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PREFACE

The progress made in different research projects pursued at this Centre is summarized
in the Annual Report 1999-2000. Although the yield of cashew during last two years was
poor due to adverse weather cenditions, it is heartening to note that the crop yield during
19992000 is expecled to be 5.2 lakh tonnes. In the research front, significant progress
has been made in the areas of crop improvement, crop management, crop protection and

franster of technolagy during this year at NRCC.

Efforts are intensified to characterize germplasm collections and sixty accessions
planied during 1989 were evaluated as per IPGRI descriptor after completion of 6 harvests
bringing the number of accessions characterized so far 10 213. In collaboration with
Department of Horticulture, UAS, Bangalore thirtythree released varieties and a TMB tolerant
accession have been DNA finger-printed. Similarly in collaboration with INRC for DINAFP
nineteen accessions from germplesm have been DNA finger printed. In the nefwork
programme on collection of cashew germplasm from east and west coasts of India, fifteen
diverse types have been collected for planting in NCGB/RCGB.

As hybrids have been found to be much superior to selections, a net working
programme has been initiated with the parents identified from available germplasm
collections from different Cashew Research Stalions and over one thousand hybrid nuis
have been produced for evaluation. The performance of noda! culture plants planted in the
field is quite satisfactory. Micrografting technique has been standardized using in vitro
raised seedlings as root stocks ond aseptic nodal/shoot tip culture from maoiure free source

as micro scion.

In the crop management, results from this research centre have indicated the profitability
ot high density planting of cashew. Nutritional studies have indicated that application of
10 kg pouliry manure/tree along with recommended dose of N, P and K is beneficial in
realising higher yields. Studies ‘on induction of dwarfing through chemical intervention
have revealed reduction of plant height, canopy spread, and length of flowering and

nen-flowering laterals as compared to control due to soil application of paclobutrazol,

{2




@ Annvual Report 1999-2000

In crop protfection, efforts to develop IPM against CSRB and TMB are underway. A

method fo estimate the age of field collected grubs of CSRB has been evolved which would

help in initiating plant protection measures at appropriate time. Exiracts/volatiles of cashew
bark/frass in hexane elicited response from mated females of CSRB when tested by EAG
indicating the presence of aftractants. Phytosanitation coupled with postinfestation
prophylaxis with fungal entomepathogen, Metarhizium anisopliae is found to be promising.
Goa 11/6, a field tolerant accessicn ugqinsf TMB has been planted in o number of

on-farm trials for confirming the field escapism.

Studies on value addition in cashew have indicated the possibility of preparation of
organoleptically acceptable Havoured cashew spread. Conditions for coating baby bits

with cane sugar and honey have been standardized.

tn transter of technology, innovation has been made in conducting field campaigns
on different themes in the farmers fields. Large number of farmers parficipated in Annual
Cashew Day and during daylong deliberations, progressive farmers shared their experience
on various aspects of cashew production, which would help as feed back in refining the
technologies developed at this Research Centre.

I would like to place on record my sincere appreciation to all my colleagues who
spared no efforts in pursuing the research projects for generating data presented in this

Annual Reporl.

| am also grateful to the Editorial Committee for concisely presenting the achievements

v BuM,__#&

Place : NRCC, Puttur (EVV. Bhaskara Rao}
Date : 30 June 2000 Director

of the center during the year.
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EXECUTIVE SUMMARY

There were fifteen ongeing research
projecis including 2 ad-hoc schemes of ICAR
and one DBT scheme. Out of these, 5
projects each were in crop improvement and
crop management, 2 each in crop protection
and post harvest iechnology and one in
transfer of technology. During the year one
project under crop improvement was

concluded.

A total of twentyseven diverse
accessions of cashew were collected from
Northern Tamil Nadu, Southern Kerala,
Orissa, Karnaiaka and Goa for planting in
NCGB which brings the total number of
accessions planted so far in NCGB to 419.
Sixty accessions were characterized as per
IPGRI descriptors during the year. For the
firsttime, in collaboration with NBPGR, 392
accessions were assigned the National
Collection number. In collaboration with
Department of Horticuliure, UAS, Bangalore,
i;‘____thiriythree released varieties and a TMB
:%i.tplerant accession have been DNA finger

printed. Similorly another ninefeen

accessions from NCGB were DNA finger
printed in collaboration with NRC for
DNAFP.

In the germplasm evaluation, 13/5
Kodur {VTH 59/2) performed better with
cumulative yield of 14.4 kg/tree after 9
harvests. Nineteen released varieties were
evaluated for adherence of testa to kernels.
Out of these, one variety [NRCC Sel-1) had
loose, eleven had medium and 7 had light
adherence. Processed kernels of eleven
varieties were evaluated for the first time
for physical and sensary characters by a
panel of seventeen judges using Hedonic
scale. Among these, kernels of NRCC Sel-1
was rated as the best. Promising hybrids
such as H-46 and H 32/4 were planted in
the selected farmers field and KCDC
plantations at Bajathur for evaluating their
performance. A network programme has
been iniliated with the parents identified
from the available germplasm collection in

different cashew research stations.

Incorporation of PVP and PVPP in

tissue culture media resufted in increased

®
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budding (75%) when nodal culture from
mature plants were used. During year under
report about 60 per cent of the tissue culture
plants have flowered with normal floral and
fruiting behaviour. Micrografting fechnique
has been standardized using in vitro raised
seedlings as root stock and aseptic nodal /
shoot tip cultures from mature tree source
s micro scion. The success per cent ranged
between 50 and 100 when scions of more
than 0.5 em length were used. Soil moisture
levels at deeper levels were low in high
density plot {500 and 400 Irees/ha) as
compared to the recommended spacing plot
(156 trees/ha). Cumulative yield from 7
harvests was 2627 kg/ha in high density
piot {500 trees/ha) as compared to 721.3
kg/ha in recommended spacing plot {156
trees/ha). The nel profit realized for first 2
years after planfing in high density plot {500
trees/ha) was Rs. 43984/ha and
Rs. 40204 /ha under pruned and unpruned
conditions .respectively. In
management studies, after pruning cycles,
plant height, number of flowering laterals/
m?, number of non-flowering laterals/m?,

number of nuts/panicle, weight/nut and

canopy
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weight/apple differed signilicantly omong

the 4 varielies namely VRI-1, Ullal-1, VTH
3C/4 ond Sell. Nukitiona! studies have
indicated that combination of 500 g N, 125
g each of PO, ang K,0 and 10 kg poultry
manure/tree was beneficial in gelting higher
yield. Studies have been initiated for
devicing a model based on soil test and leaf
analysis to develop package for targeted

yield.

Studies have been initiated te induce
dwarfing threugh chemical interventicn. Seil
application of paclcbutrozol§ g a.i./plant)
reduced plant height, canopy spread, length
of flowering and non-flowering laterals as

compared to control.

A method for eslimating the age of
the field collected grubs of CSRB was
evolved by measuring prothoracic shield
width and body length whick helped in
esfimating the peried of egg laying. The
maximum egg laying by adull beetle
accurred during March-April. Post treatment
prophylaxis trials against CSRB indicated
that trees with less than 50 per cent

infestation in collar region only responded
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better for freatment with peshicides. Hexane
was found to be the best solvent for collecting
kairomones from cashew plant parts,
Hexane extract of frass elicited maximum

response from mated female beetles when

tested with EAG.

TMB damage on Singapore cherry
wos noticed during monsoon. Egg
parasitism of Telenomus sp. and
Chaetostricha sp was noliced in all the
months. Lamda cyhclothrin, acephate and
carbosulfan showed maximum residual
action against newly hatched nymphs.
However, against late instar nymphs and
adults of TMB, only lambda cyhalothrin

exhibited moximum residual action.

Although iodine value did not change
much during storage of cashew kernel ol
at ambient temperature upto 4 months {18.3
to 18.9), peroxide valuve increased (9.0 to
29.4). Beyond 4 months, both iodine value
(61.2) ond peroxide value (67.1) increosed
sharply. Cashew milk and cashew spread
were prepared from cashew baby bits.
Sweetened and cocoa flavoured milk and

sweetened spread flavoured with vanilla
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were lhe most preferred. Studies on coaling
of baby bits have indicated that ideal
concentration for coating of baby bits with

cane sugar was 70 per cent ot 100°C.

Under transfer of technology, ten
model cashew clonal gardens were raised
during the year bringing the total number
of demanstraticns laid out so far to 78.
Series of campaigns on soil and water
conservation and plant proteclion were
conducted in collaboration with KVK of
CPCRI, Kasaragoed, and a total of 598

“farmers participated in these campaigns.

Annual Cashew Day was conducted in
which 150 farmers from Karnataka and
Kerala participated. Progressive farmers
shared their experience on different aspects
of cashew cultivation in the seminar
organized during the occasion. Besides
training programme on vegelative
propcgation and cashew production
technology, ¢ fraining programme was
arranged on utilization of cashew apple fer
farm women in colloboration with KVYK of
CPCRI, Kasaragod, Regional Centre,
CFTRI, Mangalore and Department of

Agriculture, Kerala.
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INTRODUCTION

Research on cashew was first initiated
in the early 1950 by Indian Council of
Agricultural Research by sanclioning ad-hoc
schemes for Research Centres located at
Kottarakkara {Kerala), Ullal {Karnataka),
Bapalla {Andhra Pradesh), Daregaon
[Assam) and Vengurla {Maharashtral.
Cashew research received further impetus
by 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 (AICS & CIP) for CPCRI,
Kasaragod. The CPCRI Regional Station,
Vittal (Karnataka) was given the mandate
to work on cashew while four Universily
Vridhachalam,

Anakkayam and Vengurla) were assigned

Centres  (Baptala,

the research component on cashew under
AICSECIP. During the V and VI plan three
more centres {Bhubaneswar, Jhargram and
Chintamani} came under the fold of
AICS & CIP.

Efforts on cashew research were

further strengthened by the implemeniation

of World Bank aided Multi State Cashew
Project (MSCP} with @ research component
in Kerala, Karnataka, Andhra Pradesh and
1982 to 1986. The
Review Team (QRT)
constituted by ICAR in 1982, alter reviewing

the entire research werk on cashew

Orissa from

Quinquennial

recommended delinking of cashew and
spices research from CPCRI and establishing
two independent National Research Cenlres
one each on cashew and spices in Pullur,
Karnataka and Calicut, Kercla respectively.
Working group on Agricultural Research
and Educalion constituted by the Planning
Commission for VIl Plan Proposals and the
Task Force on Horticulture constituted by
ICAR made similar recommendations at the
This laid the foundation for
eslablishment of National Research Centre
for Cashew at Puttur on 18th June 1986,
Subsequent 1o bifurcation of AICS & CIP,
the headquarters of All India Coordinated

same fime.

Research Project on Cashew was shifled to
NRC for Cashew, Puttur. A Cashew Seed
Farm at Shantigodu which was started by
CPCRIin 1972 was transferred to NRC for
Cashew which now forms the Experimental
Station of NRCC.

Fainy
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MANDATE

National Research Centre for Cashew
is conceived to undertake mission oriented
research projects with the mandate of
evolving high vielding varieties of cashew
with resistance / folerance fo pests such as
tea mosquite, high protein, lysine and other
desirable parameters; standardisation of
agrotechnigues for achieving higher
with

sustainability in view, and fransfer of

production and productlivity

technelogy to farmers and extension
agencies on improved production
techniques through training, demonstrations

and extension literature.

As Director of National Research
Centre for Cashew also monitors AICRP on
Cashew, Mandate for cashew research as
a whole under National Research Centre
for Cashew and All India Coordincted
Research Project on Cashew is reariented

as under:

%  To conduct mission-orientad
research on all aspects of
cashew for improving

produclivity and quality with

-special reference to expeort.

+  Toserveasa national repository
for cashew germplasm ond «a
clearing house for research

information on cashew.
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- To act as centre for training in
research methodologies and
lechnology updating of cashew
and to coordinate national

research projects.

# To provide consultancy
regarding cashew production

technology.

¢+  To generate quality planting

material.

& To collaborate with national and
international agencies for

achieving the mandate.

ORGANIZATIONAL SET UP AND
INFRASTRUCTURE

Headquarters

MNational Research Centre for Cashew

is located with its headquarters at Puttur,

Dakshing Kannada, Karnataka., The main

campus is situated 5 KM away from Puttur
fown (45° N latitude, 75.49F longitude and
20m MSL}. Qut of 692.02 ha of land
contemplated for acquisition 68 ha have
already been acquired for laying out field
experiments at Kemminje. Besides the main
campus housing laboratory- cum-
Adminisirative Block, Experimental Station

at Shantigodu with an area of 80 ha which

N
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- is 13 KM away from the main campus alsc

forms part of the Research Centre.

The research programmes are
pursued in the areas of Crop Improvement,
Crop Management, Crop Pretecticn, Post
Harvest Technology and Transfer of
Technology. Besides a well equipped
Biotechnciogy Laboratory, the research
centre has sophisticated instruments/

facilities for conducling research.

A waell established Library at the
Centre has got 850 reference volumes, 851

back volumes of journals and 755 reprints.

Indian {38 Mos} and international {10).

journals are also subscribed for the ibrary.
Photocopyirg, kamination and spircl binding

facilities have been established at the library.

The headquarters of AICRP on
Cashew is located at NRC Cashew, Putlur.
i has 8 Coordinating Centres and a Sub-
Centre located in Karnataka, Keralo end
Maharashtra in the West Coas!, Ancdhra
Pradesh, Orissa, Tami! Nadu and Wast
Bengal in the East Coast and in Madhya

Pradesh which is a non traditional cashew

. growing.aeq.

‘Website of the research Centre hos

been established.
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Significant achievements of the
centre:

%  ithaslargest germplasm collection of
cashew in the country [NCGB) with
419 accessions. NBPGR has assigned
National collection numbers to 392
cashew accessions. Thirty three
released varieties and a TMB tolerant
accession have been finger printed in
coliaboration  with  Dept. of
Horticulture, UAS, Bangairoe.
Similarly nineteen accessions hcve
been finger printed in collakeration

with NRC for DNAPF.

4  Ithos released two selections namely
NRCC Sel-1 and NRCC Sel-2 which
are high yielding ard medium nut

types for cultivation in Karnataka.

& In micropropagation, regeneration of
cashew from the seediing explants
[nodal cultures) has been

standardised. Field planted micro

propagated plants had higher root
density and better morphelogical
attributes when compared to control.

VAM  viz.,

Glomus

Four species of

Scutellospora  nigra,
multicavle, G. microcarpum and G.
ausirale have been isolated from

native cashew soils. Microgratting

@_
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technique for in vilro multiplication of
cashew has been standardised and
cashew plants raised by micro

grafting have been potted.

It also demonsirated the advantage of
growing intercrops like pineapple

profitably in cashew gardens.

High density planting (625 plants/ha)
was shown to be befter than normal
spaced planting (8m x 8m] with an
yield increase of 2.5 times over

control.

Irrigating cashew at 60-80 litre of
waler per tree once in 4 days affer
initiation of flowering till fruit set and
development coupled with the
application of 750g : 187.5g: 187.5
g of NPK per tree lad to significant
higher yields.

Leader shoot pruning combined with
removal of dead wood has been
found to have beneficial effect in of

cashew.

Softwood grafting method hes been
standardised for the commercial
mulfiplication of high yielding variefies

of cashew.

Integrated Pest Monagement practices
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for the control of tea mesquito bug
and cashew stem and root borer are
being worked out. The rearing
technigue for cashew stem and root
borer {CSRBJ ufilising host bark has
been standardised to obtain test
insects for further trials. Method for
estimating the age of grubs of CSRB
has been standardised by measuring
prothoracic shield width and length.
Volatiles and exiracis in hexane from
both healthy and frass material have
been shown fto elicit response from
adult female beetles of CSRB by
EAG studies.

Biochemical qualiiy of cashew
varieties, biochemical changes during
tea mosquito infestation, raw nut
storage and causes for kernel rejects
have been investigated. Functional
properties of defatted cashew kernel
fiour have been compared with that
of almond and soybean. Biending of
cashew and soybean in the ratio of
1:1 improves the waier absorption
and emulsification capacity of
cashew. Mitk and sprecd coula be
prepared from cashew kerne! baby

bits. Sweetened and vanillin flovoured

(16
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cashew apranrd wris the most prefesred
while salted spreaa s lenst prefemerd.
Diptmum coafing of baby bifs with
honey ond cane sugor occurs af

1000wl 70 per cenf concentrafion.

The contre has ssloblished very goad
linkraggee with Farrners and officicolbs of
ete Daporiments and Develapmeantol
agencies. 1 is manitoring 78
demonstrotion plots. It conducts
Haining on casnew produchon
technology, wegeralive propagalion of
cashow, utiizotion of coshew apple

and Folds plomt protection / soif and
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woisr conssrvalion sompaigns ond
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Budget

Tha instituie hoc an annual budget of
Hs B5.0lakh under plan ang Bs. 10 1,5 \akh
under non plan f2 tha year 19992000,
Besicles, ITAR Revolving Fued Scheme hod
an oullay of 5. 5.35 lokh and DCD
Rovalving Fund had Bz, 8.05 lakh, Twa
ad-hoe schemes had an allocotion of
Rs. 5.98 |akhs.

Staff Paosition as on 31.3.2000

| NON PLAN PLAN TOTAL ]
Category | Sanc | Filled | Vacant| Sanc- | Filled | Vacant |[Mo. off MNe.  Vacant
| fipand _ tonedy | Pests filled |
Sl 17 13 4 - - : 17 ]
| Technical ' | 22 | 20 ! 4 : PR - S .S SRS
I Bdminisiralive] 14 14 - 1 . 1 15 = S
| Supporiing &5 43 73 i - & L 5 ¢
it o = - =
| Taal 1L =5 7 5 A 17 3 S U B |
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Fzn Flan it o
Loyl i i |
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1. CROP IMPROVEMENT

1.1 Genetic resources of cashew

Collection of cashew germplasm -
both indigenous and exotic, conservation
of germplasm in the National Cashew Gene
Bank {NCGB), and evaluation and
cataloguing of germplasm are being carried
out at this research center for breeding better
varieties.

1.1.1 Germplasm collection and
conservation

In colloboration with Centres of All
india Coordinated Research Project on
Cashew at Vridhachalam and
Madakkathara, fiffeen diverse types of
cashew were collected from northern districts
of Tomil Nodv (2) and southern districts of

Kerala (13). These collections included the
types with cluster bearing habit (upto 15
nuts/ panicle}, extended flowering duration,
high shelling percentage (upto 33.9%), high
yield {upto 59.3 Kg/iree), bold sized nuts
[upto. 14.5 g}, big sized apple {uplo 120 g}
and cashew nut shell liquid free types. The
clones of these have been produced for
planting.

During the planting season of 1999,
twentyseven clonal accessions collected from
Orissa (2), Karnatcka (10}, Southern Tamil
Nadu (5), Northern Kerala (#) and Goa [1),
were planted in the National Cashew Gene
Bank (NCGB)} at Shantigodu, bringing the
total number of accessions canserved in
NCGB fo 419 (Table 1.1).

Table 1.1: Details of germplasm accessions conserved in NCGB

[ State Number of ¢ollections ]
Existing Planted during Total
1999
Karnateka 253 10 2643
Andhra Pradesh 27 27
Tamil Nadu 10 5 15
Pondicherry 3 - 3
Goa . 40 1 _ 41
Maharashtra 21 - 21
Orissa 15 2 17
Kerala 9 9 18
West Bengol 14 - 14
| Total 392 27 419 J

D,
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A total of fortyseven accessions
[varieties / hybrids / genetic stocks) were
supplied from NCGB 1o Centres of AICRP
on Cashew / Research Institutes during the
year 1999. Grafts of Goa 11/6 were also
supplied to M/s. Sagar Nursery, Nanoda,
Goa.

1.1.2  Germplasm evaluation

Sixty accessions {1989 planted)
were evaluated and characterized after
completion of & annual harvests as per IPGRI
cashew descriptors, taking the total number

of accessions characterized so far to 213.

