side)

4 Dr. K. Vanitha Secretary (Official side)

5 Sri. K. M. Lingaraja Member (Official side) / Sri. V. Raghuraman
from Nov, 2016

6 Sri. R. Arulmony Member (Official side)

7 Smt. K. Padminikutty Member (Staff side)

8 Smt. Reshma, K. Member (Staff side)

9 Sri. Ravishankar Prasad Secretary (Staff side)

10 Sri. K. Babu Poojari Member (Staff side) & CJSC member

11 Sri. Veerappa Gowda Member (Staff side)

The IJSC meetings were held on 30" March,
2015, 30™ June, 2015, 30" September, 2015, 30"
December, 2015 and 30" March, 2016 under
the chairmanship of Director, ICAR-DCR, Puttur

(112

at Kemminje campus of DCR and the agenda
items were discussed for the benefit of DCR staff
members.
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ANNEXURES
Annexure - 1

Ongoing Research Projects/Experiments

Crop Improvement

SI. No.
1.1

1.2

1.21

1.8

19

1.10

Project

Collection, conservation, evaluation
and documentation of cashew
germplasm

[1986 - Long term]

Genetic improvement of cashew for
yield and quality traits
[1986 - Long term]

Development of dwarf and compact
cashew hybrids suitable for high density
planting

[2013 - 2023]

Genetic analysis of mapping population
through molecular markers for important
traits in cashew

[2012 -2018]

Development and evaluation of back
cross progenies of promising hybrids for
dwarf stature and high yield
[2013-2025]

Evaluation of cashew apple germplasm
for cashew apple yield and quality traits
[2013-2020]

New Project: Identification and evaluation
of cashew genotypes for Cashew Nut Shell
Liquid content

[2016-2024]

PPV FRA
Development of morphological descriptors

and DUS test guidelines for cashew
[2015-2018]

CRP-Agro biodiversity
[2015-2017]

[ 113

PI
MG Nayak

Mohana GS

Mohana GS

Mohana GS

Mohana GS

Saroj PL

Mohana GS

Nayak MG

Mohana GS

Co-PI

Mohana, G.S. and
Vanitha, K.

Nayak, M.G., Saroj, P.L.
and D. Rajkumar Arjun

Janani, P.

Nayak, M.G.

Nayak, M.G.

Nayak, M.G., Vanitha,
K. Loganathan, M. and
D. Rajkumar Arjun

Nayak, M.G. and
Balasubramanian, D.

Mohana, G.S. and
Saroj, PL.
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Crop Management

2.11 Performance of high yielding varieties P Janani Babli Mog
of cashew in different high density planting
system
[2006 - 2015]

2.15 Rootstock studies in cashew P Janani Nayak, M.G.
[2007 - 2015]
2.18 Effect of Paclobutrazol (PBZ) on Babli Mog Janani, P.

growth and yield of cashew
[2009 - 2015]

2.19 Irrigation requirement for cashew Prabha Susan Philip Babli Mog
under high density planting system.
[2011 - 2015]

| 2.20  Organic farming in cashew Prabha Susan Philip Raviprasad, T.N.
[2011 -2016]

2.21 Establishment of nutrient diagnostic Prabha Susan Philip Nayak, M.G.
norms in cashew
[2013-2018]

| 2.22  Physiological Responses of cashew to Babli Mog Prabha Susan Philip
salt and drought stresses
[2015-2017]

New project: Development of cashew based P Janani Prabha Susan Philip
cropping system under rain fed condition of

Karnataka

[2016- 2019]

Net work project Prabha Susan Philip -
Micronutrient Management in Horticultural

Crops for Enhancing Yield and Quality -

Cashew

[2014-2017]

Crop Protection

3.17 Bio-diversity of arthropod fauna in K Vanitha Raviprasad, T.N.
cashew eco-system
[2010-2015]

3.19 3.19aand 3.19b were merged into 3.19. TN Raviprasad Vanitha, K. and
Evaluation of indigenously occurring Rajkumar
natural enemies for their efficacy in (CPCRI, Kasargod)

managing of Cashew Stem and Root Borers
(CSRB) and Tea Mosquito Bug (TMB)
[2012-2015]
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3.21

Diversity and bio-ecology of insect
pollinators and their efficiency in
increasing yield of cashew
[2014-2019]

New project: Survey and surveillance of
important diseases of cashew
[2015-2020]

Flag ship project

Investigations on semio-chemicals for
management of TMB and CSRB
[2014-2019]

Net work project

ORP on Management of sucking pests in
Horticultural Crops (Network Project -
ICAR funded through ITHR, Bangalore)
[2012-2017]

