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(i)

� म � आईसीएआर- काज अनसंधान �नदेशालय �वारा क� गई शोध �ग�त और उपलि�धय� पर �काश डालने वाले काज ू ु ू

�रसच � क� वा�षक�  �रपोट� 2017-18 लाने म� �स�न हँ। आईसीएआर-डीसीआर काज के ग�त�व�धयाँ उ�पादकता, गणव�ता, ू ुू

�सं�करण द�ता और म�यवधन�  को बढ़ान ेपर क� ��त है। 2017-18 के दौरान, म�यांकन �लॉक म� 11 जम�� ला�म ए�सेस�शा�मल ू ू

�कया गया ह�। �वशषेता वाल� तीन अ�भगम� के �न�पण परा करने के बाद उ�ह� संर�ण �लॉक म� संर��त कर �द है। काज म� पहल� ू ू

बार, 61 अ�भगम� का मल सं�ह पहचान कर �दया गया है। इसके अलावा, 60 आम ईएसट� आधा�रत एसएसआर आ�थक�  ल�ण� ू

से जड़ ेआि�वक माक� र� क� पहचान के �ह�से के �प म� सं�ले�षत �कया गया ह�। एक जंबो काज संकर िजसम� उ�च उपज और फल� ु ू ू

म� सट�कता के साथ छंटनी के �लए सकारा�मक ��त��या क� पहचान क� गई है, तथा �कसान� के �े� म� आगे के म�यांकन के ू

�लए जार� �कया गया ह�। बौने सह कॉ�प�ैट हाइ��ड, बौने सह उ�च उपज वाले �जनन, बड़ ेसेब सह उ�च उपज लाइन� और 

�व�भ�न काज खोल तरल साम�ी के साथ लाइन� के �वकास म� अ�छ� �ग�त क� गई है। चाय म�छर बग (ट�एमबी) स�ह�ण ू ु

जीनोटाइप �वक�सत करने के �लए अनसंधान काय � श� �कए गए ह�। इस पर��ण के �योजन के �लए, 30 संदभ � �क�म� क� ु ु

�थापना क� गई है।

� काज म� अ��ा घन�व रोपण तकनीक, वीआरआई-3, एनआरसीसी-2, के -22-01 और एच -130 जसेै पवव� त� काज �क�म� ू ू ू

का उपयोग से �वक�सत करके �कसान� के �े� म� �द�शत�  �कया गया है िजसके साथ 3 टन / हे�टेयर क� �रकॉड � उपज 3-4 साल म� हो 

सकती है। बीबीसीएच पमैान ेका उपयोग करके �कए गए फेनोलॉिजकल अ�ययन� के प�रणाम�व�प काज के �मख �वकास चरण� क� ू ु

पहचान हई। �व�भ�न काज �े�� क� मदा पोषक� क� ि�थ�त का म�यांकन तथा पोषक नदैा�नक   मानदंड �था�पत �कया गया है। ू ूृु

�म�ी नमी संर�ण �थाओ ं को अपनाने से काज क� पदैावार 12.9% बढ़ सकती है। मेटा�रिज़यम एनीसो�ल�या �योगशाला म� ू

सीएसआरबी ��स म� 100 ��तशत म�य दर का कारण बन सकती है। फेरोमोन जाल पर �योग म�, उ�व के 4 और 5 �दन� क� उ� के ुृ

ट�एमबी  न े को अ�धकतम ��त��या �ा�त क� और �सल�डर �चप�चपा जाल क� द�ता ड�ेटा �चप�चपा जाल क� तलना म� ुमादा नर 

अ�धक थी। �योगशाला म�, �थयमै ेथे�सॉम ट�एमबी के �खलाफ ल�ै �डा �सहलो��न के बराबर था, और सीएसआरबी के �खलाफ 

�लोरपी�रफोस के साथ इ�मडा�लो��ड था। दो आम जंगल� मधम�खी के घ�सले के �यवहार का अ�ययन �कया गया था और ु

क��म मधमि�खय� के घ�सले को मधमि�खय� �वारा सफलतापवक�  क�जा कर �लया गया है। इन�लोरसे�स क�ट� का नकसान ु ु ू ुृ

7-9% था। छः कठायी उपरांत �ौ�यो�ग�कय� को एमओय के साथ मे॥ �ो बी �ोड��स, बग� लोर म� वा�णि�यक�कत �कया गया ू ृ

है। सं�थान क� लोगो �ेडमाक�  के �प म� पंजीकत �कया गया है। क�चे काज क� इं�गत करने वाला एक �योग�स� संबंध �वक�सत ूृ

�कया गया है। म�यव�धत�  काज सेब उ�पाद� का म�यांकन उनके पोषक त�व संरचना और भंडारण जीवन के �लए �कया गया ू ू ू

है।

� �डफैटेड सोयाबीन (2%) काज सेब के रस म� टै�नन को कम करने म� �भावी पाया गया है। �ौ�यो�गक� काय�� म� के ू

ह�तांतरण के तहत, काज क� खेती को �ो�सा�हत करन ेके �लए 71 ट�एसपी �कसान� को तकनीक� मागद� शन�  और �व�तीय सहायता ू

�दान क� गई। नसर� � �बंधन और काज उ�पादन �ौ�यो�गक� पर ��श�ण काय�� म आयोिजत �कए गए ह�। �व�व पया�वरण �दवस, ू

�व�व �म�ी �दवस,  डीसीआर �थापना �दवस और क�ष �श�ा �दवस �नदेशालय म� मनाया गया।।ृ

� वष � के दौरान, डीसीआर न े�दशन� ी, �कसान मेला और बागवानी मेले म� भाग �लया । इसके अलावा, �कसान� को कल�न ु

�क�म� के 4.25 लाख काज के कलम� को �दान �कए गए है। काज क� खेती पर तकनीक� सलाह �कसान� और प�रदशक� � को द� गई ू ू

है।

� म � सम� शोध उपलि�धयाँ और वा�षक�  �रपोट� 2017-18 ��तत करने के �लए संपादक�य स�म�त के सद�य� को, ु

उनके योगदान के �लए सभी डीसीआर कमच� ा�रय� को बहत आभार� हँ।ु ू

�थान : प�तर, कना�टक� � � � � � � �        (एम. जी. नायक)ु ू

�दनांक: 15 जन 2018 � � � � � � � � � �नदेशक (�भार�)ू

��तावना
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 I am glad to bring out the Annual Report 2017-18 of ICAR-Directorate of Cashew Research, 
Puttur, highlighting the research progress and achievements made by this Directorate. ICAR-DCR 
focuses on enhancing productivity, quality, processing efficiency and value addition of cashew. 
During 2017-18, 11 germplasm accessions are included in the evaluation block. The characterization 
is completed for three accessions and they are conserved in the conservation block. For the first time 
in cashew, a core collection of 61 accessions was identified. Further, efforts are being to develop 
molecular markers suitable for characterisation of germplasm and marker trait association. A Jumbo 
nut hybrid having high yield and precocity in flowering with positive response for pruning has been 
identified and released for further evaluation in farmers' field.   Good progress has been made in 
development of dwarf & compact hybrids, dwarf & high yielding progenies, identification of large 
apple cum high yielding lines and lines with varied cashew nut shell liquid content. Research works 
have been initiated to develop Tea Mosquito Bug (TMB) tolerant genotypes. For the purpose of DUS 
testing, 30 reference varieties have been established. 

Ultra density planting in cashew using precocious cashew varieties such as VRI-3, NRCC Sel-2, 
K-22-1 and H-130 was developed and demonstrated in farmers’ field with which a record yield of 
more than 3 tonnes/ha could be achieved in 3-4 years.  Phenological studies carried out using BBCH 
scale resulted in identification of principal growth stages of cashew. Soil nutrient status of different 
cashew growing regions was assessed to establish nutrient diagnostic norms. Adoption of soil 
moisture conservation practices can increase cashew nut yield by 12.9 %.  Metarhizium anisopliae 
could cause complete mortality in CSRB grubs in lab. In the experiment on pheromone traps, virgin 
TMB females aged 4 and 5 days after emergence elicited maximum response to males and the 
efficiency of cylinder sticky trap was more compared to delta sticky traps. In lab, thiamethaxom was 
on par with lambda cyhalothrin against TMB, and imidacloprid with chlorpyriphos against CSRB. 
Nesting behaviour of two common wild bees was studied and artificial bee nests designed were 
successfully occupied by the bees. The level of inflorescence pests damage was to the tune of 7-9 per 
cent. Six post harvest technologies were commercialized with a MoU to M/s Pro B Products, 
Bengaluru. Institute logo was registered as trademark. An empirical relationship to represent the 
quality of raw cashewnuts was developed. Value added cashew apple products were assessed for 
their nutrient composition and storage life. Defatted soybean meal (2%) was effective in reducing the 
tannin content in cashew apple juice.  Under transfer of technology programs, technical guidance 
and financial assistance was extended to 71 TSP farmers for encouraging cashew cultivation.  The 
training programs on nursery management and cashew production technology were conducted. 
World environment day, World soil day, DCR foundation day and Agricultural education day were 
celebrated at the directorate. During the year, DCR had participated in the exhibitions, Kisan Melas 
and Horticulture fairs. Further, 4.25 lakhs of cashew grafts of elite varieties were supplied to farmers. 
Technological advice on cashew cultivation was given to farmers and visitors.  

I am highly thankful to all DCR staff for their contribution in overall research achievements 
and members of Editorial Committee in bringing out the Annual Report 2017-18 in time.

Place :  ICAR-DCR, Puttur
thDate  :  15  June, 2018

(M. Gangadhara Nayak)
Director (Acting)

(iii)
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� Research on cashew was first initiated in 

the early 1950s with Indian Council of 

Agricultural Research (ICAR), sanctioning ad-hoc 

schemes for Research Centres located at 

Kottarakkara (Kerala), Ullal (Karnataka), Bapatla 

(Andhra Pradesh), Daregaon (Assam) and 

Vengurla (Maharashtra). In 1971, ICAR started 

sanctioned All India Coordinated Spices and 

Cashew Improvement Project (AICS and CIP) 

with its Headquarters located at CPCRI, 

Kasaragod.  The CPCRI Regional Station, Vittal 

(Karnataka) was given the mandate to carry out 

research work on cashew while four centres 

under Universities (Bapatla, Vridhachalam, 

Anakkayam and Vengurla) were assigned the 

research component on cashew under AICS and 

CIP. During the V and VI plan periods, three more 

c e nt re s  ( B h u b a n e s wa r,  J h a rg ra m  a n d 

Chintamani) came under the fold of AICS and CIP 

and with shifting of research work of Anakkayam 

centre to Madakkathara.  The recommenda-

tions made by the Quinquennial Review Team 

(QRT) constituted by ICAR in 1982, working 

group on Agricultural Research and Education 

constituted by the Planning Commission for VII 

P lan Proposals  and the Task Force on 

Horticulture constituted by ICAR resulted in the 

establishment of National Research Centre for 

Cashew at Puttur on June 18, 1986 which was 

upgraded and renamed by ICAR in 2009 under XI 

Plan as ICAR-Directorate of Cashew Research 

(ICAR-DCR). Subsequent to the bifurcation of 

AICS and CIP, the Headquarters of All India 

Coordinated Research Project on Cashew was 

shifted to ICAR-DCR, Puttur. At present, this 

Coordinated Research Project is operating at 14 

centres distributed in major cashew growing 

areas of the country. 

� The main campus of ICAR-DCR is 

situated 5 km away from Puttur town at 

Mottethadka village of Kemminje (12.45⁰ N 

latitude, 75.15⁰ E longitude and 90 m above 

MSL).  The main campus has an area of 68 ha 

with an administrative block, laboratories & 

field experimental plots. Besides, ICAR-DCR as 

an Experimental Station at Shantigodu, located  

13 km away from the main campus and has an 

area of 80 ha. At main campus, the Horticulture, 

Soil Science, Plant Breeding, Plant Physiology, 

Biotechnology, Plant Protection, Post Harvest 

Management and Audio-Visual Laboratory 

sect ions  with  laborator ies  have been 

established. Besides, Project Coordination Cell 

of AICRP on Cashew, PME Cell, ITMU, AKMU, 

Museum etc are also established.

� The Directorate has got well-established 

library in the field of cashew research. The 

library is serving as an Information Centre on all 

aspects of cashew research and development in 

the country. The CD database viz., CABHORT, 

CABPEST, AGRICOLA and AGRIS, SOIL CD, CROP 

CD, PLANTGENE CD and TROPAG CD and online 

CAB database, are also available. The library is 

equipped with automation software and bar 

coding facility. The library has 1920 books and 

2030 back volumes of various journals. The 

l i b ra r y  s u b s c r i b e s  3 5  n at i o n a l  a n d  9 

international journals. The library is a member 

of Consortium of Electronic Resources on 

Agriculture (CeRA), New Delhi.  Tech-Focuz 

digital library software is also available for CD 

database search.

 INTRODUCTION

(vii)
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· Accomplishing self-sufficiency in raw 
cashewnut production and maintaining 
premier position as largest producer, 
processor and exporter at global level.

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

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

· To serve as National Repository of 
genet ic  resources  and sc ient i f ic 
information on cashew.

