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PREFACE
I am happy to present the Annual Report 2023 of ICAR-Directorate of Cashew Research 
(ICAR-DCR), Puttur. The report covers the activities and achievements made during 
the year   in the areas of crop improvement, crop management, crop protection, post-
harvest technology and transfer of technology along with other institutional activities. 

Under the crop improvement, the Nethra Jumbo-2 - a new cashew hybrid is released 
as a big size nut variety. Nethra Jumbo-2 (H-125), a new promising jumbo cashew nut 
hybrid was developed through hybridization. It was found promising with a unique trait 

percentage (29.30). Nethra Jumbo-2 possess a special character like easy peeling of testa and kernel weight 
of 3.4 g which could be categorized in to the kernel grade bigger than W130. During the year, eight genotypes 

based the descriptor characters. Further, CNSL content of 41 accessions was estimated and varied from 
zero 0 - 36.52 per cent. 

A. othonianum, A. microcarpum, A. pumilum and S. anacardium showed 

entitled “Cashew Microsatellite Database (CMDB),” was designed to provide access to genomic SSRs 
mined in silico as well as transcriptome-based SSRs to the research community through a user-friendly 
database. Total carbon sequestration in the top layer up to 60 cm depth of soil for a 20-year-old cashew 
plantation ranged from 99.52 to 104.61 Mg ha-1. The microbial biomass carbon ranged from 163.34 to 
695.34 mg kg-1 and microbial biomass nitrogen from 15.39 to 78.86 mg kg-1. A critical salt concentration 
of 250 mM has been standardized based on reduction in total plant biomass and changes in ion content 
of leaf obtained from cashew seedlings under greenhouse conditions. Developed the battery-operated 
harvesting device and tool for separation of cashew fruit and nut suitable for small and marginal 
farmers. The studies on identifying the HIPVs for tea mosquito bug in cashew was carried out, healthy 
plants of Bhaskara for which TMB females showed response include 2 - Methylnonae, b-pinene,  
3 – carene, terpinolene, g-Terpinene, b-caryophyllene etc., 

A mechanized slicer for cashew apple was developed for the size reduction towards preparation of cashew 

discoloration at various stages of processing for steam conditioning method. Developed cashew sprout based 
nutri-bar enriched with cereals and grains and its quality characteristics observed to be organoleptically 
superior. Cookies were prepared using cashew apple pomace powder. Developed an exclusive android 
application for cashew cultivation in 11 languages for 10 cashew growing states and AI-based app for 

Production Technologies in Cashew with Major Emphasis on Integrated Pest Management”. Conducted 

pesticide under the scheme with aim to create awareness about drone applications in agriculture among 
the stakeholders. 

(iii)
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The Directorate facilitated front line demonstrations, exhibitions at various melas, exposure visits for 
stake holders. The Directorate organized different programmes such as Annual Group Meeting of AICRP on 
Cashew, Cashew Day, Poshan Vatika Mahabhiyan, Natural Farming, Agricultural Education day, International 
women’s day, Foundation day, Hindi week, Vigilance awareness week, Swacchata pakhwada, Constitution 
day and a training programme on Cashew training and pruning.

I am grateful to Dr. Himanshu Pathak, Secretary (DARE) & D.G., ICAR; Dr. A. K. Singh, Former DDG (Hort.); 
Dr. T. R. Sharma, DDG (Hort.); and Dr. V. B. Patel, ADG (Hort.)  for their constant encouragement, guidance 
and support. I am thankful to all the scientists and staff members for their valuable contribution in the 
progress made by the Directorate. I sincerely acknowledge the efforts made by the chairman and members 
of the editorial and publication committee for the effective compilation and editing of this report.

Place : ICAR-DCR, Puttur      (J. Dinakara Adiga)
Date : 31st December, 2023 Director
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1. EXECUTIVE SUMMARY 
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 ICAR-Directorate of Cashew Research, Puttur 
is involved in research and extension activities on 
cashew. The progress of research activities carried 
out during the year 2023 under different sections 
viz., crop improvement, crop management, crop 
protection, post-harvest technology and transfer of 
technology and other aspects are summarized as 
follows.  During the year 2023, a total of 45 research 
projects including 9 externally funded projects were 
carried out.

 Nethra Jumbo-2 (H-125), a new promising 
jumbo cashew nut hybrid was developed through 
hybridization by crossing NRCC Sel-2 x Bhedasi. It 
was found promising with a unique trait of jumbo 

higher yield and high shelling percentage (29.30). 

consistently yielding with an average nut yield of 
5.76 kg/tree and the cumulative yield of 42.44 kg 
nut/tree. Nethra Jumbo-2 possess a special character 
like easy peeling of testa and kernel weight of 3.4 g 
which could be categorized in to the kernel grade 
bigger than W130. The quality parameters like 
kernel sugars (11.16%), kernel protein (24.77%) 
and total fat (46.98%) are comparitively superior. 
The cashew apple of Nethra Jumbo-2 is orange to 

72% of juice content having TSS value of 11.00B.

 At present, the National Cashew Field Gene 
Bank at the Directorate possesses 555 germplasm 
accessions. During the year, eight genotypes i.e. 
Vengurla-9, G-2, Indira Kaju, RN, Tour-1, CARS 
-25, G-1, RFRS-171 have been characterized and 

CNSL content of 41 accessions was estimated and 
varied from zero 0 - 36.52 per cent.  One hundred 
and thirteen M1 seedlings and grafts from gamma 

ray treated seeds and scion sticks of two popular 
varieties i.e., Bhaskara and Ullal-3 were maintained. 
In addition, 38 M1 seedlings were screened against 
TMB, but all were found susceptible.    

and the PIC value of markers varied from 0.11 - 0.85.  
A. othonianum, A. 

microcarpum, A. pumilum and S. anacardium showed 

58.06 percent respectively. A web-based database 
entitled “Cashew Microsatellite Database (CMDB),” 
was designed to provide access to genomic SSRs 
mined in silico as well as transcriptome-based SSRs 
to the research community through a user-friendly 
database.

 Total carbon sequestration in the top layer 
up to 60 cm depth of soil for a 20-year-old cashew 
plantation ranged from 99.52 to 104.61 Mg  
ha-1. The microbial biomass carbon ranged from 
163.34 to 695.34 mg kg-1and microbial biomass 
nitrogen from 15.39 to 78.86 mg kg-1. A critical salt 
concentration of 250 mM has been standardized 
based on reduction in total plant biomass and 
changes in ion content of leaf obtained from cashew 
seedlings under greenhouse conditions. Developed 
the battery-operated harvesting device and tool 
for separation of cashew fruit and nut suitable for 
small and marginal farmers

 The studies on identifying the HIPVs for tea 
mosquito bug in cashew was carried out, healthy 
plants of Bhaskara for which TMB females showed 
response include 2 - Methylnonae, -pinene, 3 – 
carene, terpinolene, -Terpinene, -caryophyllene 
etc., The infested plant volatiles of Bhaskara for 

include P-xylene, o-xylene, 3- carene, -Terpinene, 
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4-Ethylundecane, Acetophenone 4’- ethyl, 
Heptadecane,  Geraniolene etc., Colletotrichum 
siamens as causal organism of anthracnose 

morphological and molecular approaches. 

 A 3-in-1 moisture meter was developed 
for determing the mositure content of raw 
cashewnut, unpeeled and peeled kernels with 
the accuracy of ±1 percent. A mechanized slicer 
for cashew apple was developed for the size 
reduction towards preparation of cashew apple 

discoloration at various stages of processing for 
steam conditioning method. Developed cashew 
sprout based nutri-bar enriched with cereals and 
grains and its quality characteristics observed to be 
organoleptically superior. Cookies prepared using 

cashew apple pomace powder and its chemical 
constituents  had crude protein (6.84%), crude fat 

 Developed an exclusive android application 
for cashew cultivation in 11 languages for 10 
cashew growing states and AI-based app for 

Orgainized ICAR Sponsored short course on 
“Improved Crop Production Technologies in 
Cashew with Major Emphasis on Integrated Pest 

demonstrations for spraying of agricultural 
chemicals/micro nutrients/organic pesticide 
under the scheme with aim to create awareness 
about drone applications in agriculture among 
the stakeholders. The Directorate facilitated front 
line demonstrations, exhibitions at various melas, 
exposure visits for stake holders.
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2.1.  History      
 Cashew (Anacardium occidentale L.) is an 
introduced crop to India by the Portuguese in the 
16th Century which is a Native of Eastern Brazil. 
Cashew is a crop with high economic value and is 
earning considerable foreign exchange for the country. 
During 1950’s the research on cashew initiated.  Ad 
hoc schemes for cashew reserach were sanctioned by 
the Indian Council of Agricultural Research (ICAR), 
which were located at Kottarakkara (Kerala), Ullal 
(Karnataka), Bapatla (Andhra Pradesh) and Vengurla 
(Maharashtra). In 1971, ICAR also sanctioned an All 
India Coordinated Spices and Cashew Improvement 
Project (AICS & CIP) with its headquarters located 
at ICAR-Central Plantation Crops Research Institute 
(CPCRI), Kasaragod. The CPCRI Regional Station, Vittal, 
Karnataka was given the mandate to carry out research 
work on cashew while four centres under different 
Universities (viz. Bapatla, Vridhachalam, Anakkayam 
and Vengurla) were assigned the research component 
on cashew under AICS & CIP. During the Vth  and VIth  
plan periods, three more Centres (viz. Bhubaneswar, 
Jhargram and Chintamani) came under the fold of 
AICS & CIP and with shifting of work of Anakkayam 
Centre to Madakkathara. The recommendations made 
by the Quinquennial Review Team (QRT) constituted 
by ICAR in 1982, the working group on Agricultural 
Research and Education constituted by the Planning 
Commission for VII Plan Proposals and the Task 
Force on Horticulture constituted by ICAR resulted 
in the establishment of National Research Centre for 
Cashew (NRCC) at Puttur on 18th  June 1986. During 
the VIIth  Plan period, AICS & CIP was bifurcated into 
two separate projects, one on cashew and another on 
spices. The headquarters of independent AICRP on 
Cashew was shifted to the newly established NRCC, 
Puttur in 1986. NRCC was upgraded and renamed as 
Directorate of Cashew Research (DCR) by ICAR on 
23 March 2009 under XI Plan. At present, the AICRP 
on Cashew is operating at 14 centers which were 
distributed in major cahsew growing areas of the 
country. As per the instruction of ICAR-New Delhi,  the 

2014. 
2.2 Location 
 The main campus of ICAR-DCR is situated  
5 kms away from Puttur town at Mottethadka village 
of Kemminje (12.45°N latitude, 75.15°E longitude 
and 90 m above MSL).   The main campus has an 
area of 69 ha consisting of an administrative block, 

2. INTRODUCTION
Besides, the Directorate has an Experimental Station 
at Shantigodu, located 13 km away from the main 
campus which has an area of 80 ha. The institute is 
conducting and coordinating research on different 
aspects of cashew such as crop improvement, crop 
production, crop protection, post-harvest technology 
and transfer of technology.
2.3 Vision, Mission and Mandate
Vision

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

Mission 
 To promote overall growth through the 

enhancement of production and productivity in 
cashew

Mandate
 To undertake strategic, basic and applied research 

for enhancing productivity, quality, processing 

 To serve as a national repository of genetic 

 To coordinate All India Coordinated Research 
Project on Cashew for addressing location and 

 To promote capacity building through the transfer 
of technology and consultancy services to 
stakeholders.

2.4 Organogram 
 The Director is the administrative head of the 
Directorate. The Institute Management Committee 
(IMC), Research Advisory Committee (RAC)  
and Institute Research Committee (IRC) assist the Director in 
the matters relating to the management and research activities 
of the Directorate respectively (Fig. 2.1). The research and 
extension on various aspects of cashew are conducted in 

viz., Crop improvement, Crop management, 
Crop protection, post-harvest technology and Transfer of 
technology. The institute also has different laboratories 
for sections of Horticulture, Soil Science, Plant Breeding, 
Plant Physiology, Biotechnology, Plant Protection and Post-
harvest Technology. The other facilities available at the 
Directorate include Audio Visual Laboratory, Priority Setting, 
Monitoring and Evaluation Cell (PME), Institute Technology 
Management Unit (ITMU), Agricultural Knowledge 
Management Unit (AKMU), Agri-Business Incubator 
(ABI), Vigilance Cell, Women cell, Library and Museum.  
The Directorate also functions as headquarter for the All 
India Coordinated Research Project on Cashew.
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2.5  Library/AKMU/ITMU/ABI

 The Directorate has a well-established library 

serving as an Information Centre on all aspects of 
cashew research and development in the country. 
The CD database viz. CABHORT, CABPEST, AGRICOLA 
and AGRIS, SOIL CD, CROP CD, PLANTGENE CD 
and TROPAG CD and online CAB database are also 
available. The library is equipped with automation 
software and barcoding facility. The library has 
1991 books and 2255 back volumes of various 
journals. The library subscribes 35 national and 2 
international journals. The library is a member of 
Consortium of Electronic Resources on Agriculture 
(CeRA), New Delhi. 

 The Agricultural Knowledge Management 
Unit (AKMU) was established with the responsibility 
of developing Information and Communications 
Technology (ICT) in Agricultural research, 
maintaining the Institute’s network, the website 
and the webserver administration. 

 The Institute Technology Management Unit 
(ITMU) was established for intellectual property 
management and for commercialization of 
agricultural technologies. At this Directorate, ITMU 
takes care of commercialization of technologies 
developed by ICAR-DCR, Puttur.

 Agri Business Incubator (ABI) operated in 
this institute funded by the National Agricultural 
Innovation Fund (NAIF) under the Division of 
Intellectual Property and Technology Management, 
Indian Council of Agricultural Research, New 
Delhi has the ‘State-of-the-Art’ processing facility 
for promotion of entrepreneurship and business 
environment in the cashew eco system.

Staff

 The Institute has a sanctioned strength of 

19 skilled support staff, of which 14 scientists, 5 
technical staff, 5 administrative staff and 15 skilled 
support staff are in position and the remaining are 
vacant as on 31st December 2023. (Table 2.1).

Budget

the total budget allotted to the Directorate was  
Rs. 1368.0 Lakhs of which Rs. 1092.16 Lakhs 
were utilized (Table 2.2). Under externally funded 

Table 2.1: Staff strength at ICAR-DCR, Puttur

 Category Sanctioned Filled Vacant

 Director (RMP) 1 1 -

 Technical 19 5 14

 Administrative 16 5 11

 Skilled support staff 19 15 4

 Total 77 40 37

projects, the total receipts were Rs. 123.11 Lakhs, 
of which Rs. 50.60 Lakhs was utilized (Table 2.3). 
The revenue generation during FY 2023-24 was  
Rs. 29.87 Lakhs (Table 2.4).

7
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2.8 Infrastructure and assets

 The major infrastructures developed during 
the year 2023-24, includes the instrumental 

microscope, Volatile collection unit, HPLC, GC-MS, 
Drones, Multispectral sensors, Softwares, Post-hole 

Table 2.2. Budget and expenditure details of 
DCR from April 2023 - Jan 2024  
(Rs. in Lakhs)

 Particulars Allocation Utilization

 GIA capital 52.00 24.31

 GIA salary 754.00 626.18

 Pension 218.00 191.67

 GIA general 300.00 225.00

 TSP  18.00 07.40

 SCSP 26.00 17.60

 Total 1368 1092.16

Table 2.3. Budget details of externally funded 
project/schemes at DCR for the period 
April 2023 - Jan 2024 (Rs. in Lakhs) 

 Particulars Allocation Utilization

 RKVY-RAFTAAR, 96.86 36.92
 Govt. of Karnataka

 PPV&FRA, New Delhi 3.45 3.29

 DCCD, Cochin 10.00 1.48

 DCCD (Training) 1.00 1.00

 ABI 6.50 2.73

 ITMU 5.30 5.18

 Total 123.11 50.60 

digger, Self-propelled power weeder, Brush cutters, 
Sprayers, PPE kit, Telescopic tree pruners etc., These 
were purchased to strengthen the laboratories with 
modern equipment in the projects funded by  RKVY- 
RAFTAAR, GoK.

2.9 Production of planting materials

 ICAR-DCR has cashew nurseries at both 
of   its campuses: Kemminje and Shantigodu, 
accredited by Directorate of Cashewnut and Cocoa 
Development (DCCD), Kochi with four-star rating to 
cater the need of planting material. Softwood grafts 
of varieties like Bhaskara, NRC Selection-2, Ullal-1, 
Ullal-3, Ullal-4, VRI-3, Madakkathara-2, Priyanka, 

Vengurla-7, Vengurla-4, H-130, Dhana etc. are 
produced in the two nurseries between June and 
August, every year for supplying to the farmers. 
During 2023, a total of 39,050   cashew grafts i.e., 
from Kemminje (25550) and Shantigodu (13500) 
were supplied to farmers.

Table 2.4. Revenue generation at ICAR-DCR from Jan, 2023 to Dec. 2023 (Rs in Lakhs)

 Revenue target (2023-24) Revenue Generated (2023-24)

 81.25 29.87

8
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Priority area I: Management of cashew genetic 
resources

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

Germplasm collection 

      At present, the National Cashew Field Gene 
Bank at the Directorate houses 555 germplasm 
accessions. Twenty-one new accessions have been 

3. RESEARCH ACHIEVEMENTS

3.1 CROP IMPROVEMENT

procured from AICRP-Cashew; Bhubaneshwar 
(Table 3.1.1). This included OUAT Kalinga Cashew – 
1, a recently released variety from AICRP- Cashew, 
Bhubaneshwar. Passport data has been prepared 
and sent to NBPGR for obtained IC numbers for 
three accessions viz., BDB-58, DB-626 and TR-8. 
Labelling of 826 trees has been accomplished in the 
gene bank during the year. Further, ten stem borer 
affected plants were removed in the gene bank. 

Table 3.1.1: Germplasm accessions collected from AICRP- Cashew, Bhubaneshwar 

 Sr. No. Collector Name Collector No.