CRP on Borers
[2014-2019]

Post Harvest Technology

4.15

4.16

4.17

4.18

4.19

Design, development and evaluation
of solar tunnel dryer for cashew apple
[2012-15]

Developing quality standards for raw

cashew nuts
[2014-17]

Design and development of mechanical
slicer for cashew apple
[2014-16]

Reduction of tannins from cashew apple

juice by using low cost food grade materials

[2014-2017]

Screening of cashew varieties to specify

use of cashew apple in value added products

[2014-2017]

Transfer of Technology

51

5.2

Transfer of Technology programmes in
Cashew
[1986 - Long term]

Impact of cashew production technologies

on area, production and productivity of cashew

[2011 - 2015]
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K. Vanitha

Loganathan M

TN Raviprasad

TN Raviprasad

TN Raviprasad

D Balasubramanian

D Balasubramanian

D Balasubramanian

Rajkumar Arjun D

Rajkumar Arjun D

Sajeev MV

Sajeev MV

Raviprasad, T.N.

Raviprasad, T.N.

Vanitha, K. and
Bhaktavatsalam, N.
(NBAIR, Bengaluru)

Vanitha, K.

D Rajkumar Arjun

Vanitha, K.

Janani, P.

Sajeev, M.V.

Nayak, M.G. and
Balasubramanian, D.

Mohana, G.S.
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Annexure - Il

Participation in Symposia / Conferences / Seminars / Meetings / Review Meetings

Balasubramanian, D.

Balasubramanian, D.

Raviprasad, T.N.

| Raviprasad, T.N.

Vanitha, K.
'Sajeev, M.V.

'Sajeev, M.V.
'Vanitha, K.

Mohana, G.S.
| Balasubramanian, D

'Saroj, PL.

| Mohana, G.S.
Nayak, M.G.

Balasubramanian, D

Delivered lecture on ‘Utilization of Cashew apple’ in DCCD
sponsored training programme conducted for Women
Self Help Group at Krishi Vigyan Kendra, Fisheries College,
Mangalore.

Participated in Making Engineering Scientists for Stake
holders and for Nation. ICAR-Engineering Scientists Meet
conducted by Division of Agricultural Engineering, ICAR
at NASC, New Delhi.

Participated in First Workshop of Nodal Officers of
Knowledge based Resources Information Systems Hub for
Innovations in Agriculture (KRISHI) organized by ICAR-
IASRI, New Delhi at NASC Complex, New Delhi.

Moderated the 2nd Round Table Meet under the
Consortium Research Platform (CRP) on Borers of
Horticultural crops conducted at this Directorate.

Participated in the 2" Round Table Meet on CRP on borers
conducted at this Directorate.

Participated in Farmers’ Meet during exhibition at KVK,
Kankanady.

Participated in Krishi Mela at UAHS, Shivamogga.

Participated in the Annual Group Meeting of AICRP on
Cashew held at Vengurle, Maharashtra.

Participated in AICRP Annual General Body Meeting at
RFRS Vengurle, Maharastra.

Exposure training program for Women farmers’ under
WRD Coastal Karnataka held at DCR, Puttur

Recognized as Co-Chairman for the Session - VI
“Propagation techniques for quality planting material
production”. In: National Conference on Temperate Fruits
and Nuts - A Way Forward for Enhancing Productivity and
Quality, organized by Horticultural Society of India and
ICAR- CITH, held at Srinagar.

Participated in Indo US bilateral workshop on DUS testing
at New Delhi organized by PPV FRA, New Delhi.

Delivered lecture on “Processing technology on Cashew
and demonstrated mechanized cashew processing”
during the ‘National level training program on cashew’ at
RARS, Maharashtra.
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Balasubramanian, D

Saroj, P.L.

| Rupa, T.R. and
Prabha Susan Philip

| Mohana, G.S.
'Babli Mog

'Sajeev, M.V.

'Saroj, P. L.

' Mohana, G.S.

Balasubramanian, D.

'Vanitha, K.

| Raviprasad, T.N.

'Saroj, P.L.

' Nayak, M.G.
Mohana, G.S

Balasubramanian, D.

'Sajeev, M.V.
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Delivered lecture on ‘Starting small scale cashewnut
processing’ for Agricultural officers from Goa conducted
at ICAR- DCR, Puttur

Participated in Golden Jubilee of Green Revolution in India
held at AP Shinde Symposium Hall, NASC, New Delhi.

Participated in 80th Annual Convention of the Indian
Society of Soil Science (ISSS) at University of Agricultural
Sciences, GKVK, Bengaluru.