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

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

Mandate

(viii)

Vision Mission
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कायक� ार� सारांश

� आईसीएआर-काज अनसंधान �नदेशालय देश म� काज ू ु ू

उ�पादन और उ�पादकता म� सधार के �लए अनसंधान और ु ु

�व�तार ग�त�व�धय� का आयोजन करता है। वष � 2017-18 के 

दौरान, जम�� ला�म सं�ह, म�यांकन और संर�ण, काज के ू ू

आनवं�शक सधार,  एक�कत जल और पोषक �बंधन, ु ु ृ

�फनोलॉजी, एक�कत क�ट और रोग �बंधन, कटाई उपरांत ृ

भंडारण और �सं�करण और �ान �बंधन पर सं�थान 

प�रयोजनाए ं�ग�त म� है । काज के मह�वपण � क�ट� और दो ू ू

बा�य �व�त पो�षत प�रयोजनाओ ं पर एक �मख काय�� म भी ु

वष � के दौरान �ग�त म� है ।

 � पि�चम बंगाल और झारखंड रा�य म� �कए गए 

जम�� ला�म सव��ण के प�रणाम�व�प एक �वपल जीनोटाइप ु

और सेमीकापस�  एनाका�डय� म का �वेश हआ है। पहले एक� ु

�कए गए �यारह अ�भगम म�यांकन �लॉक म� लगाए गए ह�। ू

काज वणन� कता�ओ ंके अनसार म�यांकन और �वशषे ता के ू ु ू

तीन अ�भगम संर�ण �लॉक म� शा�मल �कए गए ह�। इसके 

अलावा, काज म� पहल� बार, 478 अ�भगम से 61 अ�भगम� ू

का मल सं�ह अनमानी �ि�टकोण के साथ अ��म ू ु

अ�धकतमता रणनी�त के बाद पहंचा था और इस सं�ह को ु

�े� म� �था�पत �कया गया है। इसके अलावा, 61 जम�� ला�म 

अ�भगम� क� सीएनएसएल का अनमान लगाया गया है। ु

काज सेब का उपज और गण� के �लए काज जम�� ला�म के ू ु ू

म�यांकन पर प�रयोजना म� चौदह अ�भगम�  का म�यांकन ू ू

�कया गया है।

� एक जंबो नट संकर, िजसम� �जनन के �लए 

सकारा�मक ��त��या के साथ फल� म� उ�च उपज और ू

सट�कता होती है, क� पहचान क� गई है तथा �कसान� के �े� म� 

आगे के म�यांकन के �लए जार� �कया गया। हाइ��ड, छंटाई ू

के�लए अ�छ� ��त��या के कारण अ��ा घन�व रोपण के �लए 

बेहद उपय�त है। श�ेलगं ��तशत ड��य -130 से ड��य -150 ु ू ू

के कन�ल �ेड के साथ काफ� अ�धक (29.9%) है जो जार� 

ज�यपयोगी �क�म� म� एक अनठ� �वशषेता है। ल�ण� से जड़ ेु ू ु

आि�वक माक� र� क� पहचान पर प�रयोजना म�, काज, बादाम, ू

�प�ता और मग� ो से जड े138 एसएसआर �ाइमर� को पोषक� म�  ु

और उ�लाल -3 x एनआरसी -492 क� एफ-1 आबाद� म� देखा 

गया था और इनम� से 39 बह�पी पाये गए ह�। फेनोटाइ�पगं के ु

�ह�से के �प म� 84 �जनन पर 12 वन�प�त और �जनन 

पा�� के �लए आका�रक�य अवलोकन दज � �कए गए ह�। नए 

आि�वक माक� र� को �वक�सत करन ेके �लए, 60 आम ईएसट� 

आधा�रत एसएसआर सं�ले�षत �कए गए ह� और इनका 

म�यांकन उनके ह�तांतरण और आनवं�शक �व�लेषण के �लए ू ु

�कया जाएगा। बौने और उ�च पदैावार वाल� �क�म� के 

�वकास के �लए, 15 बौने x लंबा �ॉस से 27 आशाजनक 

अ�भगम पाय गए थे। �याक �ॉस �जनन �यास� म�, 471 

संतान� म� से तरेह आशाजनक अ�भगम क� पहचान क� गई है। 

�ल�टर असर जीनोटाइप म� काज के आकार म� सधार के �लए ू ु

नए �ॉस (15) �कए गए ह�। चाय म�छर बग (ट�एमबी) 

स�ह�णता के साथ संभा�वत साम�ी �वक�सत करन ेके �लए ु

�यापक संकरकरण और जीनोटाइप पदैा करन ेके संतान से जड़ ेु

पवव� त� �यास �कए गए ह�। ट�एमबी स�ह�ण जीनोटाइप के ू ु

�वकास के �लए उ�प�रवतन�  �जनन प�रयोजना म�, दो लोक��य 

�क�म� के बीज और सयान ि�टक, भा�कर और उ्�लाल-3 को 

गामा �करण� के संपक�  म� लाया गया था और म�यांकन के �लए ू

म�य �े� म� �था�पत �कए गए ह�। डस प�रयोजना के �ह�से के ु

�प म�, डस पर��ण के उ�े�य के �लए तीस 'रेफरे�स वेरैट�' 

�था�पत क� गई ह�।

 � काज म� अ��ा घन�व रोपण तक�नक, वीआरआई -3, ू

एनआरसीसी -2, के -22-01 और एच -130 जसेै पवव� त� काज ू ू

�क�म� का उपयोग करके �वक�सत �कया गया और �कसान� के 

�े� म� �द�शत�  �कया गया है। िजसके साथ 3-4 साल म� 3 टन / 

हे�टेयर क� �रकॉड � उपज हो सकती है। इस तकनीक ने, 

�ारं�भक वष� म� क�चे काज के उ�पादन म� सधार के �लए ू ु

जबरद�त �मता �दखाई है। बीबीसीएच पमैान ेका उपयोग 

करत ेहए उ�लाल -3 और भा�कर म� फेनोलॉिजकल अ�ययन ु

�कए गए। अ�ययन आठ �मख �वकास चरण� म� समा�त हआ ु ु

और इन चरण� म� से ��येक के भीतर, �व�भ�न मा�य�मक 

चरण� क� पहचान क� गई और छ�वय� के साथ द�तावेज �कया 

गया। काज म� पोषक नदैा�नक म  ानदंड �था�पत करन ेके �लए, ू

�व�भ�न काज उगान ेवाले �े�� क� �म�ी पोषक त�व क� ि�थ�त ू

का आकलन �कया गया था। तदनसार, यह पाया गया �क ु

त�मलनाड के �वरदाचलम म� �म�ी के काज बढ़त े�े�� म� ज�ैवक ु ू

काबन� , नाइ�ोजन और पोटे�शयम क� कमी थी। Zn औरCu क� 

�पोरै�डक कमी के साथ Fe और Mn जसेै स�म पोषक त�व ू

पया��त पाया गया । वष � के दौरान, उपज और गणव�ता म� व�ी ु ृ

के �लए बागवानी फसल� म� स�म पोषक �बंधन पर ू

आईसीएआर नेटवक�  प�रयोजना का �न�कष � �नकाला गया।
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सी.एस.आर.बी क�ड� का मरणशीलता पर 

एंटेमोपेतोज�नक फंगस मेटारैज़म ए�नसो�पले के उ�ता 

म�यांकन करने से यह मालम पडा �क इसे �था�नय �तर पर ू ू

लगाने से 15  �दन म� शत ��तशत मरणशीलता और छाल 

�वारा �पोस � लगाने से 21 �दन म� शत ��तशत मरणशीलता 

�ा�त होता है।  ट�.एम.बी. �ंबंधन म� से�मयो के�मकल का 

�भाव का अ�ययन म� यह देखने म� आया �क 4-5 �दने के 

विजन�  ट�.एम.बी. फ�मेल क�ड� ने जब उ�ह� ड�ेटा ि�ट�क 

�ाप म� जी�वत चारा के �पम� उपयोग �कया गया, सबसे 

�यादा ��त��या �दखाया ।

� ड�ेटा ि�ट�क �ाप को �स�ल�ं�कल �प देने से 

उनका द�ता बढ़ाया गया।  ट�.एम.बी. के रासाय�नक 

�बंधन संबंध म� यह देखा गया �क तयो�मथो�साम, प�ले से 

�सफा�रष क� गई ला�बडा सलै ो��न के बराबर काम करती है।  

सी.एस.आर.बी के संदभ � म� यह देखा गया है �क 

इ�मडा�लोरो�पड, पहले से �सफा�रश क� गई �लोरफार�फास 

के बराबर काम करती है।  काज के दो म�य पोि�लने�टगं ू ु

मधमि�यय�, सेरो�टना ह�रो�लाि�फका और बौनासपीस ु

�प�कटारसस ् के अ�ययन �कया गया।  अ�पस से�ना 

मधमि�कय� का भी काज बागान� म� काय � �न�पादन ु ू

अ�ययन �कया गया और उनका मध का ग�व�ता उ�क�ट ु ु ृ

पाया गया।  कतक 'बी ने�ट' बनाया गया और उनम� जंगल� ृ

मधम�क� भी अ�छे तरह से रहना देखा गया।  काज के ु ू

इन�लोरेसे�स पे�ट का अ�ययन �कया गया और इस वष � 7-

9% इनफे�टेशन लेवेल दज � �कया गया।  

� इस �नदेशालय म� �वका�सत छे कटाई उपरांत 

�ौ�यो�ग�कय� को नान ्ए�स�ल�सव लसै ेि�संग के आधार ू

पर यं��का उ�पादक कंप�न मे॥ �ो बी �ाड��स, ब�गलोर के 

साथ एम.ओ.य करत ेहए वा�ण�यकरण के �लए �दया गया ु ु

है।  सं�थान के लोगो को '�ेड माक� ' के �प म� दज � कराने क� 

को�शश �कया गया।  क�चा काज के �लए गणव�ता मानदंड, ू ु

�ाजे�ट म� यह देखा गया �क 'व�गला�-7' �क�म के 91 बीज ु

एक �कलो तोलता है और 'अनघा' �क�म के 250 बीज एक 

�कलो तोलता है।  वसेै ह�, औ�न � के मामले म� वी.आर.आई-

cw (62%) सबसे �यादा और 'राघव' (45.4%) सबसे कम 

पाया गया।  काज के क�चा बीज� का गणव�ता ��त�न�ध�व ू ु

करने वाले एक एंपे�रकल �रले�न�शप को �वकास �कया 

गया।  काज फल का यां�ीकत �लसैर �वकास करने का एक ू ृ

�ाजे�ट म�, काज फल को �लजै करने के�लए 'ि��ंग और ू

�टागड � �ड�क टाइप �लसैर' का उपयोग करने का को�शश 

�कया गया।  भारत म� काज �ोसे�सगं का तलना�मक ू ु

�न�पादन, अ�ययन म� यह पाया गया �क �ासे�सगं का खचा�, 

मानव �म से �कया गया �ासे�सगं म� � 1200/- से � 

1400/- और यां�ीकत �से�सगं म� � 1700/- से � 2000/- ृ

��त �याग (80 �कलो क�चा बीज) रहा।

� इस वष � काज फल� से बनाया नवीन म�यव�धत�  ू ू

उ�पाद� जसेै प�प, �याम, जे�ल�, केश लमै  और सडै र का 

पोषकांश घटक� के बारे म� और उनके सर��त संचयन समय ु

के बारे म� अ�ययन �कया गया।  काज फल� के रस के ू

उपयोग करत ेसमय आने वाल� सबसे बडी सम�या है उनम� 

ि�थत “एि��ंजे�सी”, जो रस म� अ�धकांश म� ि�थत 'टे�नन' 

के कारण है।  रस म� ि�थत टे�नन कम करने क� �योग म� 

यह देखा गया �क �डफेटेड सोयाबीन मील (2%), सखा आल ू ू

पाउडर (28.6% कम करता है) और बा�ा पाउडर (24.0% 

कम करता है) के तलना म� सबसे �यादा बेहतर (34.3% ु

कम करता है) पाया गया।

� �ौ�यो�ग�क ह�तांतरण के अतंगत� , �ैबल सब 

�लान से संबं�धत कषक� के खे�तय� का भ�ट �कया गया और ृ

उ�ह� �ो�साह देने के �लए 71 कषक� को आ�थक�  सहायता ृ

�दया गया।  नसर� � �बंधन और काज उ�पादन तकनीक� के ू

बारे म� ��श�ण वग � चलाया गया।  उन कषक� के �लए एक ृ

श�ै�णक प�र�मण भी केरला के�लए आयोजन �कया गया 

था।  जाग�तक प�रसर �दवस, जाग�तक मदा �दवस, क�ष ृ ृ

श�ै�णक �दवस, डी सी आर �थापना �दवस मनाया गया।  

डी सी आर ने अनेक �दशन� ी जसेै 'वड � फड इं�डया – 2017', ु

नई �द�ल�, सी पी सी आर आई कासरगोड म� आयोिजत 

'मेगा �कसान मेला और क�ष उ�यम मेला – 2018', ृ

आई.आई.एच.आर, ब�गल� �वारा आयोिजत “मेगा ू

हा�ट�क�चर फेर – 2018”, म� भाग �लया।  “मेरा गाँव – मेरा 

गौरव” काय�� म इद�-बे�ंपाडी और अले�ी �ाम� म� आयोजन 

�कया गया।  खेती �दवस और मदा �वा��य �बंधन के बारे ृ

म� जाग�कता काय�� म प�तर तालक के अनेक �ाम� म� ु ू ू

आयोजन �कया गया।  इस वष � ए.आई.सी.आर.पी – काज के ू

कायश� ाला भी इस �नदेशालय म� आयोजन �कया गया।  

4.25 लाख काज कलम� �कसान� को बेचा गया।  डी.सी.आर ू

के वेब साइट को फेस बक और ��वटर अक�ट के साथ साथ ु

�नरंतर अ�डटे �कया गया।
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 ICAR- Directorate of Cashew Research, 
Puttur conducts research and extension activities 
for improving cashew production and productivity 
in the country. During the year 2017-18,  institute 
projects on germplasm collection, evaluation and 
conservation, genetic improvement of cashew, 
integrated water and nutrient management, 
phenology,  integrated pest  and disease 
management,  post harvest storage and 
processing and knowledge management and 
under progress. One flagship program on  
important pests of cashew and two externally 
funded projects are also in progress during the 
year. 

 The germplasm survey conducted in West 
Bengal and Jharkhand state has resulted in 
collection of one profuse bearing genotype and an 
accession of Semicarpus anacardium. Eleven 
accessions collected earlier have been planted in 
the evaluation block. Three accessions which are 
evaluated and characterized as per cashew 
descriptors were included in the conservation 
block. Further, for the first time in cashew, a core 
collection of 61 accessions from 478 accessions 
was arrived following advance maximization 
strategy with heuristic approach and this 
collection has been established in the field. 
Further, CNSL content of 61 germplasm accessions 
has been estimated. Fourteen accessions have 
been evaluated in the project on evaluation of 
cashew germplasm for apple yield and quality 
traits. 

 A jumbo nut hybrid H-130 having high yield 
and precocity in flowering with positive response 
for pruning has been identified and released for 
further evaluation in farmers' field.  The hybrid is 
highly suitable for ultra density planting due to its 
good response to pruning.  The shell ing 
percentage is quite high (29.9%) with kernel grade 
of W-130 which is a unique feature among the 
released varieties. In the project on identification 
of  molecular markers linked to economic traits, 
138 SSR primers from Cashew, Almond, Pistachio 
and Mango were screened in parents and the F  1

population of Ullal-3 x NRC-492, and out of these, 

39 were found to  be polymorphic .  The 
morphological observations were recorded for 12 
vegetative and reproductive characters on 84 
progenies as part of phenotyping.  In order to 
develop new molecular markers, 60 mango EST 
based SSRs have been synthesized and these will 
be evaluated for their transferability and genetic 
analysis in cashew. Towards development of dwarf 
and high yielding varieties, 27 promising 
accessions were selected from 15 dwarf x tall 
crosses.  In back cross breeding efforts, 13 
promising accessions are identified out of 471 
progenies. New crosses (15) have been made for 
improving nut size in cluster bearing genotypes. 
Prebreeding efforts involving the progeny of wide 
hybridization and cultivated genotypes were 
carried out to develop potential material with Tea 
Mosquito Bug (TMB) tolerance. In mutation 
breeding project for developing TMB tolerant 
genotypes, the seeds and scion sticks of two 
popular varieties i.e. Bhaskara and Ullal-3 were 
exposed to gamma rays and the seedlings are 
established in the main field for evaluation. As part 
of the DUS project, 30 reference varieties for the 
purpose of DUS testing have been established. 