 1 OUAT Kalinga Cashew – 1  NRC-556

 2 Ransinghpur bold nut NRC-557

 3 Kalyayanpur boldnut NRC-558

 4 Lokipur - 1 NRC-559

 5 Khurda - 1 NRC-560

 6 Selection -8 NRC-561

 7 Selection -36 NRC-562

 8 Koraput cluster NRC-563

 9 Dutiya Nuapalli NRC-564

 10 Selection-25 NRC-565

 11 Selection-24 NRC-566

 12 Selection-21 NRC-567

 13 Selection-19 NRC-568

 14 Ranasinghapur-3 (RP-3) NRC-569

 15 Bhubaneswar cluster-2 NRC-570

 16 Bhubaneswar cluster -1 NRC-571

 17 BH-6 NRC-572

 18 BH-85 NRC-573

 19 Ranasinghapur-4 (RP-4) NRC-574

 20 Ranasinghapur-5 (RP-5) NRC-575

 21 Ranasinghapur-6 (RP-6) NRC-576
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Germplasm Characterisation: 

      During the year, eight genotypes i.e. Vengurla-9, G-2, Indira Kaju, RN, Tour-1, CARS -25, G-1, RFRS-171 

Table 3.1.2. 

 Field Character  Descriptor state Number of accessions

 7 Tree Habit 3 Upright and Compact 3

   5 Upright and open 5 

   7 Spreading 0

 8 Internode Length of 3 Short (< 1.0 cm) 3

  twig (cm) 5 Medium (1.0-2.0 cm) 5

   7 Long (> 2.0 cm) 0

 9 Leaf Shape 3 Oblong 0

   5 Obovate (club - shaped) 8

   7 Oval  0

 10 Tree Height (m) 3 Dwarf (<2.5 m) 0

   5 Semi tall (2.5-4.0m) 8

   7 Tall(> 4.0 m) 0

 11 Tree Spread (m) 3 Low (<3.0 m) 0

   5 Intermediate (3.0-6.0m) 8

   7 High(> 6.0 m) 0

 12 Cracks on Trunk Bark 0 Absent 0

   x+ Present 8

 13 Crotch Angle of Main Branch 3 Acute (<90°) 8

   7 Obtuse (>90°) 0

   7 Easy 8

 15 Extension Growth of Twig (cm) 3 Short (<9.0 cm) 0

   5 Intermediate (9.0-19.0 cm) 1 

   7 Long (19.0 cm) 7

 16 Branching Pattern 1 Extensive 1

   2 Intensive 7

 17 Twig Diameter (mm) 3 Thin (<4.5 mm) 0

   5 Intermediate (4.5-9.0mm) 8

   7 Thick (>9.0 mm) 0
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 18 Number of Leaves per Twig 3 Low (<9) 6

   5 Medium (9-19) 2 

   7 High (>19) 0

 19 Colour of Young Leaves 1 Red 3

   2 Yellow red 3

   3 Green yellow 1

   4 Purple 0

 20 Colour of Mature Leaves 1 Light green 0

   2 Green 8

   3 Dark green 0

   4 Purple 0

 21 Odour of leaves 1 Mango-like 8

   2 Turpentine-like 0

 22 Leaf margin 1 Smooth  8

   2 Wavy 0

 23 Leaf apex shape 1 Pointed 0

   2 Rounded 5

   3 Indented (slight notch) 3

 24 Leaf Size (cm2) 3 Small (<60 cm2) 0

   5 Intermediate (60-120 cm2) 3

   7 Large (>120 cm2) 5

 25 Brittleness of Leaf 3 Leathery 8

   7 Brittle 0

 26 Angle of Leaf Petiole 3  Acute (<90°) 8

  relative to stem 7 Obtuse (>90°) 0

 27 Leaf Cross Section 1 Level 6

   3 Incurved 0

   4 Twisted 0

 28 Season of Flowering 3 Early (Nov-Dec) 1

   5 Mid (Dec-Jan) 6

   7 Late (Jan-Feb) 1

   5 Pyramidal 6

   7 Broadly pyramidal 2

 30 Flower Colour 1 White 7
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   2 Cream 1

   3 Pink 0

 31 Mature Cashew Apple Colour 1 Yellow 4

   2 Red 2

   3 Yellow red 2

   4 Red Purple 0

 32 Cashew Apple Shape 1 Cylindrical 0

   2 Conical-obovate 8

   3 Round 0

   4 Pyriform 0

 33 Colour of Mature Nutshell 1 Buff 0

   2 Grey 8

   3 Purple 0

 34 Nut Shape 1 Kidney 8

   2 Oblong- ellipsoid) 0

 35 Nut Weight (g) 3 Low (< 5 g) 0

   5 Intermediate (5-7 g) 4

   7 High (>7 g) 4

 36 Colour of Boot Leaf 1 Light green 8

   2 Green 0

 38 Compactness of 3 Loose 8

  Branching 2 Two sided 0

 40 Sex Ratio 3 Low (< 0.06) 1

   5 Medium (0.06-0.13) 3

   7 High (> 0.13) 5

 41 Secondary Flowering 0 Absent 8

   + Present 0

 43 Weight of Cashew Apple (g) 3 Low (<27g) 1

   5 Medium (27-52g) 0

   7 High (>52g) 7

 44 Shape of Cashew Apple Base 1 Angular 3

   2 Rounded 4

   3 Flattened 0
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 45 Ridges on Cashew Apple 0 Absent 1

   1 Broken 6

   2 Entire 1

 46 Cashew Apple Apex 1 Level 8

   2 Oblique 0

 47 Grooves on Apex of Cashew  0 Absent 0

  Apple 3 Shallow (Notched) 8

   7 Deep (Furrowed) 0

 48 Cavity at Apex of Cashew 0 Absent  2

  Apple 3 Shallow 6

   7 Deep 0

 49 Skin of Cashew Apple 1 Smooth and glossy 0

   2 Rough and dull 8

 50 Attachment of Nut to Apple 3 Loose 3

   5 Intermediate 3

   7 Tight 2

 51 Shape of Nut Base 1 Round 8

   2 Flattened 0

   4 Angular 0

 52 Suture of Nut 1 Round 1

   2 Angular 7

 53 Flanks of Nut 3 Flattened 3

   5 Round 5

   7 Bulging 0

 54 Stylar Scar on Nut 3 Small (Narrow) 5

   7 Large (Wide) 3

 55 Shape of Nut Apex 1 Round 6

   2 Intermediate 2

   3 Pointed 0

 56 Relative Position of Suture  1 Suture projection in front 5
  and Apex  of apex

   2 Suture projection in line  3
    with apex

   3 Suture projection behind
    apex 0
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 57 Shell Thickness (mm) 3 Thin (<2.5 mm) 0

   5 Intermediate (2.5-4.0mm) 6

   7 Thick (>4.0mm) 2

 58 Uniformity of Shell Thickness 0 Not uniform 3

   + Uniform 5

 60 Flowering Duration (days) 3 Short (<60 days) 1

   5 Medium (60-90 days) 7

   7 Long (>90 days) 0

 61 Flowering Intensity (%) 3 Low (<40 %) 0

   5 Medium (40-70%) 8

   7 High (>70%) 0

 62 Apple to Nut Ratio 3 Low (<6.0) 0

   5 Medium (6.0-12.0) 8

   7 High (>12.0) 0

 63 Shelling Percentage 3 Low (<18.0 %) 0

   5 Intermediate (18.0-28.0 %) 1

   7 High (>28.0%) 7

 64 Kernel Weight (g) 3 Low (1.2 g) 0

   5 Intermediate (1.2-2.5 g) 8

   7 High (>2.5 g) 0

 65 Attachment of Peel to 3 Loose 5

  Kernel  7 Tight 3

 67 Cotyledonary Grooves 3 Shallow 6

   7 Deep 2

 68  Yield (kg/tree) 3 Low (< 9 kg) 8

   5 Medium (9-18 kg) 0

   7 High (>18 kg) 0
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Germplasm maintenance: 

 Thirteen unique types (dwarf and wild species etc.,) were maintained during the year. Further, 512 
germplasm accessions and 61 core collections were maintained in conservation block (Fig 3.1.1). 

Fig 3.1.1: View of the core collection block
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Germplasm database maintenance 

 The cashew germplasm database (https://
cashew.icar.gov.in/dcr/) was maintained during the 
year and it was visited 5180 times by different users.  

Estimation of Cashew Shell Nut Liquid (CNSL) in 
germplasm accessions

 The CNSL content of 41 accessions was 
estimated during the year 2023. Among the 431 

accessions, the CNSL content was varied from 
0.00 to 36.52 per cent. The frequency distribution 
pattern revealed that the symmetric distribution 
of the trait with skewness of 0.032. Though  
the correlations of CNSL content with many 
characters such as nut weight, shell thickness etc. 

no substantial relationship (very less R2 value) with 
these characters. (Table 3.1.3 and Fig 3.1.2)  

Table 3.1.3: Estimation of CSNL content in cashew accessions 

 Sl. No. Variety CNSL % Sl. No. Variety CNSL %

 1 H-130 24.81 20 DB-626 20.50

 2 175 25.14 21 NRC-141 15.79

 3 301 19.77 22 NRC-137 21.41

 4 T No. 160 29.56 23 NRC-410 14.79

 5 T No. 183 20.9 24 NRC-415 20.67

 6 T No. 130 29.52 25 NRC-416 15.02

 7 T No.  480 26.74 26 NRC-463 11.70

 8 Nethra vaaman 30.60 27 NRC-470 7.48

 9 H-126 30.98 28 NRC-478 13.09

 10 BDB-58 23.94 29 Taliparamba 20.93

 11 H-125 23.77 30 BPP-3 11.33

 12 V-9 19.79 31 Bhubaneshwar-1 17.68

 13 G2 29.49 32 OUAT Kalinga Cashew-1 13.7

 14 RN 18.72 33 Balabhadra 18.75

 15 IK 24.47 34 Jagannath 20.95

 16 Tour (565) 26.17 35 Bidhan bonsai kaju 16.86

 17 Cars 25 26.73 36 Vengurla-8 19.89

 18 G1 26.50 37 Jhargram-2 23.24

 19 RFRS-171 25.70 38 Vengurla-9 30.17

    39 Indira Caju 18.6 
    40 Goa-2 20.4

    41 Chintamani-2 21.21
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Priority area II: Genetic improvement of cashew for yield and quality traits

 CNSL % 

 N 400

 Minimum 36.52

 Maximum 0

 Mean 18.425

 Std. error of mean 0.275

 Std. deviation 0.275

 Variance 30.349

 Skewness 0.032

 Kurtosis 0.916

Fig 3.1.2 Descriptive Statistics and Frequency distribution of CNSL content in  
germplasm accessions

3.1.2 Genetic improvement of cashew through 
hybridization and seedling selection approaches 

 In cashew, more than 80% of varieties belongs 

to medium (7g) to small nut (5-6 g) category. 
Very few bold nut types are available among  
the commercially cultivated varieties. The bold  
nut types ease the process of harvesting and 
separation of nuts and also save the labor cost.  
The bold nut types fetch premium price in the 
market. 

Fig 3.1.3: Cluster bearing habit and cashew apples of Nethra Jumbo-2

 Nethra Jumbo-2 was developed through 
hybridization process by crossing NRCC Sel-2 x 
Bhedasi. It was found promising with a unique trait 
of jumbo nut type (12-13g), precocious and cluster 
bearing, higher yield and shelling percentage 
(29.30%). 

 Under ICAR ad-hoc scheme on “Network 
Programme on Hybridization in Cashew”, a large 
number of hybrids were generated at ICAR-DCR. 
The main objective of this scheme was to evolve 
bold nut cashew hybrids which fetch premium price 
in export market. The hybrids were generated by 
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using cross combinations among the parents, NRCC 
Sel-2, Bhedasi and Bhuthnath-II and planted at  
7m x 7m spacing in un-replicated manner for initial 
evaluation at ICAR-DCR Experimental Station, 
Shantigodu in the year 2000. Among the hybrids 

hybrids showed promising results.

 During evaluation, NRCC Sel-2 was also 
considered as check. Among different hybrids, 
Nethra Jumbo-2 (cross combination of NRCC Sel-2 

found to be consistently yielding with an average nut 
yield of 5.76 kg/tree (over eight years of harvest). At 
8th harvest, 8.0 kg nut/tree and over eight harvests 
cumulative yield of 42.44 kg nut/tree was recorded. 
The nut yield/tree of these hybrids were better over 
check (NRCC Sel-2). Moreover, the average nut yield 
of other hybrids was also good but the mean nut 
weight and shelling percentage was better in Nethra 
Jumbo-2 (29.30%) over other hybrids.

 Under replicated trial also, Nethra Jumbo-2 
performed well with an average nut yield of 3.01 
kg/tree after 5th harvest (2.74 kg/tree). At 5th 
harvest, the nut yield was (4.68 kg/tree), whereas, 
in all other hybrids the yield was less than 3 kg/tree. 
The yield of check varieties was further low under 
replicated trial. On cumulative basis and on per 
hectare basis, the yield of Nethra Jumbo-2 was the 
highest (15.03 kg/tree and 1.65 t/ha respectively) 
among all hybrids and checks (Table 3.1.4; Table 
3.1.5; Table 3.1.6). 

 The distinguished morphological 
characteristics of Nethra Jumbo-2 are    i) upright 
and open tree habit; ii) the plant height is around 
5.3 m (9-year age plant), with extensive branching 
pattern; iii) large size leaf of obovate shape and 
rounded apex (Fig. 3.1.3 and Table 3.1.7). The 

broadly pyramidal type with high sex ratio of 0.37. 

season of harvest is January to April. 

 The nut characters of Nethra Jumbo-2 are; 
i) the weight of the nut is 12-13 g; ii) high shelling 
percentage of 29.30; iii) the nut weight of Netha 
Jumbo-2 is on par with Nethra Jumbo-1. Nethra 
Jumbo-2 kernels (Fig. 3.1.4) were analyzed for 
quality parameters like kernel sugars (11.16%), 
Kernel Protein (24.77%). And total fat (46.98%) 
and whole kernels of 130 lb-1 grade with 
high shelling percentage (29.30%), Kernel weight 
varies from 3-3.5 g. The cashew apple of Nethra 
Jumbo-2 is orange to red in color, round shaped 
weighs around 102 g, with 72% of juice content of 
TSS 11.0 0B. 

 The Hybrid Nethra Jumbo-2 is recommended 
on account of jumbo nuts (13.50 g nut weight), with 
premium grade kernel (W130), higher yield over the 
standard variety Bhaskara and NRCC Selection-2 
(Table 3.1.8), and cluster bearing nature (Fig. 3.1.6) 
with 5- 6 fruits per panicle with uniform nut size. 

of Nethra Jumbo-2 is depicted in Fig. 3.1.5. 

comparison to parents

 Hybrid Cross Ann. Yld.  Cum.  Av. Yld. Mean Mean Shelling 
th 

   (kg/tree) (kg/tree) (kg/tree)  (g)

 H-125 NRCC Sel-2  8.00 42.44 5.31 12.00 3.40 30.76
  x Bhedasi
 NRCC Sel-2   -    1.97 25.14 3.14 9.2 2.63 28.60
 (check)  

 Bhedasi  - - 5.21 (over 0.87 10.00 3.0 30.00
 (parent)    six harvests) 
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Bhaskara at Kemminje campus of DCR (replicated trial)

 Hybrid/ 1st 2nd 3rd th th th 7th Cumulative Avg. 
 Variety Harvest Harvest Harvest Harvest Harvest Harvest Harvest yield of yield

          tree
          (Kg)

 H-125 0.63 2.79 2.83 2.79 4.68 2.74 8.00 28.33 2.74

 NRC- 0.24 2.17 2.99 1.69 0.53 1.00 3.50 12.12 1.73
 Sel-2 
 (Check)

 Bhaskara  0.37 3.35 2.76 2.72 1.49 0.82 4.40 15.91 2.30
 (Check)

 CD @  NS NS NS 0.15 1.75 1.75 1.95
 5%

and NRCC Sel-2

 Hybrid/ Cross  Nut Nut Kernel Kernel
 variety  combination weight(g)  weight(g) weight(g)  weight(g) 
   over over  over over
   Bhaskara  NRCC Sel-2 Bhaskara NRCC Sel-2

 H-125 NRCC Sel-2 x  91.53 45.87 79.52 35.61
  Bhedasi

 NRCC Sel-2  Check 31.30 - 32.38 -
 (check) 

 Bhaskara  Check - 23.84 - 24.46
 (check)
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Table 3.1.7: Morphological characteristics of Nethra Jumbo-2

Plant and leaf Characters 

 Tree Upright, open

 Plant height 5.3 m (9 yr. age)

 Branching pattern Extensive

 Leaf size Large

 Leaf shape Obovate, green, smooth margin, 
  brittle, rounded apex

 Canopy Spread 5.4 m

Flowering and fruiting characters 
2 canopy 12-14 

 Panicle shape Broadly Pyramid

 Sex ratio (male to female) High (0.37)

 Season of harvest Jan-April

 Apple Juice content 72%

 TSS of juice (0B) 11.00B

 Vitamin C (mg/100g) 158.55

Nut and Kernel characteristics of Nethra Jumbo-2

 Nut weight (g) 10-12 g

 Number of nuts kg-1 80-83 nuts

 Shelling (%) High (29.1)

 CNSL content 23.77

 Shelling percentage 29.30

 Kernel weight 3.4 g

 Whole kernel count lb-1 W130 lb.-1

 Kernel sugars (%) 11.16

 Kernel protein (%) 24.77

 Total fat (%) 46.98 - 47

 Large scale demonstration yield data

 Year Average yield (kg/plant)

 2018 10.15

 2019 9.90

 2020 10.05

 2021 10.20

 2022 11.07
marker of Nethra Jumbo-2

1-Ullal-3, 2-Bhaskara, 3-Selection-2, 4-Bhedasi, 5-H-125, 6-H-126
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Evaluation of promising cashew varieties and 
bold nut hybrids in bulk trial

      The seedling selection, T. No. 480 (Fig. 3.1.7) 
continued to perform as best promising type 
recording highest cumulative nut yield of 14.79 kg 
per tree from 4 harvests. It was found to be superior 
over other promising bold and medium nut types 

likes H 32/4, NRC 493, H1616 and Bhaskara (check) 
for yield. The highest shelling percentage (31.62), 
protein (30.07), total antioxidant activity (245.21 
mg/100g) and total phenols (265.99 mg GAE/100g) 
were recorded in T. No. 480 followed by H-126 and 
H-125. The total sugar content was maximum in 
H-126 (12.9) followed by H-125 (11.16).