Participated in International symposium on biodiversity,
agriculture, environment and forestry, Ooty, Tamil Nadu.

Participated in Third International Plant Physiology
Conference held at JNU, New Delhi.

Participated in Eighth GCRA International Conference
on “Innovative Digital Applications for Sustainable
Development”, UAS, GKVK, Bengaluru.

Participated in Eleventh National symposium on
Innovations in Coastal Agriculture - Current Status and
Potentials under Changing Environment held at ICAR-
Indian Institute of Water Management, Bhubaneswar.

Participated in CRP-AB Southern cluster meeting at IISR,
Calicut.

Participated in Annual Meet cum Workshop conducted by
Zonal Technology Management Unit (ZTMU-South Zone),
ICAR-Indian Institute of Horticulture Research Institute,
Bangalore.

Participated in XV AZRA International Conference on
recent advances in life sciences at Ethiraj College for
women, Chennai, Tamil Nadu.

Participated in Annual Review Meeting 2004-15 of the
ORP on Management of Sucking Pests at Indian Institute of
Horticultural Research, Bengaluru, held on 13th February
2016

Participated in National Seminar on Strategies for
Development of Cashew at RFRS Vengurla

Participated in Tenth DUS Review meeting at MPKV
Rahuri, Maharastra

Participated in State level seminar on cashew entitled
Strategies for sustainable development of cashew in
Karnataka conducted by College of Horticulture, Bidar,
Karnataka

Participated in Farmers’ Meet during exhibition at CPCRI,
Kasaragode
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19" February, 2016
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Annexure - 111

Radio Talk / TV Programme

Technologies for yield enhancement in cashew-All India
Radio, Mangalore.

16" May 2015

Raviprasad, T.N.

Nayak, M.G.

Management of Tea Mosquito Bug using conventional
and biological methods by DD Chandana (Kannada) TV
channel

A talk on high density planting (in kannada language)
of cashew was telecast by Doordarshan (Chandana) and
DD-1 in Krishi Darshan programme.

9t October, 2015

9t October 2015

Raviprasad, T.N.

Raviprasad, T.N.

Nayak, M.G.

Pestmanagementin Cashew” in Kannada, on DD-Chandana
channel.

Non insecticidal approaches for pest management by All
India Radio, Mangaluru, Karnataka

A talk on cashew varieties was delivered and recorded by
Doordarshan for telecast
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ANNEXURE - IV

Services Offered to Farmers

Sale of cashew grafts: ICAR-DCR has a cashew nursery accredited by National Horticulture Board (NHB)
to cater the need of planting materials. Softwood grafts of varieties like Bhaskara, NRC Selection-2, Ullal-3,
Ullal-1, VRI-3, Vengurla-7, Vengurla-4, Dhana etc. are available for sale in the nursery between June to
August every year.

Soil testing : Soil analysis is done on charge basis for various parameters such as pH, EC, organic carbon,
available N, P, K, Exch. Ca, Exch. Mg and available micronutrients such as Fe, Mn, Zn and Cu.

Soil Health Card: Soil health cards for different cashew growing regions are being prepared and distributed
to farmers.

Advisory service: Advisory service on all aspects of cashew cultivation and processing is given to growers
and stakeholders through pamphlets, brouchers, media and other publications.

Consultancy service: Consultancy service on all aspects of cashew is also provided.
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ANNEXURE -V

Distinguished Visitors

Name and Designation
Dr. S.B. Dandin

Dr. S.D. Shikhamany

Dr. OPS Khola

Shri. A.M. Annaiah

Dr. P. Chowdappa

Smt. Shakuntala Shetty
Dr. S.K. Pandey

Dr. T. Janakiram

Dr. R.R. Hanchinal

Dr. S.N. Puri

Dr. Brahma Singh

Dr. V.S. Korikanthimath

Dr. N. Subhash

Shri. Venketesh N. Hubballi
Dr. Hanami Shetty

Dr. H.P. Singh

Dr. I.P. Singh

Dr. B.R. Salvi

Dr. B.K. Pandey

Dr. S.D. Sharanappa

Address
Former Vice Chancellor, UHS, Bagalkok

Former Vice Chancellor,
Dr. Y.S.R. Horticultural University, Hyderabad

Principal Scientist & Head,
[ISWC Regional Centre, Udhagamandalam

IFS (Retd), Bangalore

Director, CPCRI, Kasaragod

Hon’ble M.L.A., Puttur

Former Director, CPRI, Shimla

ADG (Hort. Sci. I), ICAR, New Delhi
Chairperson, PPV & FRA, Govt. of India

Ex-Vice Chancellor, CAU, Imphal

Former Director, Life Science, DRDO, New Delhi
Ex-Director, ICAR-CCARI, Goa

Retd. Professor & Head, Plant Tissue Culture Lab,
Anand Agri. University, Anand, Gujarat