 Ultra density planting in cashew using 
precocious cashew varieties such as VRI-3, NRCC 
Sel-2, K-22-01 and H-130 was developed and 
demonstrated in farmers field with which a record 
yield of more than 3 tonnes/ha could be achieved 
in  3-4  years .  The technique has  shown 
tremendous potential for improvement of raw 
cashewnut production in the early years. 
Phenological studies were carried out in cashew 
cultivars Ullal-3 and Bhaskara using BBCH scale. 
The study culminated in eight principal growth 
stages and within each of these stages, different 
s e c o n d a r y  s t a g e s  w e r e  i d e n t i f i e d  a n d 
documented with images. In order to establish 
nutrient diagnostic norms in cashew, the soil 
nutrient status of different cashew growing 
regions was assessed. Accordingly, it was found 
that the soils of cashew growing areas in 
Vridhachalam, Tamil Nadu were deficient in 
organic carbon, nitrogen and potassium. The 
micronutrients such as Fe and Mn were sufficient, 

(xii)
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with sporadic deficiency of Zn and Cu. During the  
year, the ICAR network project on micronutrient 
management in horticultural crops for enhancing 
yield and quality was concluded. 

 Evaluation of entomopathogenic fungus, 
Metarhizium anisopliae for its virulence in causing 
mortality of CSRB grubs revealed that it could 
cause 100% mortality within 15 days after 
treatment of topical application and 21 days of 
application of spores through bark as feed. In the 
i nv e st i ga t i o n s  o n  s e m i o - c h e m i c a l s  fo r 
management of TMB, it was found that virgin TMB 
females aged 4 and 5 days after emergence 
elicited maximum response when they were used 
as live bait in Delta sticky traps. The efficiency of 
sticky trap was increased by modifying the trap 
into cylinder form with the total sticky outer 
surface. As chemical management of TMB is 
concerned, thiamethoxam was on par with the  
recommended insecticide  lambda cyhalothrin. In 
case of CSRB, imidacloprid was on par with the 
recommended insecticide chlorpyriphos. The 
nesting behaviour and life cycle of two important 
pollinating wild bees of cashew viz., Ceratina  
hieroglyphica and Braunsapis picitarsus were 
studied. Performance of Apis cerana bees in 
cashew ecosystem was also studied and its honey 
quality was found superior. Artificial bee nests 
were designed and found to be successfully 
occupied by wild bees. The inflorescence pests of 
cashew were documented and it was observed 
that about 7-9 % infestation levels this year.

 Six post harvest technologies developed at 
this Directorate were commercialized with a MoU 
with the M/s Pro B Products, Bengaluru on the 
basis of non-exclusive licensing. Further, efforts 
were taken to register institute logo as trademark. 
In the project on developing quality standards for 
raw cashewnuts, it was observed that among the 
varieties tested, 'Vengurla-7' recorded 91 nuts per 
kg (minimum) and 'Anagha' registered maximum 
of 250 nuts per kg (maximum). As far as outturn is 
concerned, 'VRI-Cw' (62%) observed to be the 
highest and 'Raghav' (45.4%) found to the lowest. 
An empirical relationship was developed to  
represent the quality of raw cashewnuts.  In the 
pro ject  on  des ign  and  deve lopment  o f 

mechanized slicer for cashew apple, an attempt 
was made to slice cashew apple using string and 
staggered disc type cashew apple slicer. The 
studies on comparat ive performance of 
cashewnut processing systems in India revealed 
that that cost of processing ranged between Rs. 
1200-1400 for labour oriented processing and in 
the range of Rs. 1700-2000 per bag of 80 kg raw 
cashew nuts depending upon the level of 
mechanization in the processing line. 

 During the year, the new value added 
products of cashew apple such as pulp, jam, jelly, 
cashlime and cider were assessed for their 
nutrient composition and storage life. The major 
problem in cashew apple utilization is its high 
astringency due to presence of tannins in juice. In 
the experiment to reduce tannin content of juice 
with low cost food grade materials, it was found 
that defatted soybean meal (2%) is more effective 
in reducing tannin (34.3% reduction) compared to 
dried potato powder (28.6%) and Bajra flour 
(24.0%). 

 Under transfer of technology programs, 
visits were made to fields of Tribal Sub Plan (TSP) 
beneficiaries and financial assistance was given to 
71 farmers for encouraging and adopting the 
technologies in cashew cultivation. Training 
programs on nursery management and cashew 
production technology were conducted. An 
educational tour of tribal farmers to Kerala was 
also organised. World Environment Day, World Soil 
Day, DCR Foundation Day and Agricultural 
Education Day were celebrated. The DCR 
participated in several exhibitions viz., World Food 
India-2017 at New Delhi, Mega Kisan mela and 
Agri-business expo-2018 at CPCRI, Kasargod, 
Mega National Horticulture fair-2018 at IIHR, 
Bengaluru.  Mera Gaon Mera Gaurav program was 
conducted in Irde-Bettampady and Aletti villages. 
A field day and awareness program on soil health 
management was conducted in different villages 
of Puttur taluk in Dakshina Kannada. AICRP 
cashew workshop was also conducted at the 
Directorate during the year. Further, 4.25 lakhs of 
cashew grafts were sold to farmers. The website of 
DCR was continuously updated along with 
facebook and twitter accounts for online 
dissemination of information.  

(xiii)
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 During the year 2017-18, germplasm 
survey was conducted in different villages of 
West Bengal and Jharkhand states. A total of 
two germplasm accessions - one accession of 
Anacardium occidentale with profuse bearing 

from germplasm block  in Jhargram i.e. JGM-282 
(Fig. 1.2) and another accession of Semicarpus 
anacardium in a village near Darisai were 
identified (Fig. 1.3) and collected during the 
survey. 

 The planting material of new collections 
was prepared in order to include in evaluation 
block of National Cashew Field Gene Bank 
(NCFGB).  The 63 plants comprising of 11 
genotypes were planted in National Active 

Germplasm site for evaluation, conservation 
and characterization. Genotypes included are 
RFRS-171, RFRS-172, Indira Kaju, Bali-2, G-1, G-
2, CARS-25, Vengurla-9 etc.

1.  CROP IMPROVEMENT
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 Three accessions planted during 2006-
07 were evaluated, characterized and grouped 
as per IPGRI descriptors during the season (Table 
1.1). All the accessions evaluated have upright 
and open canopy with extensive branching 
behavior and are mid season flowering types 
with red colour new flushes. Two accessions  
have tight attachment of nut to apple and one 
has loose attachment. One accession has high 
nut weight (>7 g) and remaining accessions have 
intermediate nut weight (5-7 g), but all three 

accessions have intermediate shell thickness 
(2.5-4.0 mm) and medium apple to nut ratio (6-
12). Shelling percentage is intermediate (18-
28%) in two accessions and  high (>28%) in one 
accession. All accessions have intermediate 
kernel weight (1.2-2.5 g) and medium flowering 
duration (60-90 days). Two accessions have 
recorded low cumulative yield (<9.0 kg), while 
one has medium cumulative yield (9-18 kg) in 6 
annual harvests.

Table 1.1:  Details of accessions characterized during the fruiting season in the year 2017 
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 A total of 1884 images comprising of 
tree, bark, leaf, flower, inflorescence, fruit and 
nut belonging to 164  cashew germplasm 
accessions were uploaded onto the cashew 
germplasm database during the year. 

1.1.4�    Germplasm database enrichment

1.1.5�    Field Establishment of Core collections

 For the first time, the core collection 
consisting of 61 cashew germplasm accessions 
was arrived deploying advance maximisation 
strategy with heurist ic  approach.  The 

accessions were field planted (@4 plants per 
accession) during November 2017 at a spacing 
of 4m x 4m (Fig. 1.4). The list of accessions is 
given as under.
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 A new jumbo nut hybrid H-130 which 

was superior in yield (3kg/tree in 3 years of 

planting) with cluster bearing (10-20 

nuts/panicle) and bold size (12-13g nut 

weight) and big apple (>100g) was evaluated 

and released for cultivation and performance 

evaluation in farmers field. The hybrid is 

highly precocious, early flowering with long 

fruiting duration.  Plant is vigorous but sparse 

canopy and having large leaves and big 

inflorescence with strong 8-10 rachis.  Has 

high number of bisexual flowers and fruit set 

is as high as more than 70 nuts per panicle in 

the initial stage and subsequently 10-20 nut 

retention per panicle.  The hybrid responds 

well to pruning and is suitable both for ultra-

density planting and normal spaced 

plantations.  Hybrid has high shelling (29.9%) 

with big kernels – 3.5 – 5 g a rare type among 

released varieties and falls under W-130-150 

category kernel grade. The kernel protein is 

21% and fat is 46%.

x

x

x
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1.2.1 � Evaluation of cashew hybrids from closely planted block for growth characters

 The cashew hybrids were evaluated for 
different growth parameters such as stem girth 
(cm), plant height (m) and canopy spread (m) 
for the year 2017-18. The results showed that 
plant height, plant girth and canopy spread 

were highest in cross combination of  NRC 103 x 
NRC 269, while those parameters were found to 
be  lowest in cross combination of  NRC 99 x NRC 
185 (Table 1.2).

Table 1.2: Growth characters of cashew hybrids from closely planted block 

1.2.2   Evaluation of cashew hybrids obtained from crosses involving wild species and popular
           cultivars

 The cashew interspecific hybrids were 
evaluated for different growth parameters such 
as plant girth (cm), plant height (m) and canopy 
spread (m) for the year 2017-18. The results 
showed that plant girth and canopy spread 
were highest in cross Ullal-3 x A. microcarpum 
and lowest in cross A. microcarpum x Bhaskara. 

The maximum plant height was recorded in 
cross Vengurla-4 x A. microcarpum and 
minimum in A. microcarpum x Bhaskara (Table 
1.3). The yield ranged from 1.1 kg (Ullal-3 x A. 
microcarpum)  to 4.1 kg (Bhaskara x A. 
microcarpum).

1.2      Genetic improvement of cashew for yield and quality traits

Stem girth
(cm)
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Table 1.3: Growth characters of cashew hybrids obtained from crosses involving wild species
                   and popular cultivars 

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

 A total of 138 SSR primers were 
screened in parents Ullal-3 and NRC 492 and 39 
primers were found to be polymorphic  (Table 
1.4). These polymorphic primers were used for 
genotyping of 89 individuals obtained from 
Ullal-3 x NRC 492. Further, phenotyping of this 
population was done for 12 vegetative and 
reproductive characters (Table 1.5). The data 
will be used for association analysis to identify 
marker linked to economic traits. 

Table 1.4: Details of SSR primers screened in
                  Ullal-3 x NRC-492 population

Table 1.5: Descriptive statistics of F  progenies (N=84)1

Stem girth
(cm)

Ullal-1 x A. othonianum

1.86
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1.4�      Development of microsatellite markers and population structure studies in cashew
            (Anacardium occidentale L.) core accessions.

 In order to develop new molecular 
markers for cashew, NCBI sequence database 
was searched for Expressed Sequence Tag 
sequences (ESTs) and DNA sequences of 
Anacardiaceae family species such as mango, 
pistachio and other related species and 
downloaded (Table 1.6). A total of 5014 
microsatellite/Simple Sequence Repeats (SSRs) 
motifs were identified in the EST/ DNA 
sequences mined from the NCBI database and 
primer pairs have been designed for these SSRs. 
For the characterization markers for utility in 

cashew, a total of 60 mango EST based SSRs 
(MiEST-SSRs) have been synthesized and these 
newly designed markers are to be evaluated for 
the transferability and genetic analyses of 
cashew. Likewise, primers would also be 
synthesized for other designed SSRs and 
characterized for utility in cashew genetic 
studies. To carryout transcriptome sequencing, 
panicles were tagged, flowers were pollinated 
and developing nuts [15 & 30 days after 
pollination), (Fig. 1.5)] were collected from the 
two targeted cashew genotypes.

Table 1.6: List of microsatellite/SSR motifs identified in the EST and genomic DNA sequences
                   from Anacardiaceae species and primer pairs synthesized.
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1.5 �     Development and evaluation of back cross progenies of promising hybrids for dwarf
            stature with high yield

During the year, out of 471 back cross 
progenies planted during 2014, 13 promising 
accessions were identified for further 
eva luat ion  based on  vegetat ive  and 
reproductive characters. The benchmark 
variety was Bhaskara for selecting these 
progenies. Observations on plant height, girth, 
canopy spread, and yield of these progenies 
have been compiled (Table 1.7). It is observed 

that  plant number BDB-372-60 and BDB-372-84 
appears to be promising with the cumulative 
yield of 4.94 and 4.43 kg, respectively in the 
fourth year i.e. second year of harvesting. 
However, the height of BDB-372-60 is 2.75 
meters which seems to be semi-dwarf in nature. 
These identified plants will be evaluated further 
in the ensuing years for their height and yield 
along with other progenies.

Table 1.7: Promising progenies identified in back cross population

1.6 �     Identification and evaluation of cashew genotypes for Cashew Nut Shell Liquid (CNSL)
            content

 The objective of this project is to 
identify promising accessions with very high 
and low CNSL content. The CNSL extraction 
with hexane solvent was done for 131 
accessions during 2015-17. During 2017-18, 

the CNSL content of 61 accessions has been 
estimated (Table 1.8). The evaluation of  
remaining germplasm accessions is being 
carried out.
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Table 1.8. CNSL content of different cashew germplasm accessions 

1.6.1�    Industrial CNSL extraction and its application

 During the year, a CNSL plant located in 
Karnataka was visited to discuss about 
industrial applications in India. CNSL  is used in 
electrical motor coil winding, printed circuit 
board (base) due to its dielectric property and 
also used as varnish and phenolkamine coat for 
ships which avoid calcium accumulation 
leading to longer life of ship. Viscosity, pH, 

volatile loss and matter soluble in toluene are 
certain tests to be conducted to assess its 
quality. While processing cashew, Anacardic 
acid, the major constituent of CNSL, is 
converted in to Cardanol / Cardol due to heat 
treatment. Quality of the CNSL is utmost 
important rather than quantity extracted. 
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1.7 �     Mutation breeding in cashew for Tea Mosquito Bug (TMB) tolerance with high yield

 In existing cultivated cashew varieties 

and germplasm accessions, there is no 

tolerance/resistance to TMB, a pest which 

causes considerable yield losses. Currently, 

this pest is managed with chemical sprays at 

flushing, flowering and fruiting stages. 

