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PREFACE

" ] am pleased to present the Annual Report 2001-2062 of National Research Centre for Cashew in wif
activities of the centre for the period from April 2001 to March 2002 are covered. During the period, the ce y
has made significant strides in the implementation of diverse activities contemplated under Crop Improveme
Crop Management, Crop Protection, Post-Harvest Technology and Transfer of Technology aspects.

The centre has taken a lead in preparing district - wise cellection maps for 1125 cashew accessions whi
are conserved in NCGB at NRCC, Puttur and eight RCGBs at AICRP on cashew centres at Bapatla, Bhubanesw
Chintamani. Jhargram, Madakkathara, Pilicode, Vengurle and Vridhachalam. Accordingly, a technical bulles
entitled “Status of cashew germplasm collection in India™ has been published. E

In continuation of collaboration with Division of Horticulture, UAS, Bangalore and NRC on DNA Fingl
Printing, New Delhi fer molecular characterization of cashew germplasm accessions, procedures have bed
standardized for the extraction of DNA from cashew leaves at NRCC, Puttur itself. Further, efforts will be mad
for molecular characterization of all the accessions conserved in NCGB at Puttur,

Realising the importance of organic farming in the present scenarie, studies have been initiated for utilizati
of recyclable bio-mass in cashew grchard, The results have shown that nutrient rich compost and vermicompe
can be prepared by following simple procedures. -

Studies undertaken in collaboration with PDBE;, Bangalore have given promising clues regarding kairomon
attracting CSRB adults. Efforts will be intensified for the development of kairomone traps under field conditio
for attracting adult-CSRB beetles.

The centre continued its collaberation with DCCD, Kochi, SKDRDP, Dharmasthala and Developmu

Departments of cashew growing states for speedy transfer of technologies on cashew. The centre has also ki
up its reputation by preducing and supplying ever one lakh of quality cashew grafts to farmers and Developm
Departments.

There is no systematic crop analysis for the estimation of raw cashew nut production in the coun
Mostly industry’s estimate is based on the nut processed by the organized sector and trade figures, This could
possibly one of the reasons fer variation in production estimates of Research and Development Department:
one side and industry on the other, Studies have been initiated at NRCC for the development of yield forecast
models for-different states and based on the model developed, it is possible to forecast yield with fair degree

accuracy.

This Annuat Report embodies the efforts of my colleagues in successful implementation of the techni
programme in different projects. I welcome the suggestions and criticism from the esteemed readers for improv
our research efforts. This will help us to face the challenges amidst growing global competition from ot
cashew growing countries. There is immediate need to increase production of raw cashew nuts to 10 lakh .

‘by the end of X plan and the strategies can be formulated based on the suggestions.

[ am grateful to the Editorial Committee for compilation of achievements of the Centre during the ye:

vV BLU-E".:"'A;—;-:—-)AP;-

Place : NRCC, Puttur {(EVV. BHASKARA RAQ)
Date : 23 August 2002 Director
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EXECUTIVE SUMMARY

National Research Centre for Cashew was
E  established in 1986 to increase production and
. productivity of cashew. The mandate of the research
centre includes evolving high yielding varieties with
desirable quality parameters, standardization of agro-
technigues and transfer of proven technologies. A total
of 22 research projects including three ad-hoc schemes
of ICAR, one DBT scheme and one NATP project were
in operation to achieve the mandate of the centre.
These projects were under the areas of Crop
F Improvement (6), Crop Management (6), Crop
i Protection (4), Post-Harvest Technology (3), Transfer
of Technology (2) and Statistics (1). The highlights of
the various projects are summatized below.

Thuring the planting season, 18 clonal accessions
collected from Andhra Pradesh, Karnataka, Kerala and
Maharashtra were planted in NCGB bringing the total

number of accessions planted so far to 451, After -

completion of six harvests, fourteen accessions in
NCGB were evaluated and characterized during the
year as per IPGRI cashew descriptors taking the
aceessions characterized so far to 269. IC numbers have
- been assigned by NBPCR, New Delhi for the accessions
_ conserved in NCGB at Puttur and Regional Cashew

" Gene Banks at AICRP on Cashew Centres, Studies on
microprepagation were continued during the year.

Axtillary shoot bud proliferation (1-2 buds/explant) was
induced on MS medium containing thidiazuron from
shoot explants of matured tree origin. Micrografting
was successful even with microscions of less than
§mm length. On medium containing 2 4-D and Kinetin,
Iow frequency somatic embryogenesis was observed
on callus from nucellus. Suspension calture from
embryogenic calli resulted in high frequency
tegeneration of somatic embryos.

Thrust was given to undetstand growth and yield
of cashew under both pruned and unpruned conditions.
The cumutlative yield (5™ to 10™ year) in plot with 500
trees/ha was 2.38 and 1.98 times that of plots with
156 trees/ha under praned and unpruned conditions
respectively. Recyclable bio-mass from cashew garden
after mixing with cow dung shurry (15% of total weight)
could be converted into vermicompast by earthworm
Eadrilus sp within three months. This vermicompost
isrich in N, P, K and micronutrients.

The collaboration with PDBC, Bangalore has
been strengthened to identify the kairomones, which

attract cashew stem and root borer (CSRB}. Th
Electroantennogram studies showed that unmate
maies and virgin females showed higher response t
extracts and volatiles collected from cashew bark, fras
and exuded gumn. Against tea mosquito bug (TMB)
A-cyhalothrin was effective under field conditions am
was comparable with carbary! (0.1%). The extent o
egp parasitisation by Telenonius sp. was positively
related to host egg density and negatively related tc
maximum temperature. Residues of lindane anc
endosulfan used for the management of CSRB and TME
respectively were not detected in raw nuts collecteg
from farmers” plots in Dakshina Kannada district.

Cashew kernel baby bits coated with sugar and
different flavours (vanillin, cardamom, ginger and
clove) could be stored without any quality deterioration
upto eight monaths. Cardamom flavoured- saffron
coloured baby bits were preferred most by the panel
of judges. Cashew apple pomace carbohydrate could
not be digested by diastase. It indicated that
carbohydrate compenent in pomace is indigestible.
Cashew apple pomace could be blended with cereals
and puises upto 10% without affecting quality,

A single operation CAM itype pedal operated
cashewnut sheller has been developed to overcome
the drudgery experienced in the presently used hand
cuin pedal operated sheller.

For estimation of cashew vield, ferecasting
models have been worked out for India as well as for
different cashew growing states in the country.

~ Eight model cashew clonal gardens under high
density system of planting have been established during
the year bringing the total number of demonstration
plots faid out so far to 89. Overwhelming response
wis seen for campaigns on soil and water conservation
and plant protection in cashew conducted in
collaboration with Sri Kshethra Dharmasthala Rural
Development Project (SKDRDP) at four locations in
which nearly 450 farmers participated. Training
programmes on cashew production technology were
conducted for three baiches of trainees apart from

_ training programme on vegeiative propagation of

cashew. Annual cashew day was organized to educate
the farmers about the latest technologies of cashew
cultivation at Experimental Station, Shantigodu in
which more than 120 farmers from 20 villages
panticipated.



" Research on cashew was first initiated in the
early 1950 by Indian Council ef Agricultural Research
by sanctioning ad-hoc schemes for Research Centres
located at Kottarakkara (Kerala), Ullal (Karnataka),
Bapatla (Andhra Pradesh), Daregaon {Assam} and
Vengurle (Maharashtra). Cashew research received
further impetus with the establishment of Central
Plantation Crops Research Institute (CPCRI) at
Kasaragod, Kerala. 'Cashew was included as one of
the mandate crops of CPCRI. Simultaneously, ICAR
also sanctioned All India Coordinated Spices and
Cashew Improvement Project (ATICS and CIP)
for CPCRI, Kasaragod. The CPCRI Regional Station,
Vittal (Karnataka) was given the mandate te work on
cashew while four University Centres {Baptala,
Vridhachalam, Anakkayam and Vengurle) were
assigned the research component on cashew under
AICS and CIP. During the V and VI plan three more
centres (Bhubaneswar, Jhargram and Chintamani)
came under the fold of AICS and CIP.

Efiorts on cashew research were further
strengthened by the implementation of World Bank
aided Multi State Cashew Project (MSCP) with research

component in Kerala, Karnataka, Andhra Pradesh and

" Orissa from 1982 to 1986. The Quinguernnial Review
Team (QRT) constituted by ICAR in 1982, after
reviewing the entire research work on cashew

- recommended delinking of cashew and spices research

from CPCRI and establishing two independent National

Research Centres one each on cashew and spices at

Puttur, Karnataka and Calicut, Kerala respectively,

Working group on Agricultural Research and Education

constituted by the Planning Commission for VII Plan

Fropeosals and the Task Force on Horticulture

constituted by ICAR made similar recommendations

at the same time. This laid the foundation for
establishment of National Research Centre for Cashew
at Puttur on 18% June 1986. Subsequertt to bifurcation
of AICS and CIP, the headguaiters of All India

Coordinated Regearch Project on Cashiew was shifted

to NRC for Cashew, Putiur. The Cashew Seed Farm al

Shantigodu which was startsd by CPCRI in 1972 was
transferred to NRC for Cashew which now forms the
Experimental Station of NRCC.

W e - oot e e .
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INTRODUCTION

MANDATE

National Research Centre for Cashew
conceived 1o undertake mission oriented resear
projects with the mandate of evolving high yieldi
varieties of cashew with resistance / tolerance to pe
such as tea mosquito bug, high protein, lysine a
other desirable parameters; standardisation
agrotechniques for achieving higher production a
productivity with sustainability in view, and transi
of technology to farmers and extension agencies of
improved production techniques through trainin
demonstrations and extension literature. )

As Direcior of National Research Centre fo
Cashew also monitors AICRP on Cashew, Mandate fo
cashew research as a whole under National Research
Centre for Cashew and All India Coordinated Resear
Project on Cashew is reoriented.

% To conduct mission-oriented research on
all aspects of cashew for improving
productivity and guality with special
reference to export.

%  To serve as a national repository for

cashew germplasm and a clearing house
for research information on cashew,

% To act as a centre for training in research
methodologies and technology updating
of cashew and to coordinate nationa
res¢arch projects,

%  To provide consultancy regarding cashey
production technology.

#*  To generate quality planting material.

% To collaborate with national am
international agencies for achieving th
mandate.

ORGANIZATIONAL SET UP AND
INFRASTRUCTURE

Headquarters

National Research Centre for Cashew is locate
with its headquarters at Puttur, Dakshina Kannad;
Karnataka. The main campus is situated 5 Km awe

(8
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m Puttur town (45°N latitude, 75.4°E longitude and
. MSL). Qut of 69.02 ha of land contemplated for
guisition, 68 ha have already been acquired for laying
rﬂ_ﬁ!ﬁeld experiments at Kemminje. Besides the main
tampus housing Lakoratory-cum-Administrative Blocit,
Experimental Station at Shantigodu with an area of 80
Ewhich is 13 Km away from the main campus also
is part of the Research Centre,

. The research programmes are pursued in the
5 of Crop Improvement, Crop Management, Crop
ection, Post - Harvest Technology and Transfer of
ology. Besides a well equipped Biotechnology
fhoratory, the research centre has sophisticated
ents/facilitfes for conducting research.

- The centre has got well established library
the field of cashew research. It is equipped with
books, 759 reprints, Indian and international
pdicals (38 and 9) and their back volumes {851)
Annual Reports of ICAR and other Institutes. In
library there are 210 gratis publicatiohs / reports.
The fibrary is serving as an information centre on all
#gpects of cashew research and development in the
gountry. The CD databases viz., CABHORT, CABPEST,
AGRICOLA and AGRIS are also available in the library,
The library is equipped with automation software and
barcoding facility,

The centre has a local area network of
ten computers., The computers in this network
~bave CD ROM facility, The Centre has also got
- Internet connection and a separate e-mail account.
The Centre has got its website and the URL is
 pitpy/ /www kar nic.in/cashew/.

The headquarters of AICRP on Cashew is located
at NRC Cashew, Puttur. It has eight Coordinating
Centres and one Sub-Centre located in Karnataka,
Kerala and Maharashtra in the West Coast, Andhra
Pradesh, Orissa, Tamil Nadu and West Bergal in the
 East Coast and in Chhattisgarh which is a non
i traditional cashew growing area.

Achievements of the cenire:

. It has the largest germplasm collection of cashew
in the country {(NCGB) with 451 accessions. A
total of 392 cashew accessions have been
assigned with Nationa! Collection numbers.

It has released two selections namely NRCC
Sel-1 and NRCC Sel-2, which are high yielding,
and medium nut types for cultivation in
Karnataka. However, Sel-l is not being
multiplied for distribution to farmers because
of its poor performance. '

In micropropagation, regeneration of cashew
from the seedling ekplants (nodal cultures) has
been standardised. Micrografting technigue for
in vitro multiplication of cashew has heen
standardised and cashew plants raised by micro
grafting have been potted.

It has also demonsirated the advantage of
growing intercrops like pineapple profitably in
cashew gardens.

High density planting (625 plants/ha) was
shown 1o be better than normal spacing
(8m x 8m) resulting in a vield increase hy
2.5 times owver control.

Irtigating cashew at 60-80 litres of water/tree
once in four days through drip after initiation
of flowering till fruit set and development in
combination with the application of 750 : 187.5
: 187.5 g of NPK/tree led to significant highe
yield.

S5oft-wood grafting method has been
standardised and its feasibility for the
commercial multiplication has beer
demonstrated.

The rearing technique for cashew stem and oo
borer (CSRB) on host bark has beer
standardised. Volatiles and extracts in hexane
from both healthy bark and frass or testing by
EAG elicit response from adult female beetle:
of CSRB.

Blending of defatted cashew and soybean flon
in equal proportion improves the walte
absorption and ernulsification capacity of cashev
defatted flour, Sweetened and flavoured spreac
could be prepared from cashew kernel bab
bits. Optimum coating of baby bits witt
honey and cane sugar oceurs at 100°C at 709

[ o
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http://www.kar.nic.in/cashew/.

concentration. Cashew kernel baby bits could
be coated with different combination of flavour

~ and colours. Cardamom flavoured and apple
green / saffron coloured and sweetened cashew
kernel baby bits are most preferred. Sweetened
and flavoured cashew kernel baby bits could be
stored without guality deterioration for eight
months at ambient temperature,

The centre has established very good linkage
with farmers and officials of State Departments
and Developrmental agencies. It conducts training
programines on cashew production technology,

vegetative propagation of cashew and utilization
of cashew apple. Besides these training
programmes, plant protection / soil and
water conservation campaigns and field days
are being conducted for the benefit of
farmers,

Budget

The institute had an annual budget of Rs. 34.0
lakh under plan and Rs.127.00 lakk under non-plan
for the year 2001-2002. Besides, the research is

supported to the tune of 15.65 lakhs through external
funding.

Stafi Position as on 31.3.2002

NON PLAN PLAN TOTAL
Category Sanict- Filled | Vacant | Sanct- | Filled Vacant No. of No. | Vacant
ioned ioned Posis filled

Crie Scientist’s (AS and PE) post is temporarily adjusted against vacant post of Scientist (Plant Physiology)

Total Manpower

Sanctioned

Vacant
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1. CROP IMPROVEMENT

1.1 Genetic resources of cashew

During the year, efforts were continued to collect
indigenous and exotic germplasm for conservation in
the National Cashew Gene Bank (NCGB). These
accessions are being evaluated and catalogued.

1.1.1 Germplasm' collection, conservation and
utilization

A total of 12 accessions from Karnataka {2),
Kerala (3), Goa {3), Tamil Nadu (3) and Andhra

Pradesh (1) were collected, Eight more accessions were
collected from Orissa (4) and Maharashtra (4] under

Table 1.1: Cashew germplasm collected during 2001.

the Ad-hoc scheme. The scions from these accessions
were grafted on the root stock seedlings for production
of clones (Table 1.1). The 18 accessions collected from
Maharashtra (12), Andhra Pradesh (4}, Kerala (1), and
Karnataka (1) have been planted at 6m x 6m spacing
in NCGB at Shantigodu (Ggrafts/accession) taking the
nuinber of accessions comnserved so far in NCGB to
451 (Table 1.2}. A total of 42 accessions in NCGB
identified based on genetic diversity, and
complimentary characters were used as parents for
hybridization programme under Ad-hoc scheme during
2001-2002 fruiting season (Table 1.3).

Collection number

Shadymane-1

Shadymane-2

Hybrid 5/11
(Mother tree)

M11/2
M 16/3
M 15/4 [VRI-4)

Anakkayam-1
Anakkayam-2

Anakkayam-3 l

Torla-1
Katel paz-1

Estamol-1

Tapang-1




Collection numhber

Bhanjha Kosum-1

Ranasingpur-1

Ranasingpur-2

Wanguni-1

Ghosale-1

Amboli Karanjeveera-1

Amboli Karanjveera-2

Table 1.3: Cashew accessions from NCGB identified as parents for the hybridization programme during 2001-2002.

Female parents (30}

8, 10,12, 14, 17, 25, 27, 39, 40,42, 62, 65, B8, 96, 104, 106, 113,
114, 141, 146, 155, 166, 187, 203, 205, 207, 214, 224, 227, 245

* Male parents (12) 87, 91,92, 107, 111, 158, 162, 174, 190, 216, 223, 251

1.1.2 Germplasm evaluation had upright and open tree habit (13), extensive tyr

a) Characterisation of germplasm of branching (10), early season (Nov-Dec) floweric
{12}, vellow colour of mature cashew apple (13
After completion of six annual harvests, fourteen.  conical-obovate shape of cashew apple (14), loo:

accessions in NCGB (plarited in 1991) were evaluated  aitachment of nut to cashew apple (10), intermedia
and characterised as per IPGRI cashew descriptors  weight/nut {10, medium weight/apple (10), mediu
during the year 2001-2002 taking the total number of  yatio of apple to nut {11), high shelling percentage (1.
accessions characterised so far to 269. Of the 14 intermediate weight/kernel (12}, intermediate sh
accessions characterised, majority of the accessions  thickness (13}, loose atiachment of peel to kernel (1.

——|1t



-and low vield/plant (14). Natural incidence of TMB
was recorded on these accessions in NCGB by adopting
a (-4 scale and the shoots and panicles were graded
for damage. All the 14 accessions were found to be
highly susceptible with damage score of 3.1 to 4.0.

b)  Biochemical evaluation of cashew apple juice

Cashew apple juice from core collections and
parents identified for crossing pregramme were
analysed for tannin, sugar, ascorbic acid, and
organoleptic acceptability in crder to identify
accessions suitable for development of cashew apple
products. Based on the variability observed in
accessions, a quality index has been developed by
ascribing equal weightage for tannin, sugar, ascorbic
acid and MCH ({Table 1.4). Based on the values for

various cashew apple constituents, weightage
ascribed and cumulative weightage is calculated. 2
accession with cumulative weightage of 12 and mo
is considered better with desirable characters such
low tannin, high sugar and ascorbic acid and hett:
acceptability. Variability noticed among accessior
analysed so far, which included core collections, an
parents identified for crossing programme is presente
in Table 1.5. Accessions with quality index of 12 an
above arz better. Among the accessions analysed ¢
far, NRC 190 has the highest quality index of 1
whereas, NRC 155 has got the least quality index of !
Similarly, cashew apple juice from released varietie
of cashew was analysed and quality index is presente
in Table 1.6. Out of 32 varieties analysed, nine varietie
had quality index of 12 and abave.

Eonsmmnls

Table 1 4 We1ghtage ascribed to varmus r:ashew apple juice cunsutuems

;Tmnm [uﬂcianf od }tur:-e)
* Sugar (clasified)
- Asgorbic acid (clarified juice)

- MCH (Mean cumulative hedonie score).

- Accessions

NRC'155
-NRC 279, 214, 18. :
NRC 159.-13, 120, 205, 130, 140; 111, 160, 166, 164
‘_NRC 241 107, 19@"'14_5 8




Table 1.6: Quality index for cashew apple juice constituents of released varieties.

* These varieties are not currently multiplied for distzibution to farmers

) DNA finger printing of cashew accessions

DNA finger printing of cashew germpiasm is
being carried out in cellaboratien with Division of
BHorticulture, UAS, Bangalore and NRC for DNA Finger
Printing, New Delhi, The RAPD analysis of 90
accessions carried out at UAS, Bangalore, (Squared
Euclidean distance, Ward’s Clustering) has revealed
that the diversity in Indian Cashew germplasm is
moderate and not narrow as reported.

[sozymes of peroxidase, esterase, aspartate
aminotransferase [(AAT), acid phosphatase, leucine
aminepeptidase and superoxide dismutase were

. studied in leaves of young flushes {3 and 4M) of which
esterase and aspartate amino transferase alone gave
polymorphic bands.

- d)  Assignment of National collection numbers to
cashew germplasm

The passport information on all the accessions
which have been conserved in different cashew
growing states was obtained in the proforma supplied
by NBPGR, New Delhi, After separating the duplicates
available at different centres, the passport information
for'the remaining accessions {1149) was sent to NBPGR,
New Delhi for assigning IC Nos. IC nos. have been
assigned by NBPGR, New Delhi, for a total of 1149
cashew accessions which are being conserved in the
National Cashew Gene Bank at Puttur {433) and the
Regional Cashew Gene Banks at AICRP on Cashew
centres, namely, Chintamani (53), Vengurle {142),

Pilicode (64), Madakkathéra (73), Vridhachalam {25(
Bapatla (80}, Bhubaneswar (5} and Jhargram {49).

e) Preparation of districi-wise gemplas
collection maps

Based on the original source of collectio
district-wise germplasm collection maps for 11
cashew accessions which are conserved in NCGB
NRCC, Puttur (451} and in RCGBs at AICRP on Cashe
Centres, namely, Chintamani (53), Vengurle (142
Pilicode (64]), Madakkathara (73}, Vridhachalam (25(
Bapatla (80}, Bhubaneswar (5) and Jhargram (49} ha
been prepared. These accessions have been collect
from: nine cashew growing states namely, Karnatal
(176), Andhra Pradesh (221), Kerala (209), Maharashi
{136), Orissa (21), Tamil Nadu (277}, West Bengal (3¢
Goa (46) and Assam (3) and from abroad (42
A technical bulletin entitled “Status of cashe
gérmplasm collection in India” has been published.

f) Stool layering of cashew accessions

In order to explore the possibility of producit
steol layers for utilizing them as rootstocks, four ve.
old plants of Cuddalore-1 (S 28} and Kodippady-2
29) were headed back to a height of 15 cm from grour
level during August 2001 . The stumps sprouted with:
six weeKks and these sprouts were allowed to grow fi
5iX more weeks. The basal portion of the shoots ws
covered with sand for etiolation during October 200
After 40 days of etiolation, the sand was careful
removed, and the basa} portion was girdled (2.5 ¢

I - "
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apper porticn of the girdled aneg was smeared Wil alling was nat suecessiul,
raing hiprmone [THA 500 ppm). Then the shoots wers L :

e 2l PR, 1.2 Varietal improvement of cashew
covercd with a mownd of sand. Hegular walering was

dome 1o keep the sand maist. After 2% months, the Efforts have been made for the genctic

ot S0l Lavers wene separated during Wbiuary 2007 (provement of cashew for yield, nut weight {7 gl

and were plantad in the polybags. A wotal of soven
plazls were eaded Dok, Foobed stool Levers (oo icur
planrs were zeparaied and planted in polvbags in the

kernel weipght (= 3 gl and shelling . percentagse
v dd%, A total  of 2000 hybride from 210 emss
combinglions amd 290 selis are under svaluation o

nuesery, OF the 41 stoo] lavers prepaed, 16 have different age gronps.

pritduced aocd number of roots |39% ) and only five 1.2.1 Relationship of flowering and fruiting
have eslabvished [31,2%) in polybags, characters with vield

The correlation analysis of fowering amd [ruiting
Characiers vis a vis viehd foee showed tal oumbee of
Howering laterals/m” ol canopy, freiting incensity
b of outs/ o of canopy ), nul vield/ o of canopy
have high positive correlation with estimated
vielhd res. Prulting Wtensity and sleld/m® of canopw
hack high positive comelation wich cstimated yield S oo
iy e current PR T I: (bS5 and ¢ Q942 |q:.~i|l|_ﬂ|'1|1.-'-d="_r:
[Table 1.7), Repression analysis showed coetticient of

L4349 of estimated vield/ iree on fraiting intensiy
The results of cormalation and cegression analvsiz ove
the last Inur vears shossed that frolting imsensiny =nd
nut vield S of canopy are the most imporiant yield

Stonl layers

cormponent charactess and hence these rharaciers can
C be wsed for evalpating breeding material lor
%) Inlergeneric graiting in cashew e
improvement of nur viebd /ree
In order 1 explore the pogsihility of utilizang
relzred peaera of Anacardiacac as root gtacks for
cashew, the aeedlings of mange [(Mangifers (ndina) and
Chere [Hollearna graters and H. Jerragined) wero Twn promising hyvbrids, namely, H-a6 (BFT-6
grafied with scwis of cashew (Angeardiom occidentale A 18/9) amd H 3274 (BPP-5 x VRI-1] are uoder lield
L.| during Auzuest 2000 by adopting softwood gratting evaluatinon ar Karnataka Cazshew Developmen:
techdgue, The seedling: of caahew ware alzn grafled Corporation [RCDOC], Puliir Division. 3254 i ander

1.2.2 Evaluation ol hyvbrids /selfs jur
dimprnvemienl of pul sige o eleased varieties.

Table 1,7 Correbalive and regression coeilicients of Mloweding and frulting characlers (%) with estinated vield () i
18 warietics of cashew

Corrctation coefiicient{r) Regresslon coefficient (b

Chatacters [X] : of characters witls af eslimated yield/ free
: S R EZ estimated yieldmmee (¥} on independent
s : s Ssmnsia = : s characiers [X)
Wumber of fﬁwmna,lunewa e a4m fam
Ilmmr.mg_ lggeral mgmr; el e 057 406
- Pruifing inteusity e e m.944, 0449
-Yield,/me I:l_f_Eq'nuw-. e 942 BE




glrarion i snme selectad farmary” fields alse. High
artnal viehd of 3086 ke /i Dnsixe arvest ool highes:
nridative vistd nf (FRE Kedmee for six hameess were
recopded S 15014 (173 Cevlom =210 in ||'|,'||‘:| el
rial wenth gix hvhnds, one el and towr controls, in
e swines lal WEL? feomiiand} gosce il yield ol 246
707 hgftree i the
hwhrid H

perionmed well botk o

sadmee and cumnlaive vizld o

=

carmee Baivesl I ancther replicatad imal
40 THLA A% % A ddsdy
ool vield 1267 kgduee in thind haovest) and for
umulative visld [5.34 kadtree for theee harwdsls) 44
apainst copel yield of 064 kgmree and camulaiive

vietd'of 1.77 ke Mtioe in case of VR1-2 (conin]

Hyboeicd 1 - 1205

A Lotal ol 2000 hiwbangds from 210 Sross
nrnhinagicons are wnider evataation in dillerent age
artliet, moee thon 290 selfsd seedlings

{F2 gemeration) of hybrid Tree Moo 1395 01 VRI-Z x

AN

VI T e alse o the Inktial giaeeeof evaluathon.