Director, DCCD, Kochi
Dean, College of Horticulture, Arabhavi
Former DDG (Hort), ICAR, New Delhi

Principal Scientist,
Indian Institute of Citrus Research, Nagpur

Associate Director of Research,
Regional Fruit Research Station, Vengurla

Principal Scientist (Plant Pathology),
ICAR, KAB-II, New Delhi

Supdt. of Police, Mangalore

Date of visit
21.5.2015
18.6.2015

07.8.2015

29.9.2015
08.12.2015
08.12.2015

29.1.2015

06.1.2016
6-7.1.2016

08.1.2016

19.2.2016

19.2.2016

19.2.2016

23.2.2016
23.2.2016
27-30.3.2016 |
28.3.2016 |

28.3.2016
28.3.2016

29.3.2016
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ANNEXURE - VI

Personnel

Staff Position as on 31.3.2016

Category Sanctioned Filled Vacant
Director (RMP) 1 1

Scientific 17 13 4
Technical 19 14 5
Administrative 15 10 5
Canteen staff 1 1 -
Skilled Support Staff 37 25 12
Total 90 64 26

Research Management Position
1. Prof. PL.Saroj Director
Scientific

1. Dr. M. Gangadhara Nayak Principal Scientist (Horticulture )

2. Dr. P. Shivarama Bhat Principal Scientist (Agricultural Entomology ) (up to 30.5.2015)

3. Dr TR. Rupa Principal Scientist (Soil Science-Soil Physics and soil and water
conservation) (up to 18.02.2016)

4. Dr. T.N. Raviprasad Principal Scientist (Agricultural Entomology )

5. Dr. D. Balasubramanian Principal Scientist (Agricultural Structures and Processing
Engineering)

6. Dr.]. Dinakara Adiga Senior Scientist (Horticulture) (on Lein)

7. Dr. M. Loganathan Senior Scientist (Plant Pathology)

8. Dr. G.S.Mohana Senior Scientist (Genetics & Cytogentics)

9. Dr. M.V. Sajeev Scientist (Agricultural Extension)

10. Dr. Ramkesh Meena Scientist (Horticulture) (up to 03.12.2015)

11. SriE. Eradasappa Scientist (Plant Breeding) (on Study Leave)

12. Dr. (Mrs.) K. Vanitha Scientist (Agricultural Entomology )

13. Sri. Rajkumar Arjun Scientist (Food Technology)

14. Dr. Babli Mog Scientist (Plant Physiology)
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15. Dr. P.Janani

Scientist (Spices, Plantation, Medicinal and Aromatic Plants )

16. Ms. Prabha Susan Philip

Scientist (Soil Science)

Technical

1.  Sri. K. Muralikrishna Chief Technical Officer

2. Sri. P. Abdulla Chief Technical Officer

3. Sri. R. Arulmony Assistant Chief Technical Officer
4.  Sri. Prakash G Bhat Assistant Chief Technical Officer
5. Sri. A. Padmanabha Hebbar Sr. Technical Officer

6.  Sri. Lakshmipathi Sr. Technical Officer (up to 09.02.2016 )
7.  Sri. K.V. Ramesh Babu Sr. Technical Officer

8.  Sri. N. Manikandan Sr. Technical Officer

9.  Sri. R. Muthuraju Technical Officer

10. Sri. K. Seetharama Technical Officer

11. Sri. M. Bhojappa Gowda Technical Officer

12. Sri. Vijay Singh Technical Assistant

13. Sri. Ravishankar Prasad Technical Assistant

14. Sri. K. Babu Poojari Technical Assistant

15. Sri. P. Honnappa Naik Sr. Technician

Administration

1.  Sri. V. Raghuraman Administrative Officer

2. Sri. KM. Lingaraja Asst. Administrative Officer

3. Smt. M. Rathna Ranjini Asst. Administrative Officer

4.  Sri. 0.G. Varghese Private Secretary

5. Smt. B. Jayashri Personal Assistant (Superannuated on 31.01.2016)
6. Smt. K. Reshma Personal Assistant

7.  Ms. Winnie Lobo Assistant

8. Smt. M. Leela Assistant

9.  Sri. Umashankar Upper Division Clerk

10. Smt. K. Padminikutty Upper Division Clerk

11. Sri. K. Balappa Gowda Gestetner Operator
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ANNEXURE - VII

Result Framework Document (RFD)

Qy

T
ICAR
Directorateof Cashew Research (2014 -2015)

ICAR-Directorate of Cashew Research, Puttur, Karnataka

Section 1
Vision, Mission, Objectives and Functions

Vision :
Accomplishing self sufficiency in raw nut production in cashew to support stakeholders.
Mission :
Increasing the production and productivity of cashew.
Objectives :
1) Conservation of genetic resources/ germplasm for sustainable use
2)  Production management and value addition.
3)  Transfer of technology through various media
Functions :

° To conduct missionoriented research on all aspects of cashew for improving productivity and quality
with special reference to export.