Annval Report 1999-2000

Of these, majority of the accessions had tall
growth habit (67. 1%, intermediate canopy
spread (76.9%}, exiensive branching
(8%9.2%), yellowish red coleured young
leaves (68.0%), mid season flowering
(70.4%), yellow coloured apples (61.5%),
conical-obovate shaped apples {58.6%),
kidney shaped nuts (100.0%), intermediate
(43.2%),
attachment of nut to apple {41.8%}, long

weight/nut intermediale
duration of Howering (53.5%), medium ratic
of apple to nut {73.2%), medium shelling
perdentoge (60.1%], infermediate weight/
kernel (82.1%} and medium yield/plant
[65.2%) (Table 1.2}.

Table 1.2 : Details of 213 accessions characterised.
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Table 1.2 : Details of 213 accessions characterised. (Continued)
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Field Character name Descriptor state Total
31 Mature cashew apple colour Yellow 131
Red 82

Yellow Red -

Red Purple -

32  Cashew apple shape Cylindrical 51
: Conical - Obovate 125
Round 26

Pyritorm 11

34  Nutshape Kidney 213
Oblong - ellipsoid .-

35  Nut weight low |< 5g) 40
Intermediate (5-7 g} G2

High [> 7 g] 81

43 Weigh of cashew apple low |< 27g} 6
Medium (27 - 52 g} 75

High {> 52 g} 132

50  Attachment of nut to cashew apple loose 67
Intermediate 89

Tight 57

Suture projection in front of apex 108
Suture projection in line with apex 78
Suture projection behind apex 27

56 Relative position of suture and cpex

N Nhw N N N N W — N W SN NG R = MW = Bk —

60  Flowering duration Short [< 60 days) 3
Medium {60 - 90 days) 26

Long {> 9C days) 114

61 Flowering intensity per m? {% of Low (< 40%) 6
flowering laterak over total number of laterals] Medium [6.0 - 12.0%) 86

High (> 70%) 121

62  Apple 1o nut ratio low {< 6.0) 23
Medium (6.0 - 12.0} 156

High (> 12.0} 32

63  Shelling percentage Low (< 18.0 %) 5
Medium {18.0 - 28.0%) 128

High (> 28.0 %} 80

64  Kernel weight tow < 1.2 g) : 18
Infermediate {1.2- 2.5 g) 175

‘High (2.5 g} 16

68  Cumvlative yield per plant {6 annual hervests) Low {> 9 kg 73
Medium (9 - 18 kg) 139

High (> 18 kg) 1

©
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All the sixly ocvcessions |198%
plarded) wers sereaned ogaingt les masguin
huﬂ |T."-.-'|.F’| |‘j':.-' Cage saresning ||'—.:':|‘|l‘il:'|:..=':
ynpder fiald condifion, & the accessians
were kound to be susceptible with maxi mum

scara of 4 in Ced seale.

Four gecassions of Asacordivm
occidentcle, nomely AD 4, |, COP O, CCF
Faoane OZF 1001, and ana accession of
A. micracarpum <f Brazilian origin
izaediings planted during 19%6)  ware
evaluated for their growlh poramaters The
mean heigh! of 3 year old glants was
minimum [3.00 m) in Al 4.1, followed by
CCPO9 (3.43 m), CCP 1001 (376 m| and
CCF 76 {3.83 m|. The mean height of 3
yeor old plants of A, micrecorpum was
2,33 m. Mine accessions of seedling arigin
[Brazil (5), Mozombigus |1 and indigenaus
i3] which we-a planted dusing 1997 were
evaluated for their growt. Tha mean plant
height! after 2 vears of splonting was
minimum in Kodipoade2 (0,72 m), fflowed

by Mampule 117 106 m], tellowed by

|'.':'.|_|l.,||':||"~_.||:_:-||_: I I:] B |"|'| e TP 2 [| 24 ||':

‘Kodippady - 2 a dwart accession in MCGEE

Juice from Tully malure coshew
apples collacied frem core callections In ne
MCGE was extroched ons the floavenoids
ware ezlimales oiter clorifeafion of cahaw
apple juice by addition of gelatin. The
fovanoids content in the twelve acceszions
sludies ranged from ©.1714-2.278 mg/ml
o dlonfied juice [Table 1.3], The accussions
weeares calso gr’:_‘:-ua-.‘-.l.‘] b eliflarent QLS
trased on the lovoroids contant (Tabie 1.4].
The uccessions MEC 128, 145, 129 and
137 had least content of Hovonoids ond the
accession NRC T 20 had tha highest conben:

ol Tleovongids,
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Table 1.3 : Flavonoids content of cashew apple of core collections.

_ | mg/ml of slnri_ﬁﬁe&"'u_lc'

25




C/N ratio of shoots and leaves at
different growth phases namely pre-flushing
{Phase 1), 10 to 12 days after Hushing
{Phase 2}, 20 to 25 affer Hushing (Phase 3}
and 40 to 45 days after flushing [Phase 4]
was determined and the resulls are
presented in Fig.1.1. C/N ratio of the shoot
from the vegelative lateral tend fo decrease

with flushing whereas, it does not change
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much in the leaf during flushing. in the case
of Hlowering lateral C/N ratio of both shoot
and leaves decrease initially followed by
an increase. Decreased C/N ralio in young
shoots of Hlowering laterals during post
fushing and post flowering phases indicates
the depletion of both carbohydrates and
nitrogen which could have been metabolised
for meeting the increased energy

requirements.

—+— Shoot-Vegetative lateral —&— Leaf-Vegetative lateral
—&— Shoot-Flowering lateral —e—Leaf-Flowering lateral

Fig. 1.1 : Changes in C/N ratio of shoots and leaves
during different phases of shoot growth in cashew

@



Studies conducted on physiclogical
maturity of nuts collected from accessions
NRC 130, 99 and 124 ot 30, 35, 40, 45,
50 days after anthesis and fully mature nuts
have shown that kernel lipids and protein
contents increased with increased malurily

of nuts {Fig.1.2).

In order to safeguard our national
interest in the field of plant genetic resources,

indigenous collection numbers (IC Nos.) are
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being assigned to crop germplasm by
National Buereau of Plant Genetic
Resources {NBPGR], New Delhi. IC numbers
have been obtained from NBFGR for 392
clonal accessions of cashew germplasm
being conserved in the National Cashew
Gene Bank (NCGB) at Puitur {IC No.
2,492,779 - 2,50,170]. A booklet entitled
"Cashew germplasm accessions {with IC

No.) conserved in NCG8” {October 199%)

Fig. 1.2 : Kernel lipid and protein content in nuts of
different physiological maturity
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containing passport information along with
IC Nos. for 392 clonal accessions of cashew
has been prepared and a copy of the same
has been supplied to AICRP on Ceishew
Centres, namely, Bapatla, Bhubaneswar,
Chintamani, Jagdalpur, Jhargram,
Madakkathara, Pilicode, Vengurle and
Vridhachalam during the XIV Biennial
Workshop of AICRP on Cashew held at

Bhubaneswar from 28-30 October 1999,

The National Research Centre for
Cashew has collaborative programnie for
DNA fingerprinting of cashew with
Molecular Biclogy Lab, Horticulture
Division, UAS, Bangolore under DST project
and with NRC for DNA fingerprinting,
NBPGR, New Delhi.

At-UAS, Bangalore DNA exiraction
protocol from necrly matured dried lecves
was standardized. Amplification of cashew
DNA for RAPD analysis using operon
random primers was standardized. All the
released cashew varieties and hybrids (34)
and a TMB tolerant accession (ME 4/4)
were fingerprinted, The leaf samples of 33
153 cashew
accessions were supplied from Naticnal
Cashew Gene Bank (NCGB) of NRCC,
Puttur. For mapping studies F1 hybrids
(VRI-2 x VTH 711/4} was identified and
selfed to obtain F2 population. Their studies

cashew vareties and

with varieties using ¢lus ter analysis with

Annual Report 1999-2000

Jaccards and Pearsen genetic similarity
coefficients showed moderate level [70%)
of genetic diversity in the 35 cultivars/
hybrids studied. By and large apart from
some morpholegical traits, the individuals
in a cluster shared a common geographical
region. Amang lhe different regions, the
varieties and hybrids released from Kerala
were much mora diverse than other regions
with least being among the varisties
released from Maharashtra (Vengurle). The
dendograms obtained using the two
measures of similarity revealed moderate to
high genetic diversity {Fig.1.3 and 1.4).
Each and every cultivar could be identified
using ten random operon primers. I was
concluded that the cultivars grouped
together also share some common
meorphological characters, which could be
used to identify similar types. Cultivars NDR
2-1, K-22-1, Selection-1 and VRI-1 were
placed distinct in both the dendograms.

AtNRC for DNA fingerprinting, New
Delhi, preliminary work on thirtyone cashew
germplasm material collected from NCGB,
NRCC, Puttur was done. DNA extraction
protocol from fresh leaves using liquid N,
was standardized. In nineteen accessions
from which DNA was extracted, good
positive amplification was observed using
RAPD protocol. They used fifty primers all
of which showed polymorphism.,

{28
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Fig. 1.3 : Associalions among Anacardium occidentale genotypes revealed by UPGMA
cluster analysis of Person genelic similarity coefficients caiculated from RAPD data of
157 amglification products generated by 10 primers.
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SELECTION-1
- , VRI-1
NDR-2-1
SELECTION-2
ULLAL-1
BPP-8
THARGRAM-1
VRE3
V.7
UN-50
BPP-6
KANAKA
BHUBANESHWAR-1
V2
V-3
a V4
PRIYANKA,
DHANA
1 V-6
ME-4/4
—_
V-5
| b——————  CHINTAMANI-1
ULLAL4
BPP-5
VRI-2
I ~  BPP-1
BLA-394
BLA-139-1

_ ULLAL-2

L UirALs
— 2
i BPP-3
BPP-4
K-22-1

Fig. 1.4 : Associations among Anacardium occidentale genotypes revealed by UPGMA
cluster analysis of Jaccard genetic similarity coefficients calculated from RAPD data of
157 amplification products generated by 10 primers.
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1.2 Varietal improvement of
cashew

Genetic improvement of cashew for
yield and other important characters such
as nut weight (>7g}, kernel weight {>2g),
shelling perceniage (>28%) and quality of
kernels was attempted by evaluating over
one thousand hybrids from over forty cross
combinations besides evaluating over sixty
elite genotypes/variefies and selfs in 7 trials.
Thirty two hybrid combinations are in the

initial stage of evaluation.

1.2.1 Evaluation of elite germplasm
accessions

Among the fourteen elite germplasm
lines, performance of 13/5 Kodur [VTH 59/
. 2) was the best for cumulative yield (14.4

kg/tree} for ¢ harvests. The cumulative yield
for the population was 11.5 kg/tree and
that for VRF2 was 10.8 kg/tree. The
"~ increase in cumulative yield of 13/5 Kodur
' over the population mean and VRI-2 were
5.7 per cent and 34.0 per cent

> respectively.

1.2,2 Evaluation of recommended
variefies

Elever recommended varieties in first

trial and eight varieties in second frial were
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evaluated with VRI-2 as common check. The
highest annual yield in eleventh harvest was
recorded in BPP-4 [3.24 kg/iree) followed
by VRI-2 {3.03 kg/tree] in the firstirial. The
highest cumulative yield of 15.22 kg/tree
for eleven harvests was recorded in VRI-2
variety which was followed by BPP-4 {14.79
kg/tree).

ln the second trial, the highest
cumulative yield for & harvests was recorded
in NDR 2-1 (4.75 kg/iree) followed by
Ullal-2 (4.25 kg/tree) as compared to 3.47
kg/tree in VRI-2.

The duration of male phase (0-5%
hermaphrodite flowers) and mixed phase
(>5% hermaphredite flowers] was
determined in twenly varieties. Mixed phase
was observad in ali varieties while male
phase was absent in BLA 139-1 and BLA
39-4 varieties. Mixed phase was shorter
than male phase in 4 varieties (Ullal-1,
Ullal-2, BPP-5 and NDR 2-1}. The annual
yield levels during the year under report
were only intermediate in BLA 139-1 and
BLA 39-4 varieties ¢lthough the flowering
phase was enlirely mixed phose in those

varieties.

Flowering lateral infensity and fruiling

intensity per square metre of canopy and

31
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estimated yield per square metre were
determined for the last 2 years (1997-98
and 1998-99) for different varieties and the
data were subjected to correlation and
regression analysis. Both fruiting intensity
and yield per square metre canopy had high
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positive correlation with estimated yield per
tree in both years. Regression coefficients
of estimated yield (Y] on fruiting intensity
{X) in both years were on higher side’{C.314
and 0.377)

regression coefficients (Table 1.5).

as compared to other

Table 1.5 : Correlation and regression coefficients of flowering and fruiting

characters with estimated and actual yields in twenty varieties for 2 years

(1997-98 and 1998-99).

—
a) Correlation

coefficients

Characters

Correlation coefficient with

. _J

1

Estimated yield Actual yield

|
l
1997-98 1998-99 1997-98 1993-99?

Flowering faterals 0.433 0.618 0.235 0.0ﬁé_i
Flowering lateral infensify 0.446 0.291 0.16% 0.014
Fruiting intensity 0.920 0.848 0.463 0.03¢
Yield per sq. metrs of canopy  0.913 0.850 0460 0026

Flowering laterals
Flowering lateral intensity

Fruiting intensity

Yield per sq. metra of canopy

0.301

C.110 0.040C 0015
0.022 0.018 0.007  0.00]
0316 0377  0.1C¢7 0014
0.056 0.058 0.0192 0£0.002

(32)




@

The comelchon coefficen: betwesn
pstimated and acheal yield per trea was
(.549 in 199798 whila it wa: 0.131 n

129899, Regression cosfticient of acal
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vield por ree an estimoted wvield ffree wiaz
0,370 ku;f'lﬂﬂ; in 199798 whils i was
0114 kgdree in 199899 [Tuble 1.6).

Table 1.6 : Relationship between Estimated Yield and Actual Yield in twenty

[

varieties for 2 years (1997-98 and 1998-99).

Character Pairs Carrelation casfficient
199798 1998-99
= S e | _J; it
| Al yieks ord Fsbmoled Yisld | 0545 mET
: Regression — Eci;n_r_
| 199798 199399
ﬁlqmumn wnfﬁl;igni “Kegrassion [Y S ¥ |
Aston’ yield 1) o | 0370 LR RT
| Eefimatad wield %) |

1.2.2 Status of adherence of
testa to the kernal

Status of ndherence of testa 1o the
karnels was derermined in ninshesn variakies
by recording tha numbsr of skokes required
bor remaval of kesta From the kermels, The
varieties differad for this charocte ond ey

wiore: clossihied inle 3 Gt oo, r':_:rr*r_:*:,.'J
oose [+5.0 strokaz), mediom (5.0 - 7.5
strokeast and fight (> 7.3 strokas), Out of
the nincfoon varicties, ene vancly [MRCC
Sel-1) hod loose adherence, sleven hod
nedium, while 7 had tight ndherence of
taztn to the kernels |Tabile 1 7)

Table 1.7 : Status of odherence of testa to kernels in different varieties.

—Hurus af | Meon no. of

Mame of varieties

adherence | strokes
[ reguired
| & 50 shroakes RO Sl <1

Medirm B0 - A stronces

Tight

2 7.0 strokes

K 22-1, BLa 354, BLA 1351
BPP-3, BR=-5, BPP-6,
H 3-17, Ulkak2; Yengurkar T, Vesgurka-d, V21

UEal-1, BRPP-1, BFF-2Z, BFP-d, NDE 2.1, NRCC 5=k, VRLE

FN




At
1.2.3 Evaluation of h}rhrids,l"snlfs-

Hybrid Ma. 46 of cross YTH 36 [The.
S&1 X VTH 30 |A 18/4) showed seperior
performance for comulotive yield [30.27
kg ree] for 10 Farvests with o nut weigh:
of #.27q, kermel weight ot 2.04 g and
shelling percentage of 28 .50. The increase
in curmfative yield over check variety VRI 2
wis | 28 par cent. H 3274, anathar hyirid,
which had yieldad o cumuolative yield of
A1 kgfrae for 4 harvesls as againg: 2,30
kg/tras of VRLZ in an replicated il is gl
a promisioag beeleid, This baytarid has rediom
nud size of 7.0 g.

These pramising hylerids namely H 44
and H 32/4 have been field planted in the
selected formers” tield and Karnotako
Casnew Develapment Corparation (KTDC)
al Bojathur, Putlur Divizian far eveluating
undar fiald canditons,

1.2.4 Improvement of nut size in
released variehies

Cwver one thewsand Fybrids brem e
crosses invalving largy sumber of released
varieties and beld not fyoes  are unde
evaluation, Grafts of hybrids produced | in

he previous yeor Frn-m he scinns of
detopprec wyarid seadlings on a commen
wat stack [VTH 174] have been Fzld alardad
chering current seasen far final evaluation
with the idea of reducing the perice tor
nybirid evoluabon compared fo the earlier
mathad of Field planting of the hybrid
sacdlings for preliminary evaloalion and
then finol evafuation of sslected hybrids in
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rephcatad ol through olanally prepagated
mererial, Hylbrid Mo, [ 354 of cross W5 x
VTH 71 '!,-"-d- freedd 54 prerior }‘:-Er[:_‘:-f-"ﬂ-'_]n:;l: bzl
for anrnunl yield in #5th bareast (4,70 kg
free! cnd tor cumuletive vie'd for & harvests
|10.35 kg/trea|. The increose in nut weight
af this hybirid ovor lemole gorent wos 24
e et

Hylrielizulion work wvaing shilled
persani for producieg large number of
bybirids hos bean inificled during this sensan
af BRECC Puter pend irg sppreval by the
Council urder the *CAE Ad-hoc Scheme on
"Matsack Pragromme an Hybridizadidn in
Cashew" with MRCC aond othar 5 cerires
of AICRP on Cashew as thz operating
lacations for 3 years. Over ane thousand
hybrid nuts have been produced in
sevantyfive cross combinations ynder this
sokne,

1.2.5 Primegenic dominance studies

Pl'i-"l'lﬁt‘_:f!rlil;: darmirgnes or dem nanes
||iq.-|u||.||':,' is the !:|'|&||r|r'|'|ﬁ|'|-:|r'- bscaase of
which tirst tarmed fruits reduce the charces
of fruit sef from loter cpened Howars. Terenty
varichies wera slodied for primegenic
dorminangs in First sel Voriehes ¢ilfeed To
tris phenamenon, Invariatas Bl 1397 and
R p'imegenj-_‘ claminanee was founs la
k= 3|_-E-E:ﬁl'|g In thres varieties, na .'I'l-:'!-l}':, BEPP-
Z. BPF-5 and DPP-4,
primegsnic dominarca in the sarly stages
of Howering while i1 oppeared laser In 9
waarahias |"-"ﬂ| T, B 'ﬂ 13, BLA 394, Ulicl-2,
WRIZ2, K221 EF A2, MRCC Sal- | and V-4,
the ellectal primegenic daminonoe wzs less,

ek

there was no




Pollen germination studies

It Pollen germination using pollen grains
p.stominate and hermaphrodite Howers
benty varieties was studied by hanging
method using cavily slides. Pollen
ns were incubated in 25 per cent sucrose
bd medium at 28+ 2°C for 2, 4 and 20
Brs. Maximum germination was noticed
j 20 hours of incubation. Pollen was
ficed after 20 hours of incubation. Pollen
in from male flowers had higher
fmination capacity than that of
gmaphrodite Howers in all varieties.

fferent varieties.

Annual Report 1999-2000

Pollens from hermaphredite flowers of
thirteen variefies did not germinate af dll,
while those from the hermaphrodite Howers
of 7 varieties showed lower germination,
the range being from 4.32 per cent (in BPP-
2) to 14.92 per cent {in BLA 139-1}. The
range for pollen germination from poliens
of male flowers was 24.08 per cent (in BLA
39-4] to 50.67 per cent (in NDR-2-1]. The
highest pollen germinaticn was observed
in NRCC Sel-2 [51.83%}, followed by BPP-
2 {51.45%) and NDR2-1 (50.67%) with
pollen from both male and hermaphrodite

flowers (Table 1.8).

jble 1.8: Percentage of pollen germination in 2 types of pollen source in
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1.2.7 Sensory evaluation of
processed kernels

Processed kernels obtained from raw
nuts procured from different origin were
assessed for sensory characters based on
mean cumulative hedonic scoring index,
Among the kernels obtained from raw nuts
of different origin, kernels from Turkewadi
nuts {Maharashtra) (11.00 score) was
ranked as the best followed by Goa nuts
(11.23 score) and Puttur nuts {12.91 score).