Evaluation of half-sibs of HYVs

 This work was initiated in the year 2022 
to utilize the variability among half-sibs of high 
yielding varieties. Seedlings of Nethra Ganga, 
Nethra Vaaman, Nethra Jumbo-1 are being 

leaf, stem girth, intermodal length, stomatal density 
and total chlorophyll content were recorded. The 
descriptive statistics of these traits in seedlings 
of these varieties is presented below (Table 3.1.9; 
Table 3.1.10; Table 3.1.11).
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 Trait Mean SE SD Min Max Skewness Kurtosis

 LCFL (cm) 6.28 0.15 1.73 2 11 0.02 0.11

 SG (cm) 11.31 0.20 2.39 6 25 1.14 7.31

 HT (cm) 32.91 0.61 7.10 15 46 -0.32 -0.23

 INL (cm) 3.19 0.18 2.14 0.5 9 0.68 -0.29

 Total chlorophyll 
 (mg/g Fresh wt.) 2.76 0.14 1.61 0.60 7.20 0.82 -0.24

 Stomatal density 
 (number per  79.26 1.25 14.65 44.67 130.33 0.54 0.21
 microscopic area)

 Trait Mean SE SD Min Max Skewness Kurtosis

 LCFL (cm) 4.70 0.08 1.10 2 7 -0.16 -0.14

 SG (cm) 10.87 0.13 1.70 4.3 14.59 -0.85 1.60

 HT (cm) 40.10 0.51 6.71 17 61 -0.84 1.93

 INL (cm) 2.68 0.11 1.38 0.5 6 0.11 -0.73

 Total chlorophyll  2.94 0.15 1.45 0.5 6.63 0.26 -0.54
 (mg/g Fresh wt.)

 Stomatal density  77.22 0.99 12.93 54.66 109.66 0.23 -0.81
 (number per 
 microscopic area)

 Trait Mean SE SD Min Max Skewness Kurtosis

 LCFL (cm) 5.11 0.53 1.62 3 8 0.69 -0.35

 SG (cm) 12.55 1.50 4.51 8.97 22.86 1.81 3.16

 HT (cm) 34.89 5.58 16.75 20 71 1.45 1.86

 INL (cm) 3.44 0.52 1.57 2 6.5 0.94 0.15

 Total chlorophyll  3.79 0.36 1.02 2.40 5.74 0.69 1.24
 (mg/g Fresh wt.) 

 Stomatal density  74.85 2.67 8.02 61.33 83.66 -0.54 -1.06
 (number per 
 microscopic area)
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3.1.3 Development of polyclonal hybrids from 
core collections  

 At the Directorate, a core collection of 
cashews consisting of 61 accessions was made 
during the year 2016-17 following a relatively new 
technique i.e. Advanced Maximization Strategy 
with Heuristic Approach. These accessions were 

collections inherently possess maximum diversity 
with minimum number of accessions. One of 
the important uses of this diversity is that these 

novel populations to realize enhanced genetic gains. 

 Hence, it is planned to develop polyclonal 
hybrids from the core accessions. In quantitative 
genetics, it is a well-known fact that polygenic/
oligogenic trait will follow normal distribution if 
the sample size is 30 and hence, it is planned to 
collect seeds arising out of random mating among 

core accessions i.e., 10 each from 61 accessions 
for continuous three years to capture the diverse 
progeny possible with the core accessions. 

 During October 2023, a total of 645 nuts 
were collected from accessions in the core and 
out of these, 529 were germinated. These plants 
along with the 281 plants of the previous year were 
planted in Augmented Block Design (12 blocks) 
with checks viz., Bhaskara and Vengurla-4 at a 
spacing of 6 m x 6m. (Fig 3.1.8 and Fig 3.1.9)  

 The list of 59 accessions from which nuts were 
collected during the year 2023 are NRC18, NRC 20, 
NRC38, NRC 41, NRC 63, NRC 96, NRC101, NRC 111, 
NRC 126, NRC140 NRC145, NRC 160, NRC211, NRC 
278, NRC 275, NRC 283, NRC 306, NRC 308, NRC 
319, NRC342 NRC 349, NRC388, NRC385, NRC388, 
NRC 383, NRC 385, NRC 470, NRC 01, NRC 11, NRC 
20 NRC 40, NRC 43, NRC 121, NRC 126, NRC 138, 
NRC 140, NRC 143
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Nethra Vaaman

tolerance

 One hundred and thirteen M1 seedlings and 
grafts from gamma ray treated seeds and scion 
sticks of two popular varieties viz., Bhaskara 
and Ullal-3 were maintained. In these seedlings, 

variations such as puckering of leaves, dwarfness, 
excessive branching was observed. During the year, 
57 M2 seeds from 19 trees were collected and sown 
in the nursery. Out of which, 38 seedlings were 
screened for TMB resistance, however, all were 
found susceptible (Table 3.1.12 and Fig. 3.1.10).   

 Further, to uncover the variations in mutagen 
treated seedlings, geitonogamy was attempted. 
Accordingly, 400 geitonogamy crosses were made 
in 40 trees of Ullal-3 and Bhaskara varieties with 10 
crosses in each tree. Out of the crosses made, only 
25 seeds were set (6.25 %) and out of these, only 
20% germination was observed. (Fig. 3.1.11)

Table 3.1.12: TMB score of M2 seedlings 

 Treatment  Number of TMB damage
 details plants grade

 Bhaskara 20 KR 11 4

 Bhaskara 30 KR 5 4

 Bhaskara 50 KR 5 4

 Ullal-3 20 KR 8 4

 Ullal-3 40 KR 3 4

 Ullal-3 50 KR 6 4
Fig 3.1.10. No choice screening for TMB

 Cashew is a diploid (2n=42). So far, polyploids 
have not been induced in cashew. Using Colchicine 
(C22H25NO6) it is intended to develop polyploids 
in 2 selected varieties of cashew i.e. Bhaskara, a 
vigorous and high yielding variety and Nethra 
Vaaman, a dwarf variety. This work basically aims at 
creating novel variations and hence opportunistic 
selection for useful variations is also possible.  Seeds  
and seedlings of these two varieties are subjected 
to Colchicine treatment. It was observed that  
the concentration and duration of the colchicine 

 
Only varieties differed in their germination 
percentage levels (Table 3.1.13 – 3.1.18 and Fig. 
3.1.12 – 3.1.15).  Fig 3.1.11: Geitonogamous seedlings

Table 3.1.13: Germination percentage of treated seeds 

 Variety Concentration Duration (hrs.)

  0.40 % 80 80 80 80 80 

  0.80% 90 90 40 90 77.5

  1% 100 70 90 100 90
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 Bhaskara

  Mean 90 80 70 90 82.5 

  Control 100 70 60 60 72.5

  0.40% 100 100 80 80 90

  0.80% 90 100 90 100 95

  1% 90 100 100 100 97.5

  Mean 93.33 100 90 93.33 94.16 

  Control 100 90 100 70 90

Fig 3.1.12. Germination percentage at different concentrations

 

   Squares Squares

 Factor A (Variety) 1 0.714 0.714 9.77 0.00376*

 Factor B (Concentration)  3 0.433 0.144 1.976 0.13741

 Int A X B 3 0.147 0.049 0.672 0.57539

 Factor C (Duration)  3 0.338 0.113 1.54 0.22318

 Int A X C 3 0.237 0.079 1.083 0.37032

 Int B X C 9 1.222 0.136 1.858 0.09566

 Int A X B X C 9 0.566 0.063 0.861 0.56817

 Error 32 2.339 0.073 

 Total 63 5.997       CV = 13.24 %

 Factors C.D. SE(d) SE(m)

 Factor(A) 0.138 0.068 0.048
 Factor(B) N/A 0.096 0.068
 Interaction A X B N/A 0.135 0.096
 Factor(C) N/A 0.096 0.068 
 Interaction A X C N/A 0.135 0.096
 Interaction B X C N/A 0.191 0.135
 Interaction A X B X C N/A 0.27 0.191

 (A: Variety; B: Concentration; C: Duration)
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  Nethra Vaaman Bhaskara

 Days/Concentration 0.40% 0.80% 1% Control Mean 0.40% 0.80% 1% Control Mean

 12 32.20 33.12 35.26 40.61 35.30 44.52 39.32 42.97 44.01 42.71

 24 39.79 37.69 36.85 39.30 38.41 41.42 42.42 41.93 45.35 42.78

 36 38.46 33.01 34.78 42.47 37.18 38.74 41.43 41.90 43.33 41.35

 48 39.28 40.59 36.32 43.30 39.87 36.48 33.04 39.90 32.72 35.54

 Mean 37.43 36.10 35.80 41.42  40.29 39.05 41.68 41.35 

Fig 3.1.13 Seedling height at different concentrations

 

 Factor A 1 134.686 134.686 26.042 0.00001**

 Factor B 3 123.523 41.174 7.961 0.00042**

 Int A X B 3 70.602 23.534 4.55 0.00914**

 Factor C 3 67.344 22.448 4.34 0.01126*

 Int A X C 3 305.807 101.936 19.71 0

 Int B X C 9 50.883 5.654 1.093 0.39493

 Int A X B X C 9 149.373 16.597 3.209 0.00702**

 Error 32 165.5 5.172

 Total 63 1,067.72  CV: 5.81% %



Annual Report 2023

27

 Factors C.D. SE(d) SE(m)

 Factor(A) 1.158 0.569 0.402

 Factor(B) 1.638 0.804 0.569

 Interaction A X B 2.317 1.137 0.804

 Factor(C) 1.638 0.804 0.569

 Interaction A X C 2.317 1.137 0.804

 Interaction B X C N/A 1.608 1.137

 Interaction A X B X C 4.634 2.274 1.608

Table 3.1.17: Seedling girth (cm) of treated seeds

 Nethra Vaaman Bhaskara

 D/C 0.40% 0.80% 1% Control Mean 0.40% 0.80% 1% Control Mean

 12 9.02 9.17 8.64 8.71 8.89 8.59 8.83 8.57 8.62 8.65

 24 8.97 8.96 8.17 8.22 8.58 8.39 8.52 8.38 9.04 8.58

 36 9.73 7.90 8.91 9.05 8.90 8.86 8.92 8.06 8.21 8.51

 48 8.34 8.02 8.60 8.74 8.43 8.24 8.59 8.28 9.07 8.55

  9.02 8.51 8.58 8.68  8.52 8.72 8.32 8.74

   Squares Squares
 Factor A 1 0.245 0.245 0.858 0.36122
 Factor B 3 0.914 0.305 1.066 0.37735
 Int A X B 3 1.184 0.395 1.38 0.26671
 Factor C 3 0.767 0.256 0.894 0.45478
 Int A X C 3 0.626 0.209 0.729 0.54205
 Int B X C 9 2.938 0.326 1.141 0.36397
 Int A X B X C 9 3.3 0.367 1.282 0.28423
 Error 32 9.151 0.286
 Total 63 19.125  CV: 6.19%
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 Since variable responses were seen in 
concentrations 0.4 to 3.0 %, high concentration of 
colchicine was also tried (5%) for treating the seeds 
(10 each) in Bhaskara and Nethra Vaaman varieties. 
The germination percentages are presented in 
Table 3.1.19. No clear-cut trends were seen with 
respect to duration of treatment. 

 Factors CD SE(d) SE(m)

 Factor(A) N/A 0.134 0.095

 Factor(B) N/A 0.189 0.134

 Interaction A X B N/A 0.267 0.189

 Factor(C) N/A 0.189 0.134

 Interaction A X C N/A 0.267 0.189

 Interaction B X C N/A 0.378 0.267

 Interaction A X B X C N/A 0.535 0.378

 Planting of colchicine treated plants: A total 
of 404 colchicine treated plants and 54 plants of 
the check varieties (Bhaskara, Nethra Vaaman, 
Vengurla-4, Nethra Ganga) were planted in an 
augmented block design with six blocks (Fig. 
3.1.16). 

of Bhaskara and Nethra Vaaman varieties with 

 Bhaskara Germination 
  Percentage (%)

 24 hours 60

 48 80

 72 60

 96 30

 Control 100

 Nethra Vaaman 100* 

 24 hours 70

 48 100

 72 80

 96 90

 Control 100
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accessions and their seedling progenies for high 
density planting system

 Plants of 16 dwarf and semi-dwarf accessions 
collated from different parts of the country are 

replications for evaluation. Spacing as the main plot 
(Three spacings – 3 m x 3 m, 4 m x 4 m and 5 m x 
5 m) and varieties as the sub plot were taken (Fig. 

3.1.17).  The trial included a total of 576 plants. 
Surrounding the trial, the plants of high yielding 
varieties such as V-7, H-126, H-130 and Bhaskara 
were planted for introgressions of genes to dwarf 
and semi-dwarf accessions. Plants in the trial 
maintained during the year.  In addition to per se 
evaluation, Seedling selection will be done from 
these accessions 
with high yield. 

Fig 3.1.17. View of the plants in the dwarf and semi-dwarf variety trial

Genetics of traits:  Purple coloration 

 Purple cashew whose leaves and fruits are 
purple in colour, is a mutant. This was used as male 
to cross with popular cashew varieties Bhaskara 

and Nethra Ganga (Table 3.1.20 & Fig. 3.1.18). The 
seedlings are generated (71 seedlings) and planted 

observations during the year. 

Table 3.1.20 Different cross combinations for purple coloration

 Cross Total number of  Seed set Germination
  crosses made  (%) (%)

 Bhaskara x purple mutant 300 11.67  88.57

 Nethra Ganga x purple mutant 500 13  61.53
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Purple mutant Bhaskara variety

Nethra Ganga variety

Nethra Ganga x Purple mutant
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3.1.7 Development of morphological descriptors 
and DUS test guidelines for cashew (Externally 
funded project)

 Earlier, thirty reference varieties were planted 
for the purpose of DUS testing at a spacing of 6 m x 6 m 
with four plants/variety and these were maintained 

and Vengurla-9 in the DUS testing block has been 

Fig. 3.1.20: Nethra Jumbo under testing

Experiment 1: Development of dwarf and 
compact cashew hybrids

 This experiment involves two approaches viz., 
1. direct and reciprocal crosses and 2. backcrosses

Direct and reciprocal crosses

      This work was started in the year 2013 in which 
direct and reciprocal crosses were attempted 
between dwarf/compact with low yielding 
germplasm accessions and tall high yielding 

accomplished for characterization during the year. 
Also facilitated the registration of Poornima variety 
from Cashew Research Station, Madakkathara 
and the process of applying to PPV FRA is under 
progress. Nethra Vaaman (2nd year) and H- 130 
(third year) varieties have been maintained in the 
DUS testing block for characterization. (Fig. 3.1.19 
and Fig. 3.1.20)

varieties. Then nearly 800 F1 seedlings of 15 direct 
and reciprocal crosses were planted at Shantigodu 
in the year 2013. Among them, 10 trees were 
selected based on cumulative nut yield of six years 
and dwarf nature. A total of 157 plants including 
grafts of selections, parents and checks were planted 

randomized block design with two replications 

the year, 153 selected plants were maintained in 

planted is given in the Table 3.1.21. 

Table 3.1.21:  List of selections, parents and checks planted in the replicated trial

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

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

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

      This work was started in the year 2014 wherein 
471 back cross progenies were developed by 
back crossing Bhaskara/Ullal-3 with semi-dwarf 
F1 tree (T.No.626) selected from cross between 
Bhaskara x NRC 492. They were planted during 
October 2014 at Shantigodu and evaluated for six 
harvests. Among them, 6 trees were selected based 

Fig. 3.1.21. Field view of replicated trial with direct and reciprocal  
crosses selections, parents and checks

on cumulative nut yield of six years and dwarf 
nature. A total of 112 plants including grafts of 
selections, parents and checks were planted in the 

2022 with two replications (Fig. 3.1.22). At present 

selections, parents and checks planted is given in 
the Table 3.1.22. 

Fig 3.1.22. Field view of replicated trial with backcross selections, parents, and checks

Table 3.1.22:  List of selections, parents and checks planted in the replicated trial

 Selections BDB-626 -97, BDB-626-58, BDB-372 -60, BDB-372 -84, BDB-372 -23, 
  BDB-626 -113

 Parents Bhaskara, NRC 492, BDB-626

 Checks  Nethra Ganga, Nethra Jumbo-1, Vengurla-4, Vengurla-7
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Experiment 2: Breeding for improvement of nut 
size in cluster bearing genotypes

 This experiment was initiated in the year 
2017 with the objective to improve nut weight of 
high yielding and cluster bearing varieties which 
have medium and small nuts by crossing them with 
bold nut genotypes. A total of 435 seedlings of 15 
crosses were planted in the year 2018 in augmented 
block design at Kemminje farm. This year growth 
observations such as stem girth (cm), tree height 

(m), tree spread in E-W and N-W directions and nut 
yield in parents, checks and hybrids were recorded 
(Fig. 3.1.23) and analyzed. The analysis of variance 
for growth characters and nut yield revealed that 
test entries (hybrids) and test versus checks were 

for nut yield (Table 3.1.23). Nut weight among the 
hybrids ranged from 4.5 to 18.0 g while nut yield 
per tree was up to 2.61 kg (Table 3.1.24). 