° To serve as anational repository for cashew germplasm and a clearing house for research information
on cashew.
° To act as centre for training in research methodologies and technology updating of cashew and to

coordinate national research projects.

° To provide consultancy regarding cashew production technology.
° To generate quality planting material.
° To collaborate with national and international agencies for achieving the mandate.
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ANNEXURE - VIII
Budget (2015-16)

X inlakhs)

Sub-head Plan Non-plan
Provisions made Expenditure Provisions made Expenditure
in RE 2015-16 in RE 2015-16
Establishment charges - - - -
wages - - 538 487.06
0.TA - - - -
TA 6.00 6.00 2.00 2.00
Other charges(contingency) 121.5 121.58 22.00 22.23
H.R.D 2.00 1.97 - -
Works 160.90 160.88 - -
Equipment 20.00 20.02 - -
Library 18.00 17.79 - -
Vehicle - - - -
Annual Repairs/Maintenance - - - -
Information Technology 5.00 4.94 - -
Furniture and fixture 7.00 7.27 - -
TSP 6.75 6.71 - -
NEH - - - -
Total 347.15 347.16 562.00 511.29
Revenue generation (2015-16)
Particulars Revenue generation (Rupees in Lakhs)
DCR 55.55
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ANNEXURE - IX
Meteorological Data (2015-16)

Month Temperature Humidity Rainy Rainfall Mean Sunshine Pan
(°Q) (%) Days (mm) wind Hours Evaporation
velocity (h) (mm)
(Km/h)
Max Min FN AN
April 35.1 20.2 75 59 4 279.8 2.6 7.1 4.5
May 329 22.5 87 65 13 536.9 21 6.4 2.8
June 32.3 21.0 80 81 21 998.6 2.9 7.2 2.8
July 35.2 23.0 90 83 29 498.4 2.0 2.1 2.5
August 30.8 24.2 90 77 20 194.3 2.1 3.4 3.7
September 32.6 23.6 89 73 17 181.4 2.0 3.8 2.9
October 34.7 24.5 80 61 10 115.8 2.0 6.3 2.7
November 34.3 23.3 76 58 6 24.2 31 5.3 2.3
December 344 22.3 74 49 2 0 1.7 7.7 2.9
January 34.6 22.1 79 41 0 0 1.7 7.6 7.3
February 34.9 22.4 75 39 0 0 2.2 7.7 4.0
March 353 25.1 76 45 0 0 2.8 8.0 4.4

Total 2829.4

Rainfall is monthly total. Other parameters are monthly mean values.
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ANNEXURE - X

Publications for Sale

Sl. No. Publication Price (Rs)

1 Cashew production technology (Revised) 60.00

2 Softwood grafting and nursery management in cashew (Revised) 45.00

3 Annotated bibliography on cashew (1985-1994) 75.00

4  Catalogue of minimum descriptors of cashew
Germplasm accessions - | 165.00
Germplasm accessions - 11 125.00
Germplasm accessions - 11 128.00

Germplasm accessions - IV --

Germplasm accessions - V --

5 Database on cashewnut processing in India (2003) 100.00
6  Directory of cashewnut processing industries in India (2003) 100.00
7 Process catalogue on development of economically viable on-farm

cashewnut processing 45.00
8  Annotated bibliography on cashew (1995-2007) 205.00
9  Soil and water management in cashew plantations 30.00
10  Biochemical characterization of released varieties of cashew 85.00
11  Pruning and canopy architecturing in cashew 40.00
12 Development of dual mode dryer for raw cashewnuts 90.00
13  Alternate energy utilization of cashew shell cake for thermal application 90.00
14  Cashew cultivation practices (Pamphlet) *
15  Status of cashew germplasm collection in India (Booklet) *
16  Compendium of concluded research projects (1986 -2001) *
17  Cashew nutritive value (Revised) (Brochure) *
18 Insect pests of cashew *

Price indicated above does not include postage.

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

* Free of cost
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