All these 3 samples were steam rocsted.
" Kernels of Quillon nuts (drum roasted) was
ranked the least {16.00 score).

1.3 Microp_ropugufioh

Studies on regeneration from explants
- of mature trees, induction of somatic
embryogenesis, evaluation of micropropagated
plants and standardization of micregrafting
have been pursued during the year under

report,

1.3.1 Shoot-tip and nodal cultures
of mature tree

In the micropropagation initiated with
shootlip and nodal cultures from matlure tree
source, nodal cuttings were found to
regenerate better than shootips. Bud break
in nodal cultures were found 1o be influenced
by season of collection, type and source of
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explant. Bud break was high during dry
months [Feb-Mar] and low during rainy
season (Jun-Sept.). Cycles of grafting
influenced response in cultures. Explants
from second cycle grafts showed higher bud
break (45.4%) than first cycle grafts {24.4%}

in the same period of inoculation.

Among the four antibrowning
substances incorporated in half-MS medium
{0.2% activated charcoal, 0.1% PYP-360,
0.1% PVPP and 100 mg/! filter sterilized
ascorbic acid), significant differences were
observed in per cent bud break and number
of leaves formed at the end period (4
weeks]. Polyvinylpyorrolide [PYP-360) and -
polyvinylpolypyrrolidone [PYPP) showed

higher response than others.

For axillary shoot-bud proliferation
eleven media combinations involving
thidiazuron (TDZ) (0.1, 0.5, 1.0 mg/l),
6-benzylaminopurine (BAF} (0.5, 1.0, 2.0
mg/l} alone and TDZ (0.1 mg/l} in
combination with all the three levels of BAP -
(0.5, 1.0, 2.0 mg/!} were tested by
incorporating in MS solid medium modified
to contain half concentration of major
nuirients, L-glutamine (400 mg/l}, PVYP-360
(0.1%) and gelled with 2.25 g/| phytagel.

(36)
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it ary shao! buds (12 buds/explant) were
abesrvsd on transhar to basal medivm. The
st responce [75%] wos observed in the
medium contcining 0.1 mgs TRZ with BAFP
12 g/l with 1-5 buds/sxplant. Haowever,
there wed na signilicanat ditferance batween
the r=atments for the avercne number of
shoot buds per explant.

induction of somatic

1.3.2
embryogenesis

Maternal fssues like nuzsllus (biseclad
avules) ond l2of segments excised trom in
vitre source wera cullered on o modified M3
medium confaining half the level of miojor
nulrients, & per cenl sucrose, ACD mg/]
glutamire, 100 mg/| aseo-bic acid and
gelled with 2.25 g/l phytage! and
supplementsd with 2,40 (0.5, 1.0, 2.0 mg/
Iy weith 0.1 mg /I TOZ ar 0.5 mg/| BAP. Callus
was induced in nucellus an all the
cambinaficns but best response was in 12
mg/l 2,4-0. The nucleus caollus was whits
inshielly andd nurned dark later. Praliteration
at collus could be ebiained on callus
induetion medium hut embrycgenasis waos
nal chsarved when the ealll was ransherrerd
ta low conceniration of 2.4-0 (0.1 mgs)
and ar cultura on basal medium without any
plent grevdh regulators, Simitarly collus wos
inguzed in leaf segments only on meciem
with 2,4-0 with TDZ and an 2,4-D with BAP,

Annual Report 1999-2000

il was corpletely chsenl, leof ool us wos
alsa white initially and turned gark an
subculiura, There was fendency of graen
pigmeniation formation i some leaf callus
cultures. Here olsa on medium with recuesd
level of 2,45 and or on basal medium no
amkryagenesis could be chsarved,

1.3.3 Evaluation of micro propagated
plants

Durirg the yaar thirhysixz rested nedal
culiures wers subjectad to hordenirg and
thirndthree [9£.4%] plonts survived, Abaoul
&0 per cent of the micrepropogated plants
plorted in 1997 Howered during this yedq:
and some have borne fruits. Theis fowering
and fruiting behoviour appecred to ba
nermal, During the yeer, another sixty
micropropagated plasts (rwenty cach] rom
H-4-7, V&I-2 and dwarf genohype ware field
plarted alang with their grafts following o

closer spacing [5m x Sm).

S ] x

fram micropropogated plonts

Friiels

&)
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1.3.4 Micrografting

A micragroting techrique in cachew
has bear siondard zec with an objective of
:chie'-'lng réjuvenaficn in mature free
manlonls, Rooksloods wers fuaised in v by

germinaling mature seeds an a simple

absornent cottan medium prasocked with

Micregeofting in cazhew

dishillesd wober ploced in screw cap botles,
Seadlings germinated in dark cher 20.25
days were found suitable as.root steck.
i vilre grown soosds [shootfips and modal
i:_ll'rin!'_]:j:l frem moture e formad the souree

af scion, Rootstock seedlings were
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decapitzted |E'::I‘-."i':-g 1-2 cm ol epicaty cifter
ramoving the cotyledons: An incizion of 0.5
1.0 cm was moce on cuf end. The scion
shiood wees cut ond prapared os o wedge [V
hIH:II.'JEJ Tha -.'.-'-F:EJHI.-.- bl !::-'l-z-F:-:'-l::llc irsg in
sfarl zen water wias nzarted o the varlicnl
split made on epicatyl [shookip graltingl.
Srmiterly side grelhng was cormed ool by
makirg incison an the hypocobds =l an
angle of 45°% and =cion prapared os above
was inserfed from side. Bath shaohtip
grafling ana side ;;rn:fiing ware successul
with an overell success of 35-40 par cont
(n=150). Groffing success was dependent

an the langth of 2cian (x| vsed, Grefling

success increased [79.5%) with increcse in
size (5-15 mm) ond reduced [B.5%) with
ducrusse in size (3-3 mm), Uoguid hall
Mueoshicge ang Elcl:-:_‘:-” RE e L weiiby
d per cenal sucrose wos conducive [o
culturing micrograbis. Microgralts ofter
1012 weews of culture were plontes ond

hewe been eslablished suceessfully in pors




j.'l Planting systems and spacings

The study was initiated to understand
he effect of systéms of planting and spacing
:' growth and yield of cashew under
bruned and unpruned conditions. The
: xperiment was laid out following split plot

esign with three replications.

_ The main plot treatments included
bsquare systems {Sm x Sm, 6.5m x 6.5m,
8.0m x 8.0m) and hedge system {5m x 4m,
-- .5m x 4m, 8.0m x 4m) and with sub plot

. eatments being pruning and no pruning.

The iree height increased significantly
]4.925 M} in high free density ploi {500
;trées/ha) over recommended spacing plot
£(3.39 M - 156 trees/ha). Tree density had
fno effect on girth of stem. Effective canopy
Lheight was significantly more in low free
f density plots (156, 236, 384 and 312
;--lrees./hcl) than high tree density plots {400
f and 500 trees/ ha). Ground coverage by
J crop canopy was significantly more in high
-#ree density plots {100% in 500 trees/ha,
_.:_90.86% in 400 tress/ha). It also increased
significantly more in unpruned trees than

 pruned frees (Table 2.1).
?

2. CROP MANAGEMENT

Light interception was significantly
higher (93% and 87.5%) in high tree density
plots (400 and 500 trees/ha) than low tree
density plots {46% in 156 tress/ha, 64.5%
in 312 trees/ha and 69.5% in 236
trees/ha.)

Sun exposed canopy area was
maximum {9102, 7325 and 6304 m?/ha)
in treatment plofs with 384, 312 and 236
trees/ha than in high tree density and low
tree density plots (2548612 - 400 trees/ha,

—2617.m2 . 500 trees/ho, 4064m? - 156

trees/ha) (Fig.2.1 a, b, ¢). Dry branches
present due to natural shading in h.igh tree
density plot {8166 kg - 500 rees/ha, 7360
kg - 400 trees/ha) were maximum
compared to low Iree density plots (806 kg
- 156 trees/ha, 1778 kg and 2376 kg -
312 and 236 trees/ha).

Cashew leaf deposit was 1.48 and
1.8 tonnes/ha in high tree density plots (400
and 500 trees/ha). The leat deposit was
0.73 and 1.01 tonnes/ha respeclively in
plots with free density of 156 and 312 trees/

ha {Table 2.2).
®
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Pruned Unprunad

1

Fig. 2.1a:

Pruned Unprunas

B X dm

Fig. 2.1b: Effect of sun exposed canopy area (9 years after planting)




Pruned
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Unpruned

Fig. 2.1¢: Effect of sun exposed canopy area {? years after planting)

Nutrients present in leaf deposit was
maximum in high tree density plots [18.48
kg/ha N 1.47 kg P.,O./ha and 4.88 kg
K,0/ha, in 400 trees/ha plot and 22.46
kg N/ha 1.44 kg P,0 /ha , 5.5 kg K,0/
ha in 500 trees/ha plot). It was 11.54 kg
N/ha, 0.72 Kg P,O, and 2.95 kg K,0/ha
in low tree density plot {156 trees/ha)
(Table 2.2}.

It was observed that organic matter,
available nitrogen, phosphorous and

potassium in seil upto 1 m depth was higher
in high tree density plots {400 and 500

trees/ha) compared to low tree density plot

{156 trees/ha). It was also observed that

available PO, cnd K,O contents were more
at the basin of the free than away from the

basin in between trees (Table 2.3).

Weed biomass collected was
significantly lower (0.44 and &.#41 tonne/ |
ha in 400 and 500 trees/ha plots) in high
tree density plots than that in fow tree density
plots (0.6 tonne/ha in 156 trees/ha, 0.91
tonne in 236 trees/ha and 1.07 tonne in

312 trees/ha plots).

(1)
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The dry branches present due o shade
effect were sixtyseven times higher {4.92
and 4.772tonne/ha) in high tree density
plots (400 and 500 trees/ha) than low tree
density plot (156 trees/ha). It was also
cbserved that weed biomass collected was
significantly lower (0.44 and 0.41 tonnes/
ha in 400 and 5C0 trees/ha plats) in high
tree density plots than that in low tree censity
plots {0.6 tonnes/ha, in 156 trees/ha, 0.91
tonne/ha in 236 trees/ha and 1.07 tonne
in 312 trees/ha plots) (Table 2.4).
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Significantly higher yield of 334 and
322 kg/ha 9 years ofler plonting and 2238
and 2627 kg/ha from 7 harvests was
observed in high free density plots {400 and
500 trees/ha) compared to low tree density
plots (120 and 722 kg in 156 trees/ha plot
and 294 and 1358 kg in 236 trees/ha plot
respectively (Table 2.5).

For the first 9 years after planting,
maximum prefit of Rs. 34810 and 30964
under both pruned and unpruned conditions

Table 2.4 : Effect of tree density on dry branches/ha and weed biomass
collected (tonnes/ha)

In high tree density plots scil moisture
was 3.35 to 3.53 per cent more at the top
0-30 cm depth than low free density plot
(156 trees/ha). At deeper layer (60-90 cm)
6 per cent less soil moisture was observed
in plot with high tree density {400 and 500
trees/ha) compared to low tree density plet
{156 trees/ha).

in 400 trees/ha plot was realized. Similarly
in plots with 500 Irees/ha an amount of
Rs. 43984 and 40204 was realized under
pruned and wunpruned conditions
respectively. Minimum profit of Rs. 9025
and 5393 in plots with 156 trees/ha was
realized under pruned and unpruned

condition respectively (Table 2.6).
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2.2 Canopy management studies
in cashew

Canopy management studies have
been initiated with an objective of studying
the effect of pruning on canopy containment,
flushing and flowering, and yield of cashew.
A field trial on canopy management of four
different cashew varieties viz., VYRI-1,
Ullal-1, VTH 30/4 and NRCC Sel-1 having
varied flushing time and branching habit
was laid out during the year 1992-93 in
Factorial Radomised Block Design with three
replications. Different pruning treaiments
viz,, yearly pruning {leader shoot + general
pruning), alternate year pruning [leader
shoot + general pruning) and shape pruning
[general pruning) were imposed every year
between July and August since 1995. A
control was maintained without pruning
treatments. The third cycle of pruning was
imposed during the first week of
August 1999.

2.2.1 Effect on plant growth

Growth of trees with respect to height
and spread of canopy remained similar 1o
control in yearly and alternate or shape
pruned trees (Table 2.7). Number of

flowering laterals were drastically reduced
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in yearly and alternate year pruned trees
compared fo shape pruned and control frees
while the number of nonflowering laterals
were more in yearly and alternate year
pruned trees. length of flowering ond
non-flowering laterals was considerably
reduced in yearly prured trees. The leaf
biomass dropped was upto the tune of
10.48 kg annually in NRCC Sel-1 irees and
the pruning treatment did not influence the
quantity of leaf fall. The light interceplion
pattern is simitar in all the pruning freatments

as well in four varieties tested.
2.2.2 Effect on yield

The cumulative yield of first 4 annual
harvests remained similar irrespective of
pruning treatments (Table 2.8). Number of
nuts matured per panicle was significantly
low in yearly pruned frees [4.00) compared
to other treatmenis. Though there wos
significant differences with respect to nut
weight, the difference was negligible, but
the weight of apples was less in yearly
pruned frees compared o contral or other
Ireatments. Multivariate as well as univariale
tests conducted with the vield data revealed
that there is no significani difference with

the incremental yield in different treatments.

(48)
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Soil fertility status assessed through

soil analysis revealed that the soil of the plot

is medium in nifrogen and potassium cnd
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Table 2.8: Effect of pruning on yield of cashew.

fertility status classification.

low in phasphorous content as per scil

-

Treatment

Cumulative
yield of first
4 annual
harvests (kg)

Noa.of nuts/
panicle (nut
retension}

Weight of
nut {g}

Weight of
apple (g)

2.3 Integrated nutrient management
for sustainable production of

cashew

In order to develop suitable

and to explore the possibilities of compasting

cashew wastes, an experiment was laid cut

in 1999 with revised freatments. The delails

combinations of organic and inorganic

manures for increasing the yield of cashew

of the treatments are as follows:

RBD with four replications
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Treatments

i) 100% N in the form of inorganic
manure. '

i) 75% N in the form of inorganic
manure and remaining 25% in the
form of cashew waste compost.

i) 50% N in the form of inorganic
manure and remaining 50% in the
form of cashew waste compest.

iv)]  25% N in the form of inorganic
manure and remaining 75% N in the
form of cashew waste compest.

v} 100% N in the form of organic
manure only.

The remcining recommended doses
of P and K are applied in the form of
inorganic manure.

Each treatment plot has 8 treatment
‘plants.

Spacing /mx 7m

Total area covered 2.4 ha,

Cashew waste composts were
prepared by adopling Japanese method.
Cashew wastes like lzaf litter, dried leaves,
cashew apples were spread layer wise
above the ground in the dry month towards
the end of cashew nut harvest season (May).
Japanese compost chamber consists of
frame work with 5 m length, 1 m width and
1.5 m height, After spreading cashew waste
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layer wise and over each layer 10 per cent
of the total weight of waste materials, cow
dung slurry and thin layer of soil were
spread.

like wise 4 to 5 layers were prepared
one above the other. Sufficient moisture
{50%) was mainiained by sprinkling water
frequently during dry period. With the onset
of monsoon the Japanese chamber was
covered with coconui leaves so that excess
water is allowed to drain away. The compost
was turned up side down twice during rainy
season to allew uniform decomposition.
Towards the end of the rainy season (5 to &
months period) the compost was analysed
and after ascertaining nutrient contents the
dosage as per the treatments was given in
the field of the above experiment. The
nutrient contents of cashew waste compost
are as follows (Table 2.9).

Table 2.9: Nutrient content of
cashew waste.

Nutrient - Peroenf PP
N T
P T 05308
K 03308
Ca 0941
s RIS s
Zn
Mn
Cu
Fe
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Organic_ matter and available N
conifents were significantly more in plots
receiving 75 to 100 per cent N in the form
of organic manure only when compared te
50, 25 and no N in the form of organic
manure and remaining in the form of
inorganic manures. Available N was low in
all the other treatments. Available PO,
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contents did not vary significantly due to
different manurial treatments. Potassium level
was medium in treatments receiving {i} 25%
N in the form of inorganic manure and
remaining in the form of organic manure
{ii) 100% N in the form of organic manure
only. In all the other treatments potassium

levels were low {Table 2.10).

Table 2.10: Effect of manurlul treatments on soil nutrient contents.

? S B penth! Organic Available | Availablel Available)
o r_eq_tmenf:s_._ oo .:tﬁ':‘] Maﬂer N P,0, K,0
- L (%) | (kg/hu) - (kg/ha) | (kg/ha)
| 100% N. in the form of femltzers 030 1__7}_. 76.08 é.éé' 108.33
j(mo gnic. mc:nures} T o _
o 130601 1122 7 5421 489 | 7500
| | 6090|078 | 3472 | 075 | 64.33
_:_:75% N the form of ferlzers remaining .n_' 030 2. 16| 9637 | 9.03 | 12267
'_H-lé ferm. of Ofv‘t [cushew wasra composr] 30-60 YT - =0 50._:_' - &-47 500
e o 16090| 1.13 | 5045 | 066 | 75.67
'50% N i the form of ferlizers remaining in | 030 | 243 | 1083 | 9.6d4 | 111.64
the form of OM {eashew weste compos] 125750 1.80 | 8029 | 450 | 8297
St 16090] 095 | 4242 | 066 | 74.67
25% N in the form of ferfilizers 030 | 313 | 1393 | 964 | 152.50
remaining inthe form of OM - T 0%0] 206 | 915 | 517 | 10987
o 60501 1.10. | 4897 | 060 | 57.67
lOO%N ir"l.."th.e fofm of OM only.-- -(1_30 350 -'.}55__8' 3 . §_2? 13817
B - 3060| 2.0 | 9335 | 573 | 102.20
: | 6090; 1.05 | 4564 | 062 | 58.00
CD for heatment 0441 | 2815 ] 138 [ 1975
CDfordepths 047 | 2085 | 089 | 13.24

&)



In an ckservational irial conducted on

organic and inorganic manures, application
E of full dose of recommended NPK
L @500:125:125 g/tree and 10 kg pouliry
i manure resulted in 300 per cent higher yield
- over control plot receiving no fertilizers and
| pouliry manure (Table 2.11). With fertilizer
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application alone, the yield was 150 per
cent of control plot and only with poultry
manure application the vield realized was
120 per cent of control (Table 2,11}, Thus
application cof recommended decse of
fertilizer and 10 kg of poultry manure is
bereficial in realizing higher yield.

Table 2.11: Effect of manures on the yield of cashew (2 years mean)

[ Mean of 2 years| Mean | o of ]
Treatments yield (kg/tree) | vyield | .ontrol
VRI- 1] VRI- 2 | (ke/tree)

Full dose of NPK @ 500:125:125 g/tree 1.45 | 3.62 2.54 191
Pauliry manure @ 20 kg/tree [Full dose) 129 | 1.93 1.61 121
Full dose of NPK @ 500:125:125 g/tree plus 1.47 § 670 4.08 3C8
half dose of poultry manure @ 10 kg/tree
Half dose of NPK @ 250:62.5:42.5 g/Iree 287 1 390 3.39 255
plus half dose of pouliry manure @ 10
kg/tres
No NPK and no poultry manure (Controf) 1.55 { 1.41 1.33 1C0
Mean 17261 3.512
CD for Main plot 0.759
CD for Sub plot 0.575
CD fer Interaction 1.284

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

An experiment has been laid cut o

evaluate different soil and water

conservation techniques coupled with
organic and inorganic manuring. The
experiment consisted of 5 main plot
freatments and 3 sub plot reaiments and

has been laid out in split plot design with

(53




]
bt

three replications. The details of the

treatments are as follows:

Main plot treatments {4]

1. Individual tree ferracing with
catch pil.
2. Individual tree terrecing with

crescent bunding.

3.  Staggerred trenches between

two rows of cashew.

4. Coniral plot without any soil

conservation technique.

Annual Report 1999-2000

Sub plot freatments

1. Application of recommended
doses of fertilizers only (750 g
N : 150 g eech of PO, and
K,O/free/year.

2. Application of recommended
 doses cf fertilisers + organic
manure (10 kg poultry manure}.

3. Application of organic manure
only {20 kg poultry manure).

Mutrient contents in socil before
imposing reatments were determired. The
organic matter, aveilable N and PO, were
low. Available K,O was in the medium

range (Table 2.12).