ﬁl.j 5 Fc."-e-'-'f.:-.: 'fﬁf‘;:u g SR o e

Three Yoty ., nadely, 1V 13S0 R = WiH ddE0L)
H 1205 [VRI=2 % VTH 40,11

Ay hovmg wediim nul stes pertormed well Tor

3 e IEr - LT
apd H 1254 185 2 WTH

carmalative yield fon seven harvesis (1415 kpfimees

LT ik L2 25 |-.£_.;, LFees, frsosnnaly|

tamms of adherence of testa to the kernel

TLicly

e aluatod rorstatas of adbreperce of lesta to the keragl

ik peleased vmdeties ol casiew werne

by recording the awmber ol stzokes of scrping ke

resisives] Lor tenaovdl ol Lesta Jucly ot the pesel
The variebes differed for Mas character aid they ware
Classibed oo Lhree Silogerbes, mamely, [Dose slieren

| = 5.0 sickes), meedowm agiterence (5.0 3 SLTOKSS )

atid Lghil adivepende | = 7.5 sleokes) Loosge aadbppe e
Lvpes abe pe erred v ocashew AU NSNS O
there is savings in laboor involeed, lesser damages (0
thee kel and 1 5'|||*| eorvary ol whales, Chn ol the
oo var eles, o vadietes had focse adberence, IH
varieties had medium silhesence while the remaining

21% had |“".|'| adberonee of [eai

| l_.|||'|||||-.|il'.-" ol cashew pomace ¢l releasl
VATIENes

Caglow apple pomace om 27

varielioy walg
anitlysed for fibee, protein, carbehydeals [starch], aod
sugdr content, Popace prodcin contenl agong U
varieies analysed vacied fome 17,77 % (V21 w0 31L.11%
(BLA 139 1), Carbehvdrate content showed varlalio
froim 26.79%: (GPP 5] w0 27 415 V-4, S conlend
ameng e varietes analvsed vaced betwecn 00165%
1V El iamd 1303%, [BPE-51, Filwe contem vared fom

1164 % (V-4] Lo 16.30% {v-1} [Table 1.8
1.3 Micropropagation
1.3 Regenevation foom modal culivices [arakis)

A tntal of 1092 nodal explants from young
cashew prafs of foer wvariefies namsly MRCC Sal-1,
Sal-2, Ulal-3 and Bodippady wene culiured and (08
ti i, A% hud Break and O to 445 shioot develnpimesi
wereg ohasarvad. Bod break was maximum during
Decemboer and March, Shomts excised fenm micrn grafis
respaondod better in terms of bud break and shocd
develapment. Signilicant varietal ditterence was
noticed with regard to percent bud breals. Shoats from
MRECC Sel-1 had higher percentaae of bl break
(GF.0% | than othess. Position of bod in the rodes Alsa

intluencod porcent bud break. The lower solder] nodes

=
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Carhohydrate (starch)

46.54
43.26
4547
47.40
37.65
45.02
42.00
15.89
42.55
41.54
45.69
38.55
45.31
35.56
44.63
3joA7
C26.79
36.28
41.24
35.38
40.91
40.32
47.41
37.89
37.73
42,82
44,60

Values are mean of three Individual estimations

showed quick response with lower contamination.
Incorporation of Gibberelic acid {GA,} or 6-benzyl
amino purine (BA) at 5 uM concentration in
MS medium resulted in higher percentage of bud break
and shoot development. Three sub culture media tried
viz., M3 with 4% sucrose, full M3 with 4% sucrose
and SH medium had no significant effect in enhancing
the growth of shoot culture. Thidiazuren (TDZ) at
0.1 mg/1, putrescine {100 uM) and spermidine (20 puM)
tried alone and TDZ (0.1 mg/1) in combination with
above palyamines showed axillary shoot-bud induction
only in media containing TDZ and its combination with
polyamines. Polvamines suppressed axillary shoot-bud
induction,

Significant difference in shoot length and leaf
number was not ¢hserved when shoot-bud elongation
was altemped at different levels of sucrose (3 1o 6%).
Proliferated shoots on medium containing putrescine

(10 pM]), spermine (20 pM), putrescine (200 pM) +
2iP (2 mg/1} and 2iP (2 mg/l) + IBA (0.1 mg/1) also
showed no elongation of shoot-buds. In the trial for
elongation with two media namely (i) WPM medium
containing salts, Nitsch vitamins, MES (500 mg/I) and
BA (1uM} and (ii) MS liquid medium with 4% sucrose,
only latter showed limited elongatiori.[SS.S %). In vitro
rooting attempted by slow dip method viz., 24 h dip
(dark) in 100 ppm NAA / IBA and culturing of shoots
in WPM medinm with or without 1 mg/I IBA showed
na indication of rooting. Similarly, quick dip of
microshoots in 5 and 10 mM IBA for 2 min followed
by culturing on WPM medium with or without
IBA (1 mg/1) and hormone free MS medium showed
no rooiing. Even combination of paclobutrazol
(0.5 mg/1) with NAA (5 mg/l) and NAA + 1BA (2.5
mg/1) was helpful, indicating recaicitrance narure of
cashew 1issue for regeneration. '



1.3.2 Micrografiing

Froat-stock seediings for imicosralis wee taised
by peominatiog mature seeds o, Smeug the
varioes stecilants e Lor stecilzzation of seeds, 0.1 %
mercuric chlonde for 13 min gave highest
germination(32 9% with minimwm Comamialion
(17 1% ). Amaong fee media tried for germination of
sepda, hollles crnlanng ab=orb=nt cotlon preaashked
wetth dhistlled waler was the best follwad by fifter paper
on wrater and scll-rite mediom, Twenty micorgratrs of
rwn varieties THal-2 s WROC Sa5-11 have been field
planted ar am & am 3pacing along with normal prafie

T ey lmar om
.33 Leaf culture for staadic embeyogenesis

Callps indudtion and somatio |'|':'|'|'IE",.'|'|;-_';-.=:1|"RIR
were ateinpled in beafl segments [1 59 coi) coliussd
froan i pifree shoot culture and in i seedlings on
M5 medien coptauung toamioe (1 mgsd], crsmeine
HEL 433 mg/Th amd 2.4 13 (2.5, 4.5 pM) and kinetin
(Rinf (10, 20, 39, 40 phd) in varving combinations
Leal segments from &2 wftne shont cultures resporded

Sormatic canbryond differentiation
in nucellus callus

only with leaf expansion and leal curling and showed
oo callus formation, whensas, e leal segments from
fn vt raised soed gy stoweed callus induction with
45% of the cultures exbibiting proluse rool loosalion.
Embrvogenesis was 1ot observed when the call:
was subculivred on bormooe fies M3 mediom oe M5

e - o : e L
o Lo fuai L 'ﬂﬁ?ﬁ:}t.ﬁ o

i@ with dooer levels of 2.4-D (0.5, 2.5 pddy aod alar
12 mEgesl).

1,34 Kucellus colivre bor somatic embyrogenesis

Calhas cnuld Beindoeed in hisscted owvilss of
S-5 weak old immaature e of UELal-3, VRE-Z, 11-4-F
and N
then slowed down after bano weeks and became hiown,
‘When
tn embryagenests induction madia, three cultures (3%)

s Sel-2, The callns grew fasr inirially amd

slovw grivaring valli | KI5 no.) were transterted

showed embrvogenesis. Embryopenesis was oiserved
mainly on three media namely [ 1] REM hasal medinm
(2 REM + Kin [12pM] — alar (2 mgsT) |3 83 basal
meidiiam + Sucmse 4%+ thiamiee 0T /) +
Ein (20uM) + Z4-0 [Spddl). The results indizaten] that
when callus inductinm mediz consainegd onlv Law
concentration of 2 40, a sumple hormone fnee madium
IRMA could give I'_'rrIL;::Jﬁl_'I!IL‘Ei}i whereas, when callns
mduction on media containing both Kinetio and 2.4-
D, g very high concentraticn ol Kinelin or e presenos
of a growth retardant jalar) was required  in the
differemtisting media for nduction of embryoperess,
Embryogenesis was chserved anly incallus of Lilal-3
aid H4-7, Histelogical studies of the embryogens: calli
siawed thie difterent stages of embryoid deaclopmend
angd differentiation ol erubioids frotm pro-Smbryogenic

wells o globula et lnpede and eacly colyiedooary
slages weere observad
subcullucng o seoussalid REM Lasal medioee gove
rise B0 secondany smmalic embryogenesis

The embryvogenic cali oo

Histological section of nucellus 'callus
differemt atiom nf somatic embryos (S5E)
—



1.3.5 Suspension culture and germination of

somatic embryos

Suspension cultures were initiated from
embryogenic calli by subculturing 0.2 g of the same
on liquid RBM basal medium with constant shaking
{(100-125 rpm) at 25+ 2°C. Ir semi-solid media, the
number of embryoids obtained was 25-30 whereas, in
the suspension cultures the number of embryoids
obtained were at least five fold and embryoids were
of uniform size. The embryoids were bipolar structures
with prominent root pole and of size ranging from 0.3
- 0.5 cm. When 17 embryoids obtained from semi-
solid media were put for maturation on media with ¥z
MS major salts, full minor, casein hydrolysate (300 mg/
1), L-glutamine (400 mg/1) and ABA (2.5, 5.0 mg/1) or
CW (20%), four embryoids grew into perfect biopaolar
- structures which were bilaterally symmetrical or
assymetrical. On germination media containing B5
{Gamgorg et al., 1968) full major salts + full M3 minor
salts, organics and GA3 (0, 3 uM) only two showed
perfect root formation with no shoot development.
When embroids from suspension cultures were

cultured on five media with varying combination of
GA3 (1.5 uM) and ABA (14, 18.9 pM) in three
replications @ 3-5 embryoids / treatment there was
slight increase in size of somatic embryos but no
germination was seen. On the other hand callus
formation was observed in some of these cultures.

1.3.6 Evaluation of micropropagated plants

The micropropagated plants of VRE-1, H-4-7,
BLA39-4 and VTH-762/4 (dwarf) planted in 1997
showed flowering during this season. Fruit set was
observed 'in all the varieties except in dwarl type.
BLA39-4 had maximum height (3.53 m) and dwarf
variety had the least height (1. 36 m). Similarly,
stern girth was least (3.66 cin) in dwatf and maximum
in VRI-1 (10.3 cm). In the replicated trial planted in
1999 with micropropagated plants of H-4-7 and
VRI-2 along with their graits, micropropagated plants
of H-4-7 had significantly more girth (5.04 ¢cm) and
height (1.7t 'm} than grafts (4.6 em and 1.53 m
respectively), while micropropagated plants of VRI-2
had girth equal to that of grafts and more height than
grafts.



2. CROP MANAGEMENT

2.1 Planting systems and spacing

The study was initiated to understand growth
of cashew under different systems of planting and
spacing, both under pruned and unpruned conditions.
The experiment was laid out following split plot design
with three replicatiens., The main plot treatments
inciuded sduare systems namely 5.0 m x 5.0 m
(400 plants/ha), 6.5 m x 6.5 m (236 plants/hal, 8.0 m
X 8.0 m (156 plants/ha) and hedge systems namely
5mx4m (500 plants/ha), 6.5 m x 4.0 m (384 plants/
ha} and 8.0 m x 4.0 m (312 plants/ha) with pruning
and no pruning as sub plot treatments.

The tree height increased significantiy (6.54 m]
in high tree density plot (300 trees/ha) over low tree
density plot (4.12 m - 156 trees/ha). The tree density
had no effect on girth of stem. Effective canopy height
was significantly more in low tree density plots (158,
236, 384 and 312 trees/ha) than high tree density plots
(Table 2.1). '

In hedge row system of planting, canopy spread
in EW direction was significantly more than square
gystem of planting. Ground coverage by crop canopy
was significantly more in high tree density plots in
500 trees/ha plot and in 400 trees/ha plot {Table 2.1).
Light interception was significantly higher in high tree
density plot (82 and 95% in plots with 400 and 500
irees/ha) than low tree density plots (49 10 52% in
156 trees/ha plot, 68 to 80Y% in 236 trees/ha plot and
72 10 82% in 312 trees/ha plot).

Annual total cashew leaf deposit collected at
the base of the plant was 2.85 and 2.95 t/ha in high
tree density plots (400 and 300 trees/ha). Next highest
leaf deposit was in plot with 384 trees/ha (2.65 t/ha).
Lowest leaf deposit was noticed in plot with 156 trees/
ha {(.4 t/ha). The nutrients available for recycling in
leaf depasits were maximum in high tree density plots
(400 and 500 trees/ha) and minimum in lowest tree
density plot (156 trees/ha).

[t was observed that organic matter, available N
in soil up to 1 m depth was higher in: high ree density
phots (400 and 300 trees/haz) than in low tree density
plot {156 trees/ha). However, no definite trend was
abserved with respect to P and K contents in soil among
different tree density plots. Yield of 361, 304 and

245 kg/ha was realized from plots with 384, 500 and
312 trees/ha respectively (Table 2.2).

Highest cumulative yield both under pruted and
unpruned conditions was realized from high tree
density plots (500 and 384 trees/ha). Lowest
curnulative yield was realized from plot with 156 wees/
ha botlr under pruned and unpruned conditions (1282
ard 1482 kg/ha} (Table 2.2). Maximum profit of
Rs. 73,735/ha from high tree density plot of 384 trees/
ha was realized over 10 years which was 2.4 times
that of profit realized from normal tree density plot
(Rs. 31.278 in 1536 trees/ha plot). Next higher profit
was tealized from high tree density plots of 500 and
400 trees/ha (Rs. 70,050 and 58,7%0/ha respectively)
(Table 2.3].

2.2 Canopy management studies in cashew

Canopy management studies were initiated
during the year 1992-93 with an objective of studying
the effect of pruning on canopy containment, flushing,
flowering and vield of cashew. Four cashew varieties
viz., VRI-1, Ullal-1, VTH 30/4 and NRCC Sel-1 were
used for the study. Pruning treatments such as yearly
pruning {leader shoot pruning + general! prusing),
alternate vear pruning (leader shoet + general
pruning) and shape pruning (general pruning) are
regularly imposed. An unpruned plot was maintained
for comparison. The pruning treatinents were imposed
since 1995 and the 4™ cycle of pruning has been
imposed during the year.

2.2.1 Efiect of pruning on yield

Nut vield during the vear 2000-01 remained
unaffected due to different pruning treatments (Table
2.4). There were less number of nuts in the panicles
of yearly pruned trees (5.42) compared to shape praned
(6.00) or unpruned trees {6.58). The nut and apple
weight was lower in yearly pruned trees.

2.2.2 Effect of pruning on plant growth

Pruning had no effect on canopy spread. The
number of flowering laterals due to yearly pruming
(15.95) and alternate year pruning (14.90) was less
than unpurned {16.58) or shape pruned trees (16.13}
while the number of non flowering laterals was more
in yearly pruped trees [6.54], alternate year pruned

r—



peundupn - g ‘paunig - v
) ...-ﬂ.wwpm..‘.. _h.aw_ . [
T %m G ﬁ 169 [zTre 1o

b Bss 180°S | 809

SL8 | LS| EL9
po's | 796|206 |
s oo [ e évo | spo| a9
669 [s779.| b5 e | 10E|TUv |

089 |sze | sz w6y | 09'%| 575 |

1955, | 275 | 56 szs | ses|ses

()
ey JaaL

.uwmha._—ﬂu _ud_”::..m pae cSm “Er. SN) peaxds hEn:.mu Emﬂ:— Adoues B13] san :.ﬁ.:m WS 16 A)IsUap 291) 10 AT 177 AqeL




ikg/tree

Pruned Unprined

kg/ha
Pruned Unpruned

Table 2.3:

Economics of high density planting compared with normal density planting from 1" to 10" vear
(1991-2000).

Treatment

5m. X 51|i

ITt11:
[}

14
1

i e e T
S N S
TR e e T R

5m x 4m

(500)

8m x Bm

’ Cumulative Yield during No. of s/ Weight of Weight of
Treatment yield of fivst 2000-2001 panicle nut (g) apple (g)
six harvests (kg)

o e




trees (0] compared W wapruned {5795 dnd shope
prienved [5.43) trees respectivety (Tehle 2.5). Lengih of
lareeal shoot sither Towesd or pon-fowered did nol vay
with varimes pruning treatments. [n several trees {ha fwigs
deied due te pruntng, Hewever, proong of e icker
krarches (3 w4 om diamster] resulted in productioa of
miltipe shoets whick ended wilh Jowers,

223 Effect of pruning on light interception

O oan ‘average onby aboul 10% of light was
allowed to reach the ground by plants of four different
varietivs which wore proned.  Abowt 90% of the
imcident Tight is intercepted by crop canopy of diffetent
varchics. Maximum lighl (69,23 to 93.83% ) was
imrerceptad hy top portion F cancgey and 0 o 16085
B med portion ol cancpy while e botioo (L)
partion of canopy intercepied - 268 to 1424 %: of the

Tabde 2.5: Eficct of pruning on plant HT\III-'H-'HL

Treaiment
Canopy Flowrering
syl [m®]

A Variedies

V-1 .51 1151
a1 45 192,17
VT 3074 .50 11.92
NRCE Sl 7. 19,17
CI for A (P —10.05) iy b .80
B Proaming,

Mo pruning ail 165k
early aruning .80 | 5.an
Adler nade vedr i ng 4,33 kel .o
Lhaps pruring BT S LE.13
L0 ke B IP=0.05] M5 0BG
CD fer A B (P ={L5) NS M5

HumEEL_ of laterals / m*

ARSI L ﬁg}ﬁrr ST PR

Vigorous Llaberal shool emerging
from a pruned brameh

Lenpih of laterals jem}
Flosering

e

HNon-

flowering

Mon-
fliwering

6.71 92 2787
4.5 1534 AULEL
4.53 A2 0 28,50
fuad 1725 1553
Y 273 210
3.7 4125 2958
0,04 4142 A
foid afl, 7= PR A
313 2% 270G
AT k] i
115 W5 k]

.|g|'|r_ ;'_'ILI pearion af the CApLepy ol _';-:l_'s'.n_'u_E [ R
intercepted more light 186 - 87 %} compared to
unpruned rrees [B0.7%] (Fig.2. 1 and 2.2). The higle
fight interceptizn coald be attributed o the higher leal
area Inthe vea I g drees of UHal-1, NBCC 51
and VEI-1 compeared to unprunsd trées (Fig.2.3],
Priming drastically reduced the leal area bo VTH 3074
variely.

224 Estimated wield for the vear X012

Estimated yield of warious nruned frees bi
coinpraling the vield stdbotes viz,, extent of owering

number of flower pavicles parm?, caropy area, numbsr

of nutsfpaicie ard weight of mul indicated that leader
sbinal |!-I-..:'|iII;:1 has mo significant Influsnce on ylelid
[l yield i uoproned trees is either Gigher or similar
(o thar of yield of proned frees except in YTH 3003
variety whereln veacly prooed eee had highor vield
(Table 2.e). In NRCCSel-1 and VREI-1 varielies, prooig
Bad detrimental elffect on bednng during this season
as per the yield estimation

225 Franlt hearing paliern in low, middle and top
poriion of canopy

The mean yield tor four varieties estimated at
batroTm | |l:'|13.’_|, middle gl o0 PG o ol e -:._|_';||_:_'_|i;_=,-.

! 27




o
I it
g T e SR

A
=i
= =
gy
3w
T
fw =
§ 4ol
= -~
i — —
= =
o~ T
ufidq L1 ¥TH Fod fialg
Vansi
| BB otzeen BN i W Tog
Fig.2.1 Light Interception in different cashew virieties

S ke B radien

Fig.2.2 Effecl of pruming on Light interception



Fig.2.3 Iniluence of pruning on feafl avea

‘Table 2.6: Estimzted vleld for the year 2001-02,
e -] Estimated vield /
tres (B}

7.35
5.1a
7580
iAo
GG
1008
1068
1023
.80
2,52
162
B L
.41
402
2e3
§.3z

F, - Unpruned
P, - ¥early pruned
P, - Alternate vear prunsd
P, - Enape pruned




semncaled cal the ssiddle laver branches vickdod 45,52 %
and top poestion of conopy vielded 3295 while bodlom
iaver branches viclded 17.58% [Tablz 2.7]. Even if the

Table 2.7: l-nujl.mg pallem Al low, middle and wp [:rmlinu

plartks were prunad yearly or anee iv 1wn vears
Dearing paiiesn was sl i g, mdcdle ad Lel
level hranches.
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2.3 Integrated nutrient management for sustainable
production nf cashew [MATP)

I arder 1o develop suitable coucncalaons of
crganic and inorpanic manures fior incrcasing vield and
o explore the possibillties of composting tecyclable
Liamass, an experiment was laid out io 1999 with the
rrdferesim Torised mearmeanis

it Ma fertllizer applicanion

] 100% N racommended fertilizer doge

ity Bio-lertiliser - Azospivillom with cashow
recyrlable hinmeass composar.

wh Bin-teriliser - Azatohacter with cashew
revyclable blomass compost.