Table 3.1.23: Analysis of variance for growth characters and yield

 Source Df Height Nut  Stem Tree  Nut
    weight girth spread yield

 Block (ignoring 
 Treatments) 3 4.87 ** 21.41 * 899.39 ** 5.21 ** 0.95 **

 Treatment 
 (eliminating Blocks) 442 1.08 ** 12.59 ** 78.19 ** 0.8 ** 0.16 ns

 Treatment: Check 7 2.39 ** 32.81 ** 212.64 ** 2.88 ** 0.65 **

 Treatment: Test and Test 
 vs. Check 435 1.06 ** 12.26 ** 76.02 ** 0.76 ** 0.15 ns

 Residuals 53 0.38 6.93 35.34 0.42 0.11

  Mean 4.63 6.91 40.28 3.76 0.35

  SE 0.73 3.12 7.05 0.77 0.4

  CD 1.46 6.26 14.14 1.55 0.8

  CV 13.55 38 15.14 17.68 96.55
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Experiment 3: Breeding for reduced tannin 
content in cashew apples of popular cultivars

 This experiment was started in the year 2019 
with the objective to reduce tannin content in cashew 
apples of popular cultivars by crossing them with 

A.microcarpum and 
cultivars of A.occidentale varieties Ullal-1, Ullal-3, 
Bhaskara, Vengurle-4) with low tannin content.  In 
2022, tannin content in cashew apples of 59 trees of 

 Cross  Nut weight (g) Nut yield (kg/tree)

  Min Max Min Max

 Nethra Ganga x Ullal-2 (N=33) 5.0 13.8 0.00 2.61

 Ullal-2 x Nethra Ganga (N=34) 5.0 10.0 0.00 2.07

 NRC 493 x Ullal-2(N=34) 5.9 8.3 0.00 1.18

 Ullal-2 x NRC 493(N=23) 5.0 8.2 0.00 1.06

 Bhaskara x NRC 493(N=10) 5.7 8.4 0.00 0.94

 NRCC Sel-2 x Bhaskara (N=51) 4.5 9.8 0.00 1.78

 Ullal-3 x Nethra Ganga (N=22) 6.8 12.7 0.00 1.22

 Madakkathara-2 x Nethra Ganga (N=23) 6.0 10.0 0.00 1.41

 V-4 x Nethra Ganga (N=40) 6.5 11.5 0.00 1.33

 Nethra Ganga x NRC 493(N=31) 8.7 12.8 0.00 1.27

 NRC 493 x Nethra Ganga (N=22) 8.0 11.8 0.00 0.86

 Nethra Ganga x Ullal 4 (N=46) 4.9 18.0 0.00 0.87

 Vengurla 7 x Nethra Ganga (N=28) 5.8 14.8 0.00 0.69

 Priyanka x NRC 493 (N=23) 6.6 9.3 0.00 0.17

 VRI 3 x Nethra Ganga (N=33) 6.5 14.0 0.00 0.85

two hybrids trees T.No. 81, T.No.81 with low tannin 
content (0.02%). They were used as male parents 
and crossed with Bhaskara and Vengurla-4. Total 
225 F1 nuts were obtained from four crosses and 
planted 225 plants including checks and parents in 
the augmented block design during October 2023 
at Shantigodu farm (Table 3.1.25).

 Cross  Nuts Seeds  Germination Number of

  sown germinated  (%) plants planted

 Bhaskara x T.No. 81 58 41 70.69 40

 Bhaskara x  T.No. 83 39 32 79.49 32

 Vengurla 4 x T.No. 81 63 57 90.48 56

 Vengurla 4 x T.No. 83 64 56 87.50 56

 Checks and parents    41

 Total     184
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percentage in HYVs

 A germplasm accession (NRC 393) with 
high shelling percentage (40.5) was selected for 
hybridization with high yielding varieties having 
low shelling percentage. NRC 393 was used as male 
parent and crossed with high yielding varieties 

Madakkathara-2 and Vengurla-3 having shelling 
percentage of 26 and 27 respectively. A total of 128 
F1 nuts were obtained from two crosses made and 
planted (151 nos.) including checks and parents in 
the augmented block design during October 2023 
at Shantigodu farm (Table 3.1.26).

weight in HYVs

 Three genotypes with high nut weight viz., 
NRC 183 (13.41g), NRC 111 (12.50g), Nethra 
Jumbo-1 (12.00g) were used for hybridization with 
high yielding varieties viz. Ullal-2, Ullal-3, Nethra 

 

 Cross combinations No. of  No. of Seeds Germination No. of progenies
  seed sown germinated  (%) planted

 Vengurla 3 x NRC 393 52 46 86.54 46

 Madakathara 2 x NRC 393 82 77 93.90 77

 Checks and parents     28

 Total     151

Vaaman, Bhaskara having low nut weight. A total of 
510 F1 nuts were obtained from eight crosses and 
planted 500 plants including checks and parents in 
the augmented block design during October 2023 
at Shantigodu farm (Table 3.1.27).

Table 3.1.27 Cross combinations and planting of progenies during the year 2023 

 Cross  No. of seed No. of Seeds Germination No. of progenies
 combinations sown germinated  (%) planted

 Ullal-3 x Nethra Jumbo 1 60 55 91.67 55

 Ullal-3 x NRC 183 41 40 97.56 40

 Ullal-3 x NRC 111 17 15 88.24 15

 Ullal-2 x Nethra Jumbo 1  93 89 95.70 89

 Ullal-2 x NRC 183 51 45 88.24 43

 Ullal-2 x NRC 111 25 24 96.00 23

 Nethra Vamana x Nethra 
 Jumbo 1 80 52 65.00 49

 Bhaskara x Nethra Jumbo 1 143 95 66.43 92

 Checks and parents     94

 Total     500



Annual Report 2023

36

A.occidentale and A.pumilum

 Three varieties (Nethra Jumbo-1, Bhaskara, 
Vengurla-7) were crossed with A. pumilum to 

A. 

pumilum at Shantigodu farm.  A total of 89 nuts 
were sown at Shantigodu farm nursery in June 
2023 and obtained 68 seedlings. A total of 93 plants 
including the checks and parents were planted in 
the augmented block design during October 2023 
at Shantigodu farm (Table 3.1.28).

      This project was initiated in the year 2019 to 
estimate the nature of gene action for important 
traits in cashew employing generation mean 
analysis technique with six generations viz., P1, 
P2, F1, F2, BC1, BC2.  Total 206 plants of all the six 
generations were planted in August 2022 in the 

in some generations and the remaining plants are 
maintained. (Table 3.1.29 and Fig. 3.1.24)

 Cross combinations No. of seed  No. of Seeds Germination No. of progenies
   sown germinated  (%) planted

 A. o. var  Bhaskara x 
 A. pumilum 79 61 77.22 61

 A. o. var Nethra Jumbo 1 x 
 A. pumilum 6 4 66.67 4

 A. o. var Vengurla 7 x 
 A. pumilum 3 2 66.67 2

 A. pumilum x 
 A. o. var Bhaskara 1 1 100.00 1

 Checks and parents     25

 Total     93

 Sl. No.  Generation  Parentage  # plants 

 1  P1 Bhaskara 9 

 2  P2 NRC-492 9

 3  F1 Bhaskara x NRC-492 9

 4 F2 1 66

 5 B1 F1 x Bhaskara 68

 6 B2 F1 x NRC-492 33

   Total  194
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use of biotechnological approaches in cashew

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

Morphological characterization of F1s

 The F1 progenies of tree species are derived 
from the hybridization between two heterozygous 
clones. In 2019, 327 cashew seedlings of Vengurla-7 
x NRC116 (139), Vengurla-7 x NRC492 (12)  and 
Bhaskara x NRC188 (176) planted with 5m x 5m 
spacing; 352 cashew seedlings Bhaskara x NRC188 
(154), NRC492 x H-130 (UV) (18), Bhaskara x 
H-130 (UV) (21), Bhaskara x NRC492 (59), NRC492 

x Bhaskara (35), NRC492 x Thaliparamba (51),  
and NRC492 x H-130 (16) were planted with a  
3 m x 3 m spacing and two crosses of NRC492 
x Vengurla-7 (60) and Vengurla-7 Population 
(92) of total 152 seedlings were transplanted 
at 4m x 4m spacing, all 11 crosses were planted 
in square cropping pattern. The four-year-old 
plants of F1 mapping populations were evaluated 

it 68 plants set nuts. With respect to size of panicles, 
89 of 112, F1 lines showed larger and long panicles. 
Further, shell oil and kernel oils were checked 
in the plants with good nut sets (Fig. 3.1.25a and  
Fig. 3.1.25 b). 

 
(3-12-11) with parent Nethra Ganga  

for nut size

F1 Progeny (3-17-13) of Nethra Vaaman x 
Bhaskara progeny

  In 2021, NRC492 x H-130 (75), EMS treated 
(seed treatment) 20 seedlings of NRC492 xx H-130 
and 33 Bhaskara seedlings were transplanted at 6m 
x 6m spacing; 168 seedlings of NRC392 x Bhaskara 
(71), NRC153 x NRC142 (22), Bhaskara x NRC142 
(14), Bhaskara x NRC153 (3) and NRC492 (self) (10) 
were transplanted at 3mx3m spacing; 106 grafts of 
NRC285 (16), NRC189 (16), NRC270 (18), NRC281 
(19), NRC385 (18), NRC110 (19) and seedlings of  
NRC153 x Bhaskara(24), NRC189 x NRC285 (4) 

and NRC492 x Bhaskara (4), H-130 x NRC110 (15), 
NRC142 x NRC153 (4), EMS treated (seed treatment) 
NRC492 (BLB) (43), Bhaskara (18), NRC492 (63) 
and 8 seedlings of Benin were transplanted at  
3x3m spacing, all the above seedlings and 
grafts were planted in square cropping pattern.  
Among these three plants derived from open 
pollinated and EMS treated NRC 492 nuts showed 

of planting.
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Mapping populations development

 During 2023, NRC492 x NRC 385 (109), 
NRC492 x NRC577 (48), NRC385 x H-130 (29), 
NRC577 x 385 (11), NRC577 x H-130 (19), NRC392 x 
NRC577 (20), NRC392 x NRC385 (58), and NRC492 
x H-130 (36) were planted at 3m x 3m spacing. 

NRC392 x Bhaskara (48) at 3m x 3m spacing and 56 
seedlings of NRC492 x  H-130 at 6m x 6m spacing.

Clonal evaluation of promising exotic germplasm 
and F1s

 Promising accessions from the exotic seedling 
germplasm block [Puttur Col No. 9 (NRC577), 
Puttur Col No. 10 (NRC578), Puttur Col No. 12 (NRC 
580), Puttur Col No. 13 (NRC581)] and F1s (3-17-
3, 5-18-10, 3-12-11, 3-7-8, 5-28-1, 5-18-3) from 
the mapping populations having high nut yield 
and related characters (medium to large nut size, 
high sex ratio, cluster bearing) and unique traits 
(heavy and precocious bearing and compactness) 
were multiplied by softwood grafting and planted 
at 6 ? 6 m spacing for clonal evaluation in random 
block design (RBD) along with check varieties and 
parents. In the seedling evaluation phase, nut yield 

performance is observed on single trees. Therefore, 
more reliable data on yields can be collected from 
evaluation of clones of the promising seedlings 
selected in the seedling trials. The secondary 

larger quantities of fruit for market testing and 
postharvest evaluation of fruit.

Germplasm Characterization (IC number) and 
NBPGR genetic stock registration

seedling block [Puttur Col No. 9 (NRC577), Puttur 
Col No. 10 (NRC578), Puttur Col No. 11 (NRC 
579), Puttur Col No. 12 (NRC 580), Puttur Col 
No. 13 (NRC581)] and two [ SS-1-Compact (NRC 
582), SS-2- Cluster (NRC 583)] from the mapping 

applied for IC numbers from NBPGR, New Delhi 
after submitting 10 clones of each accession to the 
National Active Germplasm Site (NAGS) at ICAR-
DCR, Puttur. Further, one accessions with unique 
cashew apple type NRC-385 i.e. having similarity 
with fruits of Malus ? domestica sp. has been 
submitted for genetic stock registration at NBPGR, 
New Delhi (Fig. 3.1.26a and Fig. 3.1.26b).

accessions and comparison of Cashew 

Bhaskara
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Morphological and Biochemical Characterization 

 The study was carried out to characterize CNSL 
free germplasm NRC 116 in comparison the reference 
variety, Bhaskara to understand the morphological 
and biochemical differences between the CNSL free 
mutant (NRC-116) and CNSL containing (Bhaskara) 
genotype. Morphologically, NRC-116 differed 
from Bhaskara in leaf shape and dimensions, and 
reproductive characteristics like sex ratio and 
yield-related traits. The nutshell thickness of NRC-

Biochemical analysis showed that NRC-116 is free 

in kernel Fatty acids, proteins, oils and phenolics. 
Thus, the CNSL free nature of NRC-116 presents 
it as a unique genetic material for understanding 
CNSL biosynthetic pathway.

Parental polymorphism with genomic SSRs and 

 A total of 244 SSR markers were used testing 
the parental polymorphism in the four parents viz. 
Bhaskara, NRC-188, Vengurla-7 and NRC-116 and 
73 of the 244 markers screened were polymorphic 
(Fig. 3.1.27).

markers development

 Genetic variants viz., single nucleotide 
polymorphisms (SNPs) and insertions/deletions 
(InDels) are the most abundant and genome wide 
genetic variations. SNP and InDel markers are 
valuable tools for genetics and genomic research 
in crops. To identify genome wide genetic variants 
in cashew genomes, the whole genome of Nethra 
Vaman, a dwarf clone of cashew was resequenced 
and characterized their genome-wide variants 
(GVs) A total of 420,560 SNPs and 26,987 InDels 

of cashew cv. Bhaskara. The density of SNPs was 
2,867 per Mb of the genome while the density 
of InDels was 184 per Mb. Metabolic pathway 
analysis using KEGG database of the genes with GVs 

showed that plant hormone signal transduction 
and Mitogen-activated protein kinase (MAPK) 

InDel markers were developed and the PIC value of 

InDel markers in A. othonianum, A. microcarpum, 
A. pumilum and S. anacardium showed successful 

58.06%, respectively. The genomic resources, 

development of new class of markers is valuable for 
genetics, and molecular breeding in cashew and its 
closely related species.

Development of novel SSR markers and database

 Important traits can be studied genetically 
using DNA marker markers and among the various 
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DNA markers, microsatellites or SSRs are highly 
informative and widely used in genetic studies 
and breeding. In cashew, SSR markers are scarce 
for comprehensive genetic studies and molecular 
breeding.  A comprehensive genome-wide survey 
and characterization microsatellites/SSRs in 

Further, the validation of the in silico-mined genome-
wide SSRs by PCR screening in cashew genotypes 

resulted in the development of 59 polymorphic SSR 
markers, PIC values of the SSR markers varied from 
0.19 to 0.84.  A web-based database named “Cashew 
Microsatellite Database (CMDB),” was designed to 
provide access to genomic SSRs mined in silico as 
well as transcriptome-based SSRs to the research 
community through a user-friendly database  
(Fig. 3.1.28).

3.1.11 Deciphering the molecular basis of 
Cashew-Tea Mosquito Bug (TMB) interactions to 
understand host response and TMB effectors 

 The work on molecular basis of Cashew-TMB 
interactions have been initiated. The objectives 
of this project are to assemble whole genome of 
TMB and then study the cashew TMB interactions 
with the transcriptomes and proteomes studies 
in the infested plants. In the de novo assembly of 
draft genome of TMB, a total of about 630 million 

Illumina sequencing technology. The long Nanopore 
reads are being generated for the hybrid de novo 
assembly of TMB. The sampling has been done for 
the study of transcriptome and proteome analysis 
during Cashew-TMB interaction and analysis has 
been initiated (Fig. 3.1.29). in cashew _TMB interactions
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and productivity

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

 In order to standardise the fertiliser 
recommendation under high density planting in 
cashew, the treatments were imposed during the 
year 2022-23. The cashewnut yield ranged from 
1.30 to 3.47 kg/tree. The nitrogen content in leaf 
samples ranged from 0.74 to 1.48%, phosphorus 
from 0.11 to 0.28%, potassium from 0.35 to 0.63%, 
calcium from 0.15 to 0.36%, and magnesium from 
0.15 to 0.24%. The contents of micronutrients such 
as iron ranged from 30.05 to 100.96 ppm, Mn from 
17.33 to 57.56 ppm, zinc from 9.06 to 29.04 ppm, 
and copper from 4.78 to 21.72 ppm. 

3.2.2 Carbon cycling, sequestration and nutrient 
dynamics in cashew orchards 

 A 20-year-old plantation of cashew on a highly 
weathered lateritic soil can sequester biomass 
carbon in the range of 42.93 to 50.41 Mg C ha-1 
which is equivalent to 157.56 to 184.99 Mg ha-1 of 
CO2 equivalents. The total sequestration of carbon 
in the top 60 cm layer of soil of a 20-year-old cashew 
plantation ranged from 99.52 to 104.61 Mg ha-1. 
The soil biological activities under the plantations 
were also studied. The microbial biomass carbon 

3.2 CROP MANAGEMENT

ranged from 163.34 to 695.34 mg kg-1 and microbial 
biomass nitrogen from 15.39 to 78.86 mg kg-1

Priority area V: Physiological and basic studies

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

three early (VRI-3, Vengurla-4 and Ullal-3), one mid 
(Bhaskara) and one late (Madakkathara-2) were 

temperatures (in vitro) from 5 to 50°C. Pollen 
germination under in vivo was high for early types 
with optimum temperature (Topt) of 25°C while 
it was low in mid and late types with Topt of 30°C. 

pollen germination at 25°C was 75% in early types 
while it was 57.8 and 50.5% for mid and late types 
respectively at 30°C. However, mid and late varieties 
exhibited better tolerance to high temperature 
beyond 40°C suggesting their wider adaptability 
to high temperature. The in vitro temperature 
screening technique is further used to screen large 
number of cashew varieties where 12 cashew 
varieties were screened at controlled temperatures 
(5 to 50°C) and cardinal temperatures (minimum, 
optimum and maximum) were worked out (Table 
3.2.1 and Fig. 3.2.1).