However, there is an urgent need to develop 

tolerant/ resistant varieties to this pest. 

Hence, mutation breeding approach was 

deployed. 

 The seeds and scion sticks of two 

popular varieties i.e. Bhaskara and Ullal-3 

were exposed to g rays. These seedlings and 

grafts were raised in the nursery (Fig. 1.6). It 

wa s  o bs e r ve d  t h at  t h e  ge r m i n at i o n 

percentage of seeds and the survival 

percentage of grafted plants decreased with 

the increase in dosage of the mutagen. 

However, increased branching was seen in 

higher dosages. The seedlings will be field 

planted in the ensuing season. Along with 

these, the next generation seedlings (M ) from 2

these plants will be evaluated for TMB 

1.8 �     Development of dwarf and compact

Selection was exercised during the 

current fruiting season as the hybrid seedlings 

attained the age of five years. Overall, 27 trees 

were selected based on cumulative nut yield 

per  tree from 714 trees of  15 cross 

combinations and the selected trees belong to 

eight crosses (Table 1.9; Figs. 1.7 & 1.8). 

Observations such as stem girth, tree height, 

canopy spread and yield per tree were 

recorded in all the selected trees. The Tree no. 

5 belonging to the cross Vengurla-4 x NRC 492 

recorded the nut yield of 4.35 kg during the 

current year. It has the highest cumulative nut 

yield of 6.40 kg over three years. 

Fig. 1.6: Mutagen treated seedlings raised
in the nursery

cashew hybrids for high density planting 



- 2017-18/ ANNUAL REPORT

12

Table 1.9: Promising selections with their growth parameters and nut yield

1.8.1 �   Breeding for improvement of nut size in cluster bearing genotypes 

 New crosses between jumbo/bold nut 
and cluster bearing genotypes were attempted 
to improve nut size in the latter.  The list of 
genotypes used includes H-130, NRC 493 
(Jumbo nut types), NRCC Selection-2, Priyanka 

(bold nut types) and Bhaskara, Ullal-2, Ullal-3, 
Ullal-4, Vengurla-4, Vengurla-7, VRI-3, 
Madakathara-2 (cluster bearing types). The 
cross combinations made and nuts obtained is 
given Table 1.10.
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1.8.2 �   Development of pre-breeding lines for TMB tolerance 

A progeny of the cross Ullal-3 x
A. microcarpum (named TMBT) was 
observed consistantly as relatively 
tolerant to incidence of TMB under field 

conditions. Hence, this was used as a male 
parent and crossed with two popular early 
bearing varieties i.e. Ullal-3 and Vengurla-4 to 
develop pre-breeding lines for TMB tolerance 

Table 1.10:  Crosses made to improve nut size in cluster bearing genotypes and to develop
                      pre-breeding lines for TMB tolerance.
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1.9 �      Evaluation of cashew germplasm for cashew apple yield and quality traits 

1.9.1 �   Cashew apple morphology and yield, nut yield 

 Among the 14 cashew apple accessions 
along with check (cv. Vengurla-8) evaluated. 
NRC 301 weighed highest (179.62 g/apple) 
(Table 1.11). Cashew apple yield was highest in 

NRC-175 (50.43 kg/tree) followed by NRC 140 
(31.45 kg/tree). Similarly, NRC 175 recorded the 
highest nut yield (4.54 kg/tree).

Table 1.11: Cashew apple morphology, apple yield and nut yield for 2016-17

1.9.2 �   Plant height, girth and canopy spread 

 Among the 14 cashew apple accessions 
evaluated along with check (Vengurla-8), the 
maximum mean height was observed in NRC 
493 (4.67 m) followed by NRC 112 (4.56 m), 
while minimum height was recorded in 
Vengurla-8 (3.03 m) (Table 1.12). But, the 
difference among accessions was not 
significant. The mean plant girth among the 

accessions were found to be the highest in NRC 
112 (66.14 cm) followed by NRC 389 (62.78 cm) 
and NRC 75 (62.14 cm). The check variety 
Vengurla-8 recorded least plant girth (35.67 cm). 
The canopy spread ranged from  4.39 m to 6.47 
m. Maximum canopy spread was recorded in 
NRC 112 and minimum in Vengurla-8. 
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Table 1.12: Morphometric parameters of different cashew accessions during 2017-18

1.9.3 �    Classification of apple surface colour using RHS colour chart

 The cashew apple fruit colour surface 
was recorded using Royal Horticultural Society 
(RHS) colour chart. The surface colour of 
cashew apple of 15 accessions fall under Fan – 1 

category (Yellow, Yellow-Orange, Orange, 
Orange-Red and Red groups). The results are 
furnished in Table 1.13. 

Table 1.13: Scoring of cashew apple surface spectrum using RHS colour chart
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Fig. 1.9: Cashew apple
surface spectrum
using RHS colour

chart 
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1.9.4 �   Incidence of insect pests on cashew accessions

 Among the different pests observed, 
infestation levels of Tea Mosquito Bug (TMB) 
was more during flushing stage and it was 
negligible during flowering stage. Among the 
accessions, highest TMB infestation was 
recorded in NRC 175 and NRC 493 during 
October-November 2017, while it was low in 
NRC 75 and NRC 301. During flowering and 
fruiting stages, thrips and Apple and Nut Borer 
(ANB) infestation was recorded among the 

accessions. Infestation of thrips was high in NRC 
301 (20.48 %) and NRC 140 (18.15 %), whereas, 
ANB incidence was more in NRC 389 (8.29 %) and 
NRC 176 (7.32 %) (Table 1.14). Apart from these 
pests, incidence of leaf folder was also noticed 
dur ing September-October,  2017 with 
infestation levels of 10-15 % on shoots of NRC 
120, NRC 175 and NRC 189, but the incidence 
reduced drastically towards the end of October.

Table 1.14: Infestation levels of different pests in germplasm accessions

* Thrips and ANB infestation were recorded in randomly selected matured nuts  

1.10 �    Externally Funded Project   

1.10.1 � Development of morphological descriptors and DUS test guidelines for cashew  

 In order to develop DUS test guidelines 
for cashew, a project was funded by Protection 
of Plant Varieties and Farmers Rights Authority, 
New Delhi. Accordingly, the DUS test guidelines 
for cashew was finalized and published during 

2017. Thirty reference varieties for the purpose 
of DUS testing have been established at ICAR-
DCR, Puttur with a spacing of 6 m x 6 m and four 
plants/ variety.  
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List of reference varieties
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Ultra Density Planting (UDP) in cashew: Novel technology to
boost production in cashew 

Ultra density planting consisting of 1100-1600 
plants/ha or more, was pruned to maintain 
productive canopy was developed and 
standardized and demonstrated in farmers 
field (>100 ha) for the first time in cashew for 
obtaining early benefits and higher yield. This 
technology was developed during the period 
from 1999-2018. The UDP technique has 
shown to improve yield by 3-4 times per unit 
area    over traditional type of planting. When 
demonstrated in the farmers' field on large 
area, up to 3 tonnes of nut yield per ha could 
be harvested in third year of planting at 3m x 
3m spacing. The investment on orchard 

establishment could be realized just in three 
years. The complete allotted space was 
covered by canopy in just three years and the 
full potential yield of the unit land area was 
achieved through intensive management in 
the third year of planting. The precocious type 
of varieties such as VRI-3, NRCC Sel-2, Ullal-1, 
K-22-1 and H-130 are most suitable for this 
technique of planting. With this technique 
cashew yield can be increased in a short span 
of time and the dependency for rawnut 
imported from abroad can be reduced and self 
sufficiency attained.

Yield harvested under ultra density planting at DCR
(N=21, Var: K-22-1 @ 1600 plants per hectare)

Yield performance of ultra high density planting in farmers field (@ 3m x 3m)

st*     Deblossoming was done in the 1  year
**   Due to faulty pruning and severe tea mosquito bug attack, yield could  not be realized.
*** Resorted for thinning out the plants

2. CROP MANAGEMENT
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2.1 �      Studies on pruning and phenology in cashew

 The phenological studies were carried 
out in cashew cultivars, Ullal-3 and Bhaskara 
u s i n g  B i o l o g i s c h e  B u n d e s a n t a l t 
Bundessortenamt und Chemische Industrie 
(BBCH) scale.  Hundred shoots were tagged in 
each cultivar during the month of August, 2017 
for recording observations. The observations 
were recorded weekly twice. The study showed 
that there are eight important principal growth 
stages in cashew namely vegetative bud 
development, leaf development, shoot 

development, inflorescence development, 
flowering, nut and apple development, nut and 
apple maturity and senescence stages. Within 
each principal growth stages, different 
secondary stages were identified according to 
BBCH scale. After identifying the stages, each of 
the phenological stages were photographed, 
described and assigned codes according to BBCH 
scale (Table 2.1 & Fig. 2.1).  In addition, the 
observations were also recorded for pest 
incidence.

Precocious bearing

View of ultra density orchards
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Table 2.1: Different phenological stages identified in cashew according to BBCH scale
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Fig. 2.1: Phenological stages in cashew

Principal growth stage 0: Vegetative bud development stages
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Principal growth stage 3: Shoot development stages
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2.2 �       Establishment of nutrient diagnostic norms in cashew

2.2.1 �    Soil nutrient status in cashew plantations of Vridhachalam, Tamil Nadu

 A regional survey was conducted to 
characterize soil nutrient status of cashew 
growing areas of Vridhachalam, Tamil Nadu. 
Seventy soil samples (0 to 30 cm depth) were 
collected from different plantations of the 
region and were analyzed for selective 
chemical characteristics.  Soil pH and EC of the 
samples varied from 4.06 to 7.19 and 0.02 to 

-10.05 dSm , respectively. Organic carbon 
content of the samples ranged from 0.18 to 
0.77%.  The available N and K content of the 

-1
soils varied from 100.11 to 350.11 kg ha  and 

-150.23 to 300.22 kg ha , respectively. The soils 
were neutral to acidic and non saline. The 
nutrient index values were rated as low for 
available nitrogen (1.07) and potassium (1.21) 
with 92.85% samples under low category for 
nitrogen and 81.43% samples under low 

category for potassium. In case of organic 
carbon, 74.29% samples were rated as low and 
25.71% is high.

The status of DTPA extractable Fe, Mn, Zn and Cu 
is given in Table 2.2. Available Fe status in soils of 
cashew plantation in Vridachalam region varied 

-1from 5.76 to 47.12 mg kg . The Mn content 
-1varied from 5.56 to 25.81 mg kg . Considering 

-1critical limits of Fe and Mn in soil as 4.5 mg kg  
-1and 2.0 mg kg , respectively, these soils are 

found to be sufficient in Fe and Mn. Available Zn 
-1content varied from 0.44 to 3.84 mg kg . 

-1According to critical limits Zn of (0.6 mg kg ), 
only 5.71% samples were deficient in available 
Zn. The Cu content in these soils varied from 0.20 

-1 -1
to 1.54 mg kg . Considering 0.2 mg kg  as critical 
limit for Cu, only 2.85% samples were deficient. 

Table 2.2: Available micronutrient content in soils of different cashew plantations of 
                   Vridhachalam, Tamil Nadu
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3.1  �      Cashew Stem and Root Borer (CSRB)

3.1.1 �    Evaluation of indigenously occurring natural enemies for their efficacy against Cashew
              Stem and Root Borer (CSRB)

 A  local ly  encountered strain of 

entomopathogenic fungus, Metarhizium 

anisopliae was evaluated under laboratory 

conditions for its virulence in causing mortality 

of CSRB grubs. Aqueous spore suspension of 

the isolated local strain of M. anisopliae was 
4

applied topically 10  spores /ml (1 ml /grub) and 

through feed to CSRB grubs aged between 15 to 
2 

30 days @1 ml/ 5 x 5 cm of cashew bark.  All the 

treated CSRB grubs got infected, became 

moribund five days after treatment and showed 

100 per cent mortality within 15 days after 

treatment in topical application and within 21 

days in case of application of spores through 

bark as feed (Table 3.1). However, under field 

conditions, the application of spawn suspension 

onto infested tree trunks would be a feasible 

approach. 

Table 3.1: Mortality of CSRB grubs induced by local strain of M.anisopliae 

3.1.2  �   Investigations on semio-chemicals for management of TMB and CSRB: Flagship
              Programme

 Adult TMB emerging from lab culture 

were collected daily in the morning and 

evening, sexed and kept separately in different 

cages. The age of the virgin females was 

recorded and the different age groups of the 

TMB adult  females were used for the 

investigations. The 'Delta' sticky traps having a 

horizontal sticky liner were utilized for the field 

observations on TMB pheromone studies.  The 

live bait (a virgin female TMB) was placed in 

cotton mesh cage and hung on the upper angle 

of the cage; along with a tender cashew shoot 

placed in a glass vial having water to provide the 

food source. The observations revealed that the 

virgin TMB females aged 4 DAE (Days After 

Emergence) and 5 DAE elicited the maximum 

response (with a cumulative catches of 338 and 

250 males/trap, respectively) as indicated by the 

number of male TMB catches/trap. No trap 

catches of TMB males was observed when 

either the lesser aged TMB females or the TMB 

females aged 6 days were used as live baits 

(Table 3.2). 

3.  CROP PROTECTION
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Table 3.2: Trap catches of TMB males when different age groups of virgin TMB females were
                   used as 'live bait'.  

 During the field observations, it was 
observed that the many TMB males initially 
attracted to the virgin TMB females which were 
used as live bait; landed on the non-sticky outer 
surface of the trap and after frantic searching 
for the female, in many cases escaped away 
without getting trapped.  It was noticed that 
30.77 to 46.29 per cent of the attracted TMB 
males escaped without getting caught in 'Delta' 
traps. Hence, the trap design was modified to 
form a sparsely perforated cylinder with the 

total outer surface being the sticky layer and the 
live bait viz., a virgin TMB female was placed in 
the centre of the cylinder. This ensured that only 
up to 5.41 per cent of attracted males which 
alighted on the trap escaped; due to landing on 
the sticky liner edges or on wire frame (Table 3.3 
& Fig. 3.1). The remaining TMB males were 
invariably trapped and had no chance of escape 
thereby giving a more accurate count of the 
trapped TMB males.