¢l Z28% Mool pecosmpended Tertilizor cose
end remaining through recvclabls biomass
LoLpusl,

vil 50% Mol revonnuended fostiltoes dowe aild
remaining rhrongh recvclable biomass
COTIpROET

vii] 7R N oot recomrmended fertilizer doss

and remaining through ramyelahle hiomass
COM=IET,

' '.:uﬂ {J?ﬁr S
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B
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e i i R e L=l =

wiomm ] e e cewtion af cemappy

25% W of moommended farilizer i
and remnaining Uowough application
poclley manre,

i)

S0% Mot recommended ferslizer doae 2
remEindng theoush applicetion of poul
MIATILCE

Y|

1 7a% ool recommmended fectilizer e
and remaining throngh applicadsa

ponlry manure.

[n organic farming rrial plaf, treatme
differancas in yield was nor oheerved, Qrpanic mat
i) (425 - 4.73% ) and avzilable W contenrs |S07R
- 2ol kgl oweere signifcandy mode L plols ieceivi
TA-100% N in the fenn of organic manure oaly wh
compares o at [2.8% o, 165 Kg N, Ja (G0 o
1353ke M) and 0% K [1.383% om] in the form of crgar
manura. Avail ahle W owas leeer Inall the othes reatme
pcds. Kocontents ware mediwm in treatment sahd
TR and 1M N were apntesd in tha farm of argar
Tt Leal WC2E0% ) and K J0.39% 5 connents
mzore in the eborve treamments, [ concentraticn i ls
did oot vy significanly doc o dillerent @anus
ITEATTEnE.



2.4 Efficacy of soil and water conservation
coeupled with organic and inorganic manuring
in cashew garden grown in slopy areas.

Different methods of soil and water conservation

technigues to increase production are being evaluated
_ under this programme. '

Main plot treatments (4)
{i)  Individual tree terracing with catch pit.
(i) Individual tree terracing with crescent bunding,

(iii) Stapgerred trenches between two rows of
cashew,

(iv) Control plot without any soil conservation
technigue,

Sub plot treatments

(i)  Application of recommended doses of fertilizets
only (750 g N : 150 g each of P,O; and
K,0/tree/year).

(i) Application of recommended doses of fertilisers
+ organic manure (10 kg peultry manure),

{iii} Application of organic manure only (20 kg
poultry manure), '

Design of layout Split plot
Size of main plot 20 plants
Size of sub plot 4 plants
Replication v 4

Svil conservation measures like crescent
bunding with terrace and staggered trenches resulted
in significandy higher production of nuis {Treated -
903 g/tree, control - 706 g/tree). The yield under
different treatments like individual terracing and catch
pit and staggered trenches did not vary significantly
compared to control. Application of poultry manure
alone (20 kg) resulted in higher yield (899 g/tree) than
recommended doses of fertilizer application alone
(577 g/iree). Interaction effects of both soil
conservation measures and manures were not
observed. Slope of the land ranged from 2.6 to 22%.
The annual runeff was 1083 mm of water and annual
soil loss was 3.37 t/ha/year. Peakk runoff was maximum
(5.4 /5] for individual terracing with eatch pit on 22 %
slope (R3] and minimum (2.5 1/s) for individual
terracing with catch pit on 2.6% slope (R2). In the
case of terracing and crescent bunding, the maximum
peak run-off was 5.3 I/s (19% slope, R3) and minimum

was 4 1/s (5% slope, R1) and for terracing and
staggered trenching it was 4.6 1/5 (10% slope, R3 and
R4) and 4 1/2 (5% slope, R1) respectively. Control plot
had a maximum peak run off of 5.1 /s (17% slope,
R4) and minimum of 4.7 [/s (11% slope, RZ). Reduction
in the soil moisture content to an extent of 3 to 5% in
the upper layer and 1 ta 2 % in the deeper layers in all
the treatments was observed in the month of January,
Maximum soil meisture content inside the trenches
and on the sides of the trenches was observed.
Maximum soil moisture availability was observed
within 1.5 m radius of the plant in the case of crescent
bunding and least in the case of control plot,

2.5 Influence of fertigation on yield and
quality of cashew.

The trial was laid out during November 2000
under high dersity planting system and normal tree
density system. For high density system three year old
Goa 11,/6 cashew grafts were used and for normal tree
density 10 year old grafis of VRI-1 variety were used.

Deéign Split plot design

Replication o4
Main plot treatments (14)

Different proportion of fertilizers were applied
through fertigation system which included 50
and 100% recormmended doses of fertilizers.

Sub plot treatments

Irrigating plants @20, 40, 60% of cumulative
pan evaporation.

2.5.1 Objectives

i] Working out optimum quantity of
fertilizers to be applied through drip
sysiem for yield maximization under
normal and high tree density systems.

ii]  Working out water requirement based on
cumulative pan evaporation.

iii)  Assessing the effect of fertigation and
combinations of fertilizers and organic
manuring under normal and high density
planting systems on yield.

iv)  Assessing the kernel quality for proteins,
starch, sugars and fai.



2.5.2 Experiment No.I

Normal tree denéity (200 wees/ha)

Design

Treatments
Main plots

M-1

M-3

M-4

Split plot

12

500 g N, 125 g P,O,, 125 g
K,0/plant applied through
drip irrigation.

50% of above nutrients
applied through drip
irrigation and remaining 50 %
through soil application in
the form of neem cake.

50% of above nutrients
applied through drip
irrigation and remaining 50 %
through soil application in
the form of castor cake,

750 g N, 188 g P,O,, 188 g
K,0/plant applied through

- drip irrigation.

M-5

M-8

M-9 and M-10 :

M-11 and M-12:

50% above nutrients applied
through drip irrigation and
remaining 50% through seil
applicatipn in the form of
neem cake.

50% of above nutrients
through drip irrigation and
remaining 50% through soil
application in the form of
castor cake.

500gN, 125 g P,0,, 125 g
K,O/plant soil application
with drip irrigation,
750 g N, 188 g PO, 188 g
K,O/plant soil application
with drip irrigation.

50% of M-7 through
inorganic (soil application)
and 50% through organic
bath soil application
(Neem and Castor cake
regpectively).

50% of M-8 through
inorganic (soil application)

2.5.3

Sub plots
I-1

I-2
I3

Variety used

Experiment No.2

and 50% through organ
{Neem and Castor cak
respectively}.

Control (No irrigaﬁon ar
fertigation)

3

Drip irrigation-24% «
CPE (Cumalative Pa
Evaporation)

Drip irrigation-40% of CPE
Drip irrigation-60% of CPE

10 vear old VRI-1 planted a
7m X 7In spacing

High tree densily (625/ha)

Design
Treatments
Main plots
M-1

M-4

M-5

Split plot

12

250 g N, 62.5gF.0,, 625¢
K,0/plant applied through
drip irrigation.

50% of above nutrients
applied through drip
irrigation and remaining 50%
through soil application in
the form of neem cake.

509% of above nutrients
applied through drip
irrigation and remaining 50%
through soil application in
the form of castor cake.

500 g N, 125 g P,0,. 125 g
K,O/plant apptied through
drip irTigation.

50% above nutrients applied
through drip irrigation and
remaining 50% through soil
application in the form of
neem cake,

50% of above nutrients
through drip irrigation and
remaining 50% through seil

—



castor cake.

250 g N, 62.5 g B,0,, 62.5 g
K,0/plant soil application
with drip irrigation.

M-8 500 g N, 125 g P,O,, 125 g
K,O/plant soil application

with drip irrigation.

. 50% of M-7 through
inorganic (soil application)
and 50% through organic
both soil application
{Neem and Castor cake
respectively},

M-9 and M-10:

M-11 and M-12: 30% of M-8 through
“inorganic {seil application)
and 50% through organic
(Neem and Castor cakes

respectively).
C . M-13 Na irrigation and fertigation
Sub plots -

I-1 Drip irrigation-20% of

CPE (Cumulative Pan
Evaporation)

Drip irrigat-ion-m% of CPE
Drip irrigation-60% of CPE

Four year old Goa 11/6 grafts
planted at 4m x 4m spacing.

Variety

The first harvest of nuis (2001) indicated no
ficant difference in yield ameng the different
eatments, Different manurial and irrigation
gatments did net have any significant influence on
characteristics like girth, height, spread, and
py height of trees.

- Developing integrated production
tkages for enhancing productivity of cashew

The main objectives of the progrmames are
¢rient budgeting in high density planting system and
toping organic farming technology for utilization
i%eeyclable biomass in cashew orchard.

application in the form of

2.6.1: Nutrient requirement studies in high density
planting.

Planting material Four year old Goa 11/6

grafls
Spacing dmxdm
Design RBD
Replications : 5

Treatments:

{i) No fertilizer application ‘

(ii) Application of fertilizers at 1/3 rd of the
recommended dose (250 g N, 50 g each of P,0O,
and K,0}

(iif) Application of fertilizers at 1/2 of the
recommended dose {375 g N, 75 g each of PO,
and K,Q) . '

{iv) Application of fertilizers at full dose {?50 g N,

150 g each of P,0, and K,0)

Significant difference in total recyclable biomass
collected so far from plots receiving different doses of
fertilizer was not observed. Organically recyclable
biomass was coliected and average dry weight/plant
of four year old was 5.4 kg. Differences in vield for
different fertilizer dose treatments was not observed.
The soil is generally sandy and clay loam. N (< 250
kg/ha) and K { < 100 kg/ha) are low and P (20 to 30
kg/ha) is in medium to high level.

2.6.2 Cashew based cropping systern.

(i)  Cashew with green manuring crops

Design RED
Treatments .
Replications : 5

Cashew with sunhemp
Cashew with sesbania
Cashew with glyricidia
Cashew with cover crop
Cashew alone

{ii) Cashew with other crops
Design RBD
Treatments 5
Replications -

Cashew with greundnurt
Cashew with turmeric
Cashew with cowpea
Cashew with pineapple
Cashew alone




Cowpea as an intercrop with cashew

Grecn biomass vbeained (oo sesbania was
ootha whereas, it way only 3 Ul in the case of
sunbemp, Turmeric and cowpeéa yields were low
Tinneric vield was 3.35 1 thizomes ha [elching a ronal
weomee of Rs. 67000/ [rom intercrop aleos, okl
eapendire meursed was B H0L.920 fetchiog & o
profil of Bs. 36,0807k, Lo the case of cowpea, yield
realised woe only 1320 kg diy sesdssha, The (otal
costof cultivation was Ks, 78,00 ha and elal income
sealised was oniy Rs 26,000, reswlung in o gel prodit
ol R, B s

20,3 Composting of recvelable biomasas

e ﬁuu&arﬁ: %M&w e

a} Composting of reeyclable biomass in
ciamnpest pils
[Peatiments :
(i1 Hecvclable biomass

FyuL]

M

Reovelabie biomass + application of

cowdung slurmy at 1% of ntal weight of

reeyilable Dioiass

(i} Becvelable biomass + application of
cowrdong slurry at 205 of inial weight of
recyrlable Biomass

(vl Reovelahle bicmass + applivation o uread
solutton [UL5% )

I.'.-'] i '|-|"-I.-||_:-!¢ hiomazs & 1,25 .I'RH, ik
macapnate 100 ke of cashew wasts

(vi] [Mececlablz biomass + Urea 0.5% + 1.25
ki vk phosphates 100 kg of cosiew wasle

(vil}  Recvelable biomass + cowdung slorey
CI0%] + ©.23 kg rock phosphaze/ 00 kg
of fecyclable Diomass

[viii] Recyclable bivmass + P solubiliziog

arganism - application nf cowdong sharry

an 1% of (otal weight of recyelable bicmass.

Jépanese compost chambers of size 2m 1 %
I (b} ® 0.75m ) were used for above stidbes,

It was observed thal 20x conths after imposeg
trzatmenis the treatment of recyclahle bicmass + urea

Design e i0.5% ) and recyciable biomass -~ urea (0L5%] 1 1.25

Treatments - 5 kg rock poiosphate gave minimum C/M catio of 12.3

and 12.2 compazad 10 19,9 (o 220 0 other treabmeniz

Replicatioms 4 respectively (Table 2.8, ' concentrations were fwice

Table 2.8:  drganke carben (OC]. %, Pand /% ratlo in recyclable blomass of eashew oochard =13 mooths alier irealosend

Treatments s % P CiN

BB alore 4 | iy 0.a0 210
RE-+ 0% CD A0 I:34 050 22
RO+ M% £D 32 16 55 224
RE + W0 5%) 257 LA Lal 13
BB+ RP 125 kg 700 kg, bigmass] 5.8 1.40 LR 19

BB 4+ U [0.3%1 + BF {1 .25 ka/ 100 R bicmass) 2R 20 ALY 132 |
BB+ 10 G+ RETLES keS80 kg binmass) 290 ) (hus Ztq

RE = Recyrlable heomass, CD -

':l_l'-l.'ﬂllrlﬁ. I = Urea seonbign, BP o Borck phnspl‘_ajn:

"!'Hll
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Table 2.9:  Colony forming undts of microrganism in recyclable biomass subjecied 1o different treatments fer produciion

of compost.
T 11 -] = - = Haﬂra _'F'lmn;i = .‘ﬁclmmrrﬂrs_ |
Treatments {x 0] [x 107} [x 10)
R alie i e _ 23 . g
RE + 10% €O ik 2 L2
BB+ 30% ¢ 2] b 120
BB = ti{)3%]) i 25 (PR}
H+H.Prlibx,g.jlﬂﬂkghm-nnssj pii] 28 R |
uﬂﬂﬂ SIE| o R 1.25 b 100 g Biodass] [ i ;! 1.0
"+ 1% L0 + BF {125 kg/10u kg bromass; By 0 . |

[ T T I |.| 0 Hegmuass, OO = Cowdung, 11 = [I".l sulution, EF - Rock plusgrhate

i treatirents receiving rock phosphate compared Lo
ather reatments withcur rock phesphare. Maxinem
cubany Bonming units [clod ol bacleria weseobsered
in treatment recyelable hicmazs - 20% cowdong
shore, Mininom was o recyclable biomass alone
Mazimmm o cfy of fuongl was found in frealmenr
meciclable biomass + ok phosphawe and i m
in recyelable hiomass 4+ urea + rock phosphate.
Manimnrr actinonmyeeies clu was fownd i regvelabile
bigenass: = ek phosphawe weatment (Table 2.8],
hi Vermi compost

Recveiable bivrass toom Costrew garden when
treated with cowdung slurry(15% of olal weighs)
eould be cooveriod inlo vermucompost within three Drying of flower panicles due o phytoloxicily of 2,4-0
manths by earthworm (Exdrlis sp), Two sons of
oigaitically recyelable Diomass could be converied lnlo
1.35 fans ol '-'L"'I'I'I'Ii"li:l'[|||i'|"'\-: Vermicompaost thus

amd fruit-sel, the study was initiated i existing 13 vrar
ald sl |_:-|._|||' i gl Shan “E'-”-I“ (RITHELITES Varpos

NS P OO K F sy sepulaturs vie, 240 (5, 100 15 ppeng. TAA and
produced was rich (n e PAMAWD KRGS0y (50, 100 and 150 ppm] and ures (1, 2 and 3%)

Ca (2.86% ] and 1T|1rr|:mu|r,pn‘.:= like Fe (16.2 ppm}, were spraved at eardy floweving (3rd week of October),
Mn [24.5 pomi, Cu [12.4 ppm) and Za (29.7 ppm). owering | 2nd week of Muvernben) and frutingg [3d woek
2.7 Crop regulation in cashew tlrough goowih cf December] season of year 2001, For each treatmens
regulkators ome free was apravad and ohserded  Each trearment was
ceplicated four times. Thirmy poniches wese 1agged i each
tre Drvmediztely after Qe ficst spray. Observations on
number of male and Eermmaphrodite Novarers, frik-sat and
at retention wens reconded at weskly utlervais, 2,4-0F at
10 znd 75 ppmecavssd buening of Dower pazicles due o
phylotoxicity il spraved at early flushing seasen
R | [I1I|1]'|11.'FIT‘|E'lIl o =ex- ratin, fruil set and nut Chzervations on the membear of rale and bisexual Towers

Studies of crop regalatica in cazhew was
imitiated during curreal fiulring season (2001-02) with
an. oSjective of ameliorating specilic produc iomn
gonslzalnes asscckaied with cerfan cashew vaneties
which woere earlier refeazed lor celbivalio.

redenkion in cashew by desiructive sampling ohcaed fad dominant male
pliase continueed D dee sarly Quwerisg scusonirmspective
af grawth reaularor fregtments. The sex ratio was ne
inflacneed by different growsh aegulaten traaim ez,
o Ty el Frode sl de weed] o nul petenten 3150 momalred
unchanped due 1o the epplivation of groerth regulators

| a3z |

VRI-1T has specilic produesion conatraind
wherein the plant has peelonged aale phase and a
shoorfer mixed phase owards e and of flowering
season which in turn resolis in poor sel and
deselapment af nuts, Inoarder 10 enhanee the sex ratin




3
2 7.2 Improwrement of nmislze theough fruit thinaing

The stidy was specifically taken up to improvea

the nut size of high vielding casbew varietics with small

Drving of nuts caused by ethrel (150 ppmi)
applied for fruil thinning

£ SPNL - RS

nf types such as Kanaka, K-24-1, Wlal-2, V-2 and
V-5. Five wvear old plants ol Kanaka variery at
Shantgodu campis wers used for the study, Varioos
prowtin repgulators viz,, etheel (50, 100 and 130 ppim),
Mas and Ga (100, 200 and 300 ppi) and £NO, 015,
L amd 1.5% 1 were applied at peals friting stagc (3nd
wieek of Decamber]. For each freatmans ona [res was
Lakery az g unil and replicatied Hye doses, Teoenny v
panicles in sach liee were tagged snad Buin aet, Tui
drap #nod tioel relention, volome and weighl wers
racordad, Among various chemical it thinners
spreped ;s ethiced at 150 ppm Curing peals fnuiting staso
[lamary), cansad froar dreog huar the cormesponding

Fr

amcremnent inowelghl or volume of retained nus could

miil he nhaerver.



3. CROP PROTECTION

Studies were undertaken io develop pest
management techniques under the project [PM for
cashew stem and root borers (CSRB). These studies
included identification of host plant kairomones, sex
pheromones and estimation of age of CSRB grubs. New
botanical based insecticides have been evaluated for
managing the tea mosquito bug (TMBE). Studies on sex
pheromones of TMB have also been initiated. Protocols
have been standardized for determination of residues
in kernels for the commonly used insecticides in the
management of pests of cashew.

3.1 Cashew Stem and Koot Borer {CSRB)
3.1.1 Kalromones '

Various plant parts such as healthy bark, fresh
frass and exuded gum were used for extraction
and cotlection: of volatiles in n-hexane. Extracts and

volatiles afier concentration weré evaluated in
Electroantennogram (EAG} for response induction from
mated and unmared beetles of both sexes. Mean
response was highest in the case of unmated males
foltowed by virgin females. Further among mated
beetles, mated females responded more compared to
mated males. This supports the field observations
wherein re-infestation and repeated egg laying ocenrs
in the trees having frass accumulation along with
exuded gum.The responses were on par for extracts
and volatiles of all the three test materials viz., healthy
batk, frass and exuded gum (Table 3.1},

3.1.2 Sex pheromones

The different body parts which normally bear
the phieromonal appendages in co]eop_terans (heetles)
viz., base of elytra (hardened forewing), thorax and

Table 3.1: Respanse (-mv) of mated and unmated beetles of CSEB to cashew bark extracts and volatiles

a)  Sex group
Unmated males
Mated males
Virgin females
Mated females

b) Tast thaterial
Extracts
Volatiles

€} Plant source
Healthy bark
Frass
Exuded gum

1,39
1.347
N&

1.345

1.372

1.388
NG .

Values followed by different aiphabets are statistically significant,




Studies were undertaken to develop pest
management technigues under the project IPM for
" cashew stem and root borers (CSRB). These studies
included identification of host plant kairomones, sex
pheromones and estimation of age of CSRB grubs. New
betanical based insecticides have been evaluated for

managing the tea mosguitc bug (TMB). Studies on sex
. pheromones of TMB have also been initiated. Protocols
have been standardized for determination of residues
it kernels for the commonly used insecticides in the
management of pests of cashew.

3.1 Cashew Stem and Root Borer {CSRB)

3.1.1 Kairomones

_ Various plant patts such as healthy bark, fresh
: frass and exuded gum were used for extraction
. and collection of volatiles in n-hexane. Exiracts and

a)  Sex group
‘Unmated males
Mated males
Virgin females
Mated femaies

b}  Test material
Extracts

Volatiles

Plant source
Healthy bark
Frass

Exuded gum

Values followed by different alphabets are statistically significant.

3. CROP PROTECTION

 Table 3.1: Response (-mv} of mated and unmated beetles of CSRE 1o cashew bark extracts and volatiles

volatiles after concentration were evaluated i
Electroantennogram (EAG) [or response inductien from
mated and urtmated beetles of both sexes. Mear
response was highest in the case of unmated male:
followed by virgin females. Further among mated
beetles, mated females responded more compared to
mated males, This supports the field observations
wherein re-infestation and repeated egg laving occurs
in the trees having {rass accumulation along with
exuded gum.The responses were on par for extracts
and volatiles of all the three test materials viz., healthy
Bark, frass and exuded gum (Table 3.1).

3.1.2 Sex pheromones

The different body parts which normally bear
tle pheromonal appendages In coleoplerans (beetles)
¥iz., base of elytra {hardened forewing], thorax and

1.391
1.347
NS

1,345

1372

1.388
NS |




abdominal tip of mated and unmated beetles of boih
sexes were extracted in n-hexane at 6-10°C for 48 h.
These extracts after.concentration were evaluated for
response induction by EAG (Table 3.2).

Among the sex groups, virgin iemales followed
by mated females exhibited highest response. The
unmated and mated males displayed significantly lesser
response to all extracts from different parts of the
various sex groups. The response exhibited by any sex
group was statistically non-significant for different body

Tahle 3.2:
CSRBE. .

EAG response (-mv) of different sex groups

part extracts from the four different sex grouj
{Tabie 3.2). The response oi both sexes to extracts o
opposite and same sex indicate the possibility o
presence of dual sex pheromone/aggregatiol
pheromone,

3.1.3 Estimation of age of CSRB grubs

The biometrics of laboratory reared CSRB grubs
at 15 days intervals was done for the head capsul
(HC} and pro-thoracic shield {(PTS) width. The ag

of CSRB to extracts from different hody paris of adnl

Statistical Inference

a) Sex group
Unmated males
Mated males
Virgin females
Mated females

b} Body parts extracted
Abdominal tip
Thorax
Base of elytra

¢)  5ex of source insect
Unmated males
Mated males
Virgin females
Mated femaies

ToEL

0.751 ¢
0.697 d
1.363 a
0.755 H

0.872
0.877
0.925

NS

0.941
0.893
(.831
0.901

N3

Values iollowed by differeﬁt_ alphabets are statistically significant.




estimation was aitempred using 1C and 715 widths,
The main constraind in measuring the HE wrideh was
that the CEEB grubs immediately withdoew the head
capusale when held by catlipers. This led 1o physical
famage of the pleural mentbrane leading oo mostality
¢l sich grubs. The ditlerences in the PTS width for
different age groups of CRE grebs was moe eviden
Ihan the slight differences occurring in the HC widih.
Hence FT3 width as an estimate of age of field collacted
gruby was moere practicable.

314 Rearing of CAREB on semi-synthetic diel (3500

CERE grufs were reared upec adult stage on S50
ad conpaced with rearing an hosc back, The tife cvcie
was cornpleted i 295 davs on 55D while it was 435
davs un bost bask, Survival upto adelthood was 64%
on S50 a5 compared to 6% on host bark [Table 5.3
e resudis indicated that in the cage of host bark
ner-availability, 550 can be uzed as an alternative for
lalsrratoey rearig of CERLL

Table 5.5;  Life eyele of CR5E om hosi bark and semi

svnllsedic diel.