Table 2.12: Nutrient contents in soil before imposing the treatment.

-~

Soil nutrient levels Depth (em) Nutrient status
0-30 30-60 60-90
Organic matter (%) 1.46 1.09 0.45 Low
Available N [kg/ha) 65.0C 48.66 20.00 Low
Avciloble PO, [Kg/ha) 10.20 5.63 2.00 low
Availatle K, O (kg /ha} 158.40 105.00 52.00 Medium

2.5 Root stock studies

Root stock studies are contemplated
to understand the role of root stocks on
canopy growth and tc induce dwarfing in
- root stocks through chemical intervention.

2.5.1 Observational trial on root stocks

An observational frial was planted
during 1996 with air layers of root stocks

(Selection-T, VTH 762/2, VIH 762/4,
S11/1, 5 11/2) to study the infivence of
rool stocks [tall and semiall) on the growth
of scion variety (Selection-1). In situ grafting
with scions of Selection-1 was also made
on these root stocks during 1997. The planis

of Selection-1 were vigorous with higher

(54)
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menn plont height, ster girth ond comcpy . wariely (Sel 1] was vigomus irrespectise of
sprecd a: compared to the less vigorous / the root socks |Sel1, VTH 762/2, ¥TH
semitall (6ot stocks. Growth of the scion  762/4,511/1,51172) Fig 2.2 and 2.3}
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2.5.2 Induction of dwarfing through

chemical intervention

In order to study the effect of
paclobutrazel (cultar 25% EC ; ZENECA-
ICl Agrochemicals Ltd., Chenrai), an
anligibberellin biosynthate, on growth and
fruiting in cashew, two separate experiments
were initiated during September 1999 on
10 vear old plants (soil application on
Venguria-3 and foliar application on VTH
30/4) in the scion bank (RBD with splis

plats ; 4 replications).

The soil application of paclobutrazol
{0, 2, 4, 6 and 8 g a.i./plant] was dene in
the month of September (near the collar
region and in circular trench mid way
between trunk and drip line}. Each dosage
of paclobutrazel was dissolved in 5 litres of
water and applied in 15 cm deep trench
and covered with scil. Observations were
recarded on increase in plant height,
increase in canopy sprecd, number of
flowering and non-flowering laterals/m?,
length of flowering lateral, sex ratic, number

of nuts/panicie and nut yield/plant.
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Significant differences among different
concentration of paclobutrazol (soil
application) were obsasved for increase in
plant height, increase in canopy spread,
length of flowering laterals, length of
non-flowering latercls and number of nuts/
panicle. There were no significant
differences between coliar drenching and
circular ring method of application fer these
characters. Soil application of 8 g a.i. PBZ/
plant was found to be effective in reducing
the plant height {(72%), canopy spread
[65%), length of Howering lateral (64%),
length of nonflowering lateral (75%) as
cdmpored to contrel. This has also increased

the number of nuts/panicle (114%).

The soil application of paclobutrazol
on 3 year old plants of “Kanaka” in the scion
bank was clso done (8 g c.i./plant ; and
control] in the firsi week of September 1999.
The paclobutrazal was dissolved in 2 litres
of water and applied in 15 c¢m deep trench

and covered with scil. Soil application of

paclobutrazol {8 g a.i./plant) reduced plant

height, cancpy spread, number of
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nonflowering laterals/m?, length of lararal
shoots (botk lowering end nondlewering)
and sex robe and increased number of

f|u5h-;::;.-"'m:. nurnber o Hr.1wuri-1;5| leatezrals

Three yeor olg “Kanoka”

me, end number of nuls/panicle. In the
reated plants raseting ol leaves and
ponicles ervergisg from the apleal buds of

previnis sensan's growth were obeerved

The foliar cpplication of paclobutrazal
0, 100, 200, 300 and 400 ppm) wos dons
during prefushing [September] and post
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Mushing (Movember| season, Fach dosoge
of poclobuticzol wos spioves on asch plon

ler ron off joppros, 2 lives/ plant], Microwst

(surfactant] @ | ml litre of spray solution

was olsc added. Observations were
recordes on increase in plant height and
canopy spraod, number of Aowering ond
nosflowering laterels/m?, numbar of
Aushes/m?, length of lowering lateral, sex

raticn, number of nuts/ponicle and nut yald /

plant. higniticant citterancas amang

e
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different rates of paclobutrazol were
cbserved only for length of flowering and

non-flowering [aterals.

There were no significant differences
between applications during September and
November. The foliar application of
paclobutrazol on 3 year old plants of
”anakol" in the scion bank was also done
(0, 400, 80Q0 ppm} in the first week of
Séptember 1999 (pre-flushing] and
November 1999 {post flushing). Each
dosage of pacicbutrazol was sproyed on
each plant to run off (approx. 500 ml/plant}.
Microwet @ 1 ml/litre was also added.
Foliar application of paclobutrazol (400
ppm and 800 ppm)} has reduced plant
height, cancpy spread and increased
number of nuts/panicle. However, foliar
application of PBZ was not effective as

compared to soil application.
2.5.3 Observational trial on
chlormequat chloride

An observational trial on foliar

application of chlormequat chloride (0, 500,
1000, 1500, 2000 and 2500 ppm) was
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initiated during September 1999 on 3 year
old “Kanaka” plants, to study the effect of
chlormequat chloride (Lihocin 50 AS, BASF
India Limited, Mumbai] on growth and
fruiting in cashew. Each dosage of
chlormequat chloride was sprayed on each
plant to run off [approx. 500 ml/plant)
during pre-flushing (September} and post
flushing {November] stages. Microwet
(surfactant) @ 1 ml/liire was also added to
the spray solution. Foliar application of
chlormequat chloride has reduced plant
height, canopy spread, length of flowering
laterals, length of nonflowering laterals and
increased number of flushes/m? and number
of flowering laterals/m?2. Foliar application
of 2500 ppm chlormequat chloride has
reduced the plant height (36.2%), canopy
spread (41.8%), length of flowering laterals
{37.4%), length of nonflowering loterals
(2.0%) and increased the number of
fruits/panicle (10.5%} as compared 1o

control.
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3. CROP PROTECTION

During the year, evaluation of éxtrocts
from cashew plant paris against cashew
stem and roct borer (CSRB) adults, field trials
on post-treatment prophylaxis, pest
population dynamics, and sludies on the
entomopathogenic fungus; Meiarhizium
onisopliae were conducted fo formulate IPM
strategy for managing the pest. Similarly
studies on tea mosquite bug included,
evaluation of new insecticides, effect of
smoke on fea mosquito bug [TMB) incidence
ond host enrichment technique (HET) for

enhancing parasiioid actlivity.

3.1 Cashew Stem and Root Borer
(CSRB)
3.1.1 Enumeration of physical

characters of infested trees

Observations were recorded on stem
girth, age of irees, zone of attack,
percentage of bark circumference dameged

and stage of infestation {Table 3.1). The

percentage of bark circumference daemaged
and the zone of atiack strongly influenced
recovery of infested rees after posttreatment
prophylaxis with carbaryl (1%} or
monocrotophos {0.2%) or lindane {0.2%).
All trees with less than 60 cm stem girth
succumbed to pest aliack, while those having
mare than 80 cm slem girth recovered
[84.6% recovery) indicating that trees with
larger girth could tolerate pest damage.
Trees aged above 15 years showed 78.9
per cent recovery and infestation when
restricted only to collar and stem led fo
recovery of 89.9 per cent of irees. Another
parameter which is of prime importance is
the percentage of bark &ircumference
damaged. Complete recovery [100%)
occurred in frees with less than 25 per cent
of bark circumference damaged and
domage beyond 50 per cent of bark
circumference led lo 97.7 per cent mortality

of the infested trees.

oo\
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Table 3.1 : Physical characteristics of CSRB infested trees.

60 - 80

177

45.8

> 80

156

84.6

< 10

84

559

441

10-15 232 58.6 41.4
> 15 21.1
Collar and root 146 17.8 822
Collar and stem 208 89.9 10.1

26 - 50

136

91.2

8.8

> 50

132

2.3

77

[nitial (Without leaf yellowing)

201 100.0 -
Moderate {Without leaf yellowing} 78 15.4 84.6
Severe [with leaf yellowing) 75 100.0

3.1.2 Post treatment prophylaxis

Different synthelic pesticides such as

lindane, chlorpyriphos and monecrotophos

{all al £.2%) and carbaryl (ot 1% were

tested @s post treatment prophyloxis after
removal of CSRB grubs. Of the 354 trees

@
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showing CSRB infestaticn, 201 trees were
in initial stage of attack {without yellowing
of leaf canopy and less than 50 per cent of
bark circumference damcged]rwhile 153
frees were in moderate/severe stage of
infestation {with either yellowing of leaf
canopy or more than 50 per cent of bark
circumference damaged]. The trees in initial
stages of attack could recover fully while
those in severe stages of attack succumbed
to pest domage inspite of pesticidal
treatment. The trees in moderate stage of
aftack recovered uplo 26.3 per cent.
Yellowing of canopy was the final indication
of infestation followed by death of the tree.
Some trees without canopy yellowing also
died due lo other faciers such as root
damage or loss of bark circumference
beyond 50 per cent. The mean recovery
levels, however, were not indicative of
efficacy of pesticide tested, as trees were in
different stages of attack. Hence stage of
pest incidence is of prime concern in

recovery of infested trees and pest
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management is to be taken up pricr 1o
extensive damage and yellowing of lecf

canopy.
3.1.3 Population dynamics of CSRB

Identifying the period of start of pest
incidence is the key factor to undertake
suitable plant protection measures.
Identification of egg laying or damage by
very young {nascent} grubs is not feasible
under field condition. In order fo developa
method for age determination, the
orothoracic shield width [PTS) of CSRB grubs
reared in the laboratory was measured at
fifteen days intervals. For this purpose PTS
width of randamly picked grubs of different
age groupé was measured. The range and
mean valves of cerfain adjacent age groups
were found to overlap suggesting the
possibility of those groups being in the same
instar. Further, the PTS was used to back
date grubs collected under field conditions
to estimate the probable month of egg
laying. The details of morphometrics of grubs

are mentioned in Table 3.2.

®
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Table 3.2 : Morphometrics of CSRB grubs (P. ferrugineus).

Age of CSRB grubs

Prothoracic shield width {¢m)

Body length (cm)

The CSRB infested trees were sampled

to oblain the different siages of the pesi
occurring within. The approximate age of
grubs was estimated based on the width of
prothoracic shield (PTS). The ages of grubs
were backdated using the higher range of
estimated age for that PTS width. Based on

these observations, it wos estimated that

oviposition might have occurred during all
manths.  However, the peak oviposition
occurred between December and May
indicating that plant protection needs tc be
initiated during these critical months, which

also are the monihs for harvesting nuts

{Fig.3.1).
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Fig. 3.1 : Estimated percensage sgg loying by C3RE diring differsnt months

3.1.4 Evoluoiion of field efficacy of
M. onisoplios

Spawn of M aasaplioe wos opplied
al 250 g iree along with 300 g seem coke
b b boise of infested 1ree after mechanically
remaving the C5AB gruas. Sofl samples were
collected at thirty days intervals anc the
ZERE grubs were allawed fo coowl en it for
thirty min, and leter recred an oo shew: bark
Moraling was 100 per cent in the asnmplas

ol wohed wpla nienly doys ofle oppdootion

3.1.5 Studies on plant velatiles
[Kairemones)

Thess invesligalions were conduclsd
in collaboration with Project Tirectorale of

dialogical Contrel, Bangolore, using 1he

Seeztrea nibesnrogg e m e JIF_ A

The antenng o tha live test insect was
dissected ond immediately fixed intc the
ZAG sactrods and various axrasis wars
avaluated by dipping o strip of Filker paper
hatmen roc1l in them ond passing an
“air putf” through the davics pravided omdo
the test antenno. The response wos
disployed o1 o compuber moniter ang all
reszonses ware direclly legged info the
computer. It was obsarved that the whale
||.-.=::i_5|||‘- |._:-| |52 waiile g s asaanbial la -:_.||'_||:-;,.1i'|
responze and the apical tig was ~he mnos
sansiiva region. The artennoe wera alive
and responded for o maximom peried of

GO min.
®
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Heaithy bork ang frass material was
extracted with different sclvents for o period
of 48 h ond the extroct was loter
concantrated. The volotiles emanating from
haality bark / fresh frass were fopped jn
diffzrent salvents for 24 b using welsr
suchon apparohus Velotles thus collected
weare concentrated and used for EAG
.¢||die:_'...

The solvarts svalvoted wera nhaxons,
meﬂ'ﬂncﬂ_, ocefone, EHl:-_mE:irrn and rn'uf[h.r.'a
ot chlezoform © methanal (2:1 w}v]. |F s
obsarvec thal hexane extrocts 7 walotile
concenirales olictad the Bighest rasparss,
while chloreform eximcrs induced fatigue
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in the test antennos, which could not

respond for a further period of 2-4 min.

Othar solvents led to low 1o maderate
respenses. Chlaroferm was delcted in
subsequent evalushions ond nhexons was
vsedd o the solvent,

n tre first ser of evaluoliones, @ wos
ahserved that snmated ond moted moes
responded to o lesser degree thon lema es
1o extracks of fresk frass os well as healthy
bark. However, subseguent Fials indicared
that enmaicd females responded fo a lossar
exlent than the mated females 1o extract of
frash fross and healby sotk, which were

afl par [Tu-1:-|Er o3

Tahleld.d : EAG response of mated female CSRB beetles.

Yalues with the same |:|||'.‘:31|:||:EP care ok signi}i

]
]
2
i

condly diar'rr
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3.2 Tea Mosquite Bug (TME)
3.2.1 Host plants

During August-Segtember 199% o
survey was underickon for lozating othar
host glarcs which haibou: TMB duing of
seomar, Chooumrence of TMB was recorgead
dur]rbg tha mhove pesind far the fis-lima on
Singapore crery reas with severe damage
27 tendar shoats, Aower buds and tender
braits resuling in sevara Bowes and Tuit drop.
Uncer net bouse covdition, Halagaiiis

thaivars was found o breed confnucusly
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or Sec lsland colten during above pesisd.

3.2.2 Life takle studies of TME under

field condition

Sudies senduciad upder fisld
condilion indivated thal the sureivensh p
curva of TAE fol ovs Type IV curee JFig 3.2)
here ng highest martality during immoture
stage |egg and rymzhs] and pralangsdd
survival of cdult stage. The dilferest
peramelors workod ool for life fable: ors

erazarted in Tohle 3 4

Fig. i el Sn_l-'-.'i\'r‘_:-:ship rurwe af Thal
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Table 3.4: Life table studies on Helopeltis antonii under field condition

-
Parameters

™

Net reproductive rate (R.Q) (Total female births)

Mean length of generation (TC) (days)

Innate capacity to increase
calculated

corrected o

[nfinite rate of increase

Corracted generation time {deys)

Weekly multiplicatior of papulation

Doubling time [days)

3.2.3 Chemical control

Five insecticides viz., monocratophos
(0.05%), carbaryt (0.1%},
cyhalothrin (0.005%), acephate {0.075%)
and carbosulfan (0.05%} were individually

lamda-

sprayed on young trees. The population of
TMB nymphs and adulis were caged on the
same day, third day and seventh day after
spraying. The survival of population and
damage score {0-4 sccle] were recorded
on 24 and 48 hr after caging respectively.
Similorly to find out the ovicidal action in
eggs and residual action against first instar
nymphs, the above insecticides were
sprayed on a set of seedlings having TMB
eggs along with healthy seedlings with

tender flushes, Both TMB egg laden and
healthy treated seedlings were tied together

in such & way that the newly hatched

- nymphs can migrate and feed on the tender

flushes of healthy treated seedlings. The
damage was scored on third day after
hatching of nymphs. The results recorded
are presented in Tables are 3.5 and 3.6.
The results indicated that all insecticides had
shown no ovicidal effect, but with maximum
residual action against first instar nymphs.
However, L. cyhalothrin followed by
carbaryl and monocrotophos exhibited
highest residual action for 7 days than other
insecticides against late instar nymphs and

adults and alse had least oviposition on

©
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ireated shoots. In order fo carfirm abave  tested of 0.004 per cant insteod of 0005
fircings, the cbove three inseclicides weie  per cent and he results (Tuble 3.7] dlso
again evalusted, inwhich L eyhalathriv way  corfirmed these lindings,

Teble 3.5: Residual effect af new insecticides an survival and damage of TME.

Treatments Ho. Eunrnrlng after 24 h Damage gr:l:ﬁ: at48 h |
o d-'ﬂ'.l" b l:iiljl' Meaan o 3'* ¥ i day Meon
day ul‘lur day day | afer |
lspraying spraying |
Menooralophos 0.05% | 00z4 | 00eA | O0sk | 00a |03 | 13| 30 |1
Carbaryl 0.1 % O0ma O0es | 000A 0 00y | OF ] 0F | 3n | e
Lo acibisin & 005% O.0sh 30ef | 08ak 0 000 o000 b O30 13 0de
[ e q:h:rbli 755 Ou0as, . Obas | Bk e s A R S M
Catbosilion D.05% -+ G024 00k | laes | 0dk- |tz [ 07| 27T ae
Comal TTAme gk | euda [ 60d | ST 1TV |4l | S
Maan i oS _: 104 | 1B 350w WSTET ) B

Mean Fellowed by comman small larter in each cofumn or commen big letter in acch row is nor
siagnihoanthe different o 5% L5.0.

Table 3.6: Residual effect of new insecticides on oviposition, hatching of
eggs and damage of first instar nmnphs of TME.

RN Hmﬂ I::gg:.l"h: male faid I:Il..lrll'r.g 48 h I-::I':hmg Dnrn;gga‘
Oday |3rdday | 7thday | Mean | g | By ter
after instar
. spraying nymphs
| Manocrotopnos 0.05% | *4.3c8 *1.0ar | *28cbAE | 27qb | 9m4 [ 00s |
| Caroand 0o 1% | AvEioks  *TBak | *Z38cbd | ZShe | 1000 GOu
Leyralerhrin QO05% | O0edh 1 Bak | *1 finA Fio | 1000} 00g |
Aeephiale 0 075% e e o T e T
' u:.-b-:-:uﬁnn n_qf._L T S e A K ‘Tdh-' P65 | O0n
| Eanivnl 20 7dk | “250EA | CIDAdA | 220d | 1oDo | 40k
| thaan a78B | 5OA .28 RS

Meon follewed By commgn small lether in eoch column or comeon big leter in sach rew is not siandicardy
dibsrentat 5561050

Egq parasilism was observed insome of the replications.
MRS MNen signiflicant

e
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Comparison of residual cffect of L-cyhalothrin with

meneocrotephos and carbaryl en survival and damage of TMB.

Treatments N, of surviving after 24 h on Damage grade after 48 h
39 day | 7" day | Meon | 39 day | 7" day Mean
eifter after
spraying spraying
I'l.-'l.nmn'nl'nphm- .05% {0 il .Ga T 1Y | 8RR 14in
Caroory 515 0.3 a0 Dia 3uh | 13EB 1.50
| r.:.rhnlmhriﬂ QL0A (133 a5 .50 las 1 3alk N &n
—anirol 4.5 4.0 &0k | F0Es | 3.0ca d.Ch

LT , ; i
Pl 1o imeed oy COmImon smill [slher 14 eech ealumn ot cormmon hlg elber 1t cach row is o

signiticantly ditharant al 5% 1510,

It the cashew plol, 10 eos were
irsed it |:|.' sked o Pairky moinutas gt {1i_;|||':.-
marning twice o week in bath Shantigodu
and Kamminje cashew tarmz. Belore
smaking, the *ender shoots 27 raspectva freas
were coged with known nomber of
papuiahion [remphsond oduls] of TRMB. The
surviva o populefion and domege wers
recorded an 22 cnd 48 h after caging
raspectively. The results indicated that ol the
raleased populalion |24 no. feogsl hod
ﬁl]:'-'i'\"l‘fr‘l LIns ':_.f_]l_lﬁl_‘:d I'IIHIII‘_!ﬁI !J{'I”'HHJ

(orode-3| equal 1o untreated control.