Table 3.2.1: Determination of cardinal (minimum, optimum and maximum) temperatures for 
maximum pollen germination in cashew varieties

 Equation constants Cardinal temperature

 Varieties Maximum  a b1 b2 R2 Topt Tmin Tmax
  pollen g
  ermination (%)   

 V-1 69.8±0.80 65.73 0.62 -3.95 0.97 24.4 10.0 44.1

 Kanaka 75.5±1.11 75.20 0.96 -4.55 0.97 23.3 9.7 44.3

 V-7 80.3±2.08 83.68 1.15 -5.03 0.98 22.9 9.4 44.5
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 VTH 30/4 81.9±0.64 90.33 1.28 -5.29 0.99 22.7 8.9 45.2

 VTH-174 81.9±5.86 87.86 1.26 -5.18 0.99 22.6 9.0 45.0

 Ullal-1 70.1±2.055 66.35 0.72 -4.02 0.95 23.8 9.8 43.9

 H-130 84.7±0.70 92.93 1.33 -5.38 0.99 22.6 8.8 45.5

 M-1 72.5±0.91 66.11 0.77 -4.11 0.91 24.0 10.4 43.8

 Dhana 49.9±1.30 48.35 -0.21 -2.63 0.94 31.1 11.1 48.2

 Priyanka 60.2±1.98 68.54 -0.64 -3.69 0.95 32.6 10.1 48.4

 Bhaskara 57.9±1.62 61.98 -0.45 -3.33 0.93 32.1 10.6 48.5

 M-2 34.3±1.04 38.31 -0.34 -2.10 0.93 32.5 10.7 48.2

Note: Tmin: Minimum; Topt: Optimum and Tmax: maximum

bilinear model for cardinal temperatures. (a) in early varieties and (b) in mid and late varieties
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salinity tolerance in cashew 

 A critical salt concentration of 250 mM has 
been standardized based on reduction in total plant 
biomass and changes in ion content in leaf in cashew 
seedlings under greenhouse conditions. The plant 
biomass reduction corresponded to 13%, 23%, 
37.9% and 46.4% at 100 mM, 150 mM, 200 mM and 
250mM over control. The increase in Na+ content 
in leaf corresponded to 73.4%, 90.3%, 95.2% and 
95.6% at 100 mM, 150 mM, 200 mM and 250mM 
over control. The leaf K+ content was reduced to the 

extent of 20.79%, 24.81%, 30.71% and 43.71% at 
100 mM, 150 mM, 200 mM and 250mM over control. 
The reduction in K+/Na+ ratio in leaf corresponded 
to 78.79%, 92.73%, 96.66% and 97.51% at 100 mM, 
150 mM, 200 mM and 250mM over control. Based 
on standardization of critical salt concentration, a 
pot culture experiment has been initiated where 
seedlings of twenty-two cashew varieties (both 
DCR and AICRP varieties) have been raised in 10 kg 
capacity plastic bags to screen at 250 mM for salt 
tolerance under greenhouse conditions (Fig. 3.2.2 
and Table 3.2.2; Table 3.2.3 & Table 3.2.4)

 

Table 3.2.2: Effect of salinity stress on leaf Na+ content in cashew varieties

 NaCl Leaf Na+ content (%) 

 0 0.1±0.0091e 0.06±0.009e 0.08±0.009e  0.1±0.0091e  0.06±0.007d 0.1175±0.02e 0.09±0.02e 0.08±0.009d

 100 0.23±0.012d 0.32±0.009d 0.29±0.009d 0.33±0.012d 0.36±0.01c 0.45±0.007d 0.31±0.009d 0.33±0.01c

 150 0.89±0.012c 0.78±0.018c 0.87±0.012c 0.93±0.007c 0.93±0.01b 0.95±0.012c 0.78±0.009c 0.77±0.01b

 200 1.56±0.014b 1.67±0.014b 1.77±0.020b 1.89±0.015b 1.88±0.03a 1.89±0.019b 1.67±0.01b 1.73±0.01a

 250 1.87±0.015a 1.930.012a 1.9±0.044a 1.94±0.015a 1.92±0.02a 1.96±0.009a 1.77±0.02a 1.8±0.05a
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Priority area VI: Horticulture production 
technologies

on cashew (Anacardium occidentale L.)

 The different plant growth hormone 
combinations were sprayed to the trees of VRI-3, 

Table 3.2.3: Effect of salinity stress on leaf K+ content in cashew varieties

 NaCl Leaf K+ content (%)

 0 1.14±0.009a 1.02±0.02a 1.05±0.009a 1.11±0.043a 1.05±0.012a 0.99±0.020a 1.08±0.009a 1.08±0.015a

 100 1.09±0.009b 0.91±0.03b 0.83±0.033b 0.57±0.009b 0.94±0.016b 0.67±0.015b 0.88±0.014b 0.86±0.008b

 150 1.07±0.015b 0.84±0.01c 0.8±0.0091bc 0.55±0.012b 0.89±0.009c 0.65±0.031bc 0.87±0.012b 0.75±0.009c

 200 1.05±0.009b 0.65±0.01 0.75±0.009c 0.53±0.012b 0.8±0.015d 0.58±0.012cd 0.75±0.019c 0.81±0.024d

 250 0.61±0.020c 0.6±0.01d 0.62±0.041d 0.51±0.031b 0.59±0.009e 0.51±0.031d 0.7±0.027c 0.66±0.015e

+/Na+ in cashew varieties

 NaCl Leaf K+/Na+ content

 0 11.38±0.33a 15.89±0.96a 13.72±0.91a 11.1±0.62a 16.26±0.81a 9.9±0.94a 12±0.53a 14.44±0.84a

 100 4.83±0.64b 2.86±0.96b 2.87±0.23b 1.73±0.14b 2.6±0.05b 1.48±0.03b 2.84±0.041b 2.61±0.06b

 150 1.2±0.0298c 1.07±0.01bc 1.1525±0.2c 0.59±0.05c 0.96±0.03c 0.69±0.03b 1.11±0.039c 0.98±0.061c

 200 0.67±0.06c 0.39±0.01c 0.43±0.04c 0.28±0.01c 0.43±0.02c 0.31±0.009b 0.45±0.03c 0.47±0.024c

 250 0.33±0.02c 0.31±0.03c 0.33±0.03c 0.26±0.04c 0.31±0.03c 0.26±0.01b 0.4±0.04c 0.37±0.012c

recorded after foliar application of different plant 
growth hormones.

germination studies in Cashew

 Cryo preserved Semekarpus kurzii and other 
cashew genotypes. The pollen morphology, and 

Semekarpus kurzii was studied through 
scanning electron microscope. The cryopreserved 
pollen of Semekarpus kurzii was utilized for further 
in vitro germination studies and in vivo pollination 
(Fig. 3.2.3). 

Fig. 3.2.3: Scanning electron microscopic images of Semekarpus kurzii
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3.2.7 Biochemical and mineral composition 
studies in relation to phenology of fruit 
development and maturity in cashew 

 The main aim of the study is to understand 
the biosynthesis of some of the important bioactive 
components in different phenological growth stages 
of cashew. Important bioactive components like 

tannins, vitamin C, the protein, and CNSL content 

of cashew, was recorded. The analysis was done in 
three different varieties Viz., VRI-3, CNSL free type, 
and NRC selection-2. The total phenols showed 
a decreasing trend throughout the fruit maturity 
period as like in other fruit crops, because of the 
oxidation of phenols by the enzyme polyphenol 
oxidase. Similar trend was noticed with respect to 
antioxidants activity and total phenols, the tannin. 
Vitamin C concentration increases with increasing 
fruit maturity stages in both the varieties VRI-
3 and NRC Selection -2. whereas in case of CNSL 

free type with respect to tannin concentration 

stages it remained zero as there was no synthesis of 

through condensation and polymerization phases 
the condensed tannins are formed but these 
hydrolysable tannins are the derivatives of gallic 
acids which was completely absent in CNSL free 
types.

apple and nut (Externally funded project)

components was established with advanced 
facilities like High pressure liquid chromatography, 
Gas chromatography Mass spectrometry, UV-
Visible spectrophotometer along with that two air 
conditioners and laboratory island and working 
tables were procured and installed (Fig. 3.2.4a; 4b 
& 4c).

Chromatogrpahy (HPLC)
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(Anacardium occidentale)

 Inter-stock grafting experiment was 
conducted at nursery with different dwarf and 
vigorous inter-stock with VTH-174 as root stock 
to know the success of inter-stock grafting and to 
induce the dwarf character in grafts in 3 replications 
and 30 grafts /replications and Different inter-stock 
viz.  V-4 (I1), Bhaskara(I2), Anacardium pumilum 
(I3), Nethra vaaman (I4), KAU Nihara (Taliparamba)
(I5), V-7 (I6) were used in grafting of V-4(V1) and 
Bhaskara(V2) variety along with normal grafting 
of V-4 and Bhaskara. These grafting of inter-stock 
and main scion were done simultaneously in the 
month of April-2023. Observations on grafting 
success and other parameters viz. morphological 
and physiological traits were recorded monthly 
interval till 6th month and after 6th month 
destructive observations were also recorded by 
estimating wet and dry biomass of root and shoot. 
This study indicates that, inter-stock grafting gave 
good success rate in terms of survival percentage 
and survival percentage varies from 12.5 to 100 
%. Highest survival percentage was recorded in 
single grafting of V-4, Bhaskara and V-7+V-4 (100 
%) followed by V-7+Bhaskara and KAU Nihara 

(Taliparamba) (86..66 %), Nethra Vaman +V4 
(83.33%), KAU Nihara (Taliparamba) (80 %),  
V-4+V4 (50 %), Nethra Vaman +Bhaskara (43.33 
%), Bhaskara+V4 (26.67 %), Bhaskara+Bhaskara 
(20 %),  V4+Bhaskara (16.67%), A. Pumilum 
+V-4 (14.29 %) and A. Pumilum+ Bhaskara (12.5 
%). Height of grafts varies from 17 cm-48.42 cm, 
Girth of root stock, Inter-stock and Scion varies 
(2.39-10.5 mm, 1.88-7.24 mm and 1.82-7.49 mm, 
respectively), number of leaves varies from 2.33-
11.53, Internodal length varies from 0.06 (I3V1, 
I3V2) - 0.96 (I5V4), Leaf area varies from 17.78-
79.83 cm2, Stomatal density (40 X) varies from 
26.22-41.33, height increment varies from 0.33 cm 
(I3V2) to 8.17 cm (I5V2). Among the destructive 

difference observed among different inter-stock 

observe the dwarf traits, so we have laid out new 

2023 with 12 different interstocks in 3 replications 
(4 grafts/replication) with 5 mx 5 m spacing, but 
I3V1 and I3V2 were not much successful and it was 
not planted in replicated trail (Fig. 3.2.5 and Table 
3.2.5). 
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3.2.10 Developing soilless media for developing 
quality grafts in Cashew (Anacardium 
occidentale)

 The nursery experiment on soil less 
media was initiated during April 2023 with 4 
different media viz. soil: sand: FYM (1:1:1) (M1), 
vermicompost (M2), coir pith compost (M3) and 
vermicompost + coir pith compost (1:1) (M4) 
with 4 replications in CRD design. Media and soil 
analysis was carried out to know the nutrient status 
and it was observed that, Nitrogen content varies 
from 0.03 - 0.1 %, Phosphorus (0.1 - 0.68 %), Potash 
(0.17 - 0.97 %), Ca (1.73 -7.41 %), Mg (0.12 - 0.41 
%), Na (0.06-0.25 %), Fe (0.61-0.87 %), Mn (0.01-

 Treatments Height Height  Girth (mm) No. of Internodal Leaf Stomatal
  (cm) increment  Root Inter-  leaves length  area at
   (cm) stock stock scion  (cm) (cm2) density

 I1V2 42.73 5.20 8.59 6.58 7.05 11.53 0.48 73.19 29.66

 I1V2 41.50 2.00 9.46 6.85 6.54 8.50 0.49 65.50 29.00

 I2V1 40.00 3.13 8.50 7.05 6.92 9.66 0.28 59.04 30.89

 I2V2 40.83 3.33 8.30 7.24 7.46 7.50 0.53 68.46 26.77

 I3V1 13.33 0.67 2.39 1.88 1.82 2.33 0.06 17.78 33.44

 I3V2 17.00 0.33 2.95 2.62 2.68 3.33 0.06 31.04 28.89

 I4V1 43.95 5.00 10.50 6.94 7.10 9.85 0.63 79.83 32.11

 I4V2 46.24 6.37 9.36 6.50 7.34 8.01 0.91 79.24 33.33

 I5V1 44.75 5.60 9.31 7.12 7.19 9.58 0.96 73.18 30.33

 I5V2 48.42 8.17 8.35 6.96 7.28 8.68 0.80 69.33 33.22

 I6V1 44.57 4.43 9.95 7.17 7.49 9.12 0.57 73.51 41.33

 I6V2 48.03 7.10 9.27 7.12 7.29 11.11 0.81 72.52 26.22

 I1 40.52 5.30 8.31 0.00 6.73 8.29 0.63 74.21 31.00

 I2 44.62 6.23 8.94 0.00 7.10 10.90 0.79 67.31 34.78

 CV 24.58 23.03 192.36 28.64 24.19 27.58 44.17 25.30 7.51

 CD @ 1 % 22.17 2.35 NS 3.44 3.53 5.29 0.57 37.07 5.37

 CD @ 5 % 16.40 1.74 NS 2.54 2.61 3.92 0.42 27.43 3.97

0.08 %), Zn (0.01-0.09 %), Cu (0.03-0.04 %). In this 
experiment VTH-174 was used as root stock and 

M1 was 2 kg/bag and M2, M3, M4 were 1 kg/bag 

of root stock was recorded in monthly interval  
for 2 months. Survival % was varies from 94 to  
98 % among the different media, but it was statistical 

from 19.12 to 24.16 cm and 30.40 to 34.64 cm  
during 30 days and 60 days after sowing  
respectively and in M1 media height of grafts were 
recorded less as compared M2, M3 and M4 (Table 
3.2.6). 
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3.2.11 Studies on training and pruning in cashew 
for better canopy management

   A new trial on training and pruning in cashew 
for better canopy management was planted in 
November 2023 with Factorial RBD design with 
3 replications and 4 plants per replications, were 

(Fig. 3.2.6). Two factors were used for imposition 

    Girth    Girth 
 Treatments  Survival  Height of  of No. Survival Height of No. 
  % graft Root of   % of Root of
   (cm) stock leaves  graft stock leaves
    (mm)   (cm) (mm)

 M1 96.00 19.12 4.44 10.47 94.00 30.40 5.73 14.51

 M2 97.00 21.71 4.32 10.41 94.00 34.09 6.17 15.84

 M3 99.00 23.59 4.30 10.86 98.00 34.64 6.55 14.04

 M4 98.00 24.16 4.38 11.00 98.00 34.22 6.29 14.17

 CV 3.02 3.28 3.92 6.16 4.17 4.41 6.11 8.99

 CD @1 % NS 1.57 NS NS NS 3.17 NS NS

 CD @1 % NS 1.12 NS NS NS 2.26 NS NS

number of primary branches (2, 3 &4), second factor 
was retaining of secondary branches (2, 3 &4). The 
variety used in the experiment was VRI-3.  Before 
experiment soil nutrient status was analyzed and 
initial growth parameters were recorded in VRI-3 

0.38 m, average girth of root stock was0.76 cm, 
average girth of scion was 0.59 cm and average 
number leaves was 12.86.

 
better canopy management
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3.2.12 Development of cashew (Anacardium 
occidentale L.) based cropping system for west 
coastal region

 Development of cashew-based cropping 
system for west coast region experiment was 
planted in November, 2022 at Kemminje with RBD 
design of 7 treatments with 3 replications in 10 m x 5 
m spacing with VRI-3 cashew variety. Six fruit crops 
viz. Mango var. Amrapali, Guava var. Alahabad Safed, 
Mangosteen, Acid lime var. Balaji and Rambutan 
var. N18 and one cover crop (Stylosanthus hamata) 
was included in the treatment. Growth parameters 
of cashew was recorded and observed that, height 

of graft varies from 1.51 m (Cashew + Rambutan) 
to 1.76 m (cashew +cover crop), average canopy 
spread was more in (Cashew + Guava), average 
canopy spread was less in (Cashew+Mangosteen). 
all the growth parameters viz., height of plant, 
girth of plant, canopy spread and canopy area were 

stylosanthes hamata biomass was estimated and 
25 tonnes/ha was reported. In this experiment 
Mangosteen was not established properly due 
to lack of shade and again we have replanted and 
provided shade to this crop (Table 3.2.7).

Table 3.2.7 Growth parameters of cashew (VRI-3) in cashew-based cropping system

 Treatments Height (m) Girth (cm) Canopy  Average Canopy
    Spread (m) canopy area  

2)
      (m)

 T1 1.64 2.74 1.02 1.04 1.03 0.96

 T2 1.61 2.88 0.97 1.03 1.00 0.84

 T3 1.56 2.69 1.00 1.09 1.04 0.90

 T4 1.58 2.63 0.90 0.95 0.93 0.71

 T5 1.61 2.79 0.99 1.00 1.00 0.83

 T6 1.51 2.67 0.99 1.01 1.00 0.80

 T7 1.76 2.97 0.98 1.03 1.01 0.46

 CV 10.43 9.95 12.07 11.36 11.01 32.25

 CD @5 % NS NS NS NS NS NS

3.
growth dynamics of apple and nut in selected 
varieties of cashew 

 
scale in cashew varieties (Vengurla-4, Vengurla-7, 
Vridhachalam-3, NRCC Selection-2, Madakathara-2, 
and Bhaskara) were screened to know the growth 
dynamics of cashew nut and apple (developmental 
stages-BBCH code 711 to 719 and maturity stages-
BBCH code 811 to 819) stages. The cashew nut 
weight was highest at code 811 for all the varieties 

except in Bhaskara and Vengurla-7 (719). Similarly, 
cashew apple weight from the initial stages up 
on progression was found highest at 819. The 
transition from nut and apple gain in weight 
varied among the varieties at stage 811 except in 
Vengurla-7 and Bhaskara (719). Included bold 
nut varieties H-130, and H126 were recorded for 
the growth of apple and nut as per the BBCH scale 
and elemental composition in respect of different 
varieties with BBCH codes in progress. The TMB 
incidence was not reported during the study. 
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evaluation of cashew fruit and nut separator 

 The existing cashew fruit and nut separator 

results to address issues such as cashew apple and 
nut chocking and nut damage. The four different 
types of mechanisms were used in the separation 

for speed adjustment to overcome the above issues. 
Further tests on the improved machine showed 
that the nuts were getting damaged again. Based 

developed prototype is in progress.

cashew fruit harvesting and collection 

 All the tools developed for cashew fruit 
harvesting and collecting were tested in the 

type cashew fruit and nut collector’s weight was 
reduced from 1.5 kg to 0.8 kg, making it suitable for 
woman farmers. The self-storing unit was attached 
to the existing jaw-type fruit and nut collector and 
tested. The developed tool’s average collecting 
capacity was determined to be 38.81 kg h-1 and the 
percentage of debris was found to be < 2.5%. 