Table 3.3: Trap catches of male TMB in Delta and modified Cylinder traps

 The virgin TMB females aged 4-5 days, 
reared in the laboratory were first placed in the 
net cages in cashew orchards  from 9.00 AM to 
10.00 AM to activate their “calling instinct” and  
were later stunned by placing them in deep 
freezer  for  15 mins  and immediately 
mascerated in Di-Chloro Methane (DCM), to a 
crude suspension to obtain Whole Body Extract 
(WBE). The WBE was stored in a freezer and 

subsequently evaluated  for their retention of 
attraction capacity in comparison  to the live 
TMB females used as baits [after 10, 15 and 30 
Days After extraction (DAe)]. The maximum 
cumulative number of TMB male catches/trap 
was 94 when the TMB virgin females were used 
as live-bait and it was 100 when WBE was used 
as the bait at 30 DAe (Table 3.4). 
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 Table 3.4: Comparative catches  of TMB males in Whole Body Extract (WBE) and live female
                    baited traps

Fig. 3.1: Trap catches of male TMB in modified cylinder trap

3.1.3. �   Evaluation of newer molecules for their efficacy against Tea Mosquito Bug (TMB) and
              Cashew Stem and Root Borers (CSRB)

 The following parameters viz., a) 

mortality  induction b)feeding deterrence and 

c) oviposition repellence are being recorded 

using the test insecticides- thiamethaxam 

(0.1g/l & 0.2g/l), acetamiprid (0.5g/l), 

carbosulfan (2.0 ml/l) and buprofezin (2.0 ml/l) 

against TMB and fipronil (2.0ml/l), imidacloprid 

(2.0ml/l) and chlorpyriphos (10ml/l) against 

CSRB.  It was noticed that thiamethoxam was 

on par with the recommended insecticide -

cyhalothrin in managing TMB; but buprofezin 

could not induce mortality of TMB nymphs or 

adults even on 1 day after treatment (DAT). In 

case of CSRB, imidacloprid was on par with the 

recommended insecticide chlorpyriphos; but 

had lesser mortality of nascent hatched larvae 

(Figs. 3.2 & 3.3). The trials are in progress to 

finalize the most effective insecticide for 

managing these pests.

Female bait cage inside
cylinder trap

TMB catches on 4�� and 5�� DAeTMB catches on cylinder trap
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3.3.  �     Diversity, bioecology of pollinators of cashew and their role 

3.3.1.  �  Nesting behaviour and life cycle of Ceratina hieroglyphica and Braunsapis picitarsus

 Dried thin shoots/panicles of the 
cashew trees having neat circular entrance hole 
at their tips indicated the presence of nests of C. 
hieroglyphica and B. picitarsus. Bees either 
made fresh nests by excavating the soft pith 
region of the sticks or sometimes occupied old 
or abandoned nests. A total of 66 nests of C. 
hieroglyphica were collected during 2017, in 
which, 12 were empty. Cells with older stages 
were at the deeper end of nests. Adults were 
found maximum (52.7 %) followed by pupal 

stages (20.9 %) (Fig. 3.4). Nest entrance of B. 
picitarsus was just 1 - 2 mm, and rarely up to 3 
mm. The nests had no partition and all the 
stages were found together (Table 3.5). A total 
of 138 nests of B. picitarsus were collected 
during 2017, in which active life stages were 
recorded in 91 nests. Among them, 37 had all 
the stages viz., eggs, grubs, pupa and adult. 
Unlike C. hieroglyphica, grubs of B. picitarsus 
were fed by the adult bees i.e., progressive 
provisioning. 

Fig. 3.2: TMB mortality level (%) at 6 h after release

Fig. 3.3: TMB mortality level (%) at 24 h after release
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Table 3.5: Duration of different stages of C. hieroglyphica and B. Picitarsus

3.3.2.  � Behaviour

 B. picitarsus bees exhibited excellent 
bee guarding behaviour. As a defensive 
behaviour, the female bee sitting at the 
entrance facing outside turns immediately 
upon noticing its enemies or disturbance and 
blocks the entrance hole with its abdominal 

tergum and pumps its abdomen so as to ward 
off its enemies. If the disturbance continues, the 
bee pushes its offsprings towards interior end 
away from entrance. In case of C. hieroglyphica, 
blocking the entrance hole with its metasomal 
tergum was commonly noticed.

 Bee colonies of Apis cerana kept at 
Shantigodu station were attacked by wasps viz., 
Vespa sp. (?), greater wax moth larvae (Galleria 
mellonella) and also by unidentified beetles. 
The grubs of B. picitarsus were found to be 
parasitized by Neochalcis group of parasitoids 
(Chalcididae). The grubs of C. hieroglyphica 
were found to be parasitized to the extent of 2 - 
5% (Fig. 3.5). Mites (undetermined) were also 
seen moving over the grubs and pupae of C. 
hieroglyphica, which might be phoretic in 
nature. During rainy season, mummified adults 

3.3.1.    Natural enemies of bees

of C. hieroglyphica were also noticed to the 
extent of 3-4%. 

(days)
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3.3.4.     Performance of Apis cerana colonies and quality of honey 

 Apis cerana colonies were established 
at Shantigodu station to understand its 
potential of establishment and sustenance in 
cashew ecosystem. The colonies shifted during 
December -January could establish successfully 
and yielded up to 4 kg honey/hive within 3-4 

months period with a super chamber. The 
quality of extracted unprocessed honey was 
analyzed for its physico-chemical properties in 
an AGMARK laboratory and found to be of 
superior quality (Table 3.6). 

Table 3.6: Physico-chemical quality of A. cerana honey (unprocessed) harvested in cashew
                   ecosystem

3.3.5.     Bee flora

 The common bee flora in and around 
cashew plantations were also documented. 
The weed species in the cashew plantations 
visited by different wild bees include 
Spermacoce hispida, Alternanthera spp., 
Mimosa pudica, Tridox procumbens, Lantana 
camara, Thevetia sp., Ixora spp., Leucas aspera, 
Vedalia trilobata, Melastoma malabathricum, 
Blumea sp., Passiflora foetida etc. Besdies, 
flowers of perennials found nearby cashew 
plantations like Terminalia spp., Caesalpinia 

sp., Antigonon leptopus, Semicarpus pranuii, 
Peltophorum pterocarpum, Delonix regia, 
Cassia spp. attracted plenty of bee species (Fig. 
3.6).  Flowers of L. aspera and V. trilobata were 
visited by three honey bee species viz., A. 
cerana, A. dorsara and A. florea besides wild 
bees like Ceratina spp. Braunsapis sp., Xylocopa 
sp. Among the bee flora, flowers of coral 
creeper, A. leptopus (Polygonaceae) was found 
to attract a lot of Braunsapis sp., Certaina sp., 
Apis florea and few other wild bees.

Bees foraging on A. leptopus
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3.3.6.    Single bee visits

 Freshly opened hermaphrodite flowers 
were confined with a small tissue paper cover 
after single visit of bees and covers were 
removed after  two days.  Prel iminary 
observations revealed that single successful 
visits of B. picitarsus, A. cerana, Pseudapis 

oxybeloides and C. hieroglyphica bees could 
result in 10-35 % nut set, which needs to be 
studied further. But, important factors like 
pollen load on the bees, position of bee 
touching the stigma of flower significantly 
influence the nut set in this case. 

3.3.7.    Artificial bee nests

 Attempts have been made to design 

artificial bee nests for wild bees. Wooden 

blocks made with neat circular holes (1.5 to 5 

mm diameter and 7-9 cm length) and thin sticks 

of bamboo, Lantana camara, Cenchrus sp., and 

cashew were arranged (Fig. 3.7). Bigger holes in 

wooden blocks were occupied by Megachilids, 

Ceratina sp. and Tetragonula sp. Only 5-7 % of 

tiny holes were occupied by Braunsapis bees, 

whereas, 60 % of medium sized holes were 

occupied (Fig. 3.7). The tiny sticks especially of 

bamboo were also well occupied by Braunsapis 

sp. Hence, such artificial bee nests could help in 

conserving the wild bees.

3.4.        Investigations on inflorescence pests of cashew and their management

3.4.1.    Documentation of inflorescence pests 

 Besides Tea Mosquito Bug (TMB), 

inflorescence of cashew is infested by several 

pests starting from its emergence till fruiting 

(Table 3.7 & Fig. 3.8). Shoot tip caterpillars 

damaged the flower buds to an extent of 3-5 % 

from January to March. Infestation by 

caterpillars was more during December - 

January (7-9 %.) Up to three caterpillars 

especially flower webbers were recorded per 

inflorescence. Lepidopteran pests documented 

during 2017 include, Nanaguna sp. (Nolidae), 

Autoba sp. (Erebidae), Dudua aprobola M. 

(Tortricidae), Thylacoptila paurosema M. 

(Pyralidae), Hyposidra sp. (Geometridae), 

Euproctis sp. (Erebidae) and also Gelechiids. 

Besides, three species of thrips viz., Scirtothrips 

dorsalis, Thrips florum and Thrips hawaiiensis 

(Thripidae: Thysanoptera) also damage cashew 

flowers. Among, S. dorsalis was abundant (97.25 

%) and up to 16 thrips was recorded in an 

inflorescence. Thrips damage resulted in drying 

of flowers, appearance of corky patches in 

developing nuts as well as apples, fruit cracking 

in matured apples and malformation of nuts. 

Other pests include mealy bugs viz., Ferrisia 

virgata, Planococcus sp. (Pseudococcidae: 

H e m i pte ra ) ,  a p h i d s  Toxo pte r a  o d i n a e 

(Aphididae: Hemiptera)), mirids, tiny beetles 

(Oryzaephilus  sp. (?)), Cetonid beetles, 

undetermined mites etc. 
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Table 3.7:  Level of infestation of inflorescence pests on cashew (N= 360)

3.4.1.    Natural enemies

 Natural enemies recorded on cashew 
inf lorescences  inc lude predators  l ike 
coccinellids, lace wing bugs, anthocorid bugs, 
geocorid bugs, syrphids, ants and spiders. The 
number of such predators varied from 1-
5/inflorescence. In addition, several parasitoids 

also attacked caterpillars, which are yet to be 
documented. Parasitism and predation was 
noticed to a higher extent (30-40%) on       
f lower webbers during February-March      
which suppressed their population build up 
subsequently. 
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4.1   �     Developing quality standards for raw cashewnuts

4.1.1 �     Dimension analysis of indigenous raw cashewnuts

 Spatial dimension and nut quality in terms 
of nut count and outturn for 40 samples collected 
from AICRP centres are presented in Table 4.1. 
Raw nut dimension in major, minor and 
intermediate axes are found to be in the range     
of 25.8-39.5, 19.3-28.8 and 14.2-21.3mm 
respectively. Average values of sphericity and 
equivalent diameter of these nuts ranged from 
18.87 to 27.69 and 0.82 to 0.88 units respectively. 
There was no strong correlation observed 
between nut and kernel characters except weight 
(0.76). Among the varieties, nut count found to be 
minimum for 'Vengurla-7' (91), whereas 'Anagha' 
registered maximum of 250 nuts per kg. As far as 
outturn is concerned, 'VRI-Cw' (62%) recorded the 
highest and 'Raghav' (45.4%) found to the lowest.  

It was observed that nut size has strong 
correlation with weight. Proportion of medium 
size nuts found to be the highest among the 
graded nuts. After processing kernal size turn out 
to be 'W320' grade and hence, this  grade is 
considered as bench mark for price computation.  
The outturn was maximum in VRI-Cw (62%) and 
minimum in Rabhav (45.4%). Besides, pest 
infested nuts yielded good kernels to the tune of 
18-83% and there was no definite correlation 
among the observed parameters. Poor correlation 
observed between the season of harvesting and  
kernel quality. This was evident from the 
proportion of good kernels from the nuts obtained 
from Kemminje (71-84%) and Shantigodu farm 
(49-92%). 

Table 4.1: Spatial dimension of raw cashewnuts obtained from AICRP centers (N=25)

4.  POST-HARVEST TECHNOLOGY
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4.1.2 �   Empirical relationship representing quality

 To represent quality, an empirical 
relationship was developed by taking  the 
proportion of graded raw cashewnuts, 
prevailing market price for cashew kernels, 
count based nut weight and yield of good 
kernels and other fractions. This quality index 
suggests the value between 0.08 and 1.0 
wherein  the  lowest  va lue  represents 
completely spoiled kernels as final yield and 
highest value indicating 100% good kernels. 
T h i s  p r o d u c t  v a l u e  m e t h o d  h a s  n o t 
incorporated moisture content, which has 

strong bearing on the quality of raw cashewnuts 
as far as its shelf life is concerned. It needs to be 
modified once instantaneous and non-
destructive mode of moisture determination is 
devised.

Where, Y is the quality index (1.0<Y<0.1); A is 
the grade of cashew kernel; X is the assigned 
value for the grade

4.2  �      Design and development of mechanized slicer for cashew apple

4.2.1 �    Performance evaluation of cashew apple slicer

 Test results of 'Multi blade mechanical 
slicer' developed at this Directorate, after 
replacing with stainless steel disc blades 
indicated that initial shearing force is essential 
to pierce the waxy layer of apple to penetrate 

and slice. Strength of the blade and manner in 
which it is fitted to shaft, prevents distortion 
during slicing operation and ensures uniform 
thickness of slices. A mechanism should be 
provided at the rear side of the multi blades to 
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avoid slices carried along its rotation and guide 
the slices to the outlet, preventing slices thrown 
away by the centrifugal force. Inlet chute     
need to be designed in an angular manner to 
regulate the cashew apples by gravity. Slicing 

mechanism need to be given drive force through 
high torque motor to have control on centrifugal 
force generated for slicing and check loss of juice 
by compression.   

4.2.2 �    Design and development of mechanical slicer for cashew apple

 Trials were conducted to slice cashew 
apples using multi string approach, wherein 
cashew apple was pressed against strings tied in 
parallel direction. Due to presence of waxy coat 
having thickness up to 0.2 mm surrounding the 
fruit and blunt edges of the string, shearing had 
not taken place to slice cashew apple. 
Alternatively, staggered disc blades slicer 
designed along with belt conveyor to feed 
cashew apples automatically for slicing (Fig. 
4.1). This design facilitated to cut cashew apple 
in to two halves in the first instant, followed by 
slicing the cut apples by the staggered disc 
blades provided on either side and so on. 
Positioning the halves of the cashew apples 
after first slicing and preventing the distortion 

4.3  �      Design and development of moisture meter for raw cashewnuts

4.3.1 �    Moisture dynamics in raw cashewnuts 

 Distribution of moisture content in 
different layers viz., whole nut, 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 

(Fig. 4.2)  The moisture content found to be the 
lowest for kernel in the beginning and increased 
towards full maturity. Moisture content of 
whole nut lies between kernel and shell 
irrespective of growth phase and this could be 
used to develop moisture meter. 

of cut apples are the prime issues encountered 
in this prototype.