3.2.4 Biological control

For this purpase, the grovid femaoles
were caged in odull parasitoids exclusion
[rslin cleth) cage far 36 h, Aftar removing
the cags, ke egg laden shoots wore eated
seporately with manocrotophas [0.05%),
carbaryl (0.1%) and L cyhalathrin
({0.005%], Far unfreatad control, two set of
coges were userd, |n the first cose, masguilo
net [mass| wos used tor 26 h wherzin the
enlry of adull ecg parosteids s possibla

|:II'III| I r|'|'E" S-EIEDI'I:i SO, Dd:.ll" FIDF-ESHDHZI

F0




evclusion cage wos used fo the suire
periad. In bolh trease ond unireated
shocts, the extent of euy soiaslism wis
rarorded an thirfeth doy afor caposure
The resailts inclicobed thet in tha untreaed
cantral whoro mosh coge was Jsed.
hignest parcslisn of 832 per cant wis
recorcind Wherens, with ruslin clesh
eage, tha axent of egg panasifism was
16.5 pa- centwricn waos almost oquel &
ather ‘nzzcicidal freatment: and i rongerd
from 12.2 to 341 par cenl. Thus, it
Frl:wil;lcs o i|||;,:| rualicar (hieal the celivilie:
of egg porgsitism are rol affected dua o

insecficidal sprony ng iTncle 3.8

T nymphal ane adul zaouiatian
ot TRAE were pericdically samplec qor the
presenca of nymphal vl parasitzid
PAPE The ovcunence of MAP wios
aheerved only inthe mant: of luns and ar
o ovey loree rate {1, 15 out of 490 nymphs
and adults ‘of TME excmined from April

b Crzoomoer 1959,
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Table 3.8: Bioossay of Recemmonded
insecticides for the safety to eqqg
parasitoids of TME.

|.Tre«l:|1'menr5 % of egg }
| parasitism|

S

Lintteoled coniig
Mesh cage
tiesling clorh coge:

Leghalothen (0,005%) |

Figures in porantheses indicake kol

no. of aggs,

the eng sndonarasilnid: [ lelenamis sp.
and Choetostricha sp.| of TMD wes
sncovrtarad in TME eggs celected from
sprarpedl imancerotophos / carbard] plets with
nighest parasitism of 53.2 per cent |Fig. 3.3],
Bul The relative cimerge: ce ol soo porgsitoids
wid guite low esaacially doring re.::-u|r:|r
ibesotior gariad frem Colober onvwords].
Thus; it givas a scope thot during sevare
Inbesiohizn pnrin:i of TME 12 ckoter-Decembar],
the insecticidol oppd colion can be prectice:d

with lersl environmentol consaquences on enn

marastizm of TRADR.
®
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B Total parasiism B Energed parasitism

Fig. 3.3 : Egg parasitism af TME by eng parasitoids under Reld candtion during 1999,

Twa species af legumes |Crolzionia

sp. ond wild red gram] grown in the

unsprayed plot of Gea 11/& were found
to ba attroctive to hymanopteran and

dipteran adults. The Crofolaria sp. conkains

extra loral nactaria: (&B-DE no_ MHewering
and trwifing panicle) which are olractive fo
stingless haney bees [melliponids), adylf
parasitoids of hymenopferan arg dipteran
groups, adull coceinellid predaters,
spldars and ants,
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4. POST HARVEST TECHNOLOGY

4.1 Value addition in cashew

Processing of cashew results in kernels
of different grades like wholes, splits and
bits. Although, kernels of all the grades are
commercially marketed, cashew kernel baby
bits fetch less. As such attempts have been
made to develop products from low grade

cashew kernel baby bits.

4.1.1 Preparation of milk

Cashew kernel baby bits was finely
- homogenized with distilled water to form a
fine paste and stored at 6 to 10°C and <«
0°C. Milk was constituted by blending 10
g paste with 100 ml distilied water -and
decanted after 24 h at & to 10°C. Decanted
milk was diluted to 200 mf. Protein and
sugar in the milk was analysed (Table 4.1).
Protein confent in the milk did not change
upto 34 days of storage. Sugar content,

however, decreased considerably after 25

days of storage. Cashew kernel paste after
storage ctl 6 to 10°C for 7 days had
fermented smell. Hence, organoleptic
analysis of milk prepared from kernel paste

stored at < 0°C only was done.

Sweetened milk {20 g/200 ml) and
flavoured with cocoa (50 mg/200 ml)
prepared from cashew kerr-'rel paste during
storage at < 0%C was organcleptically
assessed for colour, flavour and taste by a
panel of judges of fifteen to twenly (Table
4.2). Mean cumulative score of the
sweetened and flavoured milk did not

change during storage indicating thot

_cashew kernel paste could be stored at

< 0°C upto 34 days without affecting the
organoleptic acceptability. Inclusion of
sodium benzoate {12.5 mgf_.’iO gl, soya
lecithin {1 g/50g), cane sugar |5 g/5C g}
in the cashew kernel paste did not have any

additional advantage.
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Table 4.1: Protein and sugar content of milk prepared from kernel paste
during storage at < O'C.

Values are mean of three individual estimations

A - Poste prepared from cashew baby bits alone.

B Paste prepared from cashew baby bits with sodium benzoate as a preservative.
C Paste prepared from cashew baby bits with cane sugar and sodium kbenzoate.
b Paste prepared from cashew baby bits with cane sugar.

Table 4.2: Mean cumulative mean scores for colour, flavour and taste of
sweetened and cocoa flavoured milk prepared from kernel paste during

storage at < O'C .

r

Storage period Mean cumulative Hedonic score
(days) A B C D
0 2.1 @9 10.4 ig.0
7 11.1 10.2 2.9 10.2
14 10.8 - 10.2 11.6 121
25 ¢.5 ©.58 10.3 10.2
34 2.2 ¢.50 9.8 10.4

A, B, C,D-Same asin Tahle 4.1

{76
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4.1.2 Preparation of cashew kernel
spread

Cosnew kernel buaby bits 130 gl wos
linely hemogenized with cone sugar 15 o),
iodised salt (0.1 and 0.5 g), vanillin (0.1
gl and refinzd groundrut oil [ 10 mll to form
a fine smooth paste. The spread thus
preporad waos storad at < O°C for 24 h
wehore arganoleptically anabysed by o ponel

Annuval Report 1 90-2000

of judges of fiflsen to hwenty for coloyr,
Aaviur, spreadobility, consislency and taste
iTable 4.3). Vanillin flcvsured swestenec
spread is the most preferred |135.9) while
salted zpread iz leost prﬂfﬂrred [18.:77.
Inclusion of soy lecithin, an emulsifier and
sadium benzoote, o preservolive, did no
improve the srgancleplic ccceptakility of
coshew spraad,

Table 4.3: Organoleptic analysis of cashew spread for colour, flavour,
spreading character, consistency and taste.
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4.1.3 Keeping quality of cashew
kernel oil

In order to develop cashew kernel oil
based products, oil has been extracted and
keeping quality at ambient femperature (27
to 30°C) has been studied. Qil from cashew
kernel baby bits has been extracted with
n-hexane and refined with alkali after
removal of organic solvent. Quality of the

oil was assessed in terms of iodine value,

Annual Report 1999-2000

peroxide value, acid valve and
saponification value during storage [Table
4.4). Both iodine value and saponificaticn
value did not change upto 4 months beyond
which both the values increased shaply. Both
acid value and peroxide value increased
during storage. These results indicale the
requirement of addition of antioxidants for
improving the keeping quality of cashew

kernel oil,

Table 4.4: Keeping qudlity of refined oil of cashew kernel baby bits at

ambient temperature,

—
Parameters

Storage period {months)

4.1.4 Coating of baby bits with cane

sugar and honey

Studies on cocting of baby bits [BB)
with cane sugar and honey have been
initiated under an adhoc scheme on value
addition in cashew. Coating of cashew
kernel baby bits with cane sugar at different
temperatures (60, B0 and 100°C) at

concentrations ranging between 50 and

100 per cent was done. Ratio of baby bits
to the sugar syrup was 1:2 and coating was
done for 5 min. Coated baby bits were
exiracted at 10°C for 12 h with distilled
water and the filirate was used for sugar
estimation. Results presented in Fig.4.1
indicate that maximum coating of sugar
occurs at 70 per cent concentration at
100%C. Similorly coating of baby bits with

honey was attempted at 60, 80 and 100°C

&



¢,

HRCC

Annuval Report 1999-2000

al concentrations ranging between 30 and  becomes very thick. Maximum ceating of

70 per cent. Beyond 70 per cent coating  baby bits with honey occurs at 70 per cent

could not be attempted as the honey solution  concentration at 100°C [Fig.4.2).

==50"C —8-B0"C ~—100°C

Fig. 4.1 : Coating of baby bits with cane sugar ot different temperatures
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Fig. 4.2 . Coating of baby bits with honey at different temperatures
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Cashew kernel baby bits (BB) were
defatted with n-hexane at ambient
temperature over a period of 48 h and baby
bits were dried at 70°C for 6 to 8 h and
used for coating studies. Coating of defatted
cashew kernel baby bits {BB) and whole
baby bits with 70 per cent cane sugar and
honey at 60 to 100°C was compared
(Table 4.5). Higher per cent coating of cane
sugar and honey has been noticed with
defatied kernel baby bits compared to whole
kernel bits. This would be advantageous to
prepare low calorie sugar / honey coated

baby bits for calorie conscious consumers.

Table 4.5 : Coating of defatted cashew kemel baby bits with cane sugar and honey.
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Caating of baby bils (BB} with different
sugars was Grtempled in order fo see
whether sugars exhibit differential coating
[Table 4.6). Sugars exhibit differences with
respect to per cent coating. Least coating of
baby bits has been noticed with fruciose
[5.89%) while highest coaling has been
observed with lactose (11.5%).

Table 4.6 : Coating of cashew kernel
baby bits with different sugars.

Values are mean of three individual
_ estimations

Honey 70 100 13.90 12.70
80 8.67 15.33
60 6,36 13.89
Cane sugar 70 100 2.70 16.10
80 4.45 ?.36
L 60 571 12.20 )

Values are mean of three individual estimations
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5. TRANSFER OF TECHNOLOGY

5.1 Establishment of medel
cashew clonal garden

QOut of thirteen plots visited for laying

out model cashew clonal garden
([demonstration plots) under cenfral sector
scheme of DCCD, Cochin, in Puttur,
Belthangady and Sullia taluks, ten plots
were selected. Grafts of Goa 11/6, Hybrid
32/4 and Sel-2, have been planted in these
demonstration plots. With these the number
of plots raised under this programme comes
fo seventy eight. Orientation training was
conducted during July 1999 to explain
about planting and after care for newly

" selected demonstration farmers.

All the demonstration plots laid out so .

far were monitored and farmers were
advised regarding organic manure/fertilizer
application, pruning, soil and water
conservation fechniques and plant protection

medasures.

The yield potential of VTH 174 was
assessed in farmers’ plots. The average yield
ranged between 1.0 and 6.5 kg/tree in
eleven year old orchards and 2.0 and 7.5

kg/tree in twelve year old orchards.

5.2 Soil and water conservation
and plant protection campaigns

Series of campaigns were conducted
in Dakshina Kannada and Kasaragod
districts to create awareness on the need
for seil and water conservation and plant
proteclion measures. These campaigns were
conducted in collaboration with Department
of Agriculture, Kerala and DCCD, Cochin.
The main objective was to educate farmers
on the need for scil and water conservation
measures and to explain the key factors
involved in the manogement of tea mosquite
bug [TMB) and cashew stem and root borer
(CSRB).

5.2.1 Selection of farmers

Emphasis was given to involve only
selected farmers for the programme as the
adoption of soil and water conservation and
plant profection measures in cashew invalves
commitied interest in protecting soil and
management of the pests. For this purpose,
a press nole was issued regarding the
pregramme in local newspaper and
announcements were broadcast from All
India Radio stations. Pamphlets were also

distributed to the farmers around the

@
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campaign village. To ensure the
partficipation of interested farmers in the
campaign they were requested to inform the

" organizers well in advance.
5.2.2 Execution of the campaigns

Four campaigns were organized in
Dakshina Kannada (Karnataka) and
Kasaraged districts (Kerala). On the day of
the campaign the farmers gathered at the
specified venue. The technique of soil and
water conservation and plant protection

were explained to them with the help of

Soil and water conservation campoigns

5.2.3 Highlights

¢  Attention was focussed mainly on

selected topics of immediate attention.

+  Krishi Vigyan Kendra {CPCRI,
Kosaragod) and Department of

Annual Report 1999-2000

charts and specimens specially designed.
Method of terracing, water conservatien in
plain land and opening catch pit, methed
of coconut husk burial etc. were explained
to them. The farmers were educated about
initial symptoms of tea mosquito bug
damage and different insecticides used for
its management. The need for mixing
fungicides and insecticides in die-back prone
area was also explained to them. To
overcome the problem of cashew stem and
root borer (CSRB} need for phytosanitation

in cashew plantaticn was also emphasized.

Soil ond water conservotion compoigns

Agriculture (Kerala Govt.) also
collaborated in organizing the
campaigns.

4+  Amrangements were made in village
seftings to facilitate better discussion

with farmers.

.@4
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& Host farrers participates octveby and

the orangements wera made by them.

#  Resporse from the tormars wos
encovraging. and o fetal of 5%8
farmers porhicipoted in these

COMPEIgnE.

5-3 Training programme on
utilization of cashew apple for

farm women

A fraining orogrumme was crgonized
in callaborafion with Krighi Yigyan Kendr,
CPUElL, Kosaragoed ond CFIRI, Regienal
Cealre, Mangoboos durisg Miarch 2000, The
pregramme was finorced by DCCD,
Cochin. In the pragromme =sighly frainses
sponscred by Deparimeni of Agriculiure,
Kercla perlicipated. Freparation af squash,
jam ond chumey was demonstrated o the
frrdi s The facm wamen Falt that the depe
involved Tn the preporalions wers simple
and easy to fallow. Frocucts prapared wers
acceptable to them. Trangs, pineopple,
lime, gpple, mango and ginger can alsw be
mixed with opple juice to produce variety
of squash. These preparatizns con be

preserved for & o 8 months ot refrigerated
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il

temparature [ 10%C) ane ene can ralisy the
toste of cashew oppe even during off

AR

Training prograomme on vilization o coses apoks

5.4 Annual Cashew I'Jr.'l'y

Anrual Coshew Tay was argenized
an 4 March 2000 1o moka he coshew
farmers cwrre af [otasi I'.'ZIH'-I'H!DFJ:HEF-LS n
cashew produchon fechnology and o get
their teadback. Prezs noté was issued in looa|
e pape s and arranoements wers mads
forannouncements ir All Indio Bodio siaticns
io salect the interesied Tormers, Leblers weene
alsn sent fo demanskeabion formars and the
‘armers who olended the scil and wailer
cansesvalian and

planl pratection

campaigns nnd Mon-Govarnmantal
Crganisofiens. The interested farmers
confirmed their parficipatior well in

cickeninre
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& total af 150 farmers from Dakshing
Kannada, Udupi, Madikeri,
Kasaraged districts participated in the
cashaw day They ware taken fo
axperimenta’ plok bath in Kemminje and
Shantigedu campuses of NRCT 1 explain
about germplosm collection, high dencity

Tumkur and

plonting, soil ond water conzervation
macsures, maxmization of yield in coshew,
pruning, camposting of cashew leaves and
top work ing. A .=.p|=_l|:i:| SEMInNar wis
arganized in which progressive farmers
shared their experiznce regarding variatias
of cashew, inific| establishment of cashew
archards, organic farming and plari
products usage in pest monogemsnt. This
was followed oy discussion in which
formers’ coubts on various ospects of

cazhew cultivatior were cleared.

During the cashew day four bocklats
in Konnode were distributed to all the

i :m-r -
1= i 18y

i:.ﬁ ' Mﬁﬁ
hﬂ?ﬂ_’l‘t Eﬂ&fﬂl }

Anaual Coashew Day
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farmars namely i} Formers' sxperiencs in
casnew growing ii| Information sbout Hield
wills i) Cashew apple preparations and
w| Farmers” doub® in coshew cultvetion and

thesir solutions,

Thare was no registration tes and the
entite arrangement for Feld visit and
heapitelity of the farmers were mode by the
host institure. The tormess participoted
actively in lizle visit: end seming~. Men
Governmental Crganisations |'ka 5ri Kshabro
Dhammasthale Rural Development Praject,
Dharmasthaln; Bhorative Agra Industries
Faundetian, Tiptur ond Kisan Sangha,
Udupi/Futtur sponsared farmers for
puart cipation in vushew day, Maony flarmers
pxpresied ther desire o policpate in
similer pregramme af the centre in future
and in tellowing improved cashew

pn:vduch-::-n technologies.

Demanstratinn aof japaress methed of

connpasting duning drmoal Cusluss Day

©
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6. CONCLUDED PROJECT

6.1 Tissue culture studies in cashew for micropropagation and

somaclonal variation.

Projact Leadar
Associole

Dr. Thimmappaich [199C-2000
Mrs, Shiny Reichal Anil [19%4-2000]

Froject Ma. 1.3

6.2 Introduction

Cashw is both seed and vegetolively
prepagated. The later method is now
practised commersially throvsh softwood
grofting. Since the demond for grofts is so
high, thers is an urgani nead io develop o
foster method of mulfiplication preferablby
thraugh micrapropagatiaon, This will not anky
supplement fha convenhicnal methad anc
can be used Tn such research opplicalions
os mageneiaiion of monsgeanic plonts and in
vitra conservation of garmpiosm. As coshew
wis infroduced to India only 400 years
back, the gene pool ovai'oble for bresdars
is low. There iz o need fer exploiting
somocional voricfion ohsarved in fissue
culhsre fo increqse the variabilitg Hence,
regenaration of plonts from callus and

scresning them For somaclonal varishility

wiill b wsehul

6.3 'thm:ﬁ\ru_r.

+ To standardisa micropropagation

fechnique in coshew.

% Tz induce and exploit somocional

variation for breeding purposs

The arientolion was on the firs)
abjective viz,, mictopropacation as it woa
abjactve,

the main

6.4 Materials and methods
&.4.1 Regeneration studies with

seedling explants

a) Explants

For axplaniing puiposs, mature seads
of evsshaw were sterilised in 20 oer cend
hlaach |20 min) and sawn in trays
containing sterile sand. 3eedlings
germinated 25-30 days aller sowing ware
used for collecting shools. Simitarly from

Pk
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mature trees green nuls were collected and
after sterilisation embryo with part of the
cotyledon were extricated and inoculated
onto various solid media {MS, WPM and
B5) containing activated charcoal, and NAA
(0 and 0.2 mg/I).

b} Disinfection procedures

Disinfection procedures for various
explants (nodes, shoot tips, cotyledonary
nodes) were worked out viz., first immersion
in 70 per cent ethanol (30-45 sec.) followed
by agitation in sterilants like mercuric
chloride {0.1 0.2%), bleach (20%), bleach+
mercuric chloride. The shoof explants were
agitated in carbendazim {0.2%) for various
duration to reduce fungal contamination.
Similarly, for reduction of bacterial infection
various antibiotics [gentamycin, neomycin,
neomycim+gentamycin) were incorporated
in the media after filter sterilization and

contamination were scored.

¢} Control of browning and

exudation

Activated charcoal {0.1-0.5%),
ascorbic acid (0.01-0.02%) ascorbic acid
{0.01%) + citric acid {0.015%), PYP-40 (1
g/l), activated charcoal (1 g/l) + ascorbic
acid {0.1%), .cysteine {0.1%) were
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incorporated info the media. Number cof
viable shoots or green shoots were recorded

in addifion to budding of explants.

d) Initiation /Establishment media

for nodal cultures.