 Developed the battery-operated branch 
shaker and collection device. The shaker was 
completely powered by a 12V battery. The shaker 
comprises a telescopic pole, handle, double-

hub provided on the shaft. A rotational motion is 
provided to the shaker by the DC motor. The speed 
can be easily adjusted by the speed regulator. The 
collection device is comprised of a handle, telescopic 
poles, guiding wheels, HDPE green net cloth, hitch 
frame assembly, and main frame. The net cloth 

is foldable, the diameter is easily adjustable, and 
the developed collection device is foldable. Also 
developed a remotely operated cashew fruit picker. 

sprays in cashew orchards through drones 
(Externally funded project)

 A Drone Technology Laboratory was 
established, aiming to explore, develop, and 
promote the use of drone technology in plantation 
crops. The laboratory is equipped with state-of-the-
art, cutting-edge technologies, viz., drones, sensors, 
and software, providing a platform for research, 
experimentation, and training. I also established a 
state-of-the-art farm machinery laboratory with the 
aim of mechanizing cashew cultivation practices. 
The laboratory was equipped with various advanced 
tools and equipment, viz., a post-hole digger, a self-
propelled power weeder, brush cutters, battery 
sprayers, tractor-operated aero-blast sprayers, 
a PPE kit, telescopic tree pruners, etc., to support 
and optimize cashew cultivation practices. The 
development of a standard operating procedure 
(SOP) for spraying pesticides and micronutrients 
through drones in cashew orchards is underway.

3.2.17 Drone Technology Demonstration (DTD)- 
(Externally funded project)

 Crop spraying is traditionally done by hand or 
with tractor-operated machinery, both of which have 

introduction of drone spraying technology addresses 
these limitations by providing a more precise and 
sustainable approach to crop management. In this 
connection, to create awareness among farmers, 
extension workers, and other stakeholders about 
drone applications in agriculture, we purchased 
two 10-liter capacity agricultural spray drones 
(AGRIBOT, a model approved by the DGCA) as part 
of the “Drone Technology Demonstration (DTD)” 
program, which was funded by the Central Sector 
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Scheme of the Department of Agriculture and 
Farmers Welfare and implemented through ATARI 
(Sub Mission on Agricultural Mechanization). An 
RPAS training course was completed by one scientist 
at the Indira Gandhi Rashtriya Uran Akademi in 
Bangalore, which is a DGCA-approved RPAS training 
centre. During this project, we organized twenty 
drone technology demonstrations for spraying 

agricultural chemicals, micronutrients, and organic 

819 farmers participated in the program. Farmers 
provided positive feedback on the drone technology 
demonstrations. Many people expressed interest 
in adopting the technology, citing its potential to 

crop management practices.
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Priority area VIII: Integrated management of 
pests and diseases and ecosystem services in 
cashew 

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

 The virgin females of TMB aged 3-5 days were 
caged in net cages along with the tender cashew 
shoot and placed in the circular sticky traps. Those 

3.3 CROP PROTECTION

population of males were immediately transferred 
to the laboratory.  Such virgin females (varying 
numbers on different days; based on the emergence) 
were placed in the volatile collection set up and 
the vacuum pump was operated for 6 hrs. with a 

by such actively calling females were adsorbed 
onto either Tenax® or Porapak® cartridges. These 
were suitably stored below freezing temperature 
for further analysis.at ICAR –NBAIR (Fig. 3.3.1a and 
Fig. 3.3.1b.). 

Fig. 3.3.1a Circular TMB live female baited  
trap for assessing “calling” stage.

Fig. 3.3.1b Volatiles adsorbed onto Tenax® or 
Porapak® catridges for future evaluation.

 The antennal longevity of both virgin females 
and unmated males of TMB were tested at ICAR –
NBAIR, Bengaluru by recording the responses at 
different durations after dissection. It was observed 
that the antennae of both sexes could respond 
to stimuli for a period of up to 20 minutes after 
excision. 

      The lab reared virgin females and unmated 
males of TMB were tested for their EAG response 
to determine the responsive parameters using 
different solvents, DCM, Z-3 Nonanol, E-3 Hexenol, 
Z-3 Hexenol, Benzene acetaldehyde and Z-3 Hexyl 
acetate. The trials were repeated for 8 replications 

and 10 µL of 10 ppm of the test solvents were 
injected into GCMS – EAG. 

 It was noticed that though DCM elicited 

both the males and females; maximum responses 
were observed in E-3 Hexenol followed by 
Z-3Nonanol compared to the other test solvents. 
However, they induced antennal fatigue within 15 – 
20 mins minimizing the evaluation period for each 
antennae. The same trend of EAG response was 
observed while testing versus the antennae of both 
males and females of TMB (Fig. 3.3.2).
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entomopathogenic nematodes (EPN) and 
indigenous strain of entomopathogenic fungus 
(EPF) in management of cashew stem and 
root borers (Plocaederus ferrugineus and 
Plocaederus obesus)

 The trials on evaluation of EPN were 
conducted in the experimental plots in two locations 
of Karnataka Cashew Development Corporation 
(KCDC) plantations at Sowthadka.

 The cultures of the EPN were multiplied on 
the larvae of greater wax moth; Galleria mellonella. 
The IJs were collected by following the White trap 
methodology and subsequently maintained in 
aqueous medium. The test solutions of the IJs of 
EPN of two different species viz., Heterorhabditis 

Fig. 3.3.2 Effect of different solvents

indica and Steinernema carpocapsae were used for 
the evaluations.

 The test solution of 10 LE /L was used at 
different doses for treatment [by raking the soil 
around the root zone and sprinkling the known 
quantity of EPN suspension] and the soil samples 
were collected after 45 days after treatment and the 
survival of the EPN and retention of their virulence 
was studied (Table 3.3.1 & Table 3.3.2). 

 It was noticed that cent per cent mortality 
occurred in the bait insects viz., Galleria mellonella 
larvae when allowed to crawl in the soil samples 
for 12 h up to 30 days after sampling and gradually 
reduced further to around 50 per cent during the 
120-day evaluations (Fig. 3.3.3a; 3.3.3b; 3.3.4a; 
3.3.4b; 3.3.5).
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Fig. 3.3.3a Test insect infected by EPN from 
treated soil samples; H. indica (R) and 

S. carpocapsae (L)

Fig. 3.3.3b Emerging Infective juveniles of  
EPN webbing on the Petri-dish
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Table 3.3.1 Mortality levels of bait insects in soil samples - Heterorhabditis indica 

 Duration after  Mortality levels (%) of the bait insect
 sampling (d) 

  Location 1 Location 2 Mean mortality

 5 100 100 100 100 100

 15 100 100 100 100 100

 30 100 100 100 100 100

 45 100 90 100 90 95.0

 60 70 80 90 70 77.5

 75 60 60 70 70 65.0

 90 60 50 70 60 60.0

 120 40 40 50 60 47.5

Table 3.3.2 Mortality levels of bait insects in soil samples - Steinernema carpocapsae

 Duration after  Mortality levels (%) of the bait insect
 sampling (d) 

  Location 1 Location 2 Mean mortality

 5 100 100 100 100 100

 15 100 100 100 100 100

 30 100 100 100 100 100 

 45 100 90 100 90 95.0 

 60 70 70 80 70 72.50

 75 60 70 70 70 67.50

 90 60 50 60 50 55.0

 120 50 40 40 30 40.0

treated soil samples; H.indica (R) and 
S.carpocapsae (L)

 
EPN webbing on the Petridish
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3.3.3 Cashew - tea mosquito bug interactions 

nutrient sprays on TMB infestation

Herbivore induced plant volatiles (HIPV)

 The studies on identifying the HIPVs for tea 
mosquito bug in cashew was continued this year 
also at ICAR-IIHR, Bengaluru. The grafts of two 
cashew varieties viz., NRCC Sel-2 (highly susceptible 

to TMB) and Bhaskara (pseudo-resistant) were 
subjected for the study. The volatiles from both 
healthy cashew plants and TMB infested plants 
were collected using ‘Air entrainment method’ in 
Porapak -Q® column (Fig.3.3.6). The column was 
subsequently eluted with diethyl ether and checked 
using GC-MS. The chromatograms showed different 

the varieties.
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 The volatiles collected from healhty plants of 
Bhaskara for which TMB females showed response 
include 2-Methylnonae, -pinene, 3 – carene, 
terpinolene, -Terpinene, -caryophyllene etc 
(Fig.3.3.7). The infested plant volatiles of Bhaskara 
for which TMB had showed response were 

-Terpinene, 4-Ethylundecane, Acetophenone 4’- 
ethyl, Heptadecane,  Geraniolene etc (Fig.3.3.8). 
Similarly, healthy and infested plant volatiles of 

for which TMB had shown response through GC 

 The preliminary bioassys were carried out to 
examine the response of TMB females to the healthy 
palnt volatiles and infested plant volatiesl in different 
combinaiton using y tube olfactometers.  Bioassys 
between healthy plant volatiles and control i.e., 
solvent indicated more attraction towards healthy 
plant volatiles than control. Simialraly, bioassays 
between healthy plant volatiles and infested plant 
volatiles indicated more attraction of TMB adults 
towards healthy plant volatiles.  Further bioassays 

Fig. 3.3.7 Chromatogram and EAD response of TMB to Bhaskara healthy plant volatiles.
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Apis cerana indica and Braunsapis 
spp. on pollination and fruit set of cashews

a. Field studies with A. c. indica

increase in the number of A. c. indica bees visiting 

where bee colonies were kept @ 4/ha compared 
to control plot where bees from feral colonies had 
visited. Thus during 2023, A. c. indica colonies were 
kept @ 8/ha and the bee visits were recorded in 

(non-hive) plots (Fig.3.3.9). However, there was no 
substantial increase in number of bee visits in bee 
hive plots compared to non-hive plots. Examination 
of pollen load indicated a greater number of bees 

including Peltoforum sp., Mimosa sp etc. and only 
one out of 55 to 60 bees carried cashew pollen 
load. This clearly indicates preference of the bees to 

is present in the surroundings. Further, spraying of 
jaggery, fresh sugarcane juice, glucose and honey 

attraction of different ant species like Prenolepis sp., 
Diacamma sp, Camponotus 
the sprayed trees especially on the leaves, but not 
much of the bees as expected.

plantations

b. Pollina

viz., a native bee (Braunsapis mixta), stingless bee 
(Tetragonula iridipennis) and Indian bees (Apis 
cerana indica) was assessed in two cashew varieties 
viz., VRI-3 and MDK-2 in comparison to the open 
pollinated trees and the trees caged without any 
bees. Care was also taken to avoid visit of ants in 
all the caged trees by greasing in the tree trunk and 
the nests of the stem nesting bees that were present 
in the caged cashew trees were also checked and 
removed to understand the role of the particular 

method was followed using net cages as in previous 
year. Sugar feeding was done at weekly intervals for 
the Indian bees to supplement its food requirement. 
Observations indicated that all the three bee 

without any bees, no nut set was observed in 
four trees and only a few nuts (12 no’s) were set 
in one tree, which clearly indicates that bee visits 
are important for nut set in cashew. The nut yield 
obtained per tree under different bee pollination 
was recorded. Similar to the year 2022, the mean 
nut yield in VRI-3 plants was more in the trees that 

followed by Braunsapis sp. and the honey bees (Fig. 
3.3.10). During 2023, the mean nut yield of 2.45 
and 1.75 kg/tree was harvested in the trees caged 
with stingless bees and Braunsapis sp., respectively. 
However, the mean nut yield was less in the trees 

2022, the nut yield was more in open pollinated 
trees (2.6 kg/tree), but during 2023, it was very less 

less in the caged trees compared to the uncaged i.e., 
open pollinated ones. 
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 Under different bee pollination, the size of 
cashew apples and nuts were bigger in the those 
harvested from Braunsapis sp. caged trees followed 

Fig. 3.3.10 Nut yield of VRI-3 plants under different means of pollination

by stingless bees, hand pollination, open pollinated 
ones and lastly the honey bees (Fig.3.3.11). The 
same trend was observed in both VRI-3 and MDK-2. 

Fig. 3.3.11 VRI-3 fruits harvested under different bee pollination

 
on biochemical quality of cashew apples were also 
assed in VRI-3 fruits. Total phenols and antioxidant 
activities were higher in the fruits under open 

fruits harvested in the trees caged with Braunsapis 
sp (Fig. 3.3.12). The kernel biochemical quality 
was also assessed under different treatments that 

of N, K, Ca and Mg (%). 
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Seasonal incidence of Zodiomyia sp. (Conopidae) 
on B. mixta 

 Zodiomyia sp. (Conopidae) are the parasitoids 
of adult bees of B. mixta. The puparia of the conopid 

 
quality of cashew apples

number of puparia (> 160) were collected 
during January 2023 followed by February and  
March, 2023. Very few puparia (<20) were 
collected during April to June, 2032 (Fig. 3.3.13 and  
Fig. 3.3.14). The percent adult emergence was 
higher during September, 2023 compared to other 
months.

Fig. 3.3.13 A female Zodiomyia sp.
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cashew, molecular characterization, and their 
management measures 

 In cashew, thrips occur both on the leaves 

some species are predaceous in nature, some are 
fungal spore feeders and a few are even pollinators. 
Common thrips that occur on cashew leaves include, 
Selenothrips rubrocinctus Giard, Rhipiphorothrips 
cruentatus Hood, Retithrips syriacus (Mayet). The 

Scirtothrips dorsalis H., Rhynchothrips raoensis G., 
Haplothrips ganglbaueri (Schmutz), Thrips 
hawaiensis, H. ceylonicus Schmutz and Frankliniella 
schultzei (Trybom) (Thripidae). The tubuliferan 
thrips like Haplothrips ganglbaueri Schmutz that 

pollinators and not harmful.

 Recent surveys conducted by the scientists of 
ICAR-DCR, Puttur in the cashew growing regions of 
Sagar region of Karnataka showed higher incidence 

Severe infestation caused distortion of leaves and 
reduced growth of the cashew grafts (Fig. 3.3.15), 

cashew apples with cracking and reduced size 
and malformed cashew nuts. Besides S. dorsalis, 
two new species viz., Anascirtotrips arorai Bhattti 
and Scirtothrips bispinosis (Bagnall) were also 
observed there in the infested cashew plants. These 
observations indicate that survey and monitoring 
for thrips incidence in the cashew growing regions 
is required to understand the species complex and 
their role. 

 Periodical surveys and collection in the 
cashew plantations at Kemminje and Shantigodu 

showed occurrence of some more thrips species 
including Thrips palmi on cashew. A total of 
2,317 thrips specimens were collected during the 

Bengaluru. Out of the thrips collected, 70.7 % 
belong to Tubuliferan group, and 29.3 % belong to 
Terebrantia. Under Terebrantia, a total of six thrips 
species were recorded.

December, and the peak collection of specimens 
was observed during February- March (Fig.3.3.16). 
Thereafter decreasing trend was observed.  

between 3 and 17 during the observation  
period. 
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 The thrips like S. dorsalis and T. hawaiensis 
which occur on cashew were also collected on 

 which is a common weed 
plant in the cashew plantations of west coast 
regions. Besides, a new species of thrips viz., 
Hydatothrips longirostris (Thysanoptera, Thripidae) 
was collected in  from the cashew 
plantations of Shantigodu region and reported, 

in cashew crop and their morphological and 
molecular characterization

Report of anthracnose disease in cashew apple

 The disease infected cashew apple samples 
suspected for anthracnose were collected from 
Alankar and Sowthadka plantations of Karnataka 
Cashew Development Corporation (KCDC) and 
experimental cashew plots of ICAR-Directorate of 

Cashew Research during 2021 and examined. The 
initial symptoms can be observed on ripened cashew 
apples as irregular small dark brown to black spots. 
Later, the affected cashew apple develops sunken or 
depressed, prominent dark brown to black decay 

can coalesce and eventually penetrate deep into 
the fruit, resulting in fruit rotting (Fig 3.3.17A). 
The mycelial growth on potato dextrose agar (PDA) 
medium showed aerial, whitish to greyish coloured 

colour on the reverse side (Fig 3.3.17 B & 17C).  
The conidia are single celled, hyaline, cylindrical 
shaped and conidial size ranges from 12.78 ± 
1.54 m ? 4.75 ± 0.75?m (Fig 3.3.17D). Based on 
the symptoms observed and the morphological 
characteristics, association of Colletotrichum spp. 
causing anthracnose disease of cashew apple is 
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Fig 3.3.17. (A)-Typical symptoms of cashew leaf blight disease, (B)- Pathogen growth on  
 

conditions

 The pathogenicity test was done on matured 
fruits of cashew varieties (n=10). Conidial 
suspension (2 x 106 spores ml-1) Colletotrichum 
spp. was sprayed on the healthy cashew fruits, and 

kept in inoculation chamber by covering with white 
polythene sheets for 24 h (25± 2°C and >90 percent 
relative humidity). The cashew fruits showed 
similar symptoms (Fig 3.3.18) after 7-10 days post 
inoculation (DPI).
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Molecular characterization using multi-gene 
analysis

 One isolate (anthracnose of apple) was 
subjected for molecular characterization based 
on gene sequence of partial rDNA, Beta tubulin, 
Glutamine synthetase (GS) and mating type protein 
(AP-MAT). The genomic DNA was isolate from 10 
days old cultures and internal transcribed spacer 
(ITS) of partial rDNA, Beta tubulin, Glutamine 
synthetase (GS) and mating type protein (AP-MAT) 
primer pairs respectively. The band size of 700 

(GS) and mating type protein (AP-MAT) genes. PCR 
amplicons were sequenced, and the sequences 
were deposited in GenBank. The phylogeny was 
constructed based on combined of partial rDNA, 
Beta tubulin, Glutamine synthetase (GS) and 
mating type protein (AP-MAT) regions. Neighbour-
Joining (NJ) analysis was conducted and the tree 
was constructed with the substitution models 
(branch support was evaluated by 500 bootstrap 

that the sequences shared a common clade with 
Colletotrichum siamens (Fig 3.3.19).
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Bioassay of fungicides against Neopestalotiopsis 
clavispora and Colletotrichum spp.  causing 
cashew leaf blight and anthracnose respectively

 Invitro bioassay was performed with different 
chemical fungicides against Neopestalotiopsis 
clavispora and Colletotrichum spp.  causing cashew 
leaf blight and anthracnose respectively. The 
treatment and dosage of fungicide used in the 
study was given in the table 1. Among the different 
fungicide treatments, T2- Propiconazole 25% 
EC @ 0.1%, T4- Propineb 70% WP @ 0.2% and 
T6- Flusilazole 12.5% + Carbendazim 25% SC @ 

 
sequence of partial rDNA, Beta tubulin, Glutamine synthetase (GS) and mating type protein (AP-MAT) 
showing the phylogenetic relationship of C siamense Puttur 1 with other Colletotrichum species in the 
Colletotrichum gloeosporioides species complex (Cgsc) retrieved from Maximum Likelihood (ML) method. 