Paraimeierm Semi-=ynthetic diet _'l_lug.l.';.-rk {

Larval puriad

sl 18 -
Fapa] persod : -
Havs] [k 114
& gurvival upto :
ol stz ik il
LJ,||||5|'1-'11:.' aFduly : B
male {daws] 145 146
l Lonpssaty o aduli £
female [daes) J3F 2311
il by lempih =
{em) 2.4 e

1.1.5 Evaluation of Metarkizinm anizoplioe

i, dmdscplide was @valuated as prophvlacoic
method againgt the pest infesratinn ysing cashew apple
alrd broken rice grain as substaies. The spawn was
mived wifh thie substeates and applied 1o soll at 250 g/
iree. Infestation cocurmed on otree which had earlier
attack, inspite of M. wecisoplioe trealment (20,5% | and
inuntreated plot 16.7% fresh infesration was noticed,
Eventhiough contomapathopen oo seil sampled wller
fowl motths of spowi application induced 74.1%
martality nf CHRE grubes in Lhe laboratory, o could nil
crwse mvcogis under field condition

\lﬁim'l S ﬁ‘r‘i:‘f S

£.0h Dae of hovmones 1o ad recovery ol CSEE

infested rees

CERE infested trees wene treated witl different
hormones wiz, [AA, Had, IBA and 2.4-10 (all ar 2060
pre) tooenhance Dark regrowile and induce mootiog,

Raoot development after [BA reatment
in a CSRA infested troe

Contiguons bark callug formarnion waz noticed in 144
and MAA reatmicnts. [BA induced moot developmerni
which achieved thickness of ahout one em in 30-35
dave alier applicalion. 22-0 ioduced low degree of
parchy bark callus,

3.2 Tea Moaquirn Bug (TME)

171

Chemileal comleol
Al Field triaky

Frorm earlivr evatuation irials, A-cvhalochrin and
imidachioprid weere found 1o he peomisim. The efone,
tleese two insecticides were epvaluated with
rpcamumendead inzecticades (monocrotophos, and
carlsaryl) inoan exploded block design with =ingle
replizatinm. For each treatoient, two rovws with six frees
cach were selected, In each tree, hali of the canopy on
the Lier side of Tow was treated and the ouler side of
cancpy was left untreatod. Three rounds of sprays of
each: lreatment was siven during best week of
December, January and February, The damage (0-4
prade) was sszessed befone cach spray and one month



Treatments

Monocrotoplos 0.05%
Carbaryl 0.1%

A Cyhalothrin 0,003 %
A Cyhalothrin 0.004%
Imidachloprid 0.01%
Untreated control

after third spray. The predator population (spider, ants,
mirid, reduviid and geocorid bugs, preying mantids
and chrysopids} existing on 52 panicles/tree was
recorded by tapping the panicle on one square foot
cardboard sheet on 10th day after third spray. The
results were contpared through paired ‘t’ test and all
the insecticides were found to be supericr than
unireated control. However, among all insecticides,
carbaryl, A-cyhalothrin and monoecrotophos were
superior than imidachloprid. Even though, all
insecticidal treatments recorded comparatively lower
population of spider and total predatory fauna, carbaryl
and imidachloprid récerded significantly highest
population of total predatory fauna than other
insecticides (Table 3,4].

B) Laboratory studies with new insecticides

(i} Evaluation of newer insecticide against TMB
for residual toxicity

Insecticides were spraved on the cashew
seedlings with tender leaves. The tea mosquito bug
(TMB) nymphs were caged on to these seedlings on

Total predator

0.17 b
0.37b, ¢
0.19 b
6.12b
0.27 b, ¢
0.71 a

same day, third day and seventh day after spraying @
a insects/cage. The survival of TMB was recorded 24h
after caging. The damage to the seedlings was recorded
using 0-4 scale, The results are presented in Table 3.5
and 3.6. The results indicated that cartap hydrochloride
shrowed higher residual action against late instar TMB
nymphs and adults. The results were comparable with
carbaryl (0.1%). GB+ did not possess residual toxicity
against TMB. The damage score was also lower in the
case of cartap hydrochloride.

(ii) Effect of insecticides on ovipesition of TMB

Gravid females were released on cashew
seedlings treated with insecticides on same day, three
days and seven days after treatment to find out
the effect on gviposition, The results are presented in
Table 3.7. The eggs laid were less in both carbaryl and
cartap hydrochloride compared to untreated check.

(ili) Owicidal action and residual action against
first instar nymphs

TMB eggs were collected in cashew seedlings
by caging gravid females. Insecticides were sprayed

Table 3.5: Residual toxicity of new insecticides on survival of TME.

Figures in parentheses are ransformed (Vx + 0.5)values -
Mean followed by common small letter in each column and commeon big letter in each row is not significantly different at 5%

level of significance.
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¢ Damage grade in different insecticides 48 h after caging.

Damage grade (0-4 scale) 48 h after caging on

followed by common small fetter in each column and common big letter in each row is not significantly different at 5%

significance,
7 Effect of insecti

Figures in parantheses are transformed [(Vx + 0.5)valoes

followed by common small Ietter in each column and commeon big letter in each row is not significantly different at

of significance,

e seedlings individually to find out ovicidal
‘and residual action against first instar nymphs.
peously, healthy undamaged seedlings having
ushes were also treated with same insecticides.
ilen and healthy ireated cashew seedlings of
‘tive treatment were tied together. The newly
' nymphs can migrate and feed on tender flushes
y treated cashew seedlings. The damage was
t on third day after hatching of nymphs, The
of hatching of eggs was estimated fream TMB

den seedlings on fifth'day of haiching. The results
ssented in Table 3.8. The insecticides evaluated
inhibit the hatchability of eggs. The damage
irst instar nymphs was very low for cartap
rochloride which was on par with carbaryl

).
:Bvaluation of spreading agent Apsa 80

Insecticides (Table 3.9) were evaluated against
ander field condition in an exploded black design.
80 a spreading agent (spray adjuvant} was also
sated after mixing with carbaryl (0.1%). Fer cach
ment, two tows of four trees each were selected.
sprays were given at flushing (Oct. 2001),

flowering (Nov. 2001) and fruiting (Dec. 2001). TMB
population was generally low during the season.
However, damage (0-4 scale) was assessed before each
sprav and one month after third spray, The results were
compared through ‘t’ test. The damage grade was lower
in carbaryl, carbaryl + Apsa 80 foliowed by cartap
hydrochloride. All these treatments were on par and
superior to GB + and untreated centrol.

The quantity of spray solution required for each
treatmment was also worked out which was lowest for
carbaryl + Apsa 80 combinaticti. Economics of
carbaryl alone and carbaryl + Apsa 80 was worked
out {Table 3,10). There was reduction in spray sohition
requirement by 33.18%. After taking into consideration
the cost involved for Apsa 80, the total #xpenditure
for spraying was reduced by 19.17 %. Mixing of Apsa
80 with carbaryl provided more uniform spray deposit
on crap canopy and so improved the coverage.

3.2.2 Biological control
A)  Predators

The population of spider and total predatory
fauna was recorded from 52 panicles/tree by tapping

—{ 41 |




Figures In paramhéses are transformed (Q %+ 0.5)values
Mean followed by commen small letter in column is not significantly different at 5% level of significance

Tahle 3.9: Evaluaiion of newer insectickles and Apsa 80.

e

Caram
HeTTa S
e e e e L

= H&Wﬁ "% T

3.50

Carbaryl (0.1%] + Apsa 80 2.8 5.84 2.33 0.96 0.48 2,81
(5mly158 1)
Carbaryl - Rs, 400/kg ; Apsa 80 - Rs, 500/1
Reduction in expenditume @  19.71% Reduction in spray solution requirement 33.18%

method at four locations without any insecticidal spray
at Vittal and Shantigodu cashew plantations. In each
location 12 trees selected at random were observed
duning flowering period. The results indicated that no
significant variation was recorded with respect to the
population of spider and total predators among
different locations. No significant relationship was
observed between extent of TMB damage and
population of spider or total predator. Therefore their
role in the sustainable suppression of TMB was found
to be insignificant. However, there was significant
positive relationship between the population of spider

and total predators indicating positive co-existence
cashew ecosystem {Table 3.11),

B) Paragitoids

The eggs of TMB were exposed at wee!
intervals for three years (1997-2080) for parasitisati
by its egg parasitoids under natural condition as he
enrichment technigue (HET). The percentage of &
parasitism and percentage of relative emergence
adult parasitoids on thirtieth day of exposure we
correlated with weather factors. The results reveal
that the occurrence of egg parasitoids due to tw
species of solitary egg parasitoids [Telenomus sp. at

{an




- Non significant

e e Tt
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8.12: Characteristics c-f biological control of H. antonii by its egg parasitoids studied lmcler HET.

D Ty

Damage versus spiders / total predators relationship non significant (r= 0.420)
Damage versus spiders / total predators relationship non significant (r =

0.203 / 0.135)

February)

Significant at P=10.05

Significant at P-0.01

Non significant

‘Natural parasitism recorded in the field
“ Vulnerable period excluded

ostricha sp.) was confirmed and both species
ihited negative relationship. The percentage of egg
sitism was positively related with host egg density
ing whole year of study indicating the direct density
ndent relationship and it was with lack of
lation during vulnerable period of the crop {last
ek of November and second week of February).

In the case of key factor analysis, regression
dent (b’ value] was significant during vulnerable
d of crop. During whale year of study it was not
pificant during vulnerable period of crop. In the
e year of study, when vulnerable period of crop
excluded, the regression coefficient was also
cant and positively related [Table 3.12}. The
tive relationship indicated that mortality of TMB
to egg parasitism was density dependent. However,

Correlation coefficient values (‘") pertaining to whole year (October - September).
Correlation coefficlent values {'r”) pertaining ic vulnerable period of crop (last week of November to second week of

during vulnerable period of crop, instability in
parasitoid and host relationship was noticed and it may
lead 1o outbhreak of TMB.

The relationship of weather parameters on %
egg parasiiism and relative emergence of adult
parasitoids is presented in Table 3.13. Among weather
factors, minimum temperature and its related factors
exert negative influence, whereas, minimum
ternperature especially during vulrerable period of crop
influences positively on % egg parasitism.

3.2.3 Varietal resistance

TMB population on TMB escape accession (Goa
11/6) was monitored during 2000-2001 cropping
season. The build up of population was observed from
second fortnight of December 2000 and continued upto

()




Table 3.13 : Relationship of weather factors on % egg parasitism and % relative emergence of adult parasitoid unde

HET,

A Correlation caefficient values (‘') pertaining to whole year

B Correlation coefficient values (‘'r') pertaining to volnerable peried

DAE Days after exposure of host eggs
NS  Non significant

* Significant at P=0.05

**  Significant at P=0.01

Feburary 2001 and declined from March onwards.
As a result, moderate to severe infestation of TMB
was recorded. Even, under this situation, an vield of
1.82 t/ha with a range of 2.1 to 12.9 kg/tree was
recorded.

3.3: Studies on determination of insecticide
residues in kernels

3.3.1 Standardisation of protocol
A)  Carbaryl

A protocol has been standardised for
determination of carbary residue. Carbaryl was
hydrolized with alkali and the resulting l-naphthol was
reacted with pyridine and trichloreacetyl chloride to
praduce trichloroacetate which was analysed by (ECD)
gas chromatograph. The column, injection port and
detector temperature suitable were 180°C, 220°C and
240°C respectively. The flow of carrier gas (N,) was
25 mi/min, The carbaryl content was determined by
comparing with response for a known standard of
similar concentration, The recovery of the residue was
78.27% by this method.

B)  Chlorpyriphos

For extraction of residues, kernel sample was

extracted with n-hexane and partitioned with
acetonitrile. The acetonitrile layer was concentrated
and again partitioned to n-hexang, This was dried over
anhydrous sodium sulphate and concentrated, The
tesidue after dissolving in 10 ml of n-hexane was
purified by passing through silicagel celumn and
elution with n-hexane, This was analysed by gas
chromatography. The injector, celumn and detector
temperatures are 250°C, 190°C and 240°C respectively,
The flow of carrier gas {N,}] was 30 ml/min. The
recovery of the residues was 80.27 % by following this
method.

3.3.2 Determination of levels of different insecticides
used in the management of tea mosguito bug

A} Endosulfan

Endasulfan was sprayed at recommended
concentraticn (0,05%) and double the recommended
concentration {0.1%) 1o the cashew trees at fruiting
stage. Nuts were collected 3, 7 and 14 days afrer
ireatment and the kernels were analysed for the
residuees, Residue was not detected in the kernels.

B} Carbaryl
Carbaryl was spraved at recommended
I A - ‘




concentration [0.1%) and deouble the recominended
concentration (0.2%) to the cashew trees at fruiting
stages. Nuts were collected 3, 7 and 14 days
after treatments and the kernels were analysed for
the residues. Residues were not detected in the
kernels,

AT 3

3.3.3 Insecticide residue in the samples {rom
farmers' fields and farm gate {market) samples

b Rawnuts were collected from farmers’ fields of
§  Dakshina Kannhada district and analysed for the
residues of endosulfan and carbaryl. Residues were
not detected in kernels of 15 samples analysed. Samples
were also collected at farm gate and analysed for the
residues of endosufaln and carbaryl. In the 15 samples
eollected from Dakshina Kannada district, residues of
these insecticicdes were not traced in kernels.

3.4: Studies on pheromones of tea mosquito
bug (Helopeltis antonii)

3.4.1 Standardisation of testing conditions for
- Electrpantennogram studies

The antenna from male insect was éeparated
and tested under Electroantennogram (EAG) for the
response for various extracts. The antenna responded

for a maximum period of 35 min after separation from
the insect. The maximum response was between 5 and
25 min arnd so the testing of the extracts should be

“done during this period for better results.

3.4.2 Preparation of extracts

Whole body, abdomen and thoracic parts of
aduit female bugs of tea mosquito bugs were extracted
with n-hexane, dichloremethane and petroleum ether,
For preparation of the extract, whole body or the body
part of the insect was macerated using respective
solvents and extracted at 4°C for 48 h. The extract
was filtered and concentratad. For each extract 25 adult
female bugs were used. The extracts were stored at
4°C till EAG studies.

3.4.3 Response of the male antennae to the extracts

The extracts prepared were tested using
Electroantennogram {EAG} for the response from male
TMB, The response was higher for the whole body
extracts in dichloromethane (-0.813 mv} compared to
-0.275 mv for dichloromethane alone. Whole body
extract in petroleumn ether also elicited higher response
(-0.703 mv) compared to -0.408 mv when petroleum
ether was tested alone.



4. POST - HARVEST TECHNOLOGY

4.1 Value addition in cashew
4.1.1 Storage studies of coated baby biis

Whole and defatted cashew kernel haby biis
after coating with cane sugar and different flavours
such as vanillin, cardamom and ginger essential oils
were evaluated for organoleptic acceptability during
storage (Table 4.1}, Results presented indicates that
sweetened and flavoured cashew Kermel baby bits could
be stored in sealed polythene pouches (300 gauge) at
ambient temperature (30°C) upto eight months without
any guality deterioration.

- ‘Sratage

Possibility of coating baby bits witk
permitted colours was explored (Tabie 4.2)
of colowrs at 9.1% concentration was attem
and without cane sugar. Extent of coating o
colours was less in the presence of cane suga
kernel baby bits were coated with different «
varying concentration of cane sugar (Table 4.
of coating of colours was inversely proportiol
concentration of sugar. These results indis
colours and cane sugar compete with each oth
cozting of baby bits.

Table 4.1; Sensory evalnation of coated baby bits during slorage at ambient temperature

[ LY

b e e R

oy ]

Values for % coating are mean of two estimations. Values for peroxides are mean of three estimations. MCH vaiue repre
the mean of cumulative hedonic score for colour, flavour, texture and taste of 15 judges.

A - Bay bits coated with 70% cane sugar.

B - Baby bits coated with 70% cane sugar containing 0.1% vaniliin
C - Bahy bits coated with 70% cane sugar containing 0.1% cardamom essential pil.
D - Baby bits coated with 70% cane sugar containing 0.1% ginger essential oil,



Table 4.2: Coating of baby bits with different colours in distilled water and 70% cane sugar solution.

Cane sugar

Baby bits were coated at 100°C for 5 min. Ratic of haby bits to coating solution was 1;2, For coating, colours at 0.1%

concentration was dissolved efther in distilled water or 70% cane sugar solution. Coated baby bits were extracted at 10°C for
12 h and absorbance was read after cenitrifugation for determining the % coating of colour. Similarly % coating of cane sugar
was assessed by determining the total sugar in the extracts of coated baby bits. Values are the mean of four individual

estimations.

CD (p=0.01} for % coating of colour with and without 70% cane sugar = 0.01

€D (p=0.01} for % coating of different colours with and without 70% cane sugar = 0.0066

CD (p=0.01} for % coating of cane sugar with and without celour = 6.00

Table 4.3: Coating of cashew kernel baby bits

with colours at varying concentration of cane sugar.

Cane sugar concentration

% coaling

Whole cashew kernel baby bits were coated with
different combination of colour and flavour and
organoleptically evaluated (Table 4.4). [rrespective of
flavour, raspberry red coated baby bits are least
preferred whiie cardamom essential oil and saffron
coated baby bits are most preferred. Similar studies
were conducted with honey ¢oated baby bits. Even
with honey coaled baby bits, raspherry red coated baby
bits are least preferred irrespective of the flavour. Baby
bits coated with honey, cardamem essential oil and
apple green colour are most preferred (Table 4.5).

Whole cashew kernet baby bits and defatted
cashew Kernel baby bits were coated with clarified
cashew apple juice and cashew apple aroma distillate
and organoleptically evaluated. Organoleptic
acceptability of cashew apple juice and aroma distillate
coated baby bits could be improved by the inclusion
of cane sugar while coating (Table 4.5).

4.1.2 Preparation of fibre rich cereal / pulses blends

In order to develop fibre rich blends, rice, ragi
and wheat flour (60%), green gram flour (20-40%]

[ a7 |




Table 4.4;  Sensory evaluation {MCH values) of cashew kernel baby bits coated with sugar and different combina
of colour and flavours

L7 i ) ; ; o Clove  Mean
Apple green 13.67 13.20 12.73 13.00 1273 13.06
Chocolate brown 15.60 13.53 12.40 14.53 13.53 13.92
Saffron 14.20 12.93 12.00 12.73 13.00 12.97
Lemon yellow 13.73 14.33 13.47 14.¢0 12.95 13.69
Qrange red 13.53 12.13 12.33 12.73 ) 14.47 13.24
Raspberry red 16.27 16.40 16.20 15.80 15.67 16.07
Mean 14,50 13.75 13.35 13.80 13.72

Whole baby bits are coated with 70% can2 sugar, 0.1% of different flavour and colour at 100°C for 5 min

CD for flavour : NS
CD for colour (1%} - 1.45
No of replications 5

Table 4.5: Sensory evaluation (MCH values) of honey coated baby bits with different combination of flav
and colour.

et

Baby bits were coated with 70% heney containing different colours and flavours at ¢.1% concentration at 100°C
& min. Evaluated for colour, flavour, texture and taste and values of MCH (mean cumulative hedonic score) are mean ol
judges. _

CD for flavour (1%) : 1.26
CD for colour {1%) : 1.59
CD for flavour x colour 3.81

Table 4.6: Sensory evaluation of cashew apple juice and aroma distillate coated cashew kernel baby biis,

-

" Coating solgtion . - - - L Ml;‘l?w "% Coating
70% stgar 13.25 8.33
Clarified cashew apple juice 20.76 2.17
Cashew apple juice containing 0% sugar 15.56 6.71
Cashew apple aroma distillate 20.35 -
Cashew apple aroma distillate containing 70% sugar 1346 - 7.13




Water
absorption
capacity
(&/8)

1,157
1.040
1.186
1.502
1.524
0.758
0.856
1.037
1.284
1.385
0.804
0.857
1.094

1.182
1.138

G.GI.‘:II!I = Green CGralll

* and cashew apple pomace (tesidue) powder (0-20%)
were blended and analysed for both physical and

I~ chemical properties {Table 4.7 and 4.8]. Bulk density

k- of different blends varied from 0.85 to 0.89, Water

“absorption capacity increased with increased

. goncentration of cashew apple poméce powder i all

. the biends prepared. Cashew apple pomace has higher
water absorption capacity (225.8%) compared to rice
{109.3%), ragi (70.5%), whear (54.6% ) and green gram
{68.8%). Consistency at 1:1.5 ratio increased with
increased pomace concentration (pat spread decreased)
indicating that higher concentration of pomace helps
in retention of water by the flour blends.

Chemical composition of different blends is
presented in Table 4.8. Composition of different flour
blends with respect to protein, carbohvdrate (starch),
sugars was not influenced by inclusion of cashew apple

pomace. Cashew apple pomace contains very low level
of phytic acid, an anti nutritional factor (8.23 pg/100
mg} compared to ragi flour (15.1), green gram flour
(310.99), whole wheat {lour (18.04) and rice flour
(19.85). Cashew apple pomace is rich in crude fibre
{15,75%) compared to rice (0.03%), wheat (1.66%),
ragi (3.04%) and green gram (0.28%). Crude fibre
content in all the blends increased with increased
concentration of cashew apple pomace powder. Int vitro
digestibility of protein and carbohydrate (starch) is not
affected when cashew apple powder is blended upto
10% concentration. Cashew apple pomace
carbohydrate could not be digested by incubation with
diastase. It indicates that carbohydrate component in
the pomace is indigestible. Cashew apple pomace could
be blended with cereals and pulses upto 10% without
affecting quality. '
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Establishment and monitoring of model
y clonal garden

hew cultivation to the farming community
armers participatory dermonstration plots
Central Sector Scheme of DCCD, Kochi, eight
laid out for high density planting in Kavy,
“and Kanyana areas of Puitur taluk, High
i lines such as Goa 11/6 and H 32/4 were
ged for planting at a recommended spacing of

tablished under this programme has risen to
iile assessing the plots, factors such as removal
£ trees, gap filling, adoption of soil and water
ation measures, adoption of initial training,
of marures and fertilizers, staking and
of plant protection measures were considered.
he assessment, the plots were categorized into
age and good based on the above criteria.
total 2t plots visited, 13 plots were rated as
90%} and remaining § plots were rated as
{38.10%).

monstration farmers’ meet

;meeting was organized on [CAR Foundation
gain the newly selected demonstration farmers
the feedback frem previous demonstration
The farmers were trained on various aspects
cultivation regarding establishment,
ment and plant protection measures. Farmers
tens to field to demonstrate soil and water
on practices, high density planting system
tercropping in cashew. A total of 20
tration farmers participated.

1 and water conservation and plant
n campaigns -

rorder 10 create awareness among the cashew
regarding the importance of terracing, opening
Pits and coconut husk burial as soil and water
jtion and plant protection measures against
d CSRB, four campaigns were conducted in
gady taluk of Dakshina Kannada district in
ation with Sri Kshethra Dharmasitrala Rural
ent Project, Dharmasthala, During campaign,
des of extension metheds viz., exhibits such

<Jn order to transfer the improved technologies.

m. With these, the number of demonstration

5. TRANSFER OF TECHNOLOGY

as panels, charts and live specimens wherever
necessary, specially prepared literature, lecture-cum-
discussion by subject matter specialists and field
demonstrations were adopted. A total of 445 farmers
participated in these campaigns. Pre-evaluation and
pest-evaluation were conducied to assess the
effectiveness of the campaigns. After attending the
campaign, the mean knowledge gained by the sample
respondents was about 26% more than that of the
knowledge already possessed by them.

5.4 Annual Cashew Day

Annual Cashew Day was organized on 14th
March, 2002 to bring awareress among the cashew
growers on the latest developments in cashew
production technology and to get feed back on the
effectiveness of the technologies transferred. A total
of 120 farmers from Puttur, Sullia, Belthaagady,
Buntwal, Uppinangady and Udupi taluks representing
twenty villages participated in the programme. They

- were taken to different experimental plots at

Experimental Station, Shantigedu. Exhibition was also
arranged for the benefit of farmers. Progressive farmers
shared their experience regarding establishment of high
density planting system, feasibility of erganic farming
in- cashew and plant protection in the seminar
organized during the Annual Cashew Day. This was
followed by discussion in which farmers’ doubts on
various aspects of cashew cultivation were cleared.