For establishing nodal cultures, four
basal madia viz., Murashige and Skoog’s
(1962), Woody Plant Medium [Llyod &
McCown, 1980) B5 medium (Gamborg et
al 1968), and RBM (Raj Bhansali 1990)
supplemented with 3 per cent sucrose and
with/without BAP were tried, Different salt
concentration were tried in MS medium like
7,’4MS, '/QMS, 3/4MS and full MS were
used with BAP (5 mg/!}. Budding perceniage
and viability of shoots were recorded after
5-6 weeks.

e} Multiple shoot induction

On nedal cultures, the effect of BAP,
Kin, 2iP [0.5, 1.0, 2.0, 4.0, and 8 mg/i)
and adenine sulphate (Ads) (19,720, 40,
80, and 160 mg/l} were tested singly in
basal MS medium. BAP, Kin, 2iP and zeatin
{Zn} were used in combination of two at 0.5
1.0mg/l each in M$ media.
Thidiazuron (TDZ} was incorporated into the
MS media alone [0.1-2 mg/l) or in

and

®
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combination with BAP and IBA. The number
of multiple shoot buds induced per nodal

culture was recorded,

f} Multiple shoot induction in
cotyledonary nodes

Cotyledonary nodes from 3-4 week
old seedlings without their cotyledonary
segments were cultured after the sterilisation
3/4 MS medium
supplemented with filter sterilised zeatin
[0.5-4.0mg/!}). Decapitation of in vitro
germinated seedlings on

procedure, on

in vifro
germination medium was alse done to
induce multiple shoots. Cotyledonary nodes
were cultured on MS medium containing
BAP (2.25mg/l) and IBA { 0.2mg/l). The
number of multiple shoots induced were
recorded and the multiple shoot obtained
were separated and sub-cultured on the

same medium for repeated induction of.

multiple shoots and elongation.
g) Shoot bud elongation

Shoot bud elongation in multiple
shoots was tried on liguid medium
confaining BAP, Kin and zeatin at 2 and
Smg/l by agitation. Alternatively, two semi-
solid media were tried viz.,l) Modified MS
medium containing sucrose Spercent,
maltose {5 g/1), BAP (1 mg/l) and coconut
water{10%) and ii} Modified MS medium
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(Raj Bhansali 1988) for shoot bud
elongation. Half MS medium with glutamine
(400 mg/l) without hormones was also tried

for elongation.

h) Rooting of microshoots

In vitro rooting

Microshoots which are 2cm or more
were tested for rooting ability on semi-solid
half-strength MS medium containing 3 per
sucrose, g/l PVP-360 and
supplemented with NAA, IBA and IAA at
2.5 and 5.0mg/| each and in combination
of two at 2.5 mg/l each. The number of
explants which showed respense 1o rocting,

cent

number of rools obtained and duration for

rooting were recorded.
Ex vitro rooting

The microshoots were rooted ex vitro
by dipping them in 250ppm each of 1AA,
NAA and IBA for 48 h in dark and potting
them in mixture containing 1:1:1 sand,

soilrite and coconut pith and covered with

‘beaker and irrigated with 1/5 MS salt

solution. Rooting percentage was recorded
ofter 6-8 weeks of potting. Similarly pulsing
shocts in 10mM solution of NAA and IBA
for 2 min was attempted. The treated shoots
was cultured on hormone free basal medium

for expression of roots.

&)
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i) Hardening and acclimatisation

The in vitro rooted plantlets were
hardened first on half-sirength MS liquid
medium containing 1.5 per cent sucrase and
then on the same medium without sucrose
for 2-3 weeks in each medium. The
hardened planilets were potted in potting
mixture containing 2: 1 sand and soilrite. The
potted plants were irrigoted with sterile
distilled water and 1/10 MS salt solution
and provided humidity by covering the
plants with polythene bags and gradually
the number of holes were increased before
it was fully removed. The acclimatised plants
were hardened further in green house on
ordinary potting mixture.

6.4.2 Regene'm!ion from malture tree
explants

Nodal and shoot tips excised from
young cashew grafts {1-2 veaor old)
maintained in green house as well as from
field grown trees {10-14 year old) were used
for culturing. Sterilisation of explants from
green house was done in 0.1 per cent
mercuric chloride {5 min} and for field
explants 20 per cent NaCIO {15 min}
followed by immersion in 0.05 per cent
HgCl, {10 min} was fried.

For initialing nodal culiures, semi-solid
media containing half and full strength
Murashige and Skoog's (1962) [MS] salts,
Woody Plant Medium (Llyod and McCown
(1981), B, medium {Gamborg et.al., 1968)
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and SH medium (Schenk and
Hildbrandt, 1972} were tried. Bud break in
explants was recorded. Effect of addition
of L-glutamine, activated charcoal and other
anti-browning substances (PVP-34Q, PVPP,
ascorbic  acid) tried.
Contamination free cultures were subjected
to multiple shoot induction on MS basal
medium consisting haolf strength major
nutrients and supplemented with various
levels of thidiazuron (TDZ) (0.1, 0.5,
1.0mg/l}, 6-benzylomino purine (BAP} {0.5,
1.0, 2.0 mg/|) alone and 0.1 mg/1 of TDZ
in combination with BAP (0.5, 1.0, 2.0 mg/
I} along with a common level of 0.5mg/I
GA, and 0.1mg/I BA. Number of multiple
/axillary shoot buds per explant were
recorded after 6 weeks.

were also

6.4.3 Callus induction

Callus was initiated from leaf,
internode and cotyledon [mature and
immature) on MS medium containing various
levels of 2,4-D with low concentration of
BAP/Kin in dark. Callus multiplied were put
on regeneration medium for plantlet
regeneration.

6.4.4 Embryogenesis

Nucellus was excised from bisected
ovule (3-4 week old) of M44/3 and T.No. 1.
The induction media was modified M3
containing half the level of major nutrients,
6 per cent sucrose, glutamine {400 mg/l)
and gelled with 0.8g/1 agar. The calii

®
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induced was mulliplied on MAA ond zeatin
medium, The embryagenic structures
obtained were matured on ABA and
germinated an hormone free medium.

6.5 Results and Discussion

Althaugh the project was sharted with
o twin objective, the programma was largely
concentrated on stendardisation of
micrenropogation fzchnigue thraugh shoot
fip and nodal cullure,

6.5.1 Control of contamination

Contomination of cullures was
cepended on season of collection, source
and lype of explont. The contaminafion wos
maximum (100%] dunng rainy season [June
to September] ond least during January to
April. Among the explonts, shoot fip had
higher contamination than the nodal
cullings. Explants from field grown irees
werz found to be highly contaminated than

Annual Report 1999-2000

nursery raised grafts. Among the vorious
sterilants used for starilisafion of explants,
anly mercyric chloride and chlorine toblats
|2.5% avciloble chloring) was effactive, Far
nedal explants excised from ona month ola
seadlings [nursery raised| dipin O, | perosnt
I'FQl:Fz [o 5 min and for shoot ips 5 min.
dip in 0.2 per cent HgCl, was effestive,
Howeser, 100per cent contominant free
cultures could be established by raising
seedings in vileo, Shoot explants from
maiure trees of feld origin showed high
contamingtion in cultures ond required
double sterlisation e, firstin blesch [20%)
tor 20 min. then in 0,05 per cent HQ{ZI2 Foar
10 min. Maintginance of young cashew
grafis hygienically |established from field
frews | in green howse and s:afi|isang tha
explants in O.1per cent HgClL, for 5 min.
under constant agitafion resulted in 80 per
cent contaminant frea cullures [Takle &.7].

Table 6.1 : Sterilization treatments for different explants.




For controlling bacterial
contamination culturfng shoot explants in
solid medium incorporated with either
neomycin (1000ppm) or a combination of
gentamycin and neomycin {500ppm each]

was effective (Table 6.2). In ancther instance

spraying shoots with chlorotetracyline -

{50ppm) and incorporating in media was
alse helpful for reduction of bacterial

contamination. Fungal contamination was
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most predominant and it was identified as
Fusarium species. Fungal contamination was
reduced to nil when the explanis were
constantly agitated in Bavistin (0.5%)

[Carbendazim] for 4 h prior to sterilisation.

Incorporation of micostatin (4Cmg/)
a fungistatic substance was tried in liquid
media. It was observed that micostatin had
no significant effect on control of fungal

contamination.

Table 6.2 : EMect of gentamycin and neomycin on contamination of shoot

cultures.
[ Medium % contamination ]
MS + Antibictics { 0} 39
MS + Gentamycin {500mg/l) 16.7
M3 + Genlamycin [1000mg/l} 8.3
MS + Neomycin [500mg/l} 12.6
MS + Neomycin {1000mg/l} 0.0
MS + Gentamycin {500mg/l} + Neomycin {500mg/l) ' 0.0 B

6.5.2 Control of browning and
exudation

The nodal explants from seedlings hod
less problem of browning, but exudation
from cut ends after inoculating info the media

was more. To overcome this, activated

charcoal [AC 0.1%), ascorbic acid

{0.01-0.02%], ascorbic acid (0.01%) + citric
acid {0.015%), PYP-40 (1 g/l), AC (1g/1)
+ ascorbic acid {0.01%) and cysteine HCI
{0.1%) were incorporated in MS medium.
Exudation was least (19%) in the media

incorporated with cysteine hydrochloride
(0.1%).

(o)
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Nodal explants of mature trees were
susceptible to cutting injury and explants
showed exudation and browning after
inoculation onto solid media, To overcome
this, AC {0.1 - 0.4%}, PVP-360 (0.1%),
polyvinyl polypyrrolidone [PVPP 0.1%),
{100 mg/l},
incorporated in MS medium. Although

ascorbic acid were

exudation was observed from cut ends in
media with PYP-360, culture response was
best in terms of bud break and number of
leaves formed. However, there was no

significant difference in the response.
6.5.3 Media for nodal cultures

For establishing nodal cultures of
seedling origin, three basal media namely
Murashige and Skoog (1962, Woody Plant
Medium {lloyd and McCown, 1980) and
B5 medium {Gamborg et al., 1968)
supplemented with 3% sucrose, AC (0.1%),
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5 mg/| of BAP and gelling with agar
(8 g/l) were tried. Only on MS medium,
the nodes established belter with maximum
shoot length of 1.4 cm (Table 6.3).

MS media centaining BAP {5 mg/l)
at one-fourth, half, three-fourth and full salt
levels was also tested. At threefourth level
of salt in MS medium best response was

observed with maximum produclion of single

shoots (75%) (Table 6.4).

Similarly for nodal explants of mature
iree origin different basal media {SH, MS,
WPM), were tested by supplementing media
with 2 g/1 of AC and gelled with 2.25 g/1
of phytagel. MS basal medium modified to
contain half the level of major nutrients with
400 mg/| L-glutamine and 0.2 per cent AC
supported better establishment of nodal

cultures.

Table 6.3 : Effect of different mineral media on nodal culture establishment of seedlings.
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Table 6.4 : Effect of salt concentration {M5) on nodal cultures (seadlings).

= ,
No.of |  Bud brea
Madium ) :;um : I: _I.engﬂi of shoot (em)
oxad | Froge ! % Freq. %
1/, M5 + BAP [5 g/} i) o0 | | soW g 24
T ME - BAR (5 mig/lh 24 brlo £3.3 13 547
p s < Ba2 18 g/l ey e 752, 18} 750
Full Ms + BAP {5 mg/l| @ e 3 391

6.5.4 In vitro seed germination

In order to gat aseplic seadlings for
sxplanting purpose holbmature seeds wess
sterilized Ffirsl in 70 per cent aleohsl| and
then In chluring taplat {2 5% available
chlorine] alorg with o drog of Twean-20 for
30 min by constant agitation. Growing point
I:Bﬂ'll:lr:,."cla with part ar full :Dt}-ladun WS

extricated  and incculated an o 3 sars of
semisolid media nomely, M5, WPM and
BS cantaining 2 g/l AC and O ar 2.0 mg/
FRAA, Germination wos done undar 14/8
b photo period. Highest germinafion of 89
per in WP
supplementad with MNAA (2 mg/l]
(Table &.5.

cant was observed

Table 6.5: In vitro seed germination on semi-solid medium.
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Apart tram this, moture seeds wers
alse germirated in screw cap bottles
conicinng absorbent cofion prescoked with
sterile distlled wales. The secds ware first
softened with conc. HCl for 20 min and then
sterilized with 20 per cent MaClid for 30
min under consiant agitafion, After 20.7 5
days of inoculafion over 90 par cent

germinaton was racarded in dork

6.5.5 Axillary shool-bud proliferation
in explants of seedling arigin

a:i_:-e:”-:_';l"!.-' shrveal-bd _:In:l! Faraton in
shoot explonts was desendent on source of
explant, type of explom ond the sied of
cylakinin employed e the mediom for the
shove pursose, For multiple shootbud
induction cohdedonary nodes, nadal cultings
and shaotips were used, Among the three
enclants used, cotsladanory noces ware
marz cotent. Explants beam in vitio ssedlings
axhibiled shootbud praliferation. Among tha
different cytckinins tried {BAP, kinatin, 2i
zeatin, thidiozuron), thidiazuron was mest
gotanl for mulliple shootbued induction

irrespaciiva of type of explarts,

a] Cytokinin effect on multiple

shoot induction

Effecta’ BAP kinetic, 2iP and adenine
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sulpalcils (Ads) wos lesled sing 'y i 85 media
far ruliinfe shoot induction in nodn! cullures
In M5 media, BAR kinefin and ZiF were fried
at 0.5, 1.0, 2.0,4.0 and 8:0 mg/1 while
Ads was Wiad ol 10,720, 40, B0 ong 7460
mg Ll BAR kinetin, 2iP ard zaotis |26 were
alser used in compination of b al 0.5 o
1.0 rr-g.-"'| aoch in M5 madio. Ahhnug n there
was some mulfiple shoo! inductien in some
heatments, thers was no significant
difference between the rectmeants. For single
shoot production 180 mg/l ol Ads, 1 mg/|
ab FiF and 0.5 me /T af BAP wies basl with
more than 70 pe- cenf of tha axplants
forming sing'e shoziz. BAP and zeatin in
cambinolion ol 1 my/lalse yivlded single
shoots in 77 per cant of the expiants
Combinotons inwalving raalin showed
mubtip & shaat - induciion i+ small perzentaze

of EI-.‘-'Q.F"D'II"E [5.7 b 23.15%],

b) Induction of multiple shoors

using thidiazuren (TDZ) in media.

Maedal -:‘;l._.llri:lg:u ehel sheet ir:.ﬁ e
brotn i witeo roised seedlings of H 4.7 were
cullured on three-taurth M5 mediom
suppiementad with G.1 - 2.0 mg/" =f TDZ.

Within 2-4 waeks, the explants showed

Q)



@

REe

shoot bud proliferation {1-5 buds/explant]
in 55.5 to 85.7 per cent of the explants,

_ the best response being in 0.1 mg/l of TDZ.

[Table 6.8). The shoot-bud proliferation
continued even on basal liquid medium kept
under shaking.

Thidazuron was also tried in
twentyone combinations with NAA, IBA
[0.05, 0.1, 0.5 mg/l} and BAP (0.5, 1.0
mg/l} with 5 explants per treatment and the
shoot bud proliferation was very high {1-13
buds/explont]. The best response was at 0.1
mg/I TDZ and Q.1 mg/! of NAA (5.4 buds/
explant) [Table 6.7).

¢} Multiple shoot induction in
cotyledonary nodes

Cotyledonary nodes from 3-4 weeks
old seedlings without their cotyledonary
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- segments were cultured after the sterilization

procedure on 3/4 MS supp|emeniedrwith
filter sterilized zeatin [0.5 - 4.0 mg/l}.
Multiple sheot induction was observed from
cotyledonary node in all freatments. The best
response was in zeatin {0.5 mg/l} with 68
axillary buds/explant {Table 6.8).

When cotyledonary nodes clong with
their expanded cotyledons were excised
from in vitro raised seedlings and cultured
on MS medium supplemented with
2.24mg;’| of BAP and 0.2 mg/l of IBA,
multiple shoot induction (4-8/explant] were
observed initially. By sub-culluring these
shoots on same medium repeafedly as many
as 60 shoots could be obtained in a span

of 3 months.

Table6.6 : Effect of thidiazuren on shoot bud proliferation (seedling explant).
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Table 6.7 : Effect of thidiazuron (TDI) in combinatien with ether hormones

on shoot bud proliferations.

| Explants | Mea. of ! Maan |
showing | buds /' numhber
:',fq M5 Madium with response | explant | of shoot
{%a) |(Range}| buds /
explant
THE 0.} ma ) L) Yl K e
CTRT 0. mg/l] £ BA? |05 mg) 100 19 440
| T0Z 101 ma/l) < 6P 1.0 mo/ T T T
| TOZ 101 ma /i) = DAR .05 mes/ 20 1.5 2
B (0 m/ e NATD o0 -3 <4
T ) mgel = BAS {0 S mg 8 =7 3.2
|7 (0.1 ma/l} + 1BA 005 mgl] 130 28 4.4
TOZ 0.1 ma/l = RA (001 mg /] | (¥ 24 43
T (0.8 mgdl) = MAA 3.5 ma/l I3 14 9.2
TOZ |01 masl) = BAR 105 ma/l} + NAA [0.05 mg/l) 1 B2) T 16
TE2 ot rag.f'l' BAZ 8.5 madd) + hAA [ 1 ) £ E | 1.6
TOZ (0.1 ma/l) = BAP |05 ma/l| + NAA (0.5 mgfl] | ) 1 24
TO7 10.7 ma/l) » BAP 0.5 ma/ll s IBA (0.05 medl] B LT
T 00 ma/l) - BAF 65w/l & A (7 T mgsl) e
20,0 mall) + BAP 0.5 marll + IBA (0.5 mg/l) I I 5.4
T 01 ma/lf « BAP |10 mafl) s NAAIBOS mgy | BO | 24 | 24
| TBZ {01 madl) + BAP 1.0 wg/lh+ MAA 10T ing/] 100 N E =2
I_E‘iblm.-"ll-|3ﬁF|]Jng.-"l|+HM 0.5 atg B -4 20
TBL 0.1 madl] + BAR [1 0 wgl] + BA (005 ma /] B 5 0
TOZ 001 ma/l} + BAP (1.0 wa/lh+ 164 (07} mas e Y
- TRZ T wadl) o BAR [0 mgdl] 4+ B4 (225 mgsl; dl 3 0 1

Table 6.8 : Response of cotyledonary nodes to zeatin.

| Ne. of buds per explant

Zeatin concentration
(ma /] | [range}
5 <L T : — &-f
o T = 4.4
AL 20 5.4
40 S

Mean shoot length (em)




Decopilation ol in vilre germinaked
seeclings on in viro garminction medium,
restilted in B3.7 per cant o the seadlings

producing multiple shool [2-18& shootes

seealing).

Muliiple shoat induction
6.5.6 Shoot-bud elongation

Shocthud eongotian of mu|ri:..:|e gaaf
suds was hied on liquid medium conlainng
BAP Kl and zeatin ot 2 and 5 mg/| under
& shoker, The resully were not satisfactiory
Twa semi solid mediom were also tied

namaly : (i) Modified M5 medium containing
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sucrose [5%), mallose (5 g/l), BAP [1 mg /)
anel coconul water [ 13%) and Ji] Modified
S rreclinm 3] Bhansali, 1990) fer shool
bud elangofion, the keter medinm shewsal
betar response with 68,9 per cent ot the

shoots shawing clongation {Tabla &9).
6.5.7 Rooting of microshoots
a} In vitro rooting

Spontanecus cooting |10 30%] wos
ohservad whan micrazhoots were eullyred
an hormons free half MS serisolid medivin
Whan microshoots were fested for octing
elliciency on semisolid, halbstrergth M5
megivm cantoining 3 per cent sucrose, |
ol #VE-da0 and MNAA, IBA ancl 144 alone
at 2.5 and 5.0 mg/l =ozh ond in
combination of hwo ar 2.5 mag/l each, the
best response |50%: rooting] wos ebsarvea
al 5.0 mg/l MAA and in NAA + IBA

combinalion. The maximum sumber of rools

Table 6.% 1 Elongation of shoot buds in tweo different medio.