Fig. 4.2: Stage-wise moisture distribution in maturity stages of raw cashewnut
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4.3.2 �    Developing moisture meter for raw cashewnuts (RCN)

 Trials were conducted with freshly 
harvested RCN using 'OSAH' moisture meter 
available at Punjab Horticulture Post harvest 
Technology Centre, Punjab Agricultural 
University, Ludhiana to calibrate for RCN. Owing 
to larger size and irregular shape of the nut, the 
sample container could not accommodate the 

sample. Moreover, the pressure plate crushed 
RCN making CNSL to ooze out which led to 
inaccurate value of moisture. To augment this 
problem a linkage was developed with Council 
for Scientific Instruments Organization (CSIR-
CSIO), Chandigarh for developing moisture 
meter. 

4.4  �      Studying comparative performance of cashewnut processing systems in India

4.4.1 �   Diagnostic study on cashewnut processing units in Karnataka and Kerala

 Industry oriented technical problems 
were identified based on the diagnostic study 
conducted with two units representing labour 
oriented and semi-mechanized mode of 
processing. Optimization of processing 
parameters influencing the quality of end 
product found to be the prime issue of the 
industry. Efficient utilization of human, thermal 
and electrical energy is the secondary issue to 
be tackled to minimize the cost. Moisture 
control has become the utmost important 
factor at all stages and non-destructive 
moisture meter is essential. Imparting better 
skill improvement training at shelling, peeling 
and grading stages bring balance between 
quality output and cost incurred. Cost of 
processing ranged between Rs. 1200-1400 for 
labour oriented processing and in the range of 
Rs. 1700-2000 per bag of 80 kg RCN depending 

upon the level of mechanization and quantum 
of conditioned nuts per day. 

M/s. Chandra Cashews located in Kerala 
categorized under labour oriented unit was 
visited to investigate its performance. In spite of 
air pollution, drum roasting process is 
predominant in this region. Inadequate supply 
of raw cashewnuts at reasonable price is the 
major  problem faced by the industry. 
Discolouration and lower kernel recovery are 
secondary level problems to be tackled. Major 
issue related to cashew industry in Kerala are i) 
Increase in the wages imposed by Government 
of Kerala, up to 44% including perks; ii) 
Reduction in the incentive for exporters from 5 
to 2%; iii) Imposition of import duty on RCN; iv) 
Import of cashew kernels into India and v) 
Unethical trade practices by multinational 
traders.

4.5 �       Screening of cashew varieties to specify use of cashew apple in value added products 

 All the five new products (technologies) 
viz., pulp, jam, jelly, cashlime and cider 
developed were studied for their nutrient 
composition and storage life. The parameters 

studied were, TSS, Vitamin C, tannin, total 
phenol and antioxidants activity by CUPRAC and 
FRAP assay.

 The effect of storage time (months) on 
biochemical composition of fresh cashew apple 
pulp was studied. Effect of pulp blanching on its 
storage behavior was studied in comparison 
with unblanched sample. Heating of pulp at 

°
about 100 C for 1-2 minutes  resulted in 

depletion in few heat labile nutrients like 
Vitamin C (343 mg/100 ml) over unblanched 
sample (368 mg/100 ml), but inactivation of 
enzymes due to blanching resulted in retention 
of maximum nutrients (TSS-9⁰Brix, Vit-C 
273mg/100 ml, Tannins-148 mg/100 ml, Total 

4.5.1      Cashew apple pulp
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Table No. 4.2: Storage study of unblanched & blanched cashew apple pulp

Phenol Content (TPC)-236 mg/100 ml, CUPRAC 
Assay-863 mg/100 ml and FRAP Assay-463 
mg /100 ml )  dur ing  the  storage  over 
unblanched samples (TSS-8.8⁰Brix, Vit-
C251mg/100 ml, Tannins-140 mg/100 ml, TPC-

230 mg/100 ml, CUPRAC Assay-803 mg/100 ml 
and FRAP Assay- 426 mg/100 ml) and color of 
the blanched pulp at the end of twelve months 
frozen storage was better than unblanched 
samples (Table 4.2).

⁰

4.5.2  Cashew apple jam

 Cashew apple jam was also studied for its 
nutrient value and storage life at room temperature. 
Jam being a self-stable processed product due to its 

0high sugar content (68 Bx) could retain maximum of 
0

its nutrients (TSS-67 Brix, Vit-C 83mg/100 ml, 
Tannins-103 mg/100 ml, TPC-119 mg/100 ml, 
CUPRAC Assay-372 mg/100 ml and FRAP Assay 169 

mg/100 ml)  even after five months of storage  at 
room temperature (Table 4.3) compared to fresh 

preparation (TSS-68⁰Brix, Vit-C 121mg/100 ml, 
Tannins-112 mg/100 ml, TPC-134 mg/100 ml, 
CUPRAC Assay-403 mg/100 ml and FRAP Assay-200 
mg/100 ml).

Table 4.3: Storage study of jam
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4.5.3      Cashew apple jelly 

 The trend of nutrient retention of jelly 
was found similar to the jam. Jelly was also 
stored at room temperature and was observed 
for change in its nutrient content during 
storage. Jelly also being a self-stable processed 
product like jam due to its high sugar content 

0(65.5 Bx) could retain maximum of its nutrients 
0

(TSS-65 Brix, Vit-C 91mg/100ml, Tannins-90 

mg/100 ml, TPC-107 mg/100 ml, CUPRAC Assay-
282 mg/100 ml and FRAP Assay- 122 mg/100 ml)  
even after five months of storage at room 
temperature (Table 4.4) compared to fresh 

0
preparation (TSS-65.5 Brix, Vit-C 142 mg/100 
ml, Tannins-93 mg/100 ml, TPC-117 mg/100 ml, 
CUPRAC Assay-316 mg/100 ml and FRAP Assay-
152 mg/100 ml).

Table 4.4: Storage study of Jelly

4.5.4     “Cashlime” - A Cashew apple and lemon juice blended RTS/Nectar:

 Like other products, cashlime was also 
analyzed for its nutrient content and storage 
life. The product was stored at refrigeration 
temperature and room temperature. Based on 
biochemical behavior of the products at both 
the storage conditions, it was observed that the 
product stored at refrigeration temperature 
could retain maximum of its nutrients till 

0
completion of fifth month (TSS-10.5 Brix, Vit-C 

72 mg/100 ml, Tannins-76 mg/100 ml, TPC-58 
mg/100 ml, CUPRAC Assay-186 mg/100 ml and 
FRAP Assay- 123 mg/100 ml) compared to fresh 

0
one (TSS- 12 Brix, Vit-C 86 mg/100 ml, Tannins-
76 mg/100 ml, TPC-72 mg/100 ml, CUPRAC 
Assay-242 mg/100 ml and FRAP Assay-169 
mg/100 ml) whereas, the samples stored at 
room temperature began to lose its quality after 
two months of storage (Table 4.5).

Table 4.5: Storage study of blended RTS at refrigeration and room temperature
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4.5.5 �    Cashew apple cider (3-6% Alcohol): 

 Cashew apple cider was analyzed for its 
functional nutrient value and shelf life. The 
product was stored at refrigeration and room 
temperature. Based on biochemical behavior 
of the products at both the storage conditions it 
was observed that the product stored at 
refrigeration temperature could retain 
maximum of its nutrients till completion of 24 
months (Vit-C 109 mg/100 ml, TPC-137 mg/100 

ml, CUPRAC Assay-84 mg/100 ml and FRAP 
Assay-246 mg/100 ml) compared to fresh one 
(Vit-C 220 mg/100 ml, TPC-205 mg/100 ml, 
CUPRAC Assay-98 mg/100 ml and FRAP Assay-
452 mg/100 ml) whereas the samples stored at   
room temperature were found stable with 
maximum nutrient retention up to 12 months of 
storage without any detrimental change in 
sensory quality of the product (Table 4.6).

Table 4.6: Biochemical changes during the storage of Cider at different temperatures

MAS*

MAS*
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*MAS : Months After Storage

MAS*

MAS*
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5.1��         Tribal Sub Plan (TSP) programme 

5.1.1 �     TSP demonstration plot visits

 Visits were made to the different 
demonstration plots of TSP beneficiaries  
located in villages of Puttur and Sullia taluks 
viz., Irde, Bettampady, Shanthigodu, Sampya, 
Sarve, Thingalady, Mandekolu. The TSP plots 
located at Chembu and Karike villages of 
Madikeri districts were also visited. The 

f a r m e r s  w e r e  a d v i s e d  t o  fo l l o w  t h e 
recommended package of practices for cashew 
cultivation. Financial assistance was given to 71 
TSP beneficiaries for adopting improved 
cultivation practices in different parts of 
Dakshina Kannada, Madikeri and Kasaragod 
districts.

5.1.2 �     Training programme on cashew production technology 

 Technical advise was offered on cashew 
cultivation to tribal farmers of Chembu village, 

th
Madikeri Taluk on 27  February 2018 at Sri 
Vishnumurthy temple, Kudrepaya. The chief 
guest of the programme was Mr. Madhava K.K 
President, Gram panchayath, Chembu. Lecture 
on various aspects of cashew production 
technology like varieties, site selection, 
planting, maintenance of plants with proper 
pruning and training, fertilizer application, soil 
and water conservation, pest management, 
harvesting and value addition was delivered. 
Later, the trainees were taken to the field 

where the aspects of managing cashew plants, 
identification of pests like CSRB and TMB 
followed by their management were explained. 

5.1.3 �    Farmers' education tour to Kerala

 Eight TSP farmers were taken on 
agricultural education tour to Kerala during 12-

th14  March 2018. The farmers visited Indian 
Institute of Spices Research, Calicut and came to 
know about different pepper propagation 
techniques, nutmeg and turmeric varieties. 
They were exposed to different cashew 
varieties, cultivation practices and value 
addition aspects of cashew apple at Cashew 
Research Station, Madakkathara, Kerala. A visit 

was made to Agricultural Research Station, 
Munnuthi where the concept of Food Security 
Army was explained and different machineries 
for paddy cultivation were shown. They also 
visited a farmer's cashew plantation to learn 
about the practice of eco-friendly ways of 
controlling TMB. Further, the farmers visited 
Regional Research Station, Pilicode to know 
about different value addition possibilities in 
coconut and cashew. 

5. TRANSFER OF TECHNOLOGY
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5.2 �       Programmes organized 

5.2.1     Programme on Nursery management and production technology in Cashew

 ICAR-Directorate of Cashew Research, 
Puttur, in association with Sevabharathi 
Savayava Krishi Parivar, Puttur and Samrudhi 
gida-gelaethana Sanga, Puttur organised one 
day programme on nursery management and 
production technology in cashew on 11�� 
September, 2017. The programme was 
sponsored by Directorate of Cashew and Cocoa 
Development Board (DCCD), Cochin. More 
than 100 cashew growers attended the 
programme. The chief guests were Dr. 
Venkatesh N. Hubballi, Director, DCCD, Cochin, 
and R.K. Bhaskar, president, Samrudhi Gida-
Gelaethana Sanga, Puttur. The soft wood 
grafting technique and nursery management in 

cashew was explained and the grafting 
technique was demonstrated.

The chief guest Dr. Venkatesh N. Hubballi 
addressed the gathering and stated the 
achievements of DCCD in cashew area 
expansion in 13 different states. He also 
highlighted about conversion of rubber and 
mango plantations in Kerala and Maharastra 
into cashew plantations due to attractive price 
of raw cashewnut apart from ease of cultivation. 
Mr. R.K. Bhaskar expressed the cordial 
relationship between the farmers and ICAR-
DCR, Puttur in dissemination of technologies for 
the last 25 years. He requested  ICAR-DCR to 
continue the support in future.

5.2.2 �   Field day and awareness programme on soil health management

 Tw o  f i e l d  d a y  c u m  a w a r e n e s s 
programmes on soil health management were 

st
undertaken on 10�� and 21  November, 2017. 
Different villages in Puttur taluk of Dakshina 
Kannada district namely, Balegudi, Madaka, 
Irde, Perlathadka, Uppalige, Bettampady, 
Mundur, Chavadi Mane, Balayer Mane, 
Thingaladi, Kedambadi Chavadi Mane, Keyyur 
and Kavu were covered. The importance of soil 
testing was explained and proper methods of 
soil sampling were demonstrated in farmer's 
field. Farmers were encouraged to take soil 

samples from their fields. A total of 54 soil 
samples were collected during the programme.

5.2.3�    World Soil Day

th World Soil Day was celebrated on 5  
December, 2017 at the Directorate. The 
programme was attended by 130 participants 
including farmers from various villages in the 
Dakshina Kannada district of Karnataka and 
students of agricultural universities. The Chief 
Guest was  Mrs. Shakunthala T. Shetty, 
Member of Karnataka Legislative Assembly, 
Mr. Nalin Kumar Kateel, Member of Parliament 
from Dakshina Kannada, Haji B.H. Khader 
Bantwal, Chairman, Karnataka Cashew 
Development Corporation (KCDC),  Sri. Prakash 
S. Netalkar, Managing Director, KCDC were 

present as dignitaries. They spoke about the 
imporatance of soil health. Soil health cards 
were distributed to farmers by the dignitaries. 
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5.2.4 �    World Environment Day - 2017

 T h e  W o r l d  E n v i r o n m e n t  D a y 
programme was organized at ICAR-DCR Puttur 

th
on 5  June, 2017. The programme included a 
talk on “Importance of preserving environment 
for the present and for the future” by Shri 
Jayaram Poojari ,  Sr.  Health Inspector, 
Department of Health, Dakshina Kannada 
district, Mangalore.  The Directorate with the 
help of Health Department, Government of 
Karnataka in i t iated a  b lood sampl ing 
programme amongst the construction 

labourers working at the construction site of 
Silver Jubilee Building and also for the staff and 
family of the Directorate to prevent the 
outbreak of  monsoon related contagious 
diseases like malaria, dengue etc.   On this 
occasion, the Directorate had also initiated 
fogging, clearing of water stagnation etc in the 
office premises, construction site, and 
residential complex to control the mosquito 
menace. 