0.2% were found effective inhibiting the growth 
Neopestalotiopsis clavispora in comparison to 
control (Fig. 3.3.20). Similarly, for management of 
anthracnose pathogen, same set of fungicides used 
with different doses as given in Table 3.3.3. Among 
the evaluated fungicides, T2- Propiconazole 25% 
EC @ 0.1%, T4- Propineb 70% WP @ 0.2%, T6- 
Flusilazole 12.5% + Carbendazim 25% SC @ 0.2% 
and T7- Carbendazim 12% + Mancozeb 63% WP @ 
0.2 % were found promising compared to control 
(Fig. 3.3.21).

Table 3.3.3: Details of fungicides treatment and dosage used in bioassay 

 Treatment Chemical Name Trade Name Manufacturer Dosage (%)

 T1 Hexaconazole 5% SC Contaf Rallies India Ltd 0.1
 T2 Propiconazole 25% EC Tilt Crystal Crop Protection Ltd 0.1
 T3 Tebuconazole 38.9% SC Folicur Bayer Crop Science Ltd. 0.1
 T4 Propineb 70% WP Antracol Bayer 0.2

  Tebuconazole 50% W
 T6 Flusilazole 12.5% +  Lustre Dhanuka 0.2
  Carbendazim 25% SC
 T7 Carbendazim 12% +  Saaf UPL 0.2
  Mancozeb 63% WP
 T8 Control 
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Fig. 3.3.20: Percent inhibition of different fungicides treatment against  
Neopestalotiopsis clavispora under invitro conditions

Fig. 3.3.21: Percent inhibition of different fungicides treatment against  
Colletotrichum spp. under invitro conditions

3.3.7 Establishment of Farmer-Centric Pest Diagnostic and Bio-Control Laboratory to Achieve 
Sustainable Cashew Health Management (Externally funded project)

incubator, vertical autoclave, hot air oven, refrigerator and deep freezer installed (Fig. 3.3.22a; 3.3.22b; 
3.3.22c; 3.3.22d).
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Fig. 3.3.22a Laboratory with work benches

Fig. 3.3.22c Compound microscope Fig. 3.3.22d Volatile collection unit
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Priority area IX: Post-Harvest Technology

Cashewnut processing systems in India

 Diagnostic investigation carried out with 
randomly selected cashewnut processing units 
located in major cashew growing states viz., 
Karnataka, Kerala, Tamil Nadu, Odisha, and Andhra 
Pradesh were analysed for the processing cost per 
unit weight of raw cashewnuts for various category 
such as labour oriented, semi-mechanized and fully 
automated and presented in Table 1. The lowest 
cost incurred for fully automated unit located 
in the Odisha state operating with a capacity 
of 8 TPD whereas processing cost expended 
for processing unit weight of raw cashewnuts 

found to be the highest in the Kerala state i.e.,  
34.50 having employment strength of 215. Strict 

labour law in force in the Kerala state and other 

the prime reasons for the hike in processing cost. 
Depending on the degree of mechanization in semi 
mechanized sector in Indian cashewnut industry, 
the processing cost ranged from 12 to  20/- per 
kg of RCN. It explains that the processing cost is 
directly related to skill level of employees, degree 
of mechanization and quantum of processing. But 

of raw cashewnuts in to white whole kernels sold at 
better price irrespective of market and control on 
the discoloration leading to secondary or tertiary 

per kg of RCN) for various category of cashewnut 
processing units in deferent states

 State Mode of  Average Strength of Average
  processing capacity  labour processing
   utilization (TPD) force cost kg-1 ( )

 Karnataka Labour oriented 3.0 200 22.50

  Semi-Mechanized 4.2 300 20.20

  Fully automated 15.0 200 17.50

 Tamil Nadu Labour oriented 1.5 250 16.50

  Semi-Mechanized 2.0 250 19.50

  Fully automated 10.0 180 16.00

 Andhra Labour oriented 1.5 75 24.00

  Pradesh Semi-Mechanized 4.0 200 16.00

  Fully automated 10.0 220 12.00

 Odisha Labour oriented 1.5 <75 15.00

  Semi-Mechanized 3.0 150 12.00

  Fully automated 8.0 100 10.00

 Kerala* Labour oriented 2.4 215 37.50

* Diagnostic investigation with semi mechanized and fully automated processing units yet to be completed
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cashew for enhancing whole kernel recovery

 Design of static and rotary cooking vessels 
with suitable steam generating boiler are prepared 
to establish a lab scale processing set up to take 
up multi trials towards optimization of pertinent 
processing parameter. Critical parameters 

at various stages of processing especially steaming 
or conditioning the raw cashewnuts, curing, kernel 
drying, kernel conditioning by moisture infusion 

experimental design prepared following RSM 
methodology. 

peeling of cashew testa (Observation trial)

 Viewing the cost of peeling machine and the 
necessity of manual peeling with personal hygiene 

especially for ‘Home scale or Cottage level cashew 
processing’, an attempt has been made to develop 

i.e., acrylic powder, and has allergic effect to human. 
Therefore, thimble design used in the protection 
while hand sewing is referred for fabricating metal 
cap with nail structure to scratch testa of cashew 
kernels (Fig 3.4.1; 3.4.2). 

trial conducted. Various treatments applied for short 
duration thermally conditioned unpeeled cashew 
kernels prior to peeling are aqueous solutions with 
different concentration and temperature and steam 
treatment in recovering whole kernels without any 
physical damage and discoloration during manual 

ease of peeling and retained its surface colour with 
enhanced whole kernel recovery. 

from cashew apple and sprouts

 Cashew sprouts are an underutilized source of 
food which is rich in minerals and phytochemicals 
and hence it is a part of diet for the local people. 
However, due to the lack of awareness in the 
management of these sprouts, they tend to get 

wasted. Development of a product such as Cashew 
sprout Nutri-bar can help cashew farmers get 
better returns on their products. Development and 
evaluation of “Cashew Sprout Nutri-bar” enriched 
with sprouts of cereals and grains was investigated. 
Different treatment combinations of the “Cashew 
Sprout Nutri-bar” were formulated to provide better 



Annual Report 2023

69

nutritional value as well as consumer acceptance. 
Cashew sprout Nutri bar formulation includes 
ragi sprouts, green gram sprouts, cashew sprout 
powder and Jaggery. Eight treatment combinations 
of Nutri-bar were subjected to different analyses. 
The samples were analyzed for physiochemical, 
biochemical and sensory qualities using standard 
methods.  It was observed that the total phenolics 

and total antioxidant activity was highest in the 
fresh cashew sprout sample 208.32±0.87 mg 
GAE/100 g and 210.5±0.32 mg/100g respectively, 

formed using cashew sprout powders. The samples 
received positive feedback from the organoleptic 
evaluation (Fig. 3.4.3). 

Development and standardization of cashew 
apple pomace powder cookies

 Cashew apple pomace powder was used 

avoided. The cookies were subjected to physical, 
biochemical, and sensory evaluation. The developed 

cookies had good amount of crude protein (6.84%), 
crude fat (13.3%), ash (92.30%) contents and 

such as ragi, proso, little millet and jowar millet. 
Proximate, biochemical, sensory, and microbial 
analysis. The protein content was high in T2 (ragi 
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mixed cookies compare to other millets. The fat 
content in cookies were also analysed and it was 
found to be T3 (proso) fat content compare to other 

cookies. The ash content in cookies was highest in 
control that is only cashew apple pomace powder 
cookies compare to other combinations (Fig. 3.4.4). 

Development and Standardization of cashew 
apple-based fruit bars 

 The cashew apple pulp was blended with guava 
pulp, to improve the nutritional and organoleptic 
qualities of the fruit bars. It was also evident that the 
incorporation of the cashew apple with guava pulp had 
no negative effect on its proximate composition; rather 
it had positive effects like the increase in ash content, 

the blend of guava with cashew apple has increased the 
overall acceptability of fruit bar (Fig. 3.4.5). 

from Cashew Apple

 To develop fruit juice-based probiotics along 
with Cashew apple seasonally available fruits like 
watermelon, muskmelon, pomegranate, oranges, 
and cashew kernel milk was blended in different 
proportion. The blend which is giving good taste 
and less acidic were selected for screening of 
probiotic cultures. 

(leaf and apple) nutraceuticals for their 
utilization in the development of functional 
foods. 

 The phytochemical characterization of the 
Bhaskara variety was initiated for total phenolics, 
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Priority area IX: Transfer of technology and knowledge management

project)

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

 Particulars Numbers

 Number of downloads (as on December 31st, 2023) 6005

 Google play store Rating 4.0

 Grafts booked via the app so far 33, 796

 States for which grafts are booked Karnataka, Tamil Nadu, Andhra Pradesh
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 Earlier a Comprehensive website i. e. Cashew 
Protect for AI based diagnosis was developed 
using Tensor Flow software and others (https://
cashewprotect.icar.gov.in/)  Cashew Protect app 
was also developed  https://play.google.com/
store/apps/details?id=com.tosall.cashewprotect). 
The website and apps were released during Annual 
Group Meeting of All India Coordinated Research 
Project on Cashew held at Dr.YSR Horticultural 
University, Venkataramannagudem, Andhra 
Pradesh. 

pests and one disease (pests namely TMB, CSRB, 
leaf miner, Mealy bug, Aphids, Apple and Nut borer 

and one disease i.e. leaf blight) Text pertaining to 
insect morphology, management and precautionary 
measures is developed for 23 pests and 2 diseases. 
Content writing for both website and app has been 
accomplished in all local languages in addition to 
English.  

 Images (more than 5000) of various diseases, 

from different scientists and also from centers of 
All India Coordinated Research Project on Cashew 
spread across the country. 

 The app is downloaded 603 times so far with 
the play store rating of 4.88. The app is being used 
by more than 10 countries and among them, major 
countries are India, Nigeria, USA, Ghana, Cambodia 
and Brazil
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slicer for cashew apple

Principal Investigator : Dr. D Balasubramanian  
  (PI) 
Co-Principal Investigator : Dr. Ravindra Naik 
  (Co  PI), ICAR-CIAE,
  Tamil Nadu
Project code :  IXX11563  
Project duration : 2014-23   

Abstract about invention 

 A mechanized slicer for cashew apples is 
developed for size reduction for further processing 
either to vacuum fry to prepare crispy nutritive 
chips or drying shredded pieces to convert in 
to amorphous form as basic ingredient in value 
addition as food, feed or fuel. It consists of feeding, 
singulation, slicing and discharge mechanism. 
Performance of the slicer evaluated and its 
operational capacity found to be in the range of 78 
to 90 Kgh-1 with average round slice recovery of 68 
%. Floor space required is 2.38 M2 and total power 
requirement is around 1.54 HP. 

Protocol for the preparation of cashew apple 
powder

 Freshly harvested fully ripened cashew 
apples (CA) are washed in running water to remove 
adhering dirt or other unwanted matter. Cashew 
apples are sliced with 2-3 mm thick with circular 
c/s, manually or mechanically and treated it with 

a short period. Later the treated CA slices need to 
be immersed in preservative solution for about 
2-3 min. to inactive natural microorganism. Drain 
excess water adhering to surface of CA slices by 
transferring to wire mesh tray. Drained CA slices 
are spread in a thin layer on the wire mesh tray, 
loaded on to the mobile trolley and shifted to 
convection dryer maintained at pre-determined air 

temperature. Change the position of the tray after 
every 2 h and turn partially dried CA slices after 4-5 
h to ensure uniform drying. End point of moisture 
diffusion process is that CA slices become crispy 
and appear shriveled on its surface. Grind dried 
CA slices for size reduction and again dry for short 
period to facilitate further grinding. Pulverize the 
dried CA slices and sieve to obtain cashew apple 
powder of uniform particle size. 

meter for Cashew 

Principal Investigator : Dr. D Balasubramanian

  (PI) 

Co-Principal Investigator : Dr. Sreejith, 

  M/s EMCON, Kerala 

Project code : IXX13682   

Project duration : 2018-23

Abstract about invention 

 Moisture content (MC) of Raw cashewnuts 
(RCN) has direct consequence on the market 
value of the nuts as it decides ability to store for 
prolonged period and its usability in the line of 
processing. Portable moisture meter (MM) of 
non-destructive nature indicating near accurate 
moisture of the material is essential for the cashew 
industry as whole. A 3in1 moisture meter is 
developed to determine the MC of raw cashewnuts, 
unpeeled kernels (UPK) and peeled kernels (PK). 
It has capacitance based parallel plate technique 
to assess MC and its sensitivity enhanced by 
innovative approach of ‘double cavity’. Calibration 
of moisture meter carried out with generated 
data and tested for its accuracy and repeatability. 
Data mining carried out with experimental data to 
develop polynomial formulation and its accuracy is 
±1%. 
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Background information and genesis

 Cashew is one of the most nutritious and 
delicious dry fruits of the world. More than 32 
countries are engaged in cashewnut production, 
processing and export. India is the foremost country 
to begin commercial production of cashew kernels 
and cashewnut shell liquid (CNSL), the byproduct of 
the cashew industry and exploited the world trade.  

processing (20.57 lakh MT) and consumption of 
cashew kernels (2.32 lakh MT). 

 Cashew nut is typically reniform and it 
takes minimum of three weeks after pollination to 
attain the nut length and width of 30 mm and 25 
mm respectively. At this stage of nut development, 
approximately 33% of the cavity within the shell 

kernel. The developing tender nut is green in 
colour having high moisture and the shell of the 
mature nut contains a corrosive liquid in honey 
comb structure, commercially known as Cashew 
Nut Shell Liquid (CNSL). During the development 
phase, size of the nut reduces due to desiccation 
and similar shrinkage occurs in the kernel also. At 
the end of growth phase, mature nut will be grey 
in colour, hard and having relatively less moisture 
compared to the earlier stages of development. It is 
observed that the weight reduction in the nuts from 
the beginning to the matured stage is in the range of 
15-40 %. 

 Cashewnuts is the basic raw material for 
cashewnut processing industry and about 70% of 
the total cost is incurred towards procurement. 
Moisture content of raw cashewnuts plays a 
vital role on the shelf life in order to operate the 
processing units round the year. Moisture content 
of raw cashewnuts varies between 12-21% d.b at 
the time of harvest and it needs to be dried to 8 % 
d.b. to enhance its shelf life. As such nuts are dried 
under sun for 2 to 3 days, to reduce the moisture 
to safer level. End point of drying is decided by 

rattling sound produced while rubbing the nuts 
inside the palms of hands. Otherwise, moisture is 
determined by chemical distillation method which 
is destructive, time consuming, laborious and 
lab oriented one. Therefore, moisture has direct 
consequence on the market value of the nuts as it 
decides ability to store for prolonged period and its 
usability in the line of processing while extracting 
edible kernel with minimal damage and loss of 
nutrients. Drying operations are energy intensive 
process and therefore it’s advantageous to monitor 
its moisture content to safer level. Portable moisture 
meter of non-destructive nature which indicates 
near accurate moisture of the material is essential 
at drying site. 

 Besides, shelled cashew kernels i.e., unpeeled 
cashew kernels have to undergo moisture 
diffusion process to ease manual or mechanical 
peeling. Natural or forced convective air drying 
is employed to dry unpeeled cashew kernels for 
further processing. Moisture content of the kernels 
is the decisive factor to schedule exposure period 
for the given air temperature. Kernel over dried 
becomes brittle leading to kernel breakage during 
peeling and under dried kernels culminate in lower 

available to detect the moisture level of unpeeled 
cashew kernels to minimize energy utilization and 

during peeling operation. Finally, cashew kernels at 
the end need to be packed in an appropriate mode 
depending on domestic or overseas trade with 
recommended moisture content. Although certain 
moisture meters are available, a single moisture 
meter which can measure moisture content of raw 
cashewnuts, unpeeled cashew kernels and cashew 
kernels is very much preferred by the cashew 
industry. 

 In view of the aforesaid problems, it is the need 
of the hour to develop multi-purpose instantaneous 
moisture meter for the cashew industry to assess 
the moisture content of raw material for long term 
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storage, optimize processing parameters and for 
food safety.

for taking up the invention

 Raw cashewnuts has three different layers 
viz., shell, testa and kernel having different chemical 
composition. Initial moisture content of raw 
cashewnut various from 12 to 21 % d.b. at the time of 
harvest depending upon the variety, maturity level 
and nut to kernel ratio. During the growth phase, 

and moisture loss takes place. It is recommended 
to harvest the raw cashewnuts at full maturity as 

by either drum roasting or steam boiling mode of 
processing which are prevalent in the east and west 
coast of India.  

 Cashew is subjected to the attack of several 
seed borne fungi. Fungi like cladosporium 
(Rangaswamy et.al.,) and Nematospora corilly 
Peg and Nematospora gossyppi (Goalto,1970), 

tamari, Rhizopus nigricans, Fusarium sp. and 
Gliocladium sp. (Esurauoso, 1974) were found 
infecting immature and mature nuts and also the 
kernel. The fungi Nematospora sp. penetrates into 
the kernel and cause sunken spots which lower the 
market value of the nuts (Agnoloni and Giuliani, 
1977). Storage diseases are due to imperfect drying 
or poor storage. Raw cashewnuts are much more 
contaminated than the processed ones. A seed 

seeds of disease along with it. Different forms of 
fungi, bacteria, viruses and insects are carried on or 
in the seed and fungi is the most predominant one. 
Gonatobotyum apiculatum, Heminthosporium sp., 
Corynespora, Alternaris sp. and Verticillium sp are 
also found to be serious fungi for raw cashewnuts 
(Joseph, 1984).