-
i

Bud alongation

Mo. of buds | % of buds |
showing l showing
glongation | elongation

| Na. nf shoot
buds used

| il E,-"d MG F Org + Secrosa [5%] + Maliosa (5
| g/l # BAP [1 mel]) + Caeoend wedsr [10%]

2R & 214

| |ii:- Madifind MY mad um |:‘F!n'| Bhonsali; 193E|
|

1R

7o 20 |
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formad were six and the number of davs
Itk For rooring wios P25 derys (Teble 6,10,

In vitre rooled plantls
ln another reofing rrial [toctorial
aupurimen] b bosal mediom 1S WP,
b slate af medium [safid, iguid, two lovels
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ol snernes l|||::” rilr'r:ug!h .'||||:J Full ::.Ir-r_'.."grh:
and thrae levels =f auwns (0, 5 mg| BAA
ard 2.5 mg/l each of MAA and BA in
cembinatian) ware lested for roohing
ahiciency in microshootz ot H 4.7 . The resulis
showed thot WPRM mediom with 1per cent
sucrase wes beal ke root induction [B9%].
Lesends of sucrase ond roarcsnteslion of sald
hed signiticant efect on racting. Rooting
wias moee o liguid mediom supplemontad
with halt the lavel of suc-osa. Whan
micrashaots ot Y&L-2 copladonnry node
WA F_1||:":n|::| '-.-riEl‘l alhnre in 10 mdd A o
10 md |BA and cultured on hormona free
helt ME solic medium cantaining 0.2 per
cert AT, the best rooting [60%]| wos in

freatnant wils 10 msd Ak,

Table 6.10: In vitro reoting of microshoots

Fo o edive % | Mo of  Reok |Durakion |
; - i ' shoots | rooks | length [for roefing
Crooted [ m) | (days)
|/ M5 4 A4 (2.5 my/| 12.5° & | ae |
17, M5 + b 15.0 mg/| 50 5 | 45 | 1o4e
£ M5 1 BA (2.3 ) 125 1| ag | 2sm
|73 M5 + (B4 5.0 mg/l 2.8 | 1| e |
'L MG 1A (25 mg/dl 125 | 4.5 45
7o M3 o 15 5.0 mg) s | | BE |
'.-"2 kS .:— Podd 125 mgll| + 1A (25 g/l 125 ? 35 0
| M5 b Bk 125 | = IBA (2.5 g 00 2 45 | o0
M s laA 2 A mg + BA 25wl 500 1 | 40

¥ Average af :ighl shriats
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" b) Ex vitro rooting

Ex vitro rooting was observed at a low
frequency (12.5%) when microshoots were
given slow dip in either NAA or |AA at 250
ppm for 48 h in dark and patting them in
mixture containing 1:1:1 soilrite, send and
coconut pith and irrigating with a dilute 1/
S5 MS salt nutrient solution containing 2 mg/
| of IBA resulted in ex vitro rooting after 6-8
weeks.

6.5.8 Hardening and acclimatisation

‘ The in vitro rooted planiiets were

hardened first on haif-strength MS liquid
medium containing 1.5 per cent sucrose and
then on the same medium without sucrose
for 2-3 weeks in each medium. In liquid
medium the roots got elongated. One of the
roots was prominent and behaved like tap
root. After in vilro hardening the plantlets
were transferred to plastic pots [4")
containing different proportion of sand,
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soilrite and coirpith. The pols were initially
covered with thick gauge polybags and
perforations were made loler to reduce the
humidity. Irrigation was done with sterile
distilled water and 1/10 MS salt selution.
Pot mixture containing 2:1 of sand and
soilrite gave maximum survival (>90%).
After 4-6 weeks of hardening in pots under
laboratory condition, the plantlets were
transferred to 8" earthern pots containing
1:1:1 of red earth, sand and compost and
housed in green house under partial shade
and provided with drip irrigation. The
survival of plants in green house was 100
per cent and leaves of micre propagated
plants got changed into normal morphology
(obvate). After 4-6 months in green house
the micro propagaled planis were found to
be fit for field planting. The time requirement
for different stages of micropropagaticn
varied. From explanting stage to potting
stage, 38 to 52 weeks were required

(Table 6.11).

Table 6.11 : Duration involved in different stages of micropropagation.




Potted micropropagated plantlet

6.5.9 Studies on VAM

Four species of vesicular arbuscular
mycorhiza (VAM] could be isolated from
native cashew soils of different locations in
NRCC, Kemminje, NRCC, Shantigodu and
Kundapur. They were Scuteflospora nigra,
Glomus multicavle, G. macrocarpum and
G. australe. Of these Scuteliospora nigra
and Glomus macrocarpum were the
predominant species. Roots of cashew trees
were examined for VAM infection. Staining
with frypan bive indicaled the presence of
vesicles and arbuscules in ¢il the cashew

roots.

Spores of Scutellospora  nigra was
isolated and cultured on cashew seeds on
sterile native soil as culturing on sorghum
seeds with soil-rite medium inhibited the
growth of the spore, to produce
monocultures. Micro propagated plants

were inoculated with 50 g of the soil
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containing an incculum lead of 60-8C
spores along with control plants in slerile
soil without VAM The survival and influence
of VAM on growih of plants were observed.
Preliminary studies showed than VAM did
not have any significant influence on the
survival of micropropagated glant.
Marezover the control plant showed an
increase in the height over the inoculated
plants. The initial lag phase in growth of
VAM-inoculated plants has been reported
by many workers. The influence of VAM on
the growth and survival of micropropagoted

planls at a later slage in the field has to be

studied.

6.5.10 Field planting and evaluation
of micro propagated plants

During August 1997, a setl of
twenlynine micro propagated plants of 4
variefies along with 4 plants of conirol
{grafts) were closely planted {4m x 4m). All

- the planis gol established and their growth

was vigorous. One year after planting root
biomass in dwarl genotype was studied
following sectorial method. The root bicmass
of micro propagated plants was 5 times that
of grafted plant {Table 6.12). In micro
propagated plant, the lateral root system
was predominant while in grafted plant,
though 1ap reet was present its lateral roof-

system was poor,
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 Table 6.12: Root-mass of micro propagated plant and contrel (1 year after planting).

I TR RAIRRAT

Tissue culture 53.42 38.26 91.68
LGraﬂed plant 10.50 7.82 18.32 ]
In the first year after planting, 1/3of  6.5.11 Axillary shoot bud

the TC plants flowered and in the second
year, 40 per cent of the plants showed
flowering and 2 micro propagaled plants
of VRL1 had full bearing of fruits. The
flowering and fruiting behaviour was normal.

Micro-propogated plant in the field

Subsequently a second trial with micro
propagated plants was laid out during
1999, Here twenty micro propagated
plants each of H-4-7 and VRI-2 were planted
along with their grafts as control following
CRD with 5 replications and 4 plants per
plot and a spacing of Sm x 5m. The micro
propagated plants showed 100 per cent
establishment and showed a promise of
better growth than their counter parts.

proliferation in explants of mature

tree origin

Axillary shoot bud proliferation in
nodal cultures of Ullal2 and NRCC-1 was
attempted by cuituring them on three basal
media ramely MS, WPM and SH
supplemented with two levels of TDZ (0.1
and 2.0 mg/1) along with a commen level
of 0.1 mg/| of IBA. Multiple shoots ({1-5
buds/explant] were induced in both in about
4-5 weeks. The best combination was MS
with 0.1 mg/i TDZ and 0.1 mg/! IBA with
75 per cent of the explants responding.

In another trial eleven media
combinaticns were tried using half M3 as
basal medium and supplementing with BAP,
TDZ alone and in combination at three levels
each along with a common level of 2 mg/|
GA, and C.1 mg/! IBA for multiple shoot
induction. Muttiple shoot bud induction (1-
9 buds/explant} was observed in medium

containing 0.5 mg/1 TDZ. However, the best

—{104
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response [75%) was in medium with 0.1
mg/| TDZ and 2 mg/l BAP with 1-5 shoot-
buds/explant [Table 6.13]. The muiltiple

shoot induced remained stunted or failed
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fo elongate on hormone free medium or M5
medium containing GA,. Single shoots of
mature tree origin failed to root on MS
medium with IBA or NAA.

Table 6.13 : Multiple shoot induction in nodal cultures.

1/, MS with (mg/1}

No. of explants
with multiple

No. of axillary
shoot buds per

shoots (%) explant (range)

6.5.12 Regeneration through

organogenesis

Callus from internode, leaf and
cotyledon was induced in dark on «
modified MS medium containing half the
level of major nutrients, & per cent sucrose,
8 g/l agar, PVP-40,000, 0.5 - 4.0 mg/l
2,4-D with or without BAP (0.1- 1 mg/l]. At
0.5 mg/l of 2,4-D no callus was observed
and it increased with concentration of 2,4-
D and maximum {?0%} being at 4.0 mg/I
2,4-D with 1 mg/| BAP.

leaf segments excised from one month
old seedlings and when the ieaves are tender
viz., light yellow to pink stage were cultured.
The initiation of callus from leaf segments
was slow and started first on midrib and
then on the cut surfaces. The percentage of
callus induction varied from 6.9 to 49.8 per
cent and it was maximum ot 2 mg/! 2,4-D.
Mature cotyledonary segments induced
callus and rhizogenesis on similar medium.
Culture of infernode and epicotyl segments
on modified MS medium with NAA

(105
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(1-B mg/l} and NAA (1-8 mg/l} + BAP (0.5
gm/l}, resulted in no callus induction.
However, rhizogenesis was common at 4

and 8 mg/| NAA.

6.5.13 Regeneration through

embryogenesis
a) Nucellus culture

Developing nuts {3-4 weeks old) of

V-5 and VRI-2 were slerilized and dissected
out to exiricate ovules. The ovules were
bisected and embryos were removed. The
bisected ovules or only nucellus tissue
carefully removed from owule cavity were
inoculated on to MS medium modified to
contain half sirength major nutrients, & per
cent sucrose, 400 mg/! L-glutamine,
PVP-40,000, agar (8 g/1} and supplemented
with 2,4-D (0.5 - 4.0 mg/l}. Callus was
observed in dark and subsequently
~embryogenic structure was observed in only
small percentage of explants. Embryogenic
structures were sub-cultured on 0.5 mg/12,4-
D + BAP {0.5 - 1.0 mg/l} and also on
medium with NAA (0.1 mg/l) + BAP [0.5 -
1.0 mg/l). In the latter, green shoot bud got

differentiated without elongation. These on
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further transfer to fiquid hormone iree
medium resulted in green leaf and root

differentiation.

In another experiment with nucellar
tissue excised from 3-4 week old nuts after
pollination and inoculating on to above
modified MS medium with 2,4-D {0.5 - 4.0
mg/l) and kept in 16/8 lightdark cycle,
callus was observed in 0.5 - 1.0 mg/1 2,4
D. The calli on transferring to medium
containing 0.5 mg/! 2,4-D and BAP {1- 2
mg/1) turned friable. Multiplication of these
calli was observed in medium containing
C.1 mg/l of 2,4D and 2-4 mg/| of BAP.
Sub-culturing of callus on medium with 1
mg/| NAA/IAA + zeatin {1 mg/l) the calli
grew profusely and was still friable. Only
on medium with 0.5 mg/1 2iP + CW {15%)
globular siructures appeared. These on ABA
(01, 0.5 mg/l} medium resulted in improper
germination with predominance.of root

system and poor development of shoot.

b] Immature cotyledon culture

Immature cotyledonary segments
excised from 4 to 5 weeks nuts of H 2/11
ond H 3-4 were cultured on MS medium
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supplemented with PYP 40000 (1 g/,
BAP 1 mg/l), 2,40 (1 mg/l), MAA 3 mg/
] ard coconut water [10%) in 5 differan|
cambinations. Culturing of cotdadancry
segments inifially in dark %ar one month and
loter in 14/8 phate-peried rasuled in
embryogesesis (5.8 to 3.2%) In medium
contginieg 2,43, callus formotion alwoys
preceded ambryogenesis. From brown
callus , white embryagenic sructures

cppeared. Direct embryopanasis was
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ohserved when 2,40 waos deleted in the
medium but in the presence of BAE MaA
awd CW. Ir H 4.7, medium confaining |
mg/| sach of BAP and 2,40 in combination
nduced embrysgenesis. Somofic embryoids
upen sagoration ard cullure on ABA
medium (.1 and 0.5 mg/l) resulied in
improper germination with predominance
of rect system wnd fosciated shoot
development Takle £.74],

Table 6.14 : Induction of Emhr}mgunusis in mature :ul‘]ﬂ-ﬂdﬁunr}r segments
of cashew.

6.6 Summary

A Tull Aledged tissue culiure Facility was
sat up, Various explants of cashew excises
from in vitro raized seedlings s well as lab
roized seedlings ware cullured oseptically

on varicus semi-sclid mediom. For initiatian

* Lirect embrycgenesis without callus

and establishment of nadal zullures of
saedlng origin Muroshige anc Skecg's
[1942) iM35) medium medified to contain
3/4 strength salts, 3 per cert sucrose and
1a/| agivated charceal |AT) solidified with
0.8 per cent agor was favnd Ideal. Axiltary

@
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shootbud proliferation {1-13 shoot buds/
explant] was obtained when nodal cultures
established were re-cultured on the above
basal medium with 1 g/l  PVP-360, 2.25
g/l phytagel containing thidiazuron (TDZ)
alene and in combination with other plant
growth regulators (BAP,NAA and IBA).
Multiple shoots on subculture to hormone
free medium viz., Raj Bhansali’s medium
(1990) resulted in elongation of shoots.
Microshoots generated showed rooting by
both ex vitro methed and in vitro methods.
However, rooting was maximum {50-80%}
when cultured on half MS medium
containing NAA alone {5 mg/l) or
NAA+IBA af 2.5 mg/l each. Rooted
plantlets were successfully hardened both
in vifro and ex vitro (pot stage) conditions
ond field planted. Establishment of tissue
culture plants in greenhouse and field was
maximum. In field, tissue culture plants were
found to be vigorous, streng in [ateral root-
system and showed normal flowering and

fruiting behaviour.
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In contrast to seedling explants, nodal
explants established from young cashew
grafts and field grown trees were found to
be highly prone to contamination and
showed reduced response. It was dependent
on season, type and source of explant. Half-
MS medium supplemented with glutamine
(400 mg/l), AC (2 g/1}, 2.25g/] phytage!
was found suitable for initiation. The above
basal medium containing PYP-340 (1 g/l)
instead of AC and in presence of TDZ alone
or in combination with BAP, GA3 (0.5-2 mg/
I} and IBA [C.1 mg/l} inducted multiple shoot
buds (1-2 buds/plant].

Callus could be induced in dark from
infernode, leaf and cotyledonary explants
on half- MS medium confaining 2,4-D with
BAP. Only leaf and cotyledonary callus was
regenerative. From nucellus callus and
immature  cotyledonary  callus,
embryogenesis was cbserved in a small
percentage of explants. Germination of
somalic embryos was not safisfactory as it
resulted in predominance of roots and poor

shoot bud differentiation.
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7. EDUCATION AND TRAINING

7.1 Training

Cne training pregramme each on
cashew preduction technology, vegetative
propagation of cashew and utilization of
cashew apple for farm women were
conducted during the year. Four trainees
sponsored by Karnatoka Cashew
Development Corporation (KCDC| and
Department of Agriculture, Maharashtra
participated in the training programme on
cashew production technology in which
recent technologies developed on all

aspects of cashew production were
explained to the trainees, In the training
programme on vegetative prepagation of
cashew, 6 grafiers sponsored by Andhra
Pradesh Forest Development Corporation
and Bharatiya Agro Industries Foundation,
Tiptur were trained on softwood grafting
technique. In the training programme on
ulilization of cashew apple for farm women
eighty farm women from Kerala were trained
regarding the preparation of juice, jam and
chutney fram cashew apples.

8 LINKAGES / COLLABORATION

& In collaboration with UAS, Bangalore,
thirtylhree released vorielies and a
TMB tolerant accession were DNA
finger printed.

& Incollaberation with NRC for DNAFP,
nineteen accession from NCGB were

DNA finger printed.

¢ In colloaboration with PDBC,
Bangalore, cashew bark and frass
extracts / volatiles have been
evaluated for response inducfion by

EAG.

¢  Soil and water conservation
campaign and plant protection
campaigns were conducted in
collaboration with the Department of

Agriculture, Kerala and Directorate of
Cashewnut and Cocoa Development

[DCCDY, Kachi.

#  Training programme on ufilization of
cashew apple was organized in
colleboration with KYK of CPCRI,
Kasaragod, Department of
Agriculiure, Kerala and Regional
Centre, CFTRI, Mangalore.

+  Annual Cashew Day was organized
in collaboration with DCCD, Kechi.

+  Demonstration plots laid out in
association with Sri. Kshetra
Dharmasthala Rural Development
Organisation were also monitored
during the year.
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9. AICRP CENTRES

Headquarters

Project Coordinator{Cashew)

National Research Centre for Cashew
PUTTUR 574 202, DK, Karnataka.
Phone No.08251-21530 (0); 20992(R).
Fax No. 08251.21590

University centres

1.

Cashew Research Station

{Acharya NG Ranga Agricultural University]
Bapatla - 522 101, Guntur Dist.,

Andhra Pradesh.

Phone No. (08643) - 24052, 25098,

Cashew Research Station

Depariment of Agriculture

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

Phone MNo. (0674) - 402669.

Agriculiural Research Station
[University of Agricultural Sciences)
Chintamani - 563 125, Kolar District,
Karnataka.

Phone No. (08154) - 52118, 50420.

Zonal Agricultural Research Station

{Indira Gandhi Krishi Vishwa Vidyalaya)

Jagdalpur - 494 005, Kumharawand, Bastar District,
Madhya Pradesh.

Phone No. [07782] - 36301, 23340.




Regional Research Station

{Bidhan Chandra Krishi Viswa Vidyalaya)
Jhargram Farm, PO JHARGRAM

721 507, Midnapore District,

West Bengal.

Phone No. [03221) - 55593.

Cashew Research Station

{Kerala Agricultural University)
Madakkathara - 680656, Thrissur Dist.
Kerala,

Phone No. (0487) - 370339.

Regional Agricultural Research Station
(Kerala Agricultural University),

Pilicode - 671 353,

Kasaragod District, Kerala.

Phone No. [0499) - 760554, 760 632.

Regional Fruit Research Station
[Konkan Krishi Vidyapeeth)
Vengurle - 416 516
Sindhudurg Distriet,
Maharashtra

- Phone No. [02366) - 62234

Regional Research Station

[Tamil Nadu Agricultural University)
Vridhochalam - 606 001,

South Arcot District,

Tamilnadu.

Phone No. {04143] - 60231, 60412
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10. GENERAL INFORMATION

List of Publications
Research/Popular Publications

Bhaskara Rao, EV.V. 1999, Cashew Scenaric and National Perspective for
Research and Development. Invited arlicle for the Souvenir on National Cashew
Show - RFRS (KKV), Vengurle, Maharashtra, 10-12 April 1999.

Bhat, M.G., Bhaskara Rac, E.V.V., Una Raghunathan and Thimmappaiah. 1999,
Kaju ki Nayi Kisme (Hindi} (New varieties of cashew) Krishi Chayanika. 48-54.
JanMar, 1999.

Korikanthimath, V.S., Ankegowda, J., Yadukumar, N., Rajendra Hegde and
Hosmani, M.M. 1999. Micro-climatic and physiclogicof characteristics of robusta
coffee, cardamem, Cocrg mandarin and Pepper in mixed cropping system. Indian
Journal of Agronomy. 44(2):289-293.

Nampeothiri, K.U.K., Kumaran, EM., Jerard, B.A., Ratnambal, M.)., Bhaskara
Rao, E.V.V. and Parthasarathy, V.A. 1999 Combining akility in coconut. [Cocos
nucifera L.). CORD. XV(2):68-75.

Sreenath Dixit, Swamy, K.R.M., Yadukumar, N. and Bhaskara Rac, EV.V. 1999,
Field demonstrations : Rale in promoting cashew production technology. The
Cashew. 13(2):11-17.

Sundararaju, D. 2000. Foraging behaviour of pollinators on cashew. The Cashew
{In press).

Thimmappaiah, Putra, G.T. and Shirly Raichal Aril. 1999, In vitro grafling of
cashew [Anacardivm occidentale L.). Scientio Horlic. (In press).

Papers presented in Symposia / Workshop / Seminar

Bhat, M.G. and Bhaskara Rao, EV.V. 1999, Review of performance of cashew
varieties in different agro-ecological regions of India. In: XIV Biennial workshop
of AICRP on Cashew at OUAT, Bhubaneswar, 28-30 October 1999,

Nayak, M.G. and Tangaraj, T. 2000. Influence of preharvest bunch covering
with black polybag on post harvest quality of banana cv. Robusta. In: National
seminar on recent advances in Plant Biclogy - An inferdisciplinary epproach to
unravel plant functions. CPCRI, Kasaragod, 3-5 February, 2000,
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Swamy, K.R.M. 2000. Research achievements in cashew. Presented in district
level cashew seminar, Kasaragod, 26 February 2000.