5.2.5 �    Foundation day and farmers meet – 2017

 ICAR-Directorate of Cashew Research, 
st

Puttur celebrated its 31  Foundation Day on 
th17  June, 2017. On this occasion, 'Farmers 

Meet – 2017' was also organized in which more 
than 150 progressive cashew farmers 
p a r t i c i p a t e d  b e s i d e s  n u r s e r y  m e n , 
representatives of ICAR Institutes, KVKs, 
development departments,  NGOs and 
scientists. Dr. D.C. Chowta, a progressive farmer 
from Kasaragod, was the chief guest of this 
function and guests of honour were Shri B.K. 
Ramesh, General Body member, Indian Council 
of Agricultural Research, New Delhi and Dr. 
Venkatesh N. Hubballi, Director of Directorate 
of Cashew nut and Cocoa Development , 
Cochin. 

During the program, the renovated website of 
the institute (http://cashew.icar.gov.in) and 
two technical folders on 'High density planting 

in cashew' and 'Post harvest technologies for 
commercialization in cashew” were also 
released. Further, two selected cashew farmers 
were felicitated. Mr. Sheenappa Gowda, a 
progressive farmer from Perabe, Puttur was 
felicitated for achieving good productivity in 
cashew in a span of three years. Another farmer 
felicitated was Shri Dhooma Malekudiya, who 
took cashew cultivation under tribal sub plan of 
the institute. 

In the inaugural address, Dr. Chowta opined that 
farmers of this region should grow income 
generating crops along with many other fruit 
crops. Further, he opined that farmers should be 
able to fix the price for their produce instead of 
others. He felt that farming should be taken up 
as a happy enterprise by all farmers. Dr. 
Venkatesh Hubballi, said that this is a golden 
period for cashew as the price is high and 
farmers are getting lot of encouragement. 
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5.2.6 �    Agricultural Education Day - 2017

 ICAR- Directorate of Cashew Research, 
Puttur organized Agricultural Education Day on 

t h r d4  December, 2017 (designated on 3  
December) to commemorate the birth 
anniversary of first President of Independent 
India and Union Minister of Agriculture,  Dr. 
Rajendra Prasad. The programme was 
attended by nearly 200 members representing 
pre university students and teachers from 
various colleges in Puttur as well as ICAR-DCR. 
Capt. Ganesh Karnic, MLC, Karnataka was the 
chief guest. He motivated the young minds to 
choose agriculture which has a spectrum of job 

opportunities for securing the future of both 
individual as well as nation. The guests of 
honour were Shri. B. K. Ramesh, General Body 
m e m b e r,  I C A R  a n d  S h r i .  N .  A c h u t h a 
Moodethaya, a progressive farmer.  A lecture on 
“Scope of Agricultural Education”  delivered by 
Shri. Eradasappa, Scientist, DCR, Puttur 
highlighted different disciplines of agricultural 
sciences, agricultural universities in Karnataka 
and India, career opportunities in agriculture 
and national schemes and scholarships 
available to promote agricultural education. 

5.2.7 �    Annual Cashew Day – 2018 

 The Annual Cashew Day was celebrated 
st

on 21  March, 2018 at the Directorate. Dr. 
Narayanaswamy, Vice Chancellor was the chief 
guest and Shri. Gurunath Odugoudar, a 
progressive farmer of Gadag district, Former 
Board Member of University of Agricultural 
Sciences, Dharwad and Shri B.K. Ramesh, 
General Body Member, ICAR and Dr. Ananda 
K.S., Head, Regional Station, ICAR- CPCRI, Vittal 
were the guests of honour. On the occasion, 
the first cashew hybrid of ICAR-DCR, H-130 was 
released for evaluation in the farmers’ fields. 
This hybrid has precocious flowering behavior 
and suitable for high density planting. It has 
bold nuts weighing around 12-13 grams and 
yield levels are also high. In the program, the 

Memorandum of Understanding for licensing of 
s ix  cashew nut  process ing  machinery 
technologies of DCR was also exchanged with 
the private company M/s. Pro B products, 
Bengaluru. 

A n  ex h i b i t i o n  o n  ca s h e w  p ro d u c t i o n 
technologies, different cashew varieties and 
cashew apple products was also organized. In 
addition, various publications on cashew 
production and processing technologies were 
displayed. Farmers were taken to the fields to 
show the various cashew research plots. More 
than 200 cashew farmers participated besides 
nursery men,  representat ives  of  KVK, 
development departments and scientists. 
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5.3��        Exhibitions 

5.3.1 �    World Food India- 2017, New Delhi

 ICAR-DCR, Puttur participated in World 
Food India (WFI), a global event organized by 
the Ministry of Food Processing Industries, 

thGovernment of India during 3-5  November, 
2017 to facilitate partnerships between Indian 
and international businesses and investors. WFI 
was a gateway to the Indian food economy and 
an opportunity to showcase, connect and 

collaborate. WFI was the largest gathering of 
investors, manufacturers, producers, food 
processors, policy makers, and organizations 
from the global food ecosystem. The Directorate 
exhibited technologies in the form of cashew 
apple based value added products namely, 
Cashlime (cashew apple lemon blend RTS), 
Cider, Jam and jelly along with posters.   

5.3.2 �    Mega Kisan Mela and Agri-Business Expo - 2018

 ICAR-DCR, Puttur participated in the 
Mega Kisan Mela and Agri-Business Expo at 
ICAR- Central Plantation Crops Research 

th
Institute, Kasaragod from 5-10  January, 2018. 
The Directorate put up an exhibition stall 
showcasing the technologies developed by the 
Directorate and AICRP Centres on cashew. The 
technologies on scientific cultivation practices, 

nursery management, varietal information, pest 
and disease management, post harvest 
handling and value addition were exhibited. The 
stall was visited by many farmers, students, 
extension functionaries, researchers and public 
from different parts of Kerala, Karnataka and 
other regions of the country including Tamil 
Nadu and Gujarat. 

5.3.3 �    Mega National Horticulture Fair-2018 

 ICAR- DCR, Puttur participated in Mega 
National Horticulture Fair-2018 held at ICAR- 
Indian Institute of Horticulture Research, 

thHesarghatta, Bengaluru from 15-17  March, 
2018. During the event, ICAR-DCR exhibited the 
different technologies like commercial varieties 
of cashew, high density planting and ultra high 

density planting systems, water and soil 
management in cashew, TMB and CSRB 
management and processing of cashew apple. 
More than five thousand participants from 
Karnataka, Tamil Nadu, Telangana, Andhra 
Pradesh and Maharashtra had visited the stall. 

5.4 �       Mera Gaon Mera Gaurav (MGMG) program 

5.4.1   �  Programme at Irde- Bettampady 

 A MGMG programme was organized by 
Scientists of ICAR-DCR, Puttur, at Irde-

thBettampady village, D.K on 28  March, 2018. 
More than 20 people including farmers, gram 
panchayat members, students and scientists 

attended the programme. In the interaction 
session, farmers were given information about 
management of cashew and other plantation 
crops.
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5.4.2.  �  Program at Aletti

rd
 On 23  February, 2018, a program 
under MGMG was conducted in Aletti village, 
Dakshina Kannada district. Nearly 25 farmers 
were participated and cashew cultivation and 

processing related issues were discussed in 
detail. The farmers were distributed with 
cashew production technology pamphlet and 
cashew graft application. 

5.5 �        Development of an exclusive android application for cashew cultivation

 A state of the art android app giving 
comprehensive information on cultivation, 
processing, marketing, agencies involved in 
cashew development etc. will be developed in 
10 languages with the inputs from AICRP 

centres on cashew. During the year, a detailed 
story board involving all elements of the app was 
written and the development of app is under 
progress. 
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6.1 �      Network project on micronutrient management in horticultural crops for
             enhancing yield and quality

6.1.1�     Introduction

 A network project was in operation on 
micronutrient management in cashew at ICAR-
Directorate of Cashew Research from 2014-15 
to 2017-18 with ICAR- Indian Institute of 

Horticultural Research, Bengaluru as the lead 
centre. The project was implemented with the 
following objectives.

6.1.2 �    Objectives

§ To delineate micronutrient deficient 
areas of cashew using district boundary 
maps and secondary data.

§ To document micronutrient deficiency 
symptoms in cashew seedlings and 
estab l i shment  of  micronutr ient 
guidelines. 

§ To exploit soil-microbial and micro-
nutrient interactions for efficient 
mobilization of micronutrients.

§ To develop management methods for 
production of micronutrient dense fruits 
/ nuts

§ To develop region specific soil and foliar 
nutrient formulations for cashew.

6.1.3 �    Results

6.1.3.1  M� icronutrient status in cashew growing soils of Dakshina Kannada district, Karnataka 

 To  c h a r a c t e r i z e  t h e  a v a i l a b l e 
micronutrient status of cashew growing soils of 
Dakshina Kannada district of Karnataka, 33 
farmers' fields were selected. Soil sampling was 
carried out by taking samples to represent the 
entire village, by collecting 10 to 12 samples to 
make one composite sample. The analysis 
revealed that available Fe and Mn were 
sufficient in all the soils while; the available Zn 

was deficient in 75.8% of the soil samples. The 
available Cu was deficient in 6.06% samples and 
available B was deficient in majority of the soils 
(87.9 per cent of soil samples). The available 
micronutrients content of these soils were in the 
order of Fe > Mn > Cu > Zn > B. The available Fe, 
Mn, Zn, Cu and B status maps of cashew 
orchards of Dakshina Kannada district in 
Karnataka are shown in Figs. 6.1 to 6.5. 

6. CONCLUDED PROJECTS

Project Leader� � :� Dr. T.R. Rupa (Apr. 2014 - Feb. 2016)
Mrs. Prabha Susan Philip (Feb. 2016 - Jul. 2017)
Dr. Shamsudheen, M. (From Jul. 2017 - Jan. 2018)

Project Associate� :� Dr. Babli Mog (From Apr. 2014)

� � � �
Project Number�� :� Network Project

Project Duration� :� April 2014 to March 2017
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6.1.3.2 � Micronutrient status in cashew growing soils of Ratnagiri district, Maharashtra

 T h e  m a ps  s h ow i n g  t h e  s p at i a l 
distribution of available micronutrients in 
cashew growing soils of Ratnagiri District, 
Maharashtra is presented in Figures 6.6 to 6.9. 

Available micronutrient status of cashew 
orchard soils of Ratnagiri district measured in 
terms of nutrient index (NI) indicated that the 
values for DTPA-Fe, Mn, Zn and Cu were 3.0, 3.0, 

Fig. 6.1-6.5 :  Micronutrient status Map of Dakshina Kannada district of Karnataka
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2.18 and 2.71, respectively. Nutrient index 
value of <1.5 is taken as low, values between 1.5 
and 2.5 indicates medium and >2.5 as higher 
fertility status of a given area. Based on the 

nutrient index value, cashew orchard soils of 
Ratnagiri district were high in DTPA-Fe, DTPA-
Mn and DTPA-Cu contents while, majority of 
soils were medium in DTPA-Zn content. 

6.1.3.3�  Micronutrient deficiency symptoms in cashew seedlings

 To determine the effects of nutrient 
deficiencies on the growth and vigour of 
cashew seedlings and to identify and document 
deficiency symptoms, sand culture nutrient 

deficiency studies with young cashew seedlings 
variety Bhaskara were init iated in the 
polyhouse. Two months old cashew seedlings of 
uniform height and stem diameter raised in coir 

Fig. 6.6-6.9 :  Micronutrient status Map of Rathnagiri district of Maharashtra
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pith medium, were transferred to plastic pots 
containing acid treated sand. Treatments 
included -N, -P, -K, -Ca, -Mg, -S, -Fe, -Mn, -Zn, -
Cu, -B and -Mo, complete nutrient solution and 
control. The untreated sand and acid washed 
sand were tested for their nutrient contents 
before pot preparation. The pH, organic carbon 
and available N contents of acid washed sand 

-1
were 6.8, 0.20% and 36 mg kg , respectively 
while available K, Ca and Mg contents were 
negligible. The acid washed sand had pH of 6.7 
whereas, the organic carbon content, available 
N, P, Ca and Mg contents were negligible and 
suitable for treatment applications.

Nutrient deficiency symptoms of cashew 
seedlings were identified (Fig. 6.10). Nitrogen 
(N), Phosphorus (P), Potassium (K) and 
Magnesium (Mg) being mobile elements inside 
the plant system, deficiency symptoms 
appeared in older/lower leaves of the potted 
plants. Iron (Fe), Sulphur (S) deficiency 
symptoms developed on the younger leaves. 
Calcium (Ca) and Boron (B) deficiency 
symptoms developed on the terminal buds/ 
leaves. Zinc (Zn), Copper (Cu), Molybdenum 
(Mo) and Manganese (Mn) def ic iency 
symptoms appeared on middle and upper 
leaves. Plants deficient in nitrogen exhibited 
stunted growth with reduced plant height, girth 
and number of leaves. Lower/older leaves were 
initially dark green and later, the color changed 
to light green and finally to yellow; petiole also 
changed from green to reddish colour. 
Symptoms appeared 4-7 weeks after treatment 

imposition. Phosphorus deficient plants 
showed the symptoms very late. Leaves were 
dark green during initial 3-4 months, later 
stages lower leaves developed greenish yellow 
and then turned yellow starting from midrib to 
leaf margin between the veins. The symptoms 
of potassium deficiency appeared after three 
months of treatment imposition. The lowest 
leaves turned yellow, starting from the apex and 
along the leaf margins. 

The youngest/terminal leaves of Calcium 
deficient plants were chlorotic. Curling of top 
leaves occurs in cases giving them an undulated 
appearance.  Magnesium deficiency symptoms 
were interveinal yellowing of the lower leaves. 
Sulphur deficiency symptoms were quite similar 
to that of Nitrogen but, deficiency appeared on 
terminal leaves. Terminal leaves became 
chlorotic and colour of leaves gradually changed 
from green to yellow and premature leaf drop 
also noticed in such terminal leaves. Iron 
deficiency appeared eight weeks after 
treatment imposition. Severe chlorosis of young 
leaves occurred, and later the whole leaf turned 
chlorotic except the midrib and the main veins. 
Boron deficiency was visible on terminal buds/ 
emerging shoots characterized by dieback of 
twigs along with gummosis. This condition in 
turn lead to development of more number of 
lateral shoots. In case of Molybdenum 
deficiency, lower leaves turned chlorotic then to 
greenish yellow with red to brown colored 
mottled spots on both sides of the leaves. 