" During the Cashew Day two technical bulleting viz.,

NRCC-Extension Bulletins (English and Kannada) on
‘Questions and Answers on Cashew Production

- Technology’ were released and distributed to the

participants,

5.5 Impact of transfer of technology in cashew
cultivation

A new project was initiated on ‘Impact of
Transfer of Technology in cashew cultivation”. In order
to collect the data about impact of cashew
demonstraticn plots laid out at farmers field and impact
of annual cashew day, 38 demonstration farmers and
29 farmers who attended the previous annual cashew
days-were interviewed.

5.5,1" Impact of demonstration plots

Ali the farmers adopted the planting technology







hirds of them (65.52%) adopted terracing
- 44.83% of them opened catch pits. About
il of them (31.03%) adopted initial training.
hem applied fertilizers as recommended
$, about half of them {48.28%) had modified
of fertilizers. About one-third of them
) applied insecticides against TMB. Only one-
them {10.35%) adopted control measures
‘CSRB even though 44.83% of them had
"symptoms of attack.

ploption of seil and water conservation
w like terracing and opening of catch pits was
stead of recomnmended fertilizers, many of them
‘farm vard manure or compost. Adoption of
neasures against TMB and CSRB was very less.
direct supervision of adoption of technologies
scientists was not there-as in the case of
ation farmers, the impact of cashew day
hen compared to impact of demonstration

Clientwise classificaiion of the enquiries.

5.6 Technical advice provided by NRCC

An attempt was made to analyse the technical
advice given by NRCC to various clients like cashew
growers, government and private organizations related
to cashew, NGOs and Ceshew Manufaciurers’
Association. A total of 90 enguiries rec2ived between
January, 2000 and December, 2001 ware analysed. Out
of the tolal enguiries nearly two-fifth (37,78%) was
on transfer of technology viz., availability of planting
material and literature on cashew. More than one-fifth
of the enquiries (21.11%) was on crop improvement
(varieties suitable for various cashew growing regions)
and post-harvest technology. Nearly 10% of the
enquiries were on crop management aspects (8.89%)
and crop protection aspects (11.11 % ). Out of the total
enguiries analysed, more enquiries were from farmers
(48.90%) followed by government organisations
(32.22%), private organizations {14.44 %) and groups
/ associations (4.44%) (Table 5.2). Enguiries for
technical advice were froin eleven cashew groewing
states and two foreign countries (Nigeria and USA).

p Management

3 Protection

Harvest Technology v
fer of Technalogy 23

44
(48.90%)

a

3 2 6

4 13 29
{(4.44%) (14.44%) (32.22%)
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Address by Die, EVV Bhaskary Bao, THrecior Flani protection/seil aml waler conservalion
un ICAR Foundation Day campaign at Perivadka, Belthangady

Training on vepetative propagation of cashew

Demonstration of seftwood grafting technigue Demonstration of Japanese method of composting
during Annual Cashew Lav durimg Annual Cashew hay



Development of vield forecasting modef

In order to advise the processors well in advance
ding yield of cashew during ensuing year, a project
§ been initiated for developing yield forecasting
el for cashew. Formula has been developed
r estimation of cashew vield by using variables and
nstants such as estimated area under cashew
r n'" year, incremental area for previous
X years, 10 yeals maving average of productivity and
, 2% and 3" harvest area:
~[(A S A= ([ ]}‘ff(n N0 4K+ $ Al

=1 i= =
‘A:‘ is the estimated cashew area fc:r ﬂ["lE n®* year
which the yield estimate has to be worked out.
is is calculated by taking average of growth rate for
evious five years. The annual growth rate of
dtivated area is calculated as follows.

Culiivated area growth rate = {{n*® year C.A" -
b year C.A) / (n-1)th year C. A} C.A = cultivated

n® yearareaestimate = ({n-1)" year cultivated
+ [(n-1)" year cultivated area X Average growth
¢ of cultivated area over last 5 years})

As yield of cashew does not stabilize up to
X years since planting, a factor incorporating
e changes in incremental area is included in the

6. STATISTICS

Fiz. 6.1. Actual and estimated yield of cashew between 1989-90 and 1999-2000

6
formula to minimize the error. 2 Afn-i}is sum of six
i-1!

years incremental area for previous six years which
has to be subtracted from {otal estimated area for the
0t year. '

10 ] ) . .

¥ P(n-i)/10 is the moving average of productivity
i=1
for thelast 10 years. In order to get an accurate estimate

of vield, n'™ year productivity was calculated by
deducting incremental area for previous theee years
from n™ year total cultivated area. The productivity of
n® year is calculated using the following formula.

(Praduction of ™ yaar / (total cultivaied area
of n' year - previous three years incremental area})

A canstant (K) is introduced to eliminate the
unforeseen differences in yield due to pest and weather
factors. For this purpose, constants like 0.15, 0.1, 8.075,
0.05 were tried to get the best fit. Area for the n™ year
is calculated by deducting, incremental area for
previous six years from total cultivated area of n'" year.
Considering the fact that cashew gives minimal
vield in 4%, 5% and 6 years (1%, 2™ and 3™ harvest).

& .
¥ A(n-1)* 0.4 is inroduced to nullify the error.
i—4 -

Hence cultivated area of 4™, 5™ and 6" years is
multiplied by 0.4 MT. By using above formula bar
graph is constructed for beth actual and estimated
yield {or last one decade ( Fig. 6.1].




e maximum variafion  In the negative side was
pbservnd o 1990 - 92 02314 When the cowparison
of actual and gstimated vield was done, staie - wise,
the maximum average error variation was ohserved
for Kemataka state [-3.52 1o §.54) whereas, minimum
e varialion woas observed for Andhea Pradesh
.9 10 1445 Bt remaining srates the variation
ranged between -7.93 and -3.50 in the negative side
and between 149 and 5.00 in the positive side
{Table & 3)

Table 6.3 Siate - wise average croor varistion

6.1.2 Yield forecasting ior high density planti
systam

The variables suchk as age of Liees, iig
intercepiion (% b, ground coverage by canopy - and vi
were dentified and the data was collected for diffen
demsities viz., 156 trees ha, 278 tees /e end G235 In
b By using These varables regression squations w
formulated tor diffecent densitics and BT values ax
OLBS, 009 apd (.39 for 156, 278 and 623 (rees/
respoctvely,



7. CONCLUDED PROJECTS

Ad-ho¢ Scheme: Network programme on collection of cashew germpiasm from east coast

and west coast regions of India.

Principal Investigator

Co-Principal [nvestigators

Research Associates

- Project Duration :

miroduction

Jollection and conservation of gemrplasm are
uisites for any Crop improvement programine.
d diverse types present in the crop species need
lentified, collected and conserved before they
. I view of the fast replacement of presently
alocal varieties / land races / elite types which
eedling origin with the high yielding released
3, the collection and conservation of germplasm
receive top priorily. Majority of the cashew
tions raised by Cashew Development
tion, Forest Development Corporation, cashew
in east coast and west coast regions of India
m chance seedlings. These trees of the
ons have shown lot of variability,

Jbjectives

urveving the cashew plantations of seedling
rigin in five states, namely, Tamil Nadu, Andhra
radesh, Orissa, Kerala and Maharashtra for
lentifying high yielding, elite and diverse types.

onservation of identified trees in the National
ashew Gene Bank (NCGB) / Regional Cashew
ene Banks (RCGBs).

Aaterials and methods

he scheme was implemented by NRCC, Puttur
oration with six centres of AICRP on Cashew,
Bapaila, Bhubaneswar, Madakkathara, Pilicede
d centre), Vengurle and Vridhachalam.

ermplasm collection survey

he cashew germplasm collection surveys were

MG Bhat

KRM Swamy
EVV Bhaskara Rao

Mr. Shruthakeerthiraja (1997-98)
Mr. U. Vishu Kumar (1998-2000)
Mr. CH. Yajnesh (1598-2001)

Mr. . Manjunath {2000-2081)

4 years (1997-2001)

undertaken during the fruiting seasen of each year fromm
1998 to 2001 covering all the five states. Important
districts of each state known for the variability were
included in the survey (Kerala - eight districts; Tamil
Nadu - twelve districts; Andhra Pradesh - seven
districts; Maharashira - five districts and Orissa - six
districts}. While identifving trees for germplasm
collection during the survey, ready reckoner of
characterisation of core collections of National Cashew
Gene Bank was also referred in order to avoid collection
of the types which are already existing in NCGB. While
conducting survey, characteristics of the trees including
detafls of collection site were recorded. A total of 52
trees were identified during the survey.

B) Scion collection, produeton of clones and
their conservation

During the grafting season of each vear irom
1998 te 2001, scions were collected from the trees
identified (@50 numbers/tree) and half of the scion
sticks from each tree was for NRCC and other half for
the respective collaborating centres, The scions were
grafted on root stock seedlings by adopting softwood
grafting technique. The clones were maintained in
the nurseries and field planted in the planting season
of next year.

7.1.4 Results and Discussion

A total of 52 germplasim coltections were made
from Keraia (21), Tamil Nadu (7), Andhra Pradesh (4],
Maharashtra (16) and Orissa {4). The salient features
of the germplasm accessions collected are given in
Table 7.1,



Talle 7.1: Salient fead

ures ol caglew FEl'mphﬁ-lu collectod from differenl sialos duritig 1998-2041 .

Kame of collection

Changarorh-3
Lirniugal-1

fdakrar - |

Pathirivac-Z

Aralam-3

Panathur-1

Panathur-2

Malivar 3
Prrive|

Kainoor-|

Popclii-1
Telarakkara-1
Knllaraikkara 2

Kottarakkara-3

Kollarakkara-4
Kottarakkara 5

Umimazimr-1

Kodnuslea-1

Eciruklkal-2
Afanaun-1

Kunjithai-1 .

'I{nllu_ugar.;lhl
Griclcalas-l
Pudhrvayal- 1




e

Mame of collestion

cudrneri- 1

Madowakurachi- |

Verrasingan Kuppam-|

VesragimEan Kuppace-2

Petamalapalli-1
simhachalam-1

Simhachalam-2

Tommalagemta Wiest-1

Kolhagaur distric

Yenpurle Snnanth-1

Vetare Cograte- |
Kumbararmutt-1
fumas-1

Wakawall Rukhi-1
Harukuoly Bodruku-1
{leram-1

Deairale- |

Mawadi 1
Arjursadi-|

Shizpeli Sudrwka- 1

Gangahhag-1

Wangui-1
Glrsalo- 1

Amboli Kaninjeeera-1

bl Karanjveera-2

Tapang-1

Fanjna Kugam-1

Hanasingpur-1

flanapingous-2




A)

Characterisation of accessions / trees

Most of the germplasm collections made from
Kerala had high yield potential and also bold nut size
and intensive branching habit. Kollam district
contributed the largest number of diverse types.
Kottarakkara-1 Vhad very bold nut size with 14.5 g nut
weight, Kottarakkara-4 is CNSL free type and
Kottarakkara-5 had both bold nut size {12.7 g nut
weight) and high vield (1.466 kg/sq. metre of canopy).
Tamil Nadu collectians had high yield potential and
flowering duration of three months., Most of the
Maharashtra collections had high yield. In another
accession, namely Gangabhag-1 '(GB-IJ collected from
Kothapur district of Maharashtra, the size of tendernuts
is normal while the mature cashewnuts are very small
(nut weight of 0.8 g). It may be noted that nut weight
of Gangabhag-1 is ten times lower than that of Ghosale-
1. Most of the Andhra Pradesh collections were having
upright and compact iree habit and all had short
flowering season of 60 days duration. All the Orissa
germplasm collections had cluster bearing with nut
weight rtanging from 4 to 5 g. Two collections each
from Kerala and Maharashtra had bigger apple
weighing 120 g.

B) Distribution pattern of gemrplasm colle

for different important characters

The difierent germplasm accessions colle
from each state / region were grouped based of
desirable / distinct characters. Ameng the five stateg
maximurn number of desirable iypes were obtainecé;
from Kerala, followed by Maharashtra (Table 7.2}
When the accessions of all the five states were-
considered together, 39 accessions out of 52 had high
yield potential (> 500 g/m? canopy), 26 accessions
had intensive branching, 25 accessions had cluster
bearing habit and 22 accessions had bold nut size (>
9 g nut weight).

7.1.5 CONCLUSIONS

. A total of 52 accessions were collected from

Kerala (21), Tamil Nadu (7), Andhra Pradesh
{4}, Maharashtra {16) and Orissa (4).

One get of collected accessions was conserved
at NC(GB in NRCC, Puttur and another set was
conserved in RCGBs of respective collabarating
centres,

Maximum number of desirable types was
obtained from Kerala, followed by Maharashira.
Of the 52 accessions, 12 accessions had five or
maore desirable characters.

Table 7.2; Number of germplasm accessions collected from diiferent states having desirable characters

Kerala 21 3 13 2
Tamil Nadu 7 1 - 1
Andhra Pradesh 4 3

Maharashtré 16 9 12 z
Orissa 4 1 1

Total 52 17 .26 5

25

9 14 2 > 3 15
1 2 1 2 1 &
2 2 1 4 3
3 4 3 4 3 10
- 3 4
22 8 .15 11 38

13




Project Leader :
Praoject Assoclates @
Project No. :

Project duration

£72.1 Intreduction

Germplasm accessions can be used diractly as
arieties if found suitable ot evaluation or be included
s perents in the hybridisation pregramme. Large
.. ber of cashew varleties have been released in the
fountry. A few of them are suitable for certain specific
Bocations while some are suitable for wider areas.

§7.2.2. Objectives
- Evaluating the performance of a few elite
cashew germplasm accessions for yield and

other econornic characters and identification of
high yielding with medium nut size types.

Evaluation of the performance of a few
recommended cashew varieties for yield and
other economic characlers.

.2.3 Materials and methods
J  Elite germplasm accessions

Fourteen elite germplasm accessions / lines were
fvaluated in completely randomised design with 14
krees for each accession, each tree being considered as
p replication. All the accessions were planted in the
frear 1988 at 8 m x 8 m spacing.

B) Recommended varieties
- Trial-1

; Ten recoglmended. varieties wete evaluated in
RED design with three replications, Plot slze was six
plants per variety per replication and the grafts were
flanted in1986 at 7.5 m X 7. 5 m spacing. VRI-2 was
sed 35 control for comparison of all the varieties within
ial-1 and alse between trial-1 and trial-2.

Trial-2

Nine recommended varieties were evaluated in
RED design with four replications. Plot size was six

Evaluation of elite germplasm accessions and recommended varieties of cashew under
. Project No. 1.2 - Varietal Improvement of Cashew

MG Bhat
KRM Swamy and KV Nagaraja

Long-term (1986 - 2001)

planis per variety per replication and the grafts were
planted in 1991at 7.5 m x 7.5 m spacing. VRI-2 was
used as control for comparison among the varieties
within the trial-1 and between trial-1 and trial-2.

Varieties were evaluated for nut yield, nut
weight, shelling %, flowering phases, hermaphrodite
flowers %, sex ratic, status of adherence of testa and
in vitro pollen germination using pollens from
staminate and hermaphrodite flowers and biochemical
parameters.

7.2.4 Results and Discussion
A)  Evaluation of elite germplasm accessions

Among the 14 elite germplasm lines/accessions
evaluated, seven genolypes were superior to check
variety VRI-2 for cumulative yield for 11 annual
harvests. The accession ¥TH 59/2 (13/5 Koedur)
performed the best for cumulative vield (18.25 kg/tree)
for 11 annuai harvests which was closely followed by
VTH 539/2 (M 76/2) (18.17 kg/tree] as compared to
15.67 kg/tree in VRI-2, The increase in cumulative yield
of VTH 5942 and VTH 539/2 over VRI-2 was 16.44%
and 15.95% respectively, On the basis of peoled mean
vield over 11 harvests also, highest yield was recorded
in VTH 59/2 (13/5 Kodur) with pooled mean vield of
2.16 kg/tree/year followed by VTH 539/2 (M 76/2)
with yield of 2.0i kg/tree/year-as against the mean
yield of 1.82 kg/tree year of VRI-2, the check variety
(Table 7.3).

E) Evaluation of recommended varieties

Ten recommended varieties in first trial and nine
varieties in second trial inclusive of VRI-2 as common
check in e¢ach trial were evaluated. The performance
of BPP-4 was found better than the remaining nine
varieties in the first trial for the mean yield from 8™ to
11" harvest (these 4 being better harvest seasons) with
2.25 kg nut vield per tree per year as compared to 2.13
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Table 7.3: Pouled mean S'ield and cumulative yield in different elite germplasm accessions.
v Eld %fl':liﬁlﬁ.jl‘tn;:e in
- cumulative yield
© . gver comivol

Table 7.4: Pooled mean vield and flowering characters in different recommended varieties (Trial-1]

Variety Pooled Pooled Curmulative Male Mixed % of % of Sex ratio
mean yield mean yield vield Bowering flowering Mixed Herma- (herma-
(kg/ wee/ (Kg/tree/  {kg/ {ree) phase phase flowering phrodite phredite :

vear) (8-11  year) (13 for 13 duration  dwration phase flower sLami-

harvest harvest harvest (days) (days) duration - nate)

Mean) mean)

BPP- {H 2/11) 1.78 075 55§ 6.67 62.67 80.39 .24 026971
BPP-2 {H2/12)  1.95. . .08¢ | 1217 - 3083 4167 57487 1224 013951
BPP4{EPM 9/8) 225 126 1&84.  13.00 5867 8186 1375  0.1595)
BPE-5 {T'Ne.L) 2.07 C1l6 - 1504 . 1285 63.00 83.08 17.75 0.2158:1
BEP-64TNo.56) 201, . 094, . 3225.. 1685 - SLO0- 7519 - 1382 016041
BEA 1351 0. . h63 083 153 883 egly 8823 1872 0.230%1
HEABSA T - S oS0 6733 2088 026071
' ST ] 45,007 3950 853 005851
7. 027340




j." ylejd per iree per year in VRI-2 (ChECk Var[et}’}
pe 7.4). On the basis of peoled mean over 13

g kg per tree year per year which was followed by
—4 with 1.26 kg per tree per vear. When the
ulative yield for 13 annual harvests was
Riidercd, the highest cumulative yield of 17.11 kg/
iwas recorded in VRI-2 which was followed by B2P-
Jich 16,84 kg/tree. In the first trial, several individual
fhew trees have been identified with yield level of
e than one ton per hectare in nine out of ten
sed varieties.

t.In the second tial, the highest mean yield of
kg per tree per year from 3% to 6™ harvest was
forded in K-22-1 as compared 10 1.04 kg per tree per
far in VRI-2 (check variety) (3" to 6™ harvests years
Bing betier season for cashew). On the basis of pooled
'_ over eight harvests, the highest mean vield of
"4 kg/tree per year was recorded in NDR-2-1 as
'inst 0.47 kg per tree per year of VRI-2 (check
iety). When the cumulative yield was considered
fk eight harvests, the highest vield of 5.95 kg per tree
recorded in NDR-2-1 as against 3.73 kg per tree of
12 (check) (Table 7.5). In this trial aiso, varieties

Riests, VRI 2 performed better than the rest with -

ble 7.5; Pooled mean vield and flowering characters in different recommended varieties (Trial-2)

such as K-22-1, BPP-3, Vengurla-4 had individual
cashew trees with yield level of more than one ton per
hectare.

Regarding the lowering phase and other flower
characters, the data for six years {1995-96 to 2000-01)
were pooled for male phase and mixed phase period,
the proportion of mixed phase period (o the (otal
flowering phase period (%), proportion of
hermaphrodite flowers to the total number of flowers
(%) and sex ratio {hermaphrodite : staminate flowers)
for all the 18 wvarieties from the two trials. Mixed
flowering phase { > 5% hermaphrodite flowers) was
observed in all the 18 varieties studied and in most of
the varieties mixed flowering phase was of longer
duration than that of male ilowering phase (< 3%
hermaphrodite flowers) with an exception of Ullal-1,
and NDR-2-1 where mixed phase was of shorter
duration as compared to male phase. BPP-1, and
BLA-39-4 varieties had more than 90% mixed phase
durazion. Mean percentage of hermaphrodite flowers
to the total number of flowers varied from 4.95% (NDER-
2-1) w0 21.47 % (VRI-2). Range for sex ratio (herm:stant)
was 0.0521 ;1 (NDR-2-1) t0 0.2734 : 1 {VRI-2) (Table
7.4 and 7.5).

1.33 0.53 4.24

ADR 2- 1.20 0.74 5.95
Vengurla-1 1.03 (.55 4.36
Vengurla-4 094 051 410
Tllal-2 1 0.64 5.00
MR Sel-1 0.76 0.33 2.62
Eé‘m.cc Sel-2 0.76 0.41 3.27
sz (M 44/3) 1.04 0.47 3,73
€D 5% : NS NS
D 1% ; NS NS

0.1637:1

38.33 41.83 52.18 598 0.0637:1
40.33 33.00 45.00 495 005211
2183 46.00 6782 1145 (.1293:1
16.00 59.33 7976 1626 0.1942:1
23.33 48 67 67.60 832 0.0907:1
20.00 63.33 76.00 1198 0.1361:1
22.00 45.33 6733 1045  0.1167:1
16.83 56.83 77.14 1383 0.1605:1




Longer period of mixed flowering phase is
desirable wherein adequate number of staminate
flowers which provide pollen having higher pollen
germination and hence fertilization and also sufficient
nuwmber of hermaphrodite flowers are available for
better frujt set and finally higher nut yield. Certain
varieties in first trial such as BPP-1, BLA-139-1, BLA
394 and VRI-2 exhibited both longer mixed phase
(> 62 days) and also high percentage of hermaphrodite
flowers ( > 18% hermaphrodite ﬂowersj. However, the
relationship between mixed flowering phase duration
and hjgh' nut yield did not come true in three varieties
having longer mixed phase and high hermaphrodite
flowers %, namely, BPP-1, BLA 139-1 and BLA 39-4
although in VRI-2 it was found true. In second trial,
although NDR-2-1 variety was having neither longer
duration of mixed phase nor high % of hermaphrodite
flowers, it was highest vielder on the basis of pocled
mean and cumulative vield.