Yadukumar, N. and Balasimha, D. 2000. Effect of drip irrigation and fertilizer
levels on photosynthesis in cashew. In: National seminar on recent advances in

Plant Biclegy - An interdisciplinary approach to unravel plant functions. CPCR,
Kasaragod, 3-5 February, 2000,

10.1.3 Bool / Chapters

10.'.4

Bhat, M.G., Bhaskara Rao, E.V.V. and Swamy, K.R.M. 1999, Genetic resources
of cashew and their utilization in crop improvement. Int Improvement of plantation
crops {compiled and edited by Ratnambal, M.J., Kumaran, EM., Muralidharan,
K., Niral, V. and Arunachalam, V.). CPCRI, Kasaraged, Kerala, India. Pp.91-98.

Bhaskara Rao, E.V.V. 1999. Cashew development - A Futuristic Approach. In:
Improvement of plantation crops. (compiled and ediled by Ramambal, M.J.,

Kumaran, P.M., Muralidharan, K., Niral, V. and Aruncrchcﬂam V.). CPCRI,
Kasaraged, Kerc:lu India. Pp.86 90,

Technical Reports / Bulletins / Compendia

National Research Centre for Cashew 1999. Annual Repart 1998-9%9. Putiur,
Karnataka. 150 pp.

All India Coordinated Research Project on Cashew. 1999. Annual Report
1998-29. National Research Centre for Cashew, Puttur, Karnataka. 1346 pp.

National Research Centre for Cashew. 1999, Cashew News. Newsletter No. 1.
Vol.4. Puttur, Karnataka.

National Research Centre for Cashew. 1999. Cashew News. Newsletter No. 2.
Vol.3. Puttur, Karnataka.

National Research Centre for Cashew. 2000. Research Highlights 1999-2000.
Puttur, Karnataka. 17p.

10.1.5 Extension bulletins / pamphlets {in Kannada)

Bhat, P.5. and Sreenath Dixit. 2000. Doubts in cashew culhvohon and their solutions
(revised) 22p.

Bhat, B.S. 2000. Information booklet. 18p.
Bhat, P.S. 2000. Farmers’ experience in cashew growing. 5p.

Bhat, P.S. and Shirly Raichal Aril. 2000, Cashew apple preparations. 4p.
N
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10.2 List of ongoing research projects

(Project

No. Project Title

associate

Project leader/|

1.1 | Collection, zonservation, calaloguing and evaluation of cashew
garmplasm

KRM Swamy

MG Bhat
PS Bhat
KV Negarejo

Adhoc | Network programme on collection of cashew germplasm from east
Scheme | coost and west coast regions of India

MG Bhat

EVV Bhaskara Reo
KRM Swamy

U Vishukumar

H Yajnesh

1.2 | Varietal Improvement of Cashew

MG Bhat
KRM Swamy
KV MNegaraja

1.3 |Tissue culture studies for micropropegation and somaclonal variation

Thimmeppaiah
Shirly R. Anii

DBT | In vitro regeneration of cashew from mature tree explanis
Scheme

Thimmeppaiah
Shirly R Anil, Putrg, G.
Sacdhana P Hebbar

2.2 | Planfirg systems and spacings Irials in cashew

N Yadukumar

2.3 | Canopy management studies in cashew

MG Nayc:k-
N Yadukumar

2.7 | Integrated nutrient menagement for sustainable production of cashew

N Yaduvkvmar

2.8 | Efficacy of soil and water conservation with crgonic N Yadukumar
manuring in cashew garden grown in slopy areas
2.9 | Root stock scion infercction in cashew KRM Swamy

MG Nayak



e

Annual Report 1999-2000

rl"rﬂ'.iiet:i'

Project leader/

Project Title assodate

No.

1IN Rczwprcmd
| PSBhat.
.DSundoer}U _33
KVNagaru

t&ammqut:obug{TMB) TR 'D Sundammp.: |
TNRuwpru !

Sreenath D_.f;xi!'} _ :.:
' ._.{}_i-ﬁ. 1 09]999) L
CPS Bhat
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NACC

10.3 RAC, Management Committee, SRC, QRT meetings etc.
and significant decisions.

10.3.1 Research Advisory Committee

1. Dr. K.V. Ahamed Bavappa, FAC Consultant Chariman
Kuroot.h Villa, P.O. Kappur,
Kumaranellur - 679 552
Palakkad District, Kerala
Phone : 0492-676066 (R} / 676322 ()

2. Dr. R.T. Gunjate Member
Reliance Petroleum Limited
Horticulture Department
E.O.2, Township,
Motikhavadi 361 140
Jamnagar District {Gujarat)
Phone : 0288-519841 (O} / 557959 (R)

3. Pref. A. Regupathy Member
Professor of Entomology
AC & Rl, Coimbatore 641 003
Phone : 0452-822956 / 822960 [R)

4.  Mr. PP. Balasubramanian Member
Direclor
Directorate of Cashewnut and Cocoa Development
Govt. of India
Ministry of Agriculture, (Dept. of Agri. Cooperation)
8th Floor, Kera Bhavan, Kochi 682 011, Kerala
Phone : 0484 351751, 373239 (O} / 777155 (R}
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Dr. B.R. Hegde

(Retired Director of Research)

347, 10th Main, 7th Cross, NTI Layout
Vidyaranyapura

Bangalore - 560 097

Phone : 0BO-8380716 (R)

Mr. Md. Alai Baig
Village Garare, Via Jale

. Dist. Darbhanga, Bihar

Phone : 0624774274 (R)

Sri. Shashikant Chaudhury
Village Brahmpur, PO Ratanpur
Dist. Darbhango, Bihar - 847 307
Phone : 06247-85278 (R)

Dr. R.N. Pal
Asst. Director General {PC)

. Indian Council of Agricultural Research

Krishi Bhavan
New Delhi - 110 001
Phone : 011-3381748 [O) / 6241523 (R)

Dr. E.V.V. Bhaskara Rao

Director

NRC-Cashew, Puttur - 574 202

Phone : 08251-21530 (O) / 20992, 23592 (R)

Dr. K.R.M. Swamy

Principal Scientist [Hort.}

NRC-Cashew, Puttur - 574 202

DK, Karnataka

Phone : 08251-20902 (O} / 23422 (R}

Member

Member

Member

Member

Member

Member-Secretary
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Significant Decisions:

#  DNA extraction facility 1o be created in the tissue culture lab at NRCC. Dr.
Thimmappaiah / Mrs. Shirly Raichal Anil may visit NRCDNAFP, New Delhi and
UAS, Bangalore for doing the DNA finger printing. If needed, 2-3 extended visits
may be made io these centres.

+  Cashew apple has corrosive principles, phenclic compounds and organic acids which
make the cashew apple not readily palatable. The corrosive principles in cashew
apple are to be determined for the core collections by Dr.K.V.Nagaraja.

¢  Indigenous collection numbers (IC No.} obtained from NBPGR for cashew germplasm
accessions conserved in NCGB8, Puliur may be sent fo all the coordinating centres for
reference.

%  In order to exploit the locked up variability, large scale crossing of distantly related
accessions may be taken up for which a net worked project involving coordinating
centres may be prepared and submitted to ICAR for funding.

«  As the CSRB is a major threat in cashew cultivation, conditions beyond which the
infested tree is not going to recover if treatment is taken up may be indicated. Visikle
symptoms based on which the infested tree may be cut and upreoted by the fermer
should be indicated. Phylosanitation of the plantation is to be giver priority.

#  Use of pheromones / atiraciamts against CSRB can lead to efficient pest management.
Hence dilferent isomers possessing aggregation pheromone properties may be
evaluated against CSRB adults. The combination of different isomers may also be
tried. The Malaysian Company disiributing these isomers may be contacted.

&+  Characterization of plant volatiles {from infesied bark, frass and exuded gum) in
CSRB infested cashew trees may be aitempted under NATP. HICT, Hyderabad moy be

consulted in this regard.

+  Studies on smoking against TMB may be token up as an observaticnal trial but not as
a regular project. Acalypha and Vitex negundo {notchi) may also be used to generate
smoke along with cther smoking material. All the trees are to be fumigated individually.

Suitability of Singapore cherry as an alternate host to TMB may be confirmed.

-

\120



@ Annual Report 1999-2000

A

-

The new systemic insecticide, Imidacioprid may be evaluated against TMB in the
existing irial on evaluation of new insecticides.

Baby bits and pieces of cashew kernel are sold at lower prices. Hence, cashew
butter (spread) which is rich in Vitamin E, can be prepared and possibility of using
this in cosmetics be explored.

As cashew apple is rich in Vitamin C, a one day training proegramme for cashew
apple utilization has to be organized in collaboration with CFTR!, Regional Centre,
Mangalore, for Training Associates [Home Science} of KVK. Zonol Ce-ordinater,
KVK, Bangalore may be consulted for finalizing the programme. This training is to be
arranged besides the fraining programme on cashew apple utilization for farm women.

Package for new demonstration plots should include plant protection, fertilizers, soil
and water conservation, incorporation of organics efc. i.e., need based package to
be suggested. Terracing and opening of catch pits may also be included.

Training of Farm women for utilizing cashew apple which is a rich source of Vitamin
C may be organized in collaboration with NRC for Women in Agriculture,
Bhubaneswar.

10.3.2 Institute Management Committee (1997-2000)

Director Chairman

NRCC Puttur

Joint Director of Herticulture {P.C.) Member
Directorate of Horticulture
Govt. of Karnataka

Lalbagh, Bangalore 560 004

Special Secretary of Agriculture Member
Gowt. of Kerala
Thiruvananthapuram 695 001

Head, Division of Horticulture Member
College of Agriculture '
UAS, GKVK, Bangalore 560 065

Sri Md.Alci Baig Non-official member
Vil: Garare, Vic: Jale
District Darbhanga, Bihar
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13.
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Sri Shashikanth Choudhari
Vill: Brahmapur, P.O: Ratanpur
Dist: Darbhanga, Bihar

Asst. Director General (PC)
ICAR, Krishi Bhavan
New Delhi - 110 001

Dr. KRM Swamy
Principal Scientist, NRCC, Puttur

Sri.N.Yaduvkumar
Senior Scientist, NRCC, Puttur

Sri. Thimmappaiah
Senior Scientist, NRCC, Puttur

Dr. Sreenath Dixil
Member (Till 10.9.99)
Scientist {SS), NRCC, Puttur

Senior Finance & Accounts Officer
CPCRI Kasaragod

Sri. K.Sanjeeva
Asst. Administrative OFicer
NRCC, Puttur

Significant decisions

Annual Report 1999-2000

Non Official Member

Member

Member
Member
Member

Member

Member

Member-Secretary

The committee met twice during the year and assessed the progress of research

projects and ac-hoc projects. It also accorded approval for the purchase of equipments.

N
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10.3.3 Significant decisions of Twelfth Staff Research Council Meeting held
on 6-7 May 1999,

e

’,
L3

-

In the cases where only one accession is included in a cluster, the survey has to be

repeated in the region from where the collection is made.

Uilol-1 and NRCC Sel-1 having extended fushing period may be utilized for host
enrichment technique of egg parasifoids of TMB.

The varieties in pipeline should be tested for adherence of testa to the kernels and this

will be one of the criteria for recommendation for release.

VAM studies to be continued ta confirm its usefulness in hardening of tissue culture

plants.

In planting systems and spacing trials, addition and removal of nutrients may be

estimated for monitoring nutrient budgeting biannually.

In integrated nulrient management studies, instead of ail types of organic manures,

only one organic manure af different proportions may be tried.

in soil and water conservation technique trial, mulching may be provided for all the

freafments.

For work on volatiles attracting CSRB adults (kairomones) the requisite informofion

may be obtained from IIHR and PDBC, Bangalore.

Survey on natural enemies especially for egg parasitoids of CSRB may be intensified.
Population dynamics may be recorded for developing prediction models for CSRB.
Evaluation of new insecticides against TMB may be restricted.

Evaluation of efficacy of smoking against TMB may be taken up.

Survey on other host plents / harbouring plants of TMB during F[usHing may be

located and exploited for host enrichment technique [HET).

11N
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@  Life table studies of TMB in the field may be done.

&  Work on functional properties of defatted kernel flour should be with reference to
specific product.

@  The butter exiracted from cashew kernel bits may be compared with butter extracted
from atmond, cocoa and soybean.

#  Technology developed should be repeated, reassessed and refined before releasing
for adoption by farmers.

10.3.4 Institute Joint Council (1JC)

Official side

Dr.EVV.Bhaskara Rao Chairman
Dr.MG.Bhat Member
Sri.K.Sanjeeva Member
Sri.A.K.Shabaraya Member
Sri.K.Muralikrishne Member
Dr.TN.Raviprasad Secretary
Staff Side
Sri. KM Jayarama Naik Member
Sri. KR.Padmanabhan Nair Member
Sri.K.Umanath Member [CJSC)
Sri.N.Narayana Naik Member
Sri.K.Annu Member
Sri.OG.Varghese Secrefary

The UC met 4 times during this year to discuss about staff welfare activities.
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10.4 Participation in Sympaosia / Conferences / Seminars / Meetings

]
Dr. K.R.M. Swamy
Dr. Sreencth Dixit
Skri. N. Yadukumar

The first All India Cashew Show and seminar,
RFRS, Vengurle, Mcharashtra

10:12 April 1999 |

Dr. E.V.V. Bhaskara Rao | Inauguration of ATIC Centre and Phyfonet 18 April 1999
Lohoratories, IIS_R, Calicut, Kerala
Dr. K.R.M. Swamy Executive Committee Meeting of ISPC, 4 May 1999

CPCRI, Kasaraged

Dr. E.V.V. Bhaskara Rao

Staff Reseorch Council Meeting, NRC Ol
Palm, Palode

21-23 May 1999

Dr. K.R.M. Swamy
Dr. Sreenath Dixit
Sri. N. Yadukumar

Dr. E.V.V. Bhaskara Roa | Summer schaol an crep improvement of B June 1999
planiction crops, CPCRI, Kasaragod, Kerala
Dr, E.V.V. Bhaskara Rae | Cashew demanstration farmers meeting, 15 July 1999

NRCC, Puttur

Dr. E.V.V. Bhaskara Rao

Meeling of Directors of ICAR Institute /
Horticulture Division meeting to finalise NATP

7-8 September 1999

Dr. K.R.M. Swamy

Meeting of the high powered committee of
ICAR to review the syllabus for

ARS/SRF/NET, (VRI, Bangalore

22 Seplember 1999

Dr. E.V.V. Bhaskara Roo

Standing Committee Meeling of PLACROSYM-

XIV, Sugarcene Breeding Institute, Coimbatore

1 Qctober 1999

Dr. K.V. Nogoraje

Meeiing convened by DCCD, Cochin for fixing
standords for raw coshewnuls NRCC, Pubiur.,

15 Qctoher 199¢

Dr.E.V.V. Bhaskara Roo
Dr. K.R.M. Swamy

Dr. K.V. Nogaraja

Dr. M.G. Bhat

5ri. N. Yadukumar

Dr. T.N. Raviprasad
~|5ri. H. Muralikrishna

XIV Biennial Workshop of All Indic
Coordinated Research Project on Cashew,
OUAT, Bhubaneswar

28.30 Qctaber 1999

—

Continued

@
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10.5 Farmers Day/Krishimela/Exhibition/Campaigns
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MEET
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10.7 Delegation / Training
10.7.1 Abroad

rDr. E.V.V. Bhaskara Rao | Two member ICAR delegation visit to Brazil 3-6 August 1999
to explore the possibility of ICAR, EMBRAFA ' '
Research Collaboration in the field of
Horticulture

Mrs. Shirly Raichal Anil | Infernational training programme on 18 January -

' Biotechnology: Micropropagation and related | 14 May 199¢
techniques for the improvement of crops and
conservation of plant genetic resources,
German Foundation far Internafional
Development, Federal Republic of Germany

10.7.2 in India

10.8 Awards Won

Dr. M.G. Nayak won best poster presentation award for his pester entitled “Influence
of preharvest bunch covering with black polybag on pest harvest quality of banana cv.
Robusta”. In: Nalional seminar on recent advances in Plant Biology - An infer disciplinary
approach to unravel plant funclion. CPCRI, Kasaragod, 3-5 February, 2000.

Dr. M.G. Nayak won Dr. J.C. Anand award for best thesis in applied and adoplive
research in post harvest management in Horticultural Crops during 1999 for his Ph.D.
thesis submitted to the Department of Horitculture, Tamil Nadu Agricultural University,
Coimbatore, Tamil Nadu.

130
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MACL:

Dr. P.5 Bhat won Dr. Abdul Kareem award for best thesis in plant proteclion
(Entcmology/Patholegy/MNematology) during 1999 for his Ph.D. thesis submitted 1o the
Department of Entomology, Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu.

10.9 Distinguished Visitors

£

Continved
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: Dr. BR: Hegde: - o
-1 Director of Resadich [Reﬂred)
UAS, Bangalore - 560-065 _
1D A Regupaihy, Professor ofEnromofogy o
1 TNAU Coimbetore641 003 -

M- Allum Veembhadrqppa S
; Hanourab[e Minister of Homculture '

: 'Government of Kornataka

| Dr. P Shanta Kelath - .
*IfKJP Research Founéailon Trwandmm R

'11. PERSONNEL

Managerial .
Director EVYV. Bhaskara Rao
Scientific
( Discipline Scientist Scientist Sr. Scientist | Pr. Scientist | Total |

(Sr. Scale)
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m
Technical
Sri.K.Muralikrishna, Farm Superintendent (T-6)
Sri.P. Abdullg, Farm Superintendent (T4} (from 21.7.99)
Sri.H.Muralikrishna, Tech. Inf. officer {T-&)
Sri.A.Padmanabha hebbar, Tech. Officer (Elec.) [T-5)
Sri.R.Arulmony, Technical Officer {Lib.) (T-5)

Sriyuths Prakash G Bhat, N.Manikandan, R.Muthuraju, K.Seetharama [T-4}; Prakash V.
Ambekar (till 25.6.99), Lakshmipathi, R.Lakshmisha, K.V.Ramesh Babu, M.Sardar Baig,
R.Shekara Naik {T-M-3); K.R.Padmanabhan Nair, A.Poovappa Gowda {T-I-3); Ravishankar
Prasad, K.Babu Poojary, Bejmi Veigus, K.K.Madhavar, K.Umanath {T-1)

Administrative

Sri.A Keshava Shabaraya, Asst.Fin.& Accnts CHicer
Sri.K.Sanjeeva, Asst. Admn. Officer

Ssri.KJoyarama naik, Asst. Admn. Officer (from 21.3.2000)

Sri.V.Ahamed Bava [Sr.Stenographer); Sri.K.M.Jayarama Naik, {Superintendent-ill
20.3.2000); Smt.B.Jayashree, Sri.O.G.Varghese [Stenographers); Sri.M.S.Satyanarayana
(Assistant), Sri.K.M.tingaraju [Sr.Clerk); Ms.M.Ratna Ranjani, Miss.Winne Lobo and
Sri.Rosario Mascarenhas [Sr.Clerks-from 17.11.199%}; Miss.leela, Sri.Uma Shankar (Jr-

Clerks); Sri.K.Balappo Gowda (Gesletner operator)

12. INFRASTRUCTURE DEVELOPMENT

¢+  Consiruction of Guest House cum Trainees Hostel completed.
4  Crealion of web site of NRCC
¢ Nursery facilities ot Kemminje strengthened.

13. MISCELLANEQUS

13.1 Graft production

During the year 1999 o total of 43,721 softwoed grafts of different cashew varieties
worth Rs. 6,55,815 were distributed 1o tarmers and other development agencies. These
grafts were produced under the revolving fund schemes of ICAR and DCCD which are in
operation af NRCC.

During the year 1999 a total of 1,46,226 soltwood grafts were prepared of which
about 89,000 grafis are available for distribution during the planting season of the
year 2000.
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13.2 Weather data (1999_ - 2000)

1 Months | Temperature °C |Humidity %

Max.! Min. .

Totad rain
fall {mm)

Rainy
days

02

16

22

27

24

14

20

03

00

02 |

00

00
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