 Standard gravimetric laboratory tests are 
tedious, requiring several hours for completion and 

are destructive in nature. Number of conductivity 
and capacitive based techniques measure average 
moisture in bulk materials and need particular size 
of the sample to be measured. Moisture meters with 
penetrating probes are suitable for semisolid or 
grainy material or liquids only. Waveguide resonant 
cavity techniques have been widely used to perform 
moisture measurements non- destructively as 
well as complex permittivity’s of semiconductor 
materials. The waveguide cavity technique is 

unloading of samples even though it is considered 
as an accurate technique.

 Several modes of direct current conductivity 
and capacitance measurement-based moisture 
sensors available in the market can handle bulk grain 
samples only where it is impossible to measure the 
range of moisture contents or dielectric parameters 
of the hard-shell agricultural commodity. It is also 
affected by the air gaps in the natural geometrical 
position of the nut samples and conductivities of the 
nuts due to non-uniform shapes. The conductivity-
based moisture meters need constant pressure to 
be applied to the bulk under measurements for the 
validity and hence they are subject to the human 
errors.

 Low frequency techniques are associated with 
the contributions due to the ionic conductivities of 
the moist grain and hence are subjected to inherent 
errors. These types of sensors are based on the 
power measurement and are totally dependent 
on the calibration of the materials on the custom-
made sensor and totally dependent on the 
dynamic performance of the detector system and 
its readout system performance. The drawbacks 
of the conventional methods for determination of 
moisture content hinder the exact determination 
of the moisture content. The need has therefore 
been realized for a method and an instrument 
for determining the moisture content in various 
samples which overcomes the problems mentioned 
above. 
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Description about the invention

 The present invention relates to an instrument 
for determining moisture content on dry basis for 
inshell cashewnuts, cashew kernel with testa and 
cashew kernels without testa. More precisely, it 
relates to a moisture sensing instrument which 
uses the measurement of dielectric properties for 
quantifying the moisture content of the samples 
while placing between two parallel conductor 
plates.  Sensibly it serves as 3in1 moisture meter, in 
general for cashew. 

 The object of the present invention is to 
provide a non-destructive double cavity instrument 
for moisture measurement which obliviates the 
drawbacks in the existing methods and provide 
accurate, reliable and repeatable results; which 
are density and volume independent. Measuring 
and monitoring moisture content of cashew, aids in 
maintaining the quality and increasing the shelf life 
of a product.

 The prior art cites references to different 
methods of quantifying the moisture contents 
in inshell cashewnuts or cashew kernels with or 
without testa. Moisture can be determined by 
standard gravimetric laboratory tests which are 
tedious and require longer duration for completion. 
Chemical distillation method is a destructive 
method and used certain solvent chemical for 
moisture determination.

 Distribution of moisture content in different 
layers viz., inshell nut in whole form, shell and 
kernel revealed that similar trend observed 
for all the three different layers irrespective of 
varieties. In general, moisture content declined 
from peanut to fully matured stage for the varieties 
investigated indicating hardening of the nuts. 

freshly harvested nuts varied from 12-17% d.b for 
investigated varieties. Therefore, a novel instrument 
to determine the moisture content in the cashew 

was developed following the principle of measuring 
the capacitance between parallel plates. 

 Distance between the parallel plates was 
designed based on the spatial dimensions of the 
inshell cashewnuts exclusively the minor axis value 
and its irregular shape. Various investigations 

compaction, size of the inshell cashewnuts vis-à-vis 

the nuts, surrounding environment, and overnight 
storage in air tight environment. 

 Essentially, the size of the moisture meter is 
of utmost importance in view of ease of handling, 
therefore extensive investigations carried out to 
decide the size of the instrument or otherwise 
the total area of the parallel plates to sense the 
moisture in the nuts or kernels sample loaded 
between the parallel plates. Accounting the 
moisture holding capacity of inshell cashewnuts, 
cashew kernels with and without testa and its 
variation in dielectric properties based on its size 
and chemical composition, novel design of double 
cavity moisture meter circuits is adjusted for 
suitable resistor towards higher resolution. 

 Calibration of moisture meter carried out 
in comparison with chemical distillation method 
of determining moisture content using toluene 
as solvent. Mathematical formulation used to 
correlate between moisture determined by 
chemical distillation method and instrument mode 

to decide the accuracy. Algorithm developed for 
inshell cashewnuts and cashew kernels separately 
as it showed different trend while correlating 
original moisture and value indicated by moisture 
meter. Necessary circuitous corrections are  
made for measuring the moisture content using 
this novel instrument for in inshell cashewnuts 
and cashew kernels separately, with push button 
mechanism. 
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productivity of cashew in Shivamogga and 
Chitradurga districts in Karnataka 

Principal Investigator :  Dr. G.S. Mohana 

Co-Principal Investigator :  Dr. E. Eradasappa

Project code : OXX5458   

Project duration : 2020-24

 This project was funded by Rashtriya Krishi 
Vikas Yojana – Remunerative Approaches for 
Agriculture and Allied Sector Rejuvenation ((RKVY-
RAFTAAR). The objective of the project is to expand 
area under cashew in non-traditional areas such as 
Shimoga and Chitradurga districts (Table 3.6.1 and 
Fig. 3.6.1; Fig. 3.6.2). The total sanctioned budget of 
the project is Rs. 36 lakhs. 

 Particulars/ Districts Shimoga Chitradurga Total

 Total area covered during 2020-21 (acres) 61.54 56.11 117.65

 Total area covered during 2021-22 (acres) 44.26 23.55 67.81

 Area covered for two years (acres) 105.80 79.66 185.46
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4.2 Exposure Visits

Exposure visits to ICAR-DCR, Puttur

 Several farmers, input dealers, students, 

4. EXTENSION ACTIVITIES
4.1 Advisories

rd

 Sl.  Name and Purpose Date of No. of Coordinators
 No address of visit visit participants
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  Anusha, A,
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4.3 Exhibitions

th  

th th

 

the information to farmers and other 

th th

 

 
th

4.4 Students guided

 Sl Name Institute/College project/thesis/ Year
 No   internship report title
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Dr. Veena G.L guided the following students for project/thesis/internship

 Sl Name Institute Project/Thesis / Year 
 No.   Internship report title
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5.1 Brainstorming session on “Prospects of 
Cashew Cultivation in non-traditional areas of 
Karnataka” and “Distribution of Agriculture 

under the SCSP scheme

5.  IMPLEMENTATION OF STC/TSP AND SCSP

5.2 Distribution of brush cutters and Vegetable 

th
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5.3 Training Programme on Cashew Cultivation 
and apple Utilization and distribution of Inputs 
under SCSP-scheme

th
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of Dakshina Kannada, Karnataka

 

5.5  Training Programme on Cashew Cultivation 
and Nursery Management and Distribution 
of inputs under the SCSP scheme to the  
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5.6  Distribution of farm input Cow mats to SCSP 

rd

5.7 Distribution of farm input-Cow mats to 

technical workshop on Nutritional management 
in Dairy animals
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6.  Agri Business Incubation
ICAR IP & TM Scheme: Agri Business Incubation (ABI), ICAR-DCR, Puttur

Manual peeling process of cashew kernels Steam boiling of raw cashewnuts
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Operating Nitrogen packig machine Women entreprenuer at ABIC

Sorting raw cashewnuts – Incubation Phase  
Director, ICAR-DCR

Working with mechanized de-shelling Learning by doing – Manual de-shelling

Fig. 3.4.5 Incubation program at ABIC – ICAR-DCR



Annual Report 2023

90

7.1 Awards and Recognitions

 

 

   

   

   

   

th to 4th  

   

   

   

   th to 
th

   

   

7.  AWARDS/RECOGNITIONS/RESOURCE PERSONS/LECTURES
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   nd 

th

   

th th
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th

   

nd
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nd

   

   

   

   

   

th th

   

   
th th
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7.2  Resource Person / Lecture delivered 

 

st

  

   

   

   

   

   

   

   
th th
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th

   

nd

   

th th
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th th

   

th

   

th
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th

   

   

   

   

th

   
th
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th, 

   

th th 

   

   

   
th

th

   

th

   
th

th

   

   th
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8.1  RESEARCH PAPERS/REVIEW ARTICLES

International Journals

Anacardium occidentale Scientia Horticulturae, 

Folia Microbiologica

Opuntia and 
Nopalea Genetic Resources and Crop Evolution 

Biological Forum-An International Journal

et al. 2023
Oryza sativa

E. guineensis
Euphytica,

Frontiers in Plant Science,

Environment Conservation Journal,

Journal of Applied Horticulture,

8. PUBLICATIONS
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et al
Magnaporthe

Frontiers in Microbiology,

Puccinia graminis tritici
Frontiers in Plant Science,

Zootaxa,

Neopestalotiopsis clavispora
Plant Disease

Scientia Horticulturae,

Gene, 

National Journals

Anacardium occidentale Journal Horticultural Sciences.

Persea 
americana The Indian Journal of Agricultural Sciences, 

Natl Acad Sci Lett.  
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Journal of Horticultural Sciences,

Magnaporthe oryzae
Indian Phytopathology

Aphis odinae
Pest Management in Horticultural Ecosystems, 

Indian Journal of 
Entomology,

Anacardium occidentale Nat. Acad. 
Sci. Lett. 

8.2 PARTICIPATION AND PRESENTATION IN SYMPOSIA/ WORKSHOPS/ SEMINARS/ WEBINARS / 
MEETINGS

International Conference 

 et al. 2023 Anacardium 
occidentale

et al. 2023 Anacardium occidentale 

 
th

st

Anacardium occidentale nd
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th

th Annual 

et al. 2023 Neopestalotiposis 
clavispora

Apis cerana indica
Braunsapis mixta nd

Apis cerana 
indica Braunsapis mixta

nd

et al., 2023
th th
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National Conference 

th

th th

th

th

th

et al., 

th th
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8.3 ABSTRACTS IN SYMPOSIA/WORKSHOPS/SEMINARS

th

Apis cerana 
indica Braunsapis mixta

nd

th th

8.4 BOOKS/BOOK CHAPTERS/LECTURE NOTES

Book

Book Chapters

et.al., 

et.al.,

et.al., 

et.al.,
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et.al.,

et.al.

et.al., 

et.al.,

et.al., 

In:

In:

In:
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In: 

In:

 In: 

In:

In: 
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In:

In: 

In:

In:
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8.5 TECHNICAL REPORTS/COMPENDIA

8.6 TRAINING MANUAL/TECHNICAL BULLETINS

8.7 EXTENSION BULLETINS/PAMPHLETS/LEAFLETS

Geru krushi 
besaaya kramagalu



Annual Report 2023

109

8.8 POPULAR ARTICLES

Geru bele- ondu Pakshinota

Kerala Karshakan

Cuphea hyssopifolia

8.9 WEBSITE/e-PUBLICATIONS

 
st
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9.  LINKAGES / COLLABORATION
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10.  HUMAN RESOURCE DEVELOPMENT / TRAINING AND  
CAPACITY BUILDING
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th
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11. ONGOING AND CONCLUDED RESEARCH PROJECTS
Ongoing projects

 Continuous Division-  Title, duration, Number PI Co-PIs
 No. wise No.

  CROP IMPROVEMENT

  Priority area I: Management of cashew genetic resources (Leader: Dr. Mohana. G.S)

   PIMS Number: IXX00382

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

   PIMS Number: IXX00393

   PIMS Number: IXX09323

   PIMS Number: IXX13687

   PIMS Number: IXX15237

   PIMS Number: IXX17064

   PIMS Number: IXX17065
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 Externally Funded Project: 
   

   PIMS Number: OXX03473

   
   approaches in cashew (Leader: Dr. Siddanna Savadi)

   PIMS Number: IXX14347

   PIMS Number: IXX17066

   CROP MANAGEMENT

   
   (Leader: Dr. Shamsudheen M)

   PIMS Number: IXX16218

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

   PIMS Number: IXX15130  

   PIMS Number: IXX16223

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

Anacardium occidentale

   PIMS Number: IXX16215

Anacardium
   occidentale

   PIMS Number: IXX16363

   PIMS Number: IXX15634  

   PIMS Number: IXX15635

   PIMS Number: IXX16942
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   (Anacardium occidentale

   PIMS Number: IXX16474

   PIMS Number: IXX16364

     Shamsudheen M

Externally Funded Project: 

   PIMS Number: OXX5457

Externally Funded Project:  

   PIMS Number: OXX5543

Externally Funded Project:

   PIMS Number: OXX5544
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   CROP PROTECTION

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

 

   PIMS Number: IXX14975  

Helopeltis antonii

   PIMS Number: IXX16224

 Apis cerana indica
   Braunsapis

   PIMS Number: IXX14974

Plocaederus ferrugineus
   and Plocaederus obesus

   PIMS Number: IXX16225

   PIMS Number: IXX17045

   PIMS Number: IXX17067
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Externally Funded Project:

   PIMS Number: OXX5545

   POST HARVEST TECHNOLOGY

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

   

   PIMS Number: IXX14346

   PIMS Number: IXX17068

   PIMS Number: IXX17069

   PIMS Number: IXX16226

   PIMS Number: IXX16286
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   potential

   TRANSFER OF TECHNOLOGY

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

   PIMS Number: IXX17070

   PIMS Number: IXX17071

Externally Funded Project:

   PIMS Number: OXX5068

   

   PIMS Number: OXX5458
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Externally Funded Project:
a

   PIMS Number: OXX5459

Externally Funded Project:
   

  List of projects concluded in 36th IRC

 Continuous Title, duration, Number Project workers Level and Duration
 No.   of involvement
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12. Consultancy, Patents and Commercialization of 
Technology

12.1 Commercialization of ICAR-DCR technologies:

th 

th

th 

12.2 Copyrights/Patent/Plant Variety registration: 

th



Annual Report 2023

122

13. RAC/ IRC/ IMC/ IJSC MEETINGS

13.2 Institute Research Committee (IRC)

th

13.1 Research Advisory Committee (RAC)

th

nd th RAC 

th

th 

th
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13.3 Institute Management Committee (IMC) 
Meeting

th nd 

 

13.4 Institute Joint Staff Council (IJSC)

  a b c d e f g h i j k

                          Total 36 9 3 2 6 2  36 - 9 9

Division

O
n

go
in

g 
in

st
it

u
te

p
ro

je
ct

s 
p

re
se

n
te

d

O
n

go
in

g 
ex

te
rn

al
p

ro
je

ct
s 

p
re

se
n

te
d

O
n

go
in

g 
ac

ti
vi

ty
p

re
se

n
te

d

N
ew

 p
ro

je
ct

s
ap

p
ro

ve
d

N
ew

 a
ct

iv
it

y
ap

p
ro

ve
d

P
ro

je
ct

 c
on

cl
u

d
ed

 in
3

6
th

 IR
C

Ex
te

rn
al

 p
ro

je
ct

s
co

n
cl

u
d

ed

To
ta

l i
n

st
it

u
te

p
ro

je
ct

s 
ap

p
ro

ve
d

 fo
r

2
0

2
3

-2
4

 =
 (

a+
d

)=
f

A
ct

iv
it

y 
co

n
cl

u
d

ed

To
ta

l a
ct

iv
it

y 
fo

r 
FY

2
0

2
3

-2
4

 =
 (

c+
e)

 =
 i

To
ta

l E
xt

er
n

al
p

ro
je

ct
s 

2
0

2
3

-2
4

 (
b

-



Annual Report 2023

124

 1 Dr. J. D. Adiga, Director Chairman
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14.1 Programmes

International Women’s Day, 2023

th

14. PROGRAMMES, WORKSHOPS, SEMINARS, TRAINING, 
FARMERS DAYS AND OTHER RELEVANT EVENTS ORGANISED

 

International Yoga Day celebration at ICAR-DCR, 
Puttur

st
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Annual Cashew Day 
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World Intellectual Property (IP) day celebration 
at ICAR-DCR, Puttur

Foundation day celebration at DCR, Puttur

th
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Awareness programme to MGMG village farmers

Vigilance Awareness Week

st th

st
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 Sl. No.  Programme details Date Male Female Total
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World Soil Day celebrations

th

Kisan Diwas
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Swacchata Pakhwada
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14.2 FRONTLINE DEMONSTRATIONS

Drone Demonstration

Details of demonstrations

 Sl. Date Place No. of  Area covered Crop No of Coordinator Co-
 No.   Demo. (acres)  participants  coordinator

and Raviprasad
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14.3 Trainings/ Workshops

ICAR sponsored Short Course on Improved Crop Production Technologies organized at ICAR-DCR, 
Puttur 

th

Five days training program on Cashewnut 
processing and value addition of cashew apples

th th
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Online Training programme on “Agripreneurship 
Development through Cashew Production and 
Post harvest technologies” concludes at ICAR-
Directorate of Cashew Research, Puttur

Three days trainings program conducted for 
incubatees under ABIC, ICAR-DCR, Puttur as 
detailed below:

 Sl. No Name of the trainee / incubatees Place Incubation period
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One day training on Cashew Processing and Value Addition
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15.
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 Sl. No. Name and designation Address Date of visit

  Head, AHRS

  Head, HRCC

16. DISTINGUISHED VISITORS
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 21.

 22. 

 23.

 24.

 25. 
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 Research Management Position

  Technical

  Administration

17. PERSONNEL
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Skilled Supporting Staff

 S. No. Name S. No. Name

Inter- Institutional Transfers 

Inter- Institutional Transfers - Join

Retirement 

Appointment

Promotion
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18. WEATHER DATA (2023)

 Month Rain (mm) T max (oC) T min (oC)

 Annual 2992.05 30.56 20.35
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19.  PUBLICATIONS FOR SALE 

Details of sale of Institute publications

 Sl. No.                      Name of the Publication sold Qty. Amount

                                                                          Total  28 1818-00