Correlation and regression analysis of flowering
and fruiting characters with estimated mut yield and
actual nui vield in eighteen recommended varieties
was carried out for four vears (1997-98 to 2000-01),

The correlation and regression analysis done in each
of the four years showed that number of flowering
laterals per m? of canopy, fruiting interisity (nrriber
of nuts per m? of canopy) and yield per m? of canopy
are important vield component characters in cashew.
The correlation coefficient of number of flowering
jaterals with estimated yield per tree ranged from 0.433
to 0.618 in four years. The coirelation of fruiting
intensity and vield per m? of canopy with estimated
vield per tree was found to be very strong in each of
the four years and the range of correlation coefficients
with estimated vield was 0.848 to 0,946 for fruiting
intensity and 0.850 to 0.942 for vield per m? of canopy
(Table 7.6). The regression coefficient of estimated yieid
per tree (¥) on number of flowering laterals (X] and
fruiting intensity (X} was moderate which ranged from
0.110 10 0.409 and 0.316 to 0.469 kg/tree, respectively
(Table 7.7). When analysis was done based on mean
of three year data (1997-98 1o 1999-2000) (2000-2001
excluded as number of trees nsed for observation was
different during this year}, the trend of correlation and
regression between yield (estimated and actual} and
flowering or fruiting characters has been the same as

Table 7.6: Cerrelation coefficient (1} of flowering and fruiting characters with estimated yield per tree (¥-1)

Chara_cters (X) -

. g ‘ o _

M-

Currelatinn cuefﬁciem {r]

Table 7.7: Regression coetficient {(b) of estimated vield per tree (Y-1) on flowering and fruiting characters (X) -

Independent variables,

L

r Characters (X)

Regressmn cneﬁlcient (D)




that ofxerred L individual four vears (Tables 6 to
791 It may be noted that in all the individueal vears
and grewgp of vears, e corpelatiop and regression
medficients between actual vield per toee and Tlowering
o [raining characiers were low [Table 7.5 and 7.0}
The stwdy indicated that fnoiliog ioleosity (oumber of
nuts per m) and nut yield per m? af canopy can he
psed ds important vield component characters for
mpluating breeding marerial in order o select elite
anes in e breeding programune for iaprovement of ool
wield

C)  Swatus of adherence of tosta o the kernel

Fighteen warfeles of cashew were gvaluated fo
fonr years [1998-2001 ) Tor status of adherence of tosta
i e kernel by pecording the number of sirokes of
scrapping knife required for removal of desta. This
charactes has special sizmficance in cashew processing.
The logser the attachment of the testa w the kermel,
Datter i ds o werms of savings an labour wages and
also causing lesser damage to the kernel while
seimrving the tesda from the kernels, by nsing scrapping
knife. The varieties were classified based on the number
of stirokes required Lo removs the t2ata completely into

ihree categories, namely. lonse [< 5.1 strokes],
medium (5.0 - 7.5 strokesh and tighl = 7.5 strokes).
Out of 18 varieties lested, MRUC Sel-1 had Inoss
adbieiense. Fourteen varieties had mediom adierence
while the remnaining thres had tight adherence of teaza.
MNRCC Sel 1 has bewen lownd w have consistently loose
adherence of testa,

1] Pollen germination sludies

S st gernunation using pollen grainsg frinn
staminale and hermaphrodite fowers of 18
recomimendad varieties was studied by hangiong drop
method nsing cavity slides. Pollen grains were
Incubated in 25% sucrose lugquid medinm of 287C 4 2°C
tor 20 h. Pollens from staminas and hermaphrodite
Mleweers of 18 recommended variedes  were studied
during 1999-2000 and 2000-01L. In the fivsl vear, pollen
germinarion was studied at one stage of lowering while
in second year it was stedicd at bwo stages. Heonce the
misan af twa stages for cach iy pe af pollen agurce was
caloulated for the seeond vear daia. Varicties differesd
for ¢ plivo pollen g=rmination capacicy, Fallen grains
[rom slamioate {lowers bhad higher germination
percentage a3 comparad to those from hermarhrodite

Tuble 7.6: 'l.'.a.u-rda.lm.u coelliciend [r) of Ilnwtn.ug and [ruiting chavacters with actoal yield per tree [¥-2)

mumumum _|

1997-171

19815999

12000

Tahle 7.9: Regression coefficient [b] of estimated yield per tree [¥-2] on flowering and iruiting characters (X) -

Independent variables.
Charaglers (%) e | Megression cosflicient (b)

IE"'J'B‘-J!J'S"G|

l'l'l‘ll..".'ﬂl.'ll]




Howers in each of tha vaneties in both the yeams. The
sdnge of pellen germination wias (oo 23,.68% [VEI-L)
rerln 27 % (BFP-20 when staminate Hiewers woere kel
as pollen sowce while the casge was om 5,57 [MLE
A-h o 15.20% [DLA-392-4] when hermaphrodic

Aovarars were vaed a5 pollen source, The resulis of This
gicdy incivaced thal pollens from staminate ewers
peobable Rorve move mole 10 plas in the fruit set throuszh
befter pollen germinztion than those [rom
hermapherndite Aowers, Howewver, hermaphrodite
Elonwiers are also incpomant ag fmoils and nuls are fomned
in rhoge flowers, Therefore, longer periad of mixsd
phaze of duwering where both bepes of dowers cxizls
wirdled he dezitabile for hegtes ot wield (Tahle 7 100,

Taldlle 7. 10 ;. Mean ir wiire polben genainaiion [%] io lwe

ypes of pellen saurce for 20 h in different recommended
e fer D yeear prerioe] [ 190802000 ol 0M0-20017.

El  Primepenic dominance siudies

Pieseins dointenee oo doctinenoe Bziachy
4 012 thancmennn becanssab which firar fomrees miirs
aduced the chiances of twe [l set foow e later
amenad hetmaphrindire fkresers. Fighreen varienes were

gtudied for primegenic dominanace during [995-99 and
Jgau-00g, Yarieties diflsred Iov s phenonenon,
Feornwewer, the hehaviour 0 varieties was nint consisten?
i Both yeors, Lo wavietes BLA 139 L ogod BPE )
primegenic dominance was founs operating in
fasa- o, I eight other wamenes, namels, YEI-1,
BLA 394, Lal-2, ¥RI-2, K-22-1, BPF-3, MRC Sei-]
and V-3 the effect of pritsgenic dominonoe was less
while i1 varieties BPP-2, BPD-5 and BPP-6 there was
ne primegenic dominance phenomenen in the saly
stages of owering bui it appeared in laler stage inthe
vaar |- 200,

F] Biochemical characterisatiom and
crganclepiic evalualion of some cashew
varieties
Coehew koevnels, apple jwice and apole pemoce

rrom the 12 rerammended varieties have heen

chosactorise? o Diveleicel commpmrsition grad salizn
tindings are given beloar:

A} Cashew kerowls

Cashew kernels from 17 1ecanmenc ed
varidics weme cheracterised fos pil, prodeio,
sugar andd srarch contenis, Furher, they have
Leew wrgacaieplically erelualed lor coluwr,
alza, texture and faste oy 2 panel of jidges,
e e S-pudnd ledonds seale, Tle oil oo
amang the varieties atudied variad from 34.7
[KDE 2 1) w £8.2% [(Rinaka]. Puoleins,
stigars and starch content wera analysed an
defatied Do, Boevmel protein conteel vanied
from 33.60% [WER-2-1] to G&.R1% [RPP-
G], Sugar content shawed vasiatien
hetwaen GOR% [(YRI-T] tn 20R2% (v-A).
Srarch conreot among dilesent warieies
varied from 17.E0% |BTM-5) tn 25.700%
(-1 Amaong the varleries svalyated for
seasory chezaciers, NRCC Scl-i was the
meat preferred with mean  cumolatliee
hedeonie (MCH) scome of 7.1 while BRPP-3 amd
BL A& 13Y-1 srers leasi prefermed with 401
seere of 13.7 (Table 7 115
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Values for cil, starch, sugars and proteins are mean of three individual estimations. MCH indicates the mean cumulative
hedonic score for colour, size, texture and taste of 15 judges,

hoiling the cashew apple juice with gelatin
(500 mg/lj and allowed to stand for 15 min
and the clear sﬁpernatant cbtained after 24
n at 10-16°C was analysed for biochemical
composition such as tanains, flavonols,

w400

sugars and ascorbic acid and organoleptic
acceptability for colour, flavour, taste and
astringency by a panel of judges using a
9-point hedonic scale. Tannin content varied
from 0.62 (VRI-2) to 7.96 myg/ml (BPP-5).

(71)
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Similarly, flavonols content varied from
0.024 (BPP-1) to 0.647 mg/ml (BPP-5).
Sugar content showed variation between
6.56 (BLA-139-1) and 81.8 mg/ml
{BLA-39-4). Ascorbic acid varied from 1.25

(BLA-39-4) to 5.11 mg/ml (V-1). Mean

cumnulative hedonic score for colour, flavour,
taste, and astringency varied from 14.0
(Sel-1} to 21.11 (BPP-5). Among the varieties,
cashew apple juice from five varieties had
low tannin (1 to 3 mg/ml), 11 varieties had
high ascorbic acid content (2 to 5 mg/ml),
seven varieties exhibited MCH score ranging
between 13 and 17 (Table 7.12).

Cashew apple pomace

Pomace obtained after squeezing out
juice from apples of 16 different released
varieties was anlyased for fibre, protein,
carbohydrate, sugars and tannin. Cashew
apple pomace is quite rich in fibre and
it varied from 11.64% (V-4) to 18.3%
(V-1) and low in tannin. Pomace is guite
rich in protein and carbohydrate also
(Table 7.13).

7.2.5 CONCLUSIONS

The germplasm  accessions differed for yield
and yield cnmponém chracters. VTH 5%/2
(13/5 Kodur) and VTH 539/2 (M 76/2) identified
from this trial on evaluation of 14 germplasm
accessions are recemmended for utilizing in the
cressing programme.

Large variation was observed among the 18
recommended varieties for most of the economic
and other chractesrs evaluated in two trials.
Several individeal cashew trees have been found
with vield level of more than onre ton per hectare
in most of the varieties evaluated. Mixed
flowering phase for longer duration may be
desirable for achieving higher yield,

Cashew kernels from some of the released
varities have been analysed fur oil, proteins,
starch, sugars and organcleptic acceptability.
Similarly some of the released varities have been
analysed for cashew apple tannins, flavonols,
sugars, ascorbic acid and organoleptic
acceptability. Cashew apple pomace of some
of the released varities have been analysed for
proteins, carbohydrate, sugars, tannins and fibre,



7.3:

Project Leader :
Project No. :
Project duration

4.2

7.3.1 Introduction

The main purpose of this study was to outline
the operational conditions of cashew processing
industries in different parts of the couniry, the problerms
faced and to examine the prospects of the cashew
industry development in India. The detailed study of
these processing units would help in unravelling the
problemns for low production of these industries and
finding cut solutions for them.

7.3.2. Ohjectives

. Studying the prevailing processing practice,
system of storage, plant and personnel hygiene
of cashew processing industries of different
regions and refining the technique of precessing
for efficient outturn,

*  Studving the employment potential, production,
and equipment needs of these industries to
forecast the impact of mechanisation in these
regions.

. Working out the processing cast in cashew nut
processing at various stages of operation.

7.3.3 Materials and methods

The list of cashew processing industries’
addresses in different states was prepared after
collecting information from Cashew Export Prometion
Courncil, Kochi and Directorate of Cashew and Cocoa
Development, Kochi.

Technical questionnaire Part-I and Part-I1 were
prepareci for collecting information on cashew
processing industries. The Part-I questionnaire was
meant for manager or administrator of processing
industries and consisted of 17 questions regarding
ownership pattern, location of the factory, category of
processing, procuremen: of raw nuts including source,
quantity and method, and employees information in
terms of strength, wages and facilities providad.

Developing database on processing aspects of cashew industries in India

D. Balasebramamian

3 years (1995-1998)

Part-1I was a technical questionnaire meant for
supervisor of the cashew processing industries
consisting of 54 questions on storage of raw cashew
nuts, drying ¢f nuts, conditioning/preliminary roasting,
cooling, shelling, kernel drying (Borma), peeling,
grading and packing and CNSL extraction. The Part-I
and Il questionnaires were pre-tested by personal visit
to cashew processing industries. The meodified
questionnaire was mailed to all the cashew processing
industries in India. Due to poor response and for early
completion field survey was also conducted, The data
collected on management and processing aspects were
analysed for Kerala, Karnataka and Andhra Pradesh
states. An overall analysis on critical areas is also
attempted.

7.3.4 Resulis and Discussion

A)  Cashew processing industries in Kerala

Cashew processing industries in Kerala are
mostly concentrated in Quilon area only. Besides
Quilon, the processing industries are operating in
Trivandrum, Allepy, Pathanamthitta and Thrissur
districts (Table 7.14). As a result of differences in
organisations of labour, legislation and wage rates
many factcries have been shifted to Kanyakumari
district of Tamil Nadu state. Only 25% of the total
industries have the capacity to run the factory
throughout the year and their utilised capacity falls

Table 7,14: Details of Cashew processing indusiries in
Kerala

5941 MT/day.
4065 MT/day




er the category of 1000-5000 MT/annum.
riument of Kerala fixes the wages 1o labourers
dng in various sections of industries and 8.33%
1§ s given to motivate the workers.

Immediately after procurement, raw nuts are
sun dried for 2-3 days depending on the moisture
content of nuts. Imported nuts do not require
drying as it loses its moisture during
transportation.

Most of the processors follow drum roasting as
preliminary process. About 4% of total units
visited have switched over to steam boiling and
oil bath roasting {11%) is continued due Lo
financial crisis to install new units.

Drum roasting consists of feeding tank
constructed at raised level so as to move the
1aw nults to rotating drum by gravitational force.
A normal slope of 4° is given from inlet to outlet
of drum. Water sprinkled at the outlet prevents
nuts from catching fire. Feed rate and rotational
speed of the drum are important factors, which
decide the quality of kernels after roasting.

In drum roasting type, the nuts are hit with
mallet {(wooden block) to break open. about
92-95% of wholes are recovered in this method
‘and the effect of CNSL on the hands of workers
is less.

In conventional type borma dryer, utmost care
is taken by regularly shifting the kernel trays
and controlling the fire beneath hot chamber to
avoid scorching of kernels. In tunnel borma,
blowers (electrically operated} are used to pass
hot air into drying chamber through tuncels
wherein the flow rate and temperature of hot
air are controlled.

The wholes recovery after peeling ranged
between 80-00% in peeling section. An average
of 8-12 kg cashew kernels are peeled/head/day.
Two industries have very recently introduced
flexible packaging system In which N, is used
as inert gas. '

High degree of hygienic condition is maintained
and Potassium permanganate solution is used

16 wash the hands and legs of the labourers
before starting peeling and grading to avoid
contamination,

B) Cashew processing industries in Karnataka
state (Dakshina Kannada)}

The area of the study covered erstwhile
Dzkshina Kannada district, where predominantly all
the cashew processing industries of Karnataka are
located. The industries are concentrated in urban and
semi-urban pockets. Most of the industries have road
link with the main city. The need for electricity in this
industrial sector is high but the supply of power is
inadequate and erratic.

In order to ensure fair representation, most of
the units under Mangalore Cashew Processors’
Association (MCPA) have been identified for intensive
investigation. MCFA is responsible to run the units in
a co-ordinated and planned way (Table 7.15).

Table 7.15: Cashew industries under MCPA (1998)

& Qut of the total 94 industries surveyed, only 59
units with complete information are taken for
analysis. Most of the units have been started in
eighties due to highest value for Indian Cashew
Kernels in the international market in late
seventies.

® Processing industries have simple organisational
structure and 83 % of the industries come under
the category of parinership. About 70% of the
firms suffer due 1o inadequate supply of raw
nuis for functioning throughout the year.

< Fifty seven per cent of the industries’ raw nut
purchasing capacity is in the range of 101-500



MT per annum and visual, fipating and cutting
test are practised at the time of precurement.

+ All factories followed steam boiling as
preliminary conditioning method, but the
production capacity differed. There is wide
variatiorr in steam treatment especially steam
pressure and duration.

+ Shelling is done using hand cum pedal operated
sheller and the average capacity ranged from
11-30 kg kernels/pair/day. Varying size of nuts
require careful manipulation during cutting to
avoid injury to hands.

“» The heat utilisation of cross flow dryer is higher
than conventional type and it has the advantages
of uniform kernel drying and lesser time.
Processors are unable to switch over to cross
flow drier from poorly designed borma drier due
to erratic power supply.

%+ Peeling is done manually using pellets and
capacity of labours varied from 4-12 kg/day.
About 4-7 preliminary grades are segregated
after peeling.

< About 45 grades are sorted for local

consumption and export. Kernels are packed in

tin containers of 25 Ibs (11.54 kg) capacity by

~ vita packing system . Processors are graduatly
switching over to flexible packaging system.

L Expeller is used 1o extract CNSL from cashew
shell and about 200 ml of CNSL/kg is extracted.
CNSL, thus extracted is mostly exported.

C} Cashew-processing industries in Andhra
Pradesh

Cashew processing industries in Andhra Pradesh
are located in Rajahmundry (4), Vetapalam (27), Palasa
{68), Tuni (12), Haripuram (6), Kanchilli (4), Chappra
{3). Pathetakkali and Tekkali (3) and Srikakulat (2).
The first unit of cashew indusiry was started in 18th
century in Mori of Rajahmundry, Gradually units
emerged in Vetapalam and Palasa in the beginning of
19th century. In Palasa cashew processing industry
started in 1944 with three units only grew to 12 industries
in 1954. Al present, a total of 68 processing units are

there in Palasa and Kasibugga area. Almost all the units
are categorised under tiny units based on its power
requirement and total capital involved. The estimated
processing capacity of all these units is 20,000 t/annum
and generated employment for 3000 persons. Only 22%
of total units function throughout the yeay due to less
demand of cashew kernels in local market, insufficient
financial support and loan facility from banks

< Palasa cashew exporters private limited exports
cashew kernels worth Rs. 30-35 lakhs from this
fegion every year.

<> Very tecently, this region has been declared as
pellution affected area and promotion of
industries in this place is not encouraged.
Instead, government has anncunced 20%
subsidy for infrastructure to set up processing
industry in industrial area.

- Most of the cashew precessing industries
functioning (factory and management units) at
Palasa and Kasibugga area followed drum
roasting. Shelling and peeling are done manuaily
to extract the kernel The kernel is sold in
domestic market only.

D)  Cashew processing industries in India
[Overall analysis]

India is the largest producer of raw cashew nut
in the world and accounts for 43.8% of the total world
production (1998). This raw material wealth is a
positive aspect {or promoting processing industry. At
present over 1295 cashew industries are functioning
in different states of India (Table 7.16). Based on the
information furnished by 132 industries (12.42%), the
critical area are analysed and the results summarised,

P Cashew industries have a simple organisational
structure and mostly under private management
i.e., proprietorship (63 %) or partnership (19%),
Since it requires large amount of initial
investment and minning capital, it depends on
commercial banks and state financial agencies
for running capital.

@ About 62% of the industries are categorised
under “manufacturer exporter”. This is primarily
due o encouraging expert policy.



Table 7.16: Cashew processing industries in India

West Bengal '
-.mhers {Mampur, Megha.kaya, 'I‘ripura}
' Tatal

LT

O A ¥

+ During off-season, in order to run the factory
throughout the year, 50% of the total factories
import raw nut. Inadequate supply of raw nuts
and fluctnating price make the processors

heavily,depend on the raw nut import from West

and Fast Africa, [vory Coast, and Vietnam,

& Tiny processing units (up to 100MT/year) and
medium capacity processing industries (100-
500MT/year) account to 39% and 42%
respectively. This is mainly due to raw nut
shortage and financial constraint. Most of the
industries utilised capacity is below 50%,

» Total employees strength varied between 50 and
400. About 80% of the 1otal women employees
are involved in shelling and peeling. The wages
fixed by the government at different stages of
operation are followed strictly.

3 Drum roasting (66%) as preliminary roasting is
fellowed in Kerala, Tamil Nadu, Andhra
Pradesh, QOrissa and West Bengal. The latest
methed of steam boiling (27%) is practised in
Karnataka, Goa and Maharashtra. Very few
industries (7%) are still following outdated
method of oil bath roasting.

& Raw nuts feed rate and rotational speed of drum
are the two impeortant factors which decide the
quality of processed kernels. Diration of boiling
and steam pressure have main bearing on the
kernel quality in steam boiling.

&

Drum roasted nuts are shelled by mallet/sione
hit and steam boiled nuts are decorticated by
hand cum pedal operated cutting unit. Though
the workers apply ash on nuts in drum roasted
nuts and castor ¢il on hand in the case of steam
boiled nuts, their hands are prone to the adverse
effect of CNSL. In few factories, labourers in
shelling section are provided with hand gloves
to avoid contact with the CNSL.

Steam bailed nuts are cooled for 10-20 h to make
shells brittle and ic make cutting operation easy.
Besides, this operation enhances the wholes
recovery also. However, the cooling of drum
reasted kernels is done for 1-2 h to allow the
CNSL to drain out and to reduce the temperature
of aut.

Three different types of kernel dryers are being
used

B Conventional eight feet barma dryer,

* gonstructed with brick and mud. The kernels
are spread on wire mesh tray and subjected
te hot air by placing in a chamber above
furnace. It requires highly skilled labour to
control temperature to avoid scorching of
kernels,

B ‘Tunnel dryer in which hot air produced
outside is passed into the drying chamber
through {unnels. Heat utilisation efficiency



is higher, but it requires constant attention
to get better quality kernels.

B Electrical borma drver, in which both
temperature and flow rate of hot air are
autematically controlled by thermostatic
mechanism. [t requires only 4 h to dry 400kg
of kernels. It consisted of 120 trays in 4
trollevs with 4 kg holding capacity. Kernels
are dried at 70°C. The main advaniage of
this system is uniform drying and minimum
supervision.

Peeling [s a labour intensive process. Normally,
testa is removed using fingernails. Many
industries in Karnataka, Goa, Maharashtra,
Orissa and West Bengal use pellets (mild steel
knife) to remove the testa. Wages are fixed on
the basis of whole kernels and rhis serves as a
control for careful work.

Huamidification of kernels is one of the processes
followed during summer to avoid excessive
breakage while handling and transport. The
permissible moisture content after packaging
is 5%.

-

The graded kernels are packed in 25 lbs
(11.34kg) capacity tins on weight basis which
are subsequently evacuated and filled with CG,
with the help of packing unit called “vita pack™
to prevent spoilage due to rancidity.

Since the kernel importing countries imposed
restrictions on tin containers due te the prablem
of disposal, flexibie packaging with N, gas
infusion iz introduced in India. About §% of
processors have switchad over to new packaging
system.

(il expeller (15 HP) is used for CNSL extraction.
Qil after extraction is transferred to boiling unit
and heated at 100*C for 4 h to remove moisture.
The heated oil is cooled for 10-12 h in settling
tanks, It is estimated that 20 kg of crude oil can
be extracted from 100 kg shell and sold at the
rate of Rs. 20/kg refined oil.

Processing cost of oil bath reasting, drum
roasting and steam boiling is worked out and
compared (Table 7.17), Processing cost of steam
beiling is slightly higher than drum roasting,
but it has added advantage of CNSL being
recovered.

Table 7.17: Comparison of processing cost by different methods (Rs/kg)

" 'Processing stages.

(04l Bajh, rgasting
[ (Gafieut)

Steam bailing
[(Mangalore)}

Drum roasfing
* (Palasa)




Problems identified and probable remedial
meastires suggested

1)  Procuring quality raw nut

At present raw nuts are procured mostly based
an personal experience. Floating or cutting iest
forms the criteria to fix the price. Moisture
content of raw nut has strong bearing on quality
of final product and fixing the price. Therefore,
raw nut moisture content along with prescribed
quality standards have to be developed,

2) Increasing the shelf life of raw cashew
nuts :

The storage life of raw nuts in the godoewn
depends on the quality of nuts and its storage
conditions. Fluctuating temperature is
deleterious during storage due to condensation
of moisture in the godowns at certain pockets
and consequent micrabial growth. Therefore
equilibrium moisture content of raw nuts has
to be determined, In order to dry nuts during
rainy season electrical drier needs to be
developed.

3) Increasing white kernels recovery

In the case of steam boiling, pressure and
duration have to be optimised for nuis of various
origin with respect 1o capacity of the unit. The
critical speed (rpm) of drum and optimal feed
rate have to be determined for drum roasting.

4} Drudgery of labourers in shelling
process

In order to minimise the drudgery of labourers
operating shelling unit and to avoid effect of
CNSL on the hands of the operator, improved
cutting unit for steam boiled puts and impact
unit for drum roasted nuts are to be developed.

5}  Scorching of kernels in borma drier

Maintaining uniform circulation of hot air at
constant temperature throughout deying process
in tunnel drier by providing thermostatic control
could minimise scorching of kernels. Electrical
borma drier may be used for medium capacity.

6) Maximising whole kernel recovery in
peeling process

Mechanical means to peel the testa

735

auwtomatically by puncturing the testa layer and
pecling through forced air may be tried.

7} Alternate packing system

Either flexible packaging sysiem with N, gas
infusion or moulded vacuum packaging may be
followed which will reduce the packaging cost
10 a greater extent.

Conclusions

The increasing demand for kernels in the
international market and the availability of
cheap labour (women) possessing the required
skills in processing are the two important
favourable factors for the rapid growth of
cashew processing industry in India,

The quantity of raw nuts available {or processing
has, however, fallen short of the requirements
{or full use of the capacity. The shortage of raw
nuts has resulted in curtailment of the days of
employment for the large number of workers
dependent on cashew processing.

Qil bath roasting which has additional
advantage of obtaining the cashew nut shell
lignid (CNSL} is adopted by only a few
processors, presumiably because of the capital
investment required for the adoption of
technology which is ten times more than the
drum roasting as investments. Moreover the
unpurified CNSL does not attract sufficiently
wide market. Therefore, creation of additional
capacity in the industry and emergence of new
industry has 1o be discouraged.

Cleanliness in processing units has te be given
utmost importance, Authorities issuing license
for cashew processing industries has to be very
critical in this direction.

Optimisatior of every processing step has
become urgent, The principal requirements for
the development ol mechanised cashew
processing piants will be the efficiency in the
production of unscorched kernels and maximum
recovery of CNSL, Highly mechanised planat will
create social problems because the existing
plants are highly labour intensive. Therefore,
simple mechanisation without creating social
upheava!l to increase the whole nut yield has to
be tried.

[



7.4: Design, development and evaluation of raw cashew nut grader

Project Leader
Project No.
Project Duration

7.4.1 Introduction

Cashew industry is of considerable importance
to the Indian economy as a source of foreign exchange,
employment generation and farmer's income. Over
1200 processing units situated in east and west coast
of India have the installed capacity to process more
than 10 lakh MT of raw cashew nut. Raw cashew nut
is kidney shaped one with 3.5mm thick soft leathery
outer skin (epicarp) and thin hard inner skin
(endocarp). Between these two walls of the shell is a
honeycomb structure, which contains the phenolic
material, commercially, known as cashew nut shell
liquid (CNSL), Preliminary grading of raw nuts helps
to condition the nuts uniformly, reduces manipulation
of nuts according to nut sizes while shelling, reduces
the burden in peeling and grading stage and forms
criteria to fix up the price.

7.4.2 Ohbjectives

This project is formulated with an objective of
developing and evaluating power operated raw cashew
nut grader,

7.4.3 Materials and methods
A)  Properties of raw cashew nut

As the raw nut Iz kidney shaped and its
curvature of sides varies with size of the nut, physical
parameters of raw cashew nuts narcely length, width,
thickness, specific gravity, and shell thickness and
mechanical properties such as static co-efficient of
friction and angle of repose are found out.

Raw cashew nuts obtained from Kerala,
Karnataka, Tamil Nadu, Andhra Pradesh, Maharashtra,
Orissa, Goa and West Bengal {moisture fange 4.5 -
10.5% db) are used in the experiments. The initial
moisture content of the sample was determined by
toluene distillation method. The desired moisture
content was obtained by drying at 40°C 10 give a
sample mass as calculated below:

D. Balasubramanian
1.3
3 vears {1995-1998)

B = A (100-a}/(100-b)

The samples of higher moisture contenis were
obtained by adding distilled water as calculated from
the following relation.

Q = A (b-a)/{100-h)

Where

A - [nitial mass of the sample, kg

B - Final mass of the sample after drying, kg

a - Initial meisture content of sample, % whb

b - Final (desired) moisture content of sample,
% wb

Q - Mass of water t0 be added, kg

Finally the moisture content &f raw nut samples
were expressed in % db using the equation

Md = (Mw x 100)/{100-Mw)

Where
Md - Moisture content % db ;
content % wbh

Mw - Moisture

R) Dimensions of nuts and kernels

In grder to determine the size and shape of the
nut, three sub-samples, each weighing 1.5kg were
randomiy drawn from the bulk sample, Frem each of
three 1.5kg sub-samples, 200 nuts were picked and
600 nuts thus obtained were mixed theroughly, Finally,
200 seeds were randomly selected and labelled. For
each individual nut and corresponding kernel, length,
width and thickness were measured using electronic
micrometer, Because of irregular shape of cashew nut
and kernel, only tie greatest values of both width and
thickness have been taken. The equivalent diameter
(De) and sphericity 8 for both nut and kernel were
determined using the following expressions.

De

(LWT)1/3
o

(IWT)1/3/L

Where L, B, T are length, breath and thickness
— an




respectively. Under approximately the same operating
conditions, nut size may play a significant role in
processing. Therefore, the bulk nut sample was
classified into three categories, namely large, medium
and small based on their major axis dimension.

- C}  Determination of 100-nut weight and shell
thickness

Three samples of 108 nuts were picked at
andom and weighed. The mass of 200 nuts was
.. weighed individually and shelled using hand cum pedal
wérated shelling unit to separate kernels and shell.
The weight of individual kernel was taken and
Zorresponding shell thickness was found out at three
pomts {ie., top, middle and bottom) and the average
value was taken.

$}  Determination of porosity

The percentage parosity was calculated using
the formula

Pt = ((P, - P,}/P} x 100

Where

Pt = porosity of taw nuts

initial head difference in the paorosity
apparatus ‘(pressure), cm

final head difference in the porosity
apparatus (pressure), cm

o
]

-
]

The experiment was replicated three times with
ent samples every time and the average was
ted.

Determination of bulk density and true
density

The bulk density (ﬁ}] was caleulated from the
g.and volume: The true density ( [l ) was caleulated
-the experimental values of bulk density and
1P, ) at corresponding moisture contents using
Howing relation

ft = [ /1Pt
" .Petermination of co-efficient of friction

The apparatus used in the friction studies
ed of a frictionless pulley {itted on a frame, a
ess cylindrical container, loading pan and test

surfaces. The cvlinder was filled with cashewnuts and
placed on the horizontal test surface. Weights were
then added to the loading pan unti! the ¢ylinder began
to slide along the test surface. The normal force applied
N, was the weight of the nuts In the cylinder and the
friction force F was the weight added to the pan.
The co-efficient of static friction was calculated as
p = F/N . The experiment was performed at diferent
moisture contents of cashew nut using test surfaces of
cardboard, galvanised iron sheet, aluminium sheet and
glass with three replications.

G} Equilibrium meisture content of raw cashew
nut

Equilibrium meisture content of raw cashew nut
was determined by static method at constant
temperature (3¢°C) and different relative humidity. The
various relative humidity were obtained by using
differen: saturated salt selutions. [Initially the raw
cashew nuts were cleaned to remove adhering dirt and
dust. [nitial moisture content of raw cashew nuts was
found cut by toluene distillation method. Known
weights of nut samples in duficate were placed in
aluminium boxes and were kept inside the desiccators
containing saturated salt solution at the bottom. The
desiccaters were kept inside a chamber maintained at
30°C. The weight of raw cashew nuts was taken at
constant intervals. The experiment continued (5
months) till the constant weights were obtained. The
equilibrium moisture content of raw cashew nuts at
different relative humidities was determined at 30°C
(Table 7.18).

Table 7.18: Equilibrium moistiire content of raw cashew
nuts at vartous relative humidities

Potassium acetate 26.83 1.66%9
Potassium carbonate 43.91 3371
Sodium nitrite 61.17 5.167
Sodium chloride 7417 7.148
Potassium chromate 81.32 10.786*

* Mild fungus infestation staried after 28 days of
commencement of experiment.



H) Design aspects - Gravity separator

The basic ditference in density of good and
spailed nut is taken into consideration while designing
gravity separator. A gravity separator model (Fig. 7.1)
with aluminium as construction material was designed
considering the mechanical properties of raw nut,
coefficient of internal friction and ease of fabrication,
It is a rectangular box with three outlets on opposite
side of feed end situated at equal distance. The whole
box rest on central shaft, which revolves inside
spherical holder, fixed to stand. Handles were provided
10 change side slope and end slope 10 have general
slope towards corner.

I) Design aspects - Sieve separator

The change in minor axis dimension with
respect to size is very much helpful to design sieve

' separator. A sieve separatoer (Fig. 7,2) was designed

with three alurninium trays. Considering the major axdis
dimension of raw nut, the fivst tray was provided with
30 mm sieve diameter (round sieve) with a spacing of
15 mm between circumferences of sieves. Second tray
had round sieves with 25 mm diameter and 15 mm
spacing. Third tray is a collection tray passed through
second tray. The overall dimension of osciilating
trays was 60 x 40 cm i.e., sieve area. An adjusting
mechanism was provided to change the slope to
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Fig. 7.2: Design aspects - Sieve separator
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optimise for maximum separation efficiency. Trays were
oscillated through guides and four wheels provided at
the bottom of the trays to increase the rate of separation,

7.4.4 Results and Discussion
A)  Dimensions of nuts and kernels

The size distribution of cashew nut is given in
Table 7.19. In the sample, about 52% of the nuts had
length ranging {rom 30-35mm (medium), whereas,

11.5% and 36.5% had length greater than 35mim {large)
and less than 30mm {small) respectively. The mean
values of 100 measuremenis ai maisture content of
846 % db for the length, width, thickness and unil
mass of the raw cashew nut were 31.00mm, 22.86mm.
16.91mm and 6.04g respectively. The corresponding
values of the kernel were 24.674mm, 12.99mm.
12.063mm and 1.894¢ respectively. The co-efficient o
correlation (Table 7,200 shows thai the jollowing

Table 7.19: Size distribution of cashew nuts and kernels at a moisture content of 8.46% d.b.

Table 7.20: Ratio of nut and kernel dimensions at a moisture content of 8.46% d.b

Tengthwidth of mi

Length/thickness of nut 1.846
‘Length/mass of the mut 5.317
Lengtir/width of kernel 1.971
Length/thickness of kernei 2.067

Length/mass of kernel

0.330*

- 0.218

3.664 - 0916 0.581*
1.154 0398 0,131*
1.393. 0.258 0.353
0.291 0.719*
0062 0.867*
ege o
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general expression can be used to describe the
relationships among the dimensions of raw nuts

L = 1.359W = 1.846t = 5.317M

While the kernel showed the refationship among
the dimensions and mass as

1 =1971w = 2,007t = 13.474m

A hipgher mass ratio of 3.204 of nut to kernel
indicates relatively lower vield of kernel per unit weight
of raw cashew nut. The equivalent diameter of raw
cashew nut and kernel are given in Table 7.21.

B) 100-nut weight and shell thickness

The mass of 100 nuts determined at different
moisture content is shown in Fig.7.3. The mass of 100
raw nuts $howed a linear increase with increasing
moisture cantent and it bears the following refationship.

M, = 577.966 + 7.543M, [r = 0.986)

Shell thickness followed a linear relations
with moisture gain, The absorbed meisture, ¢
after saturating the inter space awvailabie in ho
comb structure of shells moved to the inner skin
kernel area. This mayv be the reasen for raw cast
nut to increase its volume immediately after soak

in water.
C) Porosity of nuts

The porosity was evalqgted for raw nuts an
increased linearfy from 48.03-to 52.33% when
moisture content changed from 3.15% to 20.06%
(Fig.7.4). The relationship between the porosity
moisture content for raw nut is given below:

B, = 47.050 + 0.268 M, (1 = 0.990)

A compariscn of poresity of cashew nut
those of other grains revealed that it increased w
moisture content similar 1o that of other grains.

Table 7.21: Equivalent diameier and sphericity of nut and kernel at a moisture content of 8.46% d.b,

o Mgaw

18.71-27.52
11.82-19.73

Raw nut

Kernel

22.78 {1.78)
15.56 (1.54)

0.62-0.86
0.54-0.81

0.74 (0.04)
0.63 (0.06)

* Average of 100 measurements; values in parentheses are SD

4 8

12 16 20

Moisture content, % d.b.

Fig 7.3: 100-nut weight as a function of moisture condent



Porosity, %

1

4 8

12 16 20
Moisture content, % d.b.

Fig 7.4: Porosity as a function of moisture content

D)  Bulk density and true density

Effect of meisture content on bulk density of
raw cashew nut was studied (Fig.7.5). The values of
the bulk density at different moisture levels varied from

* - 591.9 to 624.2 kg/m*. The bulk density of nut bears

the following relationship with moisture ¢ontent.
(b = 631.921 - 2081 M, (r = 0.973)

The buik densily decreased with increase in
moisture content. This shows that the increase in mass
owing to maisture gain in the sample is lower than the
accompanying volumetric expansion of the bulk.

The relationship between true density and
meisture content {s shown in Fig.7.6. The variatior: in
true density with moisture content of raw cashew nut
can be represented by the following equation.

([t = 119271 + 2.295 M, (1 — 0.996)

The true density of nut found to increase linearly
from 1201 - 1240 kg/m* with increase in moisture
content from 3.15 to 20.06% db. This may be due to
higher weight increase of nut in comparison te its
volume expansioi ¢n moisture gain.

E}  Co-efficient of internal friction

The static co-efficient of friction for raw cashew
nut with respect to moisture content on four different

surfaces is presented in Fig.7.7. The relationshi
between moisture content and static co-efficient o
friction can be represented by the following equations

For glass

B, = 0172 +0.004M, (r = 0.886)

Where, pg - co-efficient of friction against glass

For aluminium

p, = 0233+ 0003M,(r = 0.956)

Where, p,, - co-efficient of friction against aluminium
For Galvanised Iron

B, = 0240 + 0.003 M, (r = 0.946)

Where, p; - co-efficient of friction against Galvanised
Tron

For Cardboard

p, = 0.236+ 0.004 M, (r = 0.979)

Where, 1, - co-efficient of friction against Cardboard

The static co-efficient of friction increased
linearly with respeci to moisture content for all four
contact surfaces. The maximum friction was offered
by cardboard foilowed by galvanised iron and
aluminium. The glass offered least friction due to
smooth and polished surface. The reason for the
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increased static co-eificient of {friction at higher
moisture content may be owing to the water present
in the nut offering a eohesive force on the surface of

contact.
F) Equilibrium moisture conient

The increase in the moeisture content with the
relative humidity exhibits desorption isotherm up to
74.12%, burt at 81.33% i1 followed adsorption isotherm.
Mould growih and deterioration took place after 28
days at 81.33% after the commencement of experiment,
The data were {it in the Henderson's equation and by
solving simultaneous equations the values of the
constants were found to be 7.09 x 10~ and 0.865 for ¢
and n respectively.

G).  Evaluation of grader

Experiments conducted with mixture of good
and spoiled nuts keeping corner slopes of 5.02°, 19, 56°,
15.56°, 21.34°, 27.79° and 35.29° revealed that in the
first two slopes there was no movement of nuts even
after vibration or 1apping. Free movement oceurred
after 21 * onwards only. Cashew nats after moving from

feed end got accemulated at farthermost cutlet area. -

The surface characteristics and weight difference play
vital role in gravity separator as far as the separation
efficiency is concerned. The weight of goed and spoiled
nuts were not differing much and sometimes, spoiled
nuts of particular origin weighed more 1than good nuts.
Further, the surface characteristics of good and bad
nuts did not vary significantly. The separation efficiency
of gravity separator was low.

Keeping first and second trays in three angular
_ positions the performance evaluation of sieve separator
was conducted. The angular positions were 4°, 11°
and 14°. The small, medium and big size nuts were
segregated manually and mixed in 1:2:3 proportion
and used ip the experiment. As the efficiency of sieve
separator at poesition 1 and 3 of second tray appeared
low, the 2™ position of tray with various positions of
first tray was compared. Better result was achieved
with 11° first tray angle and 14° secand tray angle. In
round sieves, the separation 100k place based en the
orientation of nuts and occasional clogging of nuts
reduced the separation efficiency. Therefore alternative
design of rotary grader is suggested.

The results of gravity and sieve separator reveal
that the efficiency of separation is fow mainly due to

. Insignificant variation in surface characteristics

of good and bad nuts

. Changing surface characteristics with respect to
moisture content of nut

. Higher weight of bad nuts compared to good
nuts of certain origin

. Irregular shape of raw nuts and the orientation
while moving

. Clogging of nuts in sieve as the minor axis is
not uniform throughout its length

7.4.5 Conclusions

. The mass of 100 nuts and true density of raw
cashew nuts increased with increased mwoisture
content. The porosity and bulk density
decreased linearly with the increased moisture
content.

. The co-efficient of friction on various surfaces
increased with increased moisture content.
Cardboard as surface for sliding offered the
maximum friction followed by galvanised iren,
alurninium and glass.

. The average length, width, thickness of raw
cashew nots at 8.46% was 31.000, 22.860 and
16.914 mm respectively, while the corresponding
values of kernels were 24,674, 12,987 and 12.063
mm. About 52% of the nuts had length
between 30-35mm whereas, 11.5% and 36.5%
of nuts categorized under > 35mm and < 3Jmm
respectively. The average unil mass of the nut
and kernel was 5.964 and 1.894g respectively.

. The average sphericity of raw cashew nut and
kernel at moisture content 8.46% db were 0.737
and 0.633 respectively, Mass of 100 raw nuts
varied between 610.6 g to 735.1 g and it
increased linearly with increased moisture
content.

. The porosily increased from 48.03 1o 52.33%,
while the bulk density decreased from 624.2kg/
m? 1o 591.9 kg/m? as the moisture content
increased from 3.15% to 20.06% db. The true
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density of nuts followed a linear correlation with
moisture content. It increased from 1.201g/cc
to 1.240g/cc with increase In moisture from
3.15% 1 20.06% db.

The static co-efficient of friction for nuts
increased linearly with moisture content
irrespective of surface employed, namely, glass
(0.19 to 0.25), aluminium (0.25 to 0.30),
galvanised iron (0.25 to 0.30) and cardboard
(0.25-0.31).

The equilibrium moisture content of raw cashew
nuts increased with the relative humidity and
exhibited desorplion isotherm up to 74.12% but
at 81.33% i followed adsorption isotherm.
Mould growth an&ﬂggerlor&tlon ocecurred after
28 days at 81.33% after the commencement of
experiment.

Gravity separator was designed taking into
consideration of the variation in kinetic energy

while in movement along the slope. The trials
conducted with three different end slopes t.e.,
4%, 7°, 11° revealed that the separation efficiency
was not up to the mark primarily due to similar
smaothness of raw nut irrespective of its quality.

A sieve separator was developed on the basis
of the relationship between the sphericity and
the nut size. As the curvature of side varied with
size of the nut, the minor axis dirmension was
taken into consideration for sieve design. Due
to the irregular shape, nut had different
orientation while moving towards sieve hole
resulting in clogging which lowered the
separation efficiency.

In view of lower separation efficiency in gravity
and sieve separator, a rotary grader with four
different sieve segments which can be operated
both manually and through electrical motor is
suggested to grade the raw nuts based on size.



7.5: Design, development and performance evaluation of improved cashew nut sheller

Project Leader
Project No.
Project Duration

7.5.1 Introduction

Cashew processing as an indusiry had its
beginning in Mangalore, Karnataka. But soon it shifted
to Quilon in Kerala, which later became the nucleus of
cashew trade. The pioneering spirit of the easly
entreprenewrs and the unsurpassed skills of Indian
women in extracting whole kernels from the nuts were
the major factors influencing birth and growth of the

“industry in India. Preparation of cashew kernels for
trade and expart is an inlricate procedure compared to
that of ather edible nuts. Raw nuts are pretreated {drum

ruabtmgf oil bath/ steam boiling) to facilitale cracking
MRS S and dried for de-huskfng. Shefling
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existing hand cum pedal operated sheller.
E) Performance evaluation

Raw nuis are purchased from local market
(Sullia ciigin} and graded manually into small (20-
22mm), medium (< 23 -25 mm) and big (= 26 mm)
based on its minor dimension. The graded raw nuts
are steamed at 4 kgm* in baby boiler with centratized
steam supply system for 16 min. Steam boiled nuts
are dried for 20 h al ambient environment. About 5 kg
of pretreated nuts of various sizes viz., small, mediun
and big are shelled separately by semi skilled operators.
The data oh operalional capacny whc}les/broken ratio,
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 and split the nut.

B) Operation

The raw cashew nut is placed in between blades
with its notched portion facing the holder blade and
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The.average eperational capacity of improve

cashew nut sheller is 9.3 Kg /h. The average qualitati:
efficiency of the unit in terms of whales and hroken




Fig. 7.8: Modified cahsewnut sheller

1. Holder blade 2. Sliding arm 3. Guide rod 4. Bearing 5. Holder cam 6. Driving shaft 7. Lever arm 8. Connecting r
9. Pedal 10. Split cam Il. Sliding red 12. Twin blade 13. Eccentric jeint 14. Central disc 15. Support with hin

16. Spout 17. Base plate 18. Nut adjuster

disc and blade arm are joined together through cotter
pin inserted into the top and bottom eccentric holes of
the disc. The radial movement of disk makes the twin
blades to move apart due to the hinge and eccentric
joini. The sliding rod with bearing at one end transfers
motion to disc. This assembly converts the linear to
radial movement.

The linkage assembly has two cams, one of
which is fitted to the mid point transfers motion to nut
holding arm. The second cam is fixed at the extreme

point of the driving shaft in order to actuate split blades.

The cam at centre of shaft is designed in such a way
that it gently pushes the sliding arm until the attached
bladé penetrate and slips not allowing the nut holder
assembly to return. Exactly at the slipping point
onwards the split cam pushes the sliding rod in order
to actuate the dis¢. This aids in opening twin hlades
and split the nut.

E) Operation

The raw cashew nut is placed in between blades
with its notched portion facing the holder blade and

convex side Testing on the edges of twin blades, Wh
the pecal is pressed, sliding arm meves front and hol
the nut. Further pressing makes the cam to slip a:
allows the second cam to push the sliding rod to rote
the disc to a set angle. This helps the outwa
movement of twin blades resulting in splitting of shel
The compression spring provided ensures the whe
assembly back in position after the release of for
applied on: pedal.

The distance between holder and twin blad
assembly decides the whaole kernel yield, An adjusti
mechanism is provided on the top of the sliding m
for various sizes of nuts. This shelling unit can
operated in a sitting posture reducing the drudge
experienced in hand cum pedal operated shelli
machine. The sheller design accommeodates nut feedi
from both the sides,

C) Pericrmance

The average operational capacity of improv
cashew nut sheller is 2.3 Kg /h. The average qualitaf
efficiency of the unit in terms of wholes and broken
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9.84. The constant movement of blades and splitting
angle of twin blades enabled the penetration of
blades upto inner edge of shell. This reduces the
kernel damage to a greater extenl. Since whole kernel
vield at shelling level is one of the factors deciding
economic efficiency, the increase in whole kernel yield

in shelling using improved unit is advantageous. The
overall quantitative efficiency is 87.52%. This is dee
to lack of operator’s experience with newly developed
shelling unit. An increasing trend in operational
capacity, w/b ratio and shelling efficiency, when
allowed to shell the nuts continuously for certain period
was observed, The sitting posture reduced the
aperator’s drudgery. This clearly indicated that the
operaters ¢an improve the operational performance
after gaining experience,

D)  Operational capacity

The data on production capacity showed that
the improved and existing shellers do not differ with
respect of aoperators. Although operators are not
experienced with the newly developed sheller, the same
preduction capacity of improved sheller over existing
unit gives a positive signt of improving individual
performance. With respect to size of the nut, the types
of shellers are significant at 5% level. It has heen found
put that nuts/kg of the small (20-22mm]), medium (>
23 -25 mm) and big (> 26 mm) size nuts ranges from
180-190, 150- 160 and 120-130 nuts per kg respectively,
Therefore, it is obvious that ihe capacity of the sheller
is highly influenced by the size of the nut. The simple
locknut and balt assembly to adjust the distance
between the holder and splitting blade does not require
special skill.

E} Wholes / Broken ratio

The aver&ge values of qualitative efficiency for

improved and hand cum pedal operated shelleris 9,83
and 4.69 respectively. in the existing sheller, the
operator has to manipulate the size of the nut and the
operation to extract the whole kernel. But in the
improved design, the constant movement of holder and

splitting blades ensures the higher whole kernel yieid.

The variation in the ratio with respect to operator is
non significant. But the size of the nut plays vital rele
to abtain better qualitative efficiency.

F} Quantitative / Shelling eificieney

The quantitative efficiency of both improved and
hand cum pedal operated units are non significant with
respect t0 operaicr and size, The difference in overall
efficiericy between two shellers is due to the lack of
experience of the semij-skilled personnel with newly
developed unit, '

G)  Rate of preduction

Increasing trend in shelling rate is observed in
case of improved sheller, The nut feeding and pedal
operation to hold and split open should follow uniform
time interval for betrer praduction rate. The simple
pedal operation and feeding nut make the operators to
get adjusted with unit in shorter period and resuited
in increasing production. In the existing sheller, the
eperators showed better performance in the beginning,
but as the time elapses 4 declining production rate is
noticed. The continueus operation of pedal according
to the size of the nut and lifting the lever to apen, led
to fatigue in shorter period. Based on the degree of
fatigue, the individual performance declines with
respect to time.

7.5.5 Conclusions

. A single operation cam type pedal operated
cashew nut sheller has been developed 10
overcome the drudgery experienced with hand
cum pedal operated sheller. The developed unit
costs 17% more than existing sheller.

. The gap between two blades can be adjusted
according to the size of the nuts. In order 10
avoid constant readjustments, the raw nuts have
to be graded based on size and nuis of similar

size can be taken at a time,

. The wear and tear of various parts of newly
developed shelling unit has to be cbserved in a
long run and the remedial measure needs to he
worked out.

v As cutting with mechanical aid showed
considerable improvement in yield of whole
kernels, an attempt needs 10 be-made to develop
a high performance sheller with mechanical
feeding facility for the nuts and synchronized
power operation of the cutter.






8. EDUCATION AND TRAINING

Atraining programme on Vegetaiive Propagation
of Cashew was conducted on 3" and 4™ Seplember,
2001, in which trainees were made to acquire the skill
of softwood grafting. A total of 34 trainees sponsored
by Development Departments from Karnataka, Kerala,
Tamil Nadu, Andhra Pradesh and Meghalaya
participated in the training programme.

A total of 18 [VLP-KVK staff of CPCRI, Kasaragod
were trained on cashew cultivation aspects at CPCRI,
Kasaragod on 3-1-2002.

Three days refresher course on ‘Cashew
Production Technology' was organised curing 17-19,
January, 2002 in which nine trainees sponsored by
Development Departments of Karnataka and Kerala
were trained.

Five days special training course for KVK staff
was organised during 4-8, March, 2002, Trainees from
Kerala, Karnataka and Tamil Nadu were provided in-
depth training on various aspects of cashew production
technelogy.

9. LINKAGES / COLLABORATION

1. In collaboration with PDBC,; Bangalore, EAG
studies were undertaken to find out the source
of kairomones and pheromones for CSRB / TMB.

2. DNA finger printing of the accessions from
NCGB has been taken up in collaboration with
UAS, Bangalore.

3. Soil and water conservation / plant protection
campaigns were conducted in collaboration with
Shri Kshetra Dharmasthala Rural Development
Project, Dharmasthala. The financial aid was
provided by DCCD, Kechi.

4, Annual Cashew day was organised in

collaboration with $hri Kshethra Dharmasthala
Rural Development Project, Dharmasthala, Shri
Durga Charitable Society, Keyyur and Bharathiya
Kissan Sangha, Puttur, Sullia and Udupi. The
financial aid was provided by DCCD, Kochi.

5. - Eightynine demonstration plots were laid out
with financial suppeont of DCCD, Kochi of which
eleven were under high density planting system,

Bb. In collaberation with CPCR], Kasaragod, training
programme on “Cashew Production Technology’
was organised at CPCRI, Kasaragod, for IVLP-
KVK staff of CPCRI, Kasaragod. ‘

10. AICRP CENTRES

Headquarters

Project Coordinator(Cashew)

National Research Centre for Cashew
FUTTUR 574 202, DK, Karnataka,
Phone No.0825-621530 (0); 620992 (R).
Fax Np. 0825-621590

Universily centres

1. Cashew Research Staton

(Acharya NG Ranga Agricultural University.)

Bapatla 522 101, Guntur Dist.,
Andhra Pradesh.
Phone Neo.(08643) - 25304




Cashew Research Station
Department of Agriculture

(Orissa University of Agriculture and Technology)
Bhubaneswar 751 003, Orissa.

{QUAT Phone No, (0674} - 405383.

Fax Mo, (0674) 407780

Agriculiural Research Station
{University of Agricultural Sciences)
Chintamani 563 125, Kolar District,
Karnataka,

Phone No. {08154) - 52118, 50420.

Zonal Agriculiural Research Station

{Indira Gandhi Krishi Vishwa Vidyalaya)
Jagdalpur 494 005, Kumharawand, Bastar District,
Chhattisgarh

Phone No. (07782) - 29150, 293360

Fax No. (07782) 23670; 22951

Regional Research Station

(Bidhan Chandra Krishi Viswa Vidyalaya)
Jhargram Farm, PC, Jhargram

721 507, Midnapore District,

West Bengal.

Phone No. {03221) - 55593.

Cashew Research Station

(Kerala Agricultural University)
Madakkathara 680656, Thrissur Dist.
Kerala.

Phone No, and Fax (0487) - 370339,

Regional Agricultural Research Station
(Kerala Agricultural University),
Filicode 671 353, Kasaragod District,
Kerala.

Phone No. {0499) - 760632, 760554
Fax No. 0499-760554

Regional Fruit Research Station

(Dr Balasaheb Sawant Konkan Krishi Vidyapeeth)
Vengurle 416 516, Sindhudurg District,

© Maharashira

Phone No. and Fax No. (02366) - 62234

Regional Research Station

{Tamil Nadu Agricultural University)
Vridhachalam 06 001, Sputh Arcot District,
Tamil Nadu.

Phone No. (04143) - 60231, 69412

Fax No. 04143-60970
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cultivation and utilisation in Konkan region, In: Symposium on Post Harvest Technologies {or Agriculiural
produce and prospects for the Food Processing Industry in Konkan region. Nov, 23-24 at International
Centre, Dona Paula, Goa.

Bhaskata Rao, E.V.V. 2002. Current Status of Cashew in India and Prospects in Chhattisgarh State.
Proceedings of National Seminar on Horticultural Development in Chhaltisgarh - Viston and Vistas -
Jan. 21-23 2002 - Raipur. pp. 31-38,

Swamy, K.R.M., Bhaskara Rao, E.V.V. and Bhat, M.G. 2002. Germplasm Management of Horticultural
Crops - Cashew. National Wrokshop on “Germplasm Management of Herticultural and Agroforesty
Crops for sustainable utilization”, held at NBPGR, New Delhi, Feb. 27-28 2002,

Faleiro, J.R., Ramesh, R., Sundararaju, D., Chander Rao. §. and Mani Chellappan, 2002. Insect pest and
disease management of major field and horticultural crops - An overview of technolegies developed in
Goa. Extended Summaries. National Conference on Coastai Agril. Research, ICAR Research Complex for
Goa. pp. 132-133,

Book/Chapters

Bhaskara Rae, E.V.V. and Swamy, K.R.M. 2001. Cashew. In: Evolution and Adaptation of Crops. (Eds. Dr.
VL. Chopra, et gl.). Oxford and IBH Publishing House, New Delhi.

Nampoothiri, K.U K., Kurmaran, PM, and Swamy, K.R.M, 2002. Plantation Crops. In: Crop Genetic Resources:
An Indian Perspective (Ed. K. Tyagi}. Indian Society of Plant Genetic Rescurces, NBPGR, New Delhi,

Sundararaju, D,, Raviprasad, T.N. and Bhat, P.5. 1999, Pests of cashew and their integrated management.
Vol.6: 525-544, IPM System in Agriculture, Adifya Publication Pvt. Lid., New Delhi.

Technical Reports / Bulletins / Compendia
National Research Centre for Cashew. 2002. Research Highlights 2001-2002. Puttur, Karnataka. 28 pp.

All India Coordinated Research Project on Cashew. 2001. Annual Report 2080-200]. National Research
Centre for Cashew, Puttur, Karnataka. 118 pp.

National Research Centre for Cashew. 2001. Annual Report 2000-2001. Puttur, Karnataka. 119 pp.
National Research Centre for Cashew. 2001, Cashew News. Newsletter Vol.6{1). Puttur, Karmataka. 8 pp.
National Research Cenire for Cashew, 2001. Cashew News. Newstetter Vol.6{2). Purtur, Karnataka, 8 pp.

Swamy, K.R.M., Bhaskara Raq, E.V.V. and Bhat, M_G. 2002, Status of cashew gemrplasm collection in
India. National Research Centre for Cashew. NRCC Tech. Bull, No. 7. 48 pp.



11.5 Extension bulletins / pamphlets

Bhat, P.S. and Venkattakumar, R. 2002. Questions and Answers on Cashew Production Technology (English)
12 pp.

Bhat, P.S. 2002. Questions and Answers on Cashew Production Technology (Kannada). 10 pp.

Bhat, P.5. 2002, Information Booklet. 5 pp.

Venkattakumar, R. 2002. Cashew Productior_l Technology (Compendium of Lectures) - Lecture notes Series
13 (revised) 75 pp.

Venkattakumar, R., Yédukumar, N and Bhat, P.5. 2002, Cashew cultivation practices (revised) 4 pp.
Yadukumar, N, 2002. Soil and water conservation practices (Kannada) (revised) 4 pp.
Yadukumar, N. and Bhat, P.&. 2002, Cashew cultivation practices (Kannada) (revised) 6 pp.
NRCC Recommendation Leaflet No.1. 2002, Planting material for cashew. 2 pp.

NRCC Recommendation Leaflet No.2. Recommended varieties of cashew. 2 pp.

NRCC Recommendations Leaflet No.3. Climatic requirements of cashew. 2 pp.

NRCC Recommendations Leaflet No 4. Planting technology for cashew. 2 pp.

NRCC Recommendations Leaflet No.5. Soil and water conservation in cashew. 2 pp.

NRCC Recommendations Leaflet No.6. Manures and fertilizers for cashew. 2 pp.

NRCC Recommendations Leaflet No.7. Intercropping and mixed cropping in cashew. 2 pp.
NRCC Recommendations Leaflet No.8. High density planting of cashew. 2 pp.

NRCC Recommendaticns Leaflet No.9. Canopy management in cashew. 2 pp.

NRCC Recommendations Leafiet No.10. Management of tea mosquito bug in cashew. 2 pp.
NRCC Recommendations Leaflet Mo.1l. Management of cashew stem and root borer. 2 pp.

NRCC Recommendations Leaflet No.12. Cashew nut processing. 2 pp.
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1.2
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DBT
Scheme

2.2
2.3

2.8
2,10
Ad-hoc

Scheme

NATP

3.4

35

3.6
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13. IMPORTANT MEETINGS AND DECISIONS

131 Research Advisory Commitiee

Or, AL Ahamed Bavappa, FAD Consaliant Chariman
Barootl Villa, PO, Kappur,
Kurnaranedlur 679 552
Palakzad Distzicl, lerala

8 r, BT, Gunjate Member
Reliancy Petrolewm Limited
Horticulmure Depariment
E.0.2, Township,
Motikhavadi 261 140
Jamoagin Dhsdricl {Gujaral]

- Prof. A. Regupathy Member
Professor of Entowwology
AC and BRI, Coimbatore 641 003

1. Mr. P2 Balasumbramanian Membor
Divectog
Directorate of Cashewnut and Cocoa Development
Ceoer. of InCEa
Ministry of Agriculture, (Dept. ot Agri. Coopcration)
4th Floor, Kera Bhavan, Kochi 632 011, Kerala



5. Dr. B.R. Hedge Member
(Retired Director of Research)

347, 10th Main, ?¢h Cross, NTI Layout
Vidyaranyapura
Bangazlore 560 097

6. Dr. R.N. Pal : Member
Asst. Director General {I'C)

Indian Council of Agricultural Research
Krishi Bhavan
New Delhi 110 001

7. Dr. E.V.V. Bhaskara Rao Member
Director
NRC-Cashew, Puttur 574 202

8. Dr. K.R.M. Swamy Mernber-Secretary
Principal Scientist (Hort.)

NRC-Cashew, Puttur 574 202
DK, Karnataka

Decisions:

[ As the genetic variability reported in cashew is at moderate level, there is still scope o continue the
germplasm collection. Bastar district in Chattisgarh may be surveyed for cashew germplasm during second
fortnight of April 2002.

n Parents for hybridization during 2002-2003 season may be chosen for complimentary characters (shelling
per cent- > 30%, weight/nut- 7-9 g, weight/apple- > 60 g; synchronization of flowering in female
and male parents).

" A new project proposal on DNA finger printing of cashew may be submitted for consideration by DBT.

= Mechanical pruning in the case of hedge row system of planting and apphcatmn of growth regulators
through drip irrigation may be tried.

. In high density planting, vertical growth of the plant may be checked by detopping at a convenient height
viz., 3-4 metres. Concept of training has to be changed so as to obtain a bushy growth.

m Vermicomposting method may be compared with Japanese method of composting, both cost-wise and
nutritionally. Economics needs to be worked out.

" The data on effectiveness of plant growth hormones for inducing bark callus and root initiation in CSRE
infested trees needs to be compiled.

n Dr. Pathumal Beevi, KAU, Thrissur may be requested through Vige-Chancellor to forrmulate an ad-hoc
project on the field contrel of TMB including influence of weather parameters.

= A new project may be proposed on mineral composition of kernels of recommended varieties of cashew.

n Possibility of dehydraling cashew apple and using it as a drv fruit may be explored.



13.2 Institute Management Committee

13.3

Dr. E.V.V. Bhaskara Rao Chairman
Director
NRCC Puttur

Dr. R.N. Pal Member
Asst, Director General (PC}

ICAR, Krishi Bhavan

New Delhi 110 001

Dr. KRM Swamy Member
Principal Scientist, NRCC, Puttur

Dr. MG. Bhat Member
Principal Scientist, NRCC, Pultur ‘

Dr. TN Raviprasad Member
Senior Scientist, NRCC, Puttur

Ms.Shirly Raichal Anil ' Member

Scientist, NRCC, Puttur '
5ri.K.Sanjeeva Member-Secretary
Asst. Administrative Officer

NRCC, Puttur

The commiltee met twice on 10-12-2001 and 20.3.2002 during the year and reviewed the progress of
research projects and ad-hac projects. It accorded approval for the purchase of equipments.

Stafi Research Conncil Meeting

Fourteenth Staff Research Council Meeting was held on 22-23 May 2001 and impeortant decisions taken

are furnished below:

] DNA-finger printing / molecular characterisation work at NRCC may be conlinued.

n Hermonal balance for each variety in relation lo endogenous levels may be worked out while taking
up regeneration studies.

n Int canopy management studies, light interception at different levels {upper, middle and lower) may
be recorded. Paclobutrazol may be used only after getting informatien on its acceptability in other
COoLNries,

m - Qccurrence of fun_gal pathogens from dried panicles, in the absence of TMB damage may be recorded.

. Protocols for estimation of residues of endesulfan in water, grass and soil in cashew eco-system
may be developed.
= Mineral composition (Ca, Mg and Fe) of blends of pomace powder with cereals and legumes may be

assessad.

s Training programme for research associates / senior research fellows of KVK’'s may be arranged.
Campaigr on high density planting systern may be arranged.



13.4 Institute Joint Council (1JC)

Official Side :
Dr. E.V.V. Bhaskara Rao Chairman

Dr. N. Yadukumar Member

Dr. M.G. Nayak ~ Member

Sri. K. Sanjeeva Member

Sri. A.K. Shabaraya Member

Sri. ). Balasubramanian : Secretary

Stafi Side

Sri. XK. Umanath Member (CJSC)
Sri. X.R. Padmanabhan Nair Member- Secretary
Smt. B. Jayashree Member

Sri. K. Umashankar Member

5ri. K. Narayana Member

8ri. V. Sundara Mermber

The 1JC met 4 times during this year 1o discuss about staff welfare activities.
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14. PARTICIPATION IN SYMPOSIA /
CONFERENCES / SEMINARS / MEETINGS

EVV Bhaskara Rao

EVV-Bhaskata Rao'

[ Swamy

EVV Bhaskara Rao
FYY Bhaiana Rao
_’-R vﬁ_fﬂjﬂﬂa:kgmar .
E?V‘Bha:skara_ma_

 KRM Swamy

KRM Swamy
KRM Swamy

EVV Bhaskara Rac

MG Bhat
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D Balasqbramaman
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LKRM Swamy L

R
R L

b e b 4 d 0t

wEw  Bhaskara Rao

- Row F T F
a 1 "

s & ¥ @ B *

EEER

Meeiingynﬁ'Wofkéing é;r_@u_p onHorticulture Development

' {Pz_'oérdm'més; called by Dr: KL Chadhia at New Delhi

' 'Meéting ai Coconut Development Beard Cochin to

finadlize the draft report of Worlking Group on Horticultare

_ Deﬁefoprﬁem Io} iomu]ation- of X Five Year Plan

Meetl‘ng gn “Reméwmg the Mmlmai Bescngtm Lists of
Hommiltural E:ﬂps’i, NBPGR New Delhi

: Na_tlona] ,Selm‘inar, on Stangmcal Methods for Flantation

Créps at CPCR{ Regional Station, Kayangulam,

Workshop ot Integrated National Agnculturai Resources

- Informatioh Systgm E[NARIS] at cpom Kasaragord -

Rural | ngramme Advisory Committee- Meetmg of

Akashvam Mangalore at"ARS, U]lal

: Meetmg of Blrecto:rs of ICAR Inslitutes at NBPGR
' Auchtonum New Delhi.

‘Meeting on. Endosulfqn, Lalbaugh, Bangalore

" Meeting on “Prebléms in cashew production and
" marketing in Karnataka”, Lalbaugh, Bangalore '

Meeting on “Cashew Production and Proce$smg in

* Karnataka®, DC Office, Mangalore

Cashew Production Forecasting and Transfer of
Technology efforts by DCCD, Kochi at NRCC, Puttur
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National Horhculju:e Conference organized by the
_ Govemment of India at-C&O Complex, New Defhi

XV Biennial Workshop of AICRP on Palms at BCKV,
Kalyani, West Bengal

National Symposmm on Pust Harvest Techhologies for
Agricdlt'ur"al"PfUauce and Prospects for theFood Industry
in Konkan Reglr:m Organized by Assaciation of Food
Scientists and. Technologies (India) in collaboratjon
‘with JCAR Camplex for Goa, at International Centre,

Dona Paula, Goa -

Third Meeting of ATIC Management Committee at
CPCRI, Kasaragod, Kerala

XVIII Meeting of ICAR Regional Committee No. VIII at
CTCRI, Tnvandmm, Kerala

First Annual Workshop of NATP on Cashew,
NRCC, Puttur

Meeting of Directors of Horticulture Division -/ Directors
of ICAR Institutes at NBPGR Audimrimn, New Delni

National Seminar om Horticultural Development in
Chhathsgarh V;swn and Vlstas at IGA, R&jpur
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15. FARMERS DAY/KRISHIMELA/EXHIBITION/
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18. DISTINGUISHED VISITORS
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- M. Menappa

Deputv Comn:ussmner
Dakshina Kannada, ‘Kamataka
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" DDG (Bort}

ICAR,, . Krishi Bhavan, New Delhi

© Dr. P. Rethinam

Chairman
Coconut Development Board

* Kera Bhavan, Kochi - 682 014

Dr. B. Rajagopal

- 1 (PGS)

UAS, GKVK, Bangalore - 560 065

~ Dr. K.V. Ahamed Bavappa

FAQ-Censultant and RAC Chairman
Kumaranellur - 679 552, Kerala

Dt R.T. Gunjate
Reliance Petroleum Limited
RAC Member, .
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TECHNICAL

Sri.K Muralikrishna Farm Superintendent {1-6)
Sri. P Adbulla ) Farm Superintendent (T-6)
Sri.H.Muralikrishna Tech. Ini. Officer (T-6)
Sr.A Padmanabha Hebbar Tech. Officer (Elec.) (T-5)
Sri.R. Aruimony | Teck, Officer (iib.) (T-5)
Sri.Prakash G Bhat Tech. Oificer (T-5)
Sri.N.Manikandan Technical Officer {T-5)

Sri R.Muthuraju, K.Seetharama, Lakshmipathi, R.Lakshmisha and KV.Ramesh Babu, R. Shekara Naik (T4
Sardar Baig (T4, upto 28.2.2002); K.R.Padmanabhan Nair, A.Poovappa Gowda (T-3); RaviShankar Prasad, K.Bab
Poojary, Bejmi Veigus (T-2); KK Madhavan, K.Umanath {T-1)

ADMINISTRATIVE

Sri.A.Keshava Shabaraya Asst. Fin. and Accnts, Officer
sri.K.Sanjeeva Asst. Admn. Officer
Sri.K.M. Jayarama Naik Asst.Admn. Officer (Stores)

$ri.V.Ahamed Bava (SL.Stenographer); Smt.B.Jayashree, Sri.0.G. Varghese (Stenographers); Sri.MS.Satyanasayan,
{Assistant - retired on 31.10.2001), Sri.K.M.Lingaraju (5c.Clerk); Mrs.M Ratna Ranjani, Miss.Winne Lobo
Sri.Rosario Mascarenhas (Sr.Clerks); Mrs.Leela (St.Clerk w.e.f. 1-11-2001), Sri.Uma Shankar {Jr-Clerk), Mrs. K
Padmini Kutty (Jr-Clerk) (w.e.f. 9.11.2001); 5ri. K _Balappa Gowda (Gestetner Operator)

20. MISCELLANEOUS

20.1 Graft production

During the year 2001-2002, a total of 1,33,256 softwood grafts of different cashew varieties wort]
Rs. 19,958,840 were distributed to farmers and other Development Agencies, These grafts were produce:
under the revolving fund schemes of ICAR and DCCD which are in operation at NRCC, Puttar,

During the year 2001-2002, a total of 1,43,714 softwood grafts of different cashew varieties were prepare
of which over 1.00 lakh grafts wonld be available from both the revolving fund schemes for distributio:
during the planting season of 2092,
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19. PERSONNEL

Managerial
MMireclor  [RMP] EVY Bhaslara Rao

Sclentific

* Holentist (A% and PH) Temperarly adjusted against vacant post of Plant Physiology



TECHNICAL

Sri.K.Muralikrishna Farm Superintendent (T-6}
Sri. F. Adbulla Farm Superimtendent (T-6)
Sri.H. Muralikrishna Tech. Inf. Officer (T-6)
Sri.A Padmanabha Hebbar Tech. Officer (Elec.) [T-5)
Sr.R.Arulmony Tach. Ofiicer (lib.} (T-3)
Sri.Prakash G Bhat Tech. Officer {T-5)
Sri.N.Manikandan Technical Officer (T-5)

Sri R.Muthuraju, K.Seetharama, Lakshmipathi, R.Lakshmisha and KV.Ramesh Babu, R. Shekara Naik {T-1);
Sardar Baig (T-4, upto 28.2.2002}; K.R.Padmanabhan Nair, A.Poovappa Gowda (T-3); RaviShankar Prasad, K.Babu
Poojary, Bejmi Veigus (T-2); KK.Madhavan, K.Umanath (T-1)

ADMINISTRATIVE

Sri.A Keshava Shabaraya Asst, Fin. and Acents, Officer
Sri.K.Sanjeeva Asst. Admn. Officer

Sri.K.M. Jayarama Naik Asst,Admn. Officer (Stores)

Sri.V.Ahamed Bava [Sr.Stenographér}; Smt.B.Jayashree, 5ri.0.G.Varghese (Stenographers); Sri.MS.5atyanarayana
(Assistant - retired on 31.10.2001), Sri.K.M.Lingaraju (St.Clerk); Mrs.M.Ratna Ranjani, Miss.Winne Lobo,
Sri.Rosario Mascarenhas (Sr.Clerks); Mrs.Leela (Sr.Clerk w.e.f. 1-11-2001), Ski.Uma Shankar (Jr-Clerk), Mrs. K,
Padmini Kutty (Jr-Clerk) (w.e.f. 9.11.2001); Sri.K.Balappa Gowda (Gestetner Operator)

20. MISCELLANEOQUS

20.1 Grait production

During the year 2001-2002, a total of 1,33,256 softwood grafts of different cashew varieties worth
Rs. 19,98,840 were distributed to farmers and other Development Agencies. These grafts were produced
under the revolving fund schemes of ICAR and DCCD which are in operation at NRCC, Puttur.

During the year 2001-2002, a total of 1,43,714 softwood grafts of different cashew varieties were prepared
of which over 1.00 lakh grafts would be available from both the revolving fund schemes for distribution
during the planting season of 2002.
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