- 2017-18/ ANNUAL REPORT

51



- 2017-18/ ANNUAL REPORT

52

6.1.3.5�  Microbial population in the rhizosphere and non rhizosphere soils under cashew orchards

 The rhizosphere and non-rhizosphere 
soil samples from healthy and unhealthy 
cashew plants (Ten sub-samples for each site) 
were collected. Soil samples for microbiological 

0analysis were stored at 4 C in a refrigerator until 
processed for analysis.  For enumeration of 
microbial population, 10 g of moist soil was 
drawn from each sample and analysed for 
general microbial community, viz., bacteria, 
actinomycetes and fungi and function-specific 
microbial community, viz., free-living N-fixers, 
phosphate solubilizers and Fluorescent 
Pseudomonas. Enumeration was done by serial 
dilution and pour plate method. Nutrient agar 
medium for bacteria, Martin's Rose Bengal agar 
medium for fungi, Ken Knight and Munaier's 
agar medium for actinomycetes, Jensen's agar 
medium for free-living N-fixers, Pikovskaya agar 
medium for phosphate solubilizing bacteria and 
King's-B medium for Fluorescent Pseudomonas 
were used in this study and microbial 
population was expressed in terms of CFU per g 
of dry soil. 

T h e  p o p u l a t i o n  o f  b a c t e r i a ,  f u n g i , 
actinomycetes, N-fixers, P-solubilizers and 
Fluorescent Pseudomonas was more in the 
rhizosphere soil than in the non-rhizosphere 
soil. The microbial population was considerably 
higher in the rhizosphere soil of healthy plants 
than the rhizosphere soil of unhealthy plants 
except fungal population.  The bacterial 
population was higher in the rhizosphere soil of 
h e a l t h y  c a s h e w  p l a n t s  f o l l o w e d  b y 

actinomycetes, P-solubilizers, N-fixers, fungal 
and Fluorescent Pseudomonas population. 
Similar trend was observed in case of 
rhizosphere soil of unhealthy cashew plants 
except fungal whose population was higher 
than the N-fixers population. On an average, 
2.83, 2.04, 2.24, 2.86 and 11.25 fold greater in 
the population of bacteria, actinomycetes, N-
f i xers ,  P-so lub i l i zers  and  F luorescent 
Pseudomonas, respectively was recorded in the 
rhizosphere soil of healthy cashew plants as 
compared to rhizosphere soil of unhealthy 
cashew plants. While, 24.1, 10.65, 6.28, 9.7, 
8.82 and 5.42 fold greater in the population of 
bacteria, actinomycetes, fungi, N-fixers, P-
solubilizers and Fluorescent Pseudomonas, 
respectively in the rhizosphere soil of healthy 
cashew plants was observed as compared to 
non-rhizosphere soil of cashew plants (Table 
6.1).

Dehydrogenase activity, which is used as an 
indicator of microbial activity of soil was 
appreciably higher in rhizosphere soil than in 
the non-rhizosphere soil. On an average the 
dehydrogenase activity in rhizosphere soil of 
healthy plants was 1.6 and 6.52 fold higher as 
compared to rhizosphere soil of unhealthy 
cashew plants and non-rhizosphere soils, 
respectively. The organic carbon content of 
rhizosphere soil of healthy plants was 1.38 and 
1.68 fold higher than the rhizosphere soil of 
unhealthy cashew plants and non-rhizosphere 
soils, respectively (Table 6.2).

Table  6.1: Microbial population in the rhizosphere and non-rhizosphere soil of cashew plants
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Table 6.2: Dehydrogenase activity and organic carbon in the rhizosphere and non-rhizosphere
                  soil of cashew plants

6.1.3.6 � Enumeration of microbial population in the rhizosphere soil of cashew orchards from
               different regions

 The rhizosphere soil samples from 
cashew plantations (Ten sub-samples from 
each site) representing Bhubaneswar (Odisha), 
Bapatla (Andhra Pradesh) and Dakshina 
Kannada district (Karnataka) were collected for 
enumeration of microbial population. A 
considerable difference in microbial population 
in the rhizosphere soil sample of cashew 
orchards collected from different regions was 
noted. The microbial population was higher in 
cashew orchards of Dakshina Kannada district 
as compared to Bhubaneswar and Bapatla 
regions. On an average, in cashew orchards of 
Dakshina Kannada district, the population of 

6  bacteria  (78.8 × 10  CFU/g dry soi l ) , 
6 actinomycetes (29.47 x 10  CFU/g dry soil), 

4fungi (58.19 × 10  CFU/g dry soil), free N-fixers 
4(59.56×10  CFU/g dry soil), P-solubilizers 

5(49.22×10  CFU/g dry soil) and Fluorescent 
3Pseudomonas (13.97 × 10  CFU/g dry soil) were 

recorded, which were 2.81 and 3.64; 1.96 and 
2.91; 4.71 and 4.66; 17.8 and 14.0; 5.22 and 
3.06; and 1.77 and 2.36 fold higher than 
Bhubaneswar and Bapatla regions, respectively.  

Dehydrogenase activity was highest in cashew 
orchards of Dakshina Kannada district (31.81 µg 
TPF/g dry soil/24 h/30°C) which was 9.94 and 
10.13 fold greater than Bhubaneswar and 
Bapatla regions, respectively. While the acid 
phosphatase activity (4.91 µg PNP/g dry 
soil/h/37°C) of cashew orchard soils of Dakshina 
Kannada district was 3.45 and 2.99 fold greater 
than Bhubaneswar and Bapatla regions, 
respectively.

6.1.3.7�  Effect of foliar application of sub-optimal levels of micronutrients

 In order to examine the effect of foliar 
spray of need based micronutrients on cashew, 
a field experiment has been initiated in 2015. 
The treatments were sole and different 
combinations of micronutrient fertilizers 

containing B, Zn, and Mo. The experimental 
plants were 6 years old plants (During first      
year of study) of Bhaskara variety spaced at        
5 m x 5 m.

The treatments were as follows:

 T1 :  Boron 50 ppm
T2 :  Zinc 200 ppm
T3 :  Molybdenum  10 ppm
T4 : Boron 50 ppm +  Zinc 200 ppm 
T5:  Boron 50 ppm +  Molybdenum 10 ppm
T6 : Zinc 200 ppm + Molybdenum 10 ppm 
T7 : Boron 50 ppm +  Zinc 200 ppm + Molybdenum 10 ppm 

 T8 : Control.
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Treatment difference was not observed with 
respect to growth and yield by applying sub-

optimal levels of micronutrients to cashew trees 
of age 5-7 years (Table 6.3).

Table 6.3. Effect of foliar application of micronutrients on plant height, lateral spread and
                  nut yield during 2017

6.2 �      Irrigation requirement for cashew under high density planting system

Project Leader� � � :� Dr. R. Rejani (2011-12)
     Dr. D. Kalaivanan (2012-13)
� � � � � Dr. Ramkesh Meena (2014-15)
� � � � � Mrs. Prabha Susan Philip (2015-17)

Dr. Shamsudheen, M. (2017-18)

Project Associate �  :             �Dr. J.D. Adiga (From June 2011 to October 2015)               
stand from 1  March 2017 to January 2018)

Dr. T.R. Rupa (2011-16)
� � � � � Dr. D. Kalaivanan (2012-15)
     Dr. Ramkesh Meena (2013 to 2014)

� � � �
Project Number�� � :� 2.19

Project Duration� � :� 2011-18
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6.2.1 �    Introduction

 Cashew is generally grown as a rainfed 

crop on neglected lands unsuitable for any 

other crop. In India, cashew experiences severe 

moisture stress from January to May, that 

adversely affects its flowering and fruit set. 

There is a possibility of increasing the 

productivity of cashew by adopting high density 

planting system coupled with proper water and 

nutr ient  management .  A  pro ject  was 

undertaken to standardize the irrigation 

requirement for cashew under different 

densities at ICAR-Directorate of Cashew 

Research during 2011-12 to 2017-18.

6.2.2 �    Objectives

§ To determine the optimal irrigation 

required for cashew grown under 

different plant densities.

§     Comparison of irrigation and soil & water 

conservation treatments in increasing the 

net profit from cashew plantation.

6.2.3 �    Results

 To achieve the project objectives a field 

experiment was set up at Shantigodu  

Experimental Station of the Directorate. The 

soil at the experimental site was acidic (pH 4.8 

to 5.3) and non saline (electrical conductivity 
-1 -10.03 dSm  to 0.012 dSm ). The available 

nitrogen content of the soil was low (203 to 
-1247 kg ha  at 0-30 cm) and the available P O  2 5

content was also low which ranged from 7.0 to 
-1

7.3 kg ha  at 0-30 cm. The available K O 2

-1
content ranged from 112 to 198.0 kg ha . The 

soil moisture content during February was 

11.0 to 12.7% on dry basis whereas in March, it 

was 10.2 to 11.2%, i.e., below the available soil 

moisture range.

The treatments consisted of three plant 

densities in main plot and six irrigation levels in 

subplots in a split plot design. The plant 

densities were M : 5x4 m (accommodating 500 1

-1 -1plants ha ), M : 6x4 m (416 plants ha ) and 2

-1M :10x5 m (200 plants ha ). The irrigation 3

treatments were T :  i rr igat ion at  60% 1

Cumulative Pan Evaporation (CPE), T : irrigation 2

at 40% CPE, T : irrigation at 20% CPE, T : Critical 3 4

irrigation once in 15 days, T : Soil and water 5

conservation technique and T : control; without 6

i rr igation and soi l  water conservation 

techniques. The soil and water conservation 

technique followed in T  treatments was 5

modified crescent bund.

6.2.3.1�  Effect of plant density and irrigation on growth characteristics of cashew

 The growth characteristics of cashew 

as influenced by planting density and irrigation 

during the years 2015-16 and 2016-17 are 

presented in Table 6.4. During the year 2016-

17, the stem girth was significantly influenced 

by planting density (P<0.05). The highest stem 

girth (56.21 cm) was recorded with M  planted 3

at 10 x 5 m spacing accommodating 200 plants 

per ha. The stem girth was at par with other 

two plant densities, M (50.38 cm) and M  1 2

(51.15 cm). Various irrigation treatments 

significantly affected canopy spread in east-

west direction (P<0.05) during 2016-17. The 

highest canopy spread (5.35 m) was recorded by 

T receiving irrigation at 40% CPE and was on par 2 

with T  receiving irrigation at 60% CPE (5.35 m), 1

T  receiving 20% CPE (5.29 m) and T  receiving 3 4

critical irrigation once in 15 days. The lowest 

canopy spread was recorded with (T ), where 5

soil and water conservation practice was 
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Table 6.4:  Effects of irrigation regime and plant density on growth characteristics of cashew
                    in 2015-16 and 2016-17

followed which in turn was on par with control 

(T ). The increased canopy spread was 6

observed in treatments receiving irrigation at 

60, 40 and 20% CPE (T  to T ) which were on par 1 3

with each other. The canopy spread was lowest 

in control (T ) (5.19 m) and treatment which 6

received soil and water conservation (T )      5

(5.06 m). 

In M , the average canopy spread was 4.13 m 1

and 5.26 m in  2015-16 and 2016-17, 
respectively (Fig. 6.11). In M , it was 3.95 m and 2

5.23 m respectively. It means that by the year 
2016-17, the canopy had spread to such an 
extent to touch the neighbouring plants, 
especially in closely spaced treatments (M : 5 x 1

4 m spacing and M : 6 x 4 m spacing). Cashew 2

produces flowers and fruits on current season 
new flushes and hence, the overlapping 
canopies will have adverse effect on yield. 

There is a need for proper canopy management 
by pruning to realise increased yield form 
cashew under high density and irrigation. 
Pruning will improve light interception and 
nutrient allocation, if carried out at most 
appropriate time. However, this may also 
decrease the leaf area available for synthesizing 
adequate photosynthates to support the growth 
of trees. The successful canopy management 
through pruning and training also depends on 
the behaviour of variety to pruning.
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Fig. 6.11: Average canopy spread during 2015-16 and 2016-17 as influenced by plant density
                  and irrigation levels in cashew

6.2.3.2 � Effect of plant density and irrigation on nut yield of cashew  

 Both planting density and irrigation 
significantly influenced the raw cashew nut 
yield during the year 2015-16 and 2016-17 
(P<0.01, Fig. 6.12). Among three planting 

-1densities, the highest yield of 1776.7 kg ha  
was recorded by M  which was on par with M  1 2

-1(1657.5 kg ha ) and the lowest yield was 
-1

recorded by M  (806.2 kg ha ) during the year 3

2015-16. Similar effect was observed during 
the year 2016-17. Among different irrigation 
treatments, the highest raw cashewnut yield of 

-1 1706.5 kg ha was recorded by T , followed by T4 3 
-1 -1

(1587.1 kg ha ) and T  (1442.9 kg ha ) which 2

were on par with  each other. The lowest yield 
-1

was recorded in control (1178.9 kg ha ) and T  5
-1(1197.9 kg ha ) during the year 2015-16. The 

irrigation treatments T  and T  recorded the 3 4

highest, while T  recorded the lowest raw 6

cashew nut yield during 2016-17. However, the 
interaction of plant density with irrigation was 
not significant during both the years. 

-1Fig. 6. 12: Raw cashewnut yield (kg ha ) during 2015-16 and 2016-17 as affected by planting
                  density and irrigation
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6.2.3.3�  Effect of plant density and irrigation on water productivity and economics

 The total water productivity of cashew 
during 2015-16 and 2016-17 are presented in 
Fig. 6.13. The average total water productivity 
was significantly influenced by density, 
irrigation and their interaction (P<0.01). The 
average water productivity over two years 

-3were highest for M  (0.056 kg m ) which was on 2
-3

par with M  (0.052 kg m ) and it was lowest for 1

-3M (0.038 kg m ). Among irrigation treatments, 3 

the highest average water productivity (0.071 kg 
-3m ) was recorded for T  which was on par with T  4 3

-3 -3
(0.067 kg m ), followed by T  (0.059 kg m ) and 2

-3T  (0.056 kg m ) which in turn was on par with 1

each other. The lowest water productivity (0.045 
-3kg m ) was recorded for T  (control). 6

-3Fig. 6.13. Total water productivity (kg m ) during 2015-16 and 2016-17 as affected by planting
                 density and irrigation

The net income was highest for M  and M  1 2

compared to M . Under different irrigation 3

regimes, the average net income was highest 

for T . (Table 6.5) This was followed by T  and T . 4 3 2

The highest benefit- cost ratio (BCR) was 

associated with M  on par with M  while the 2 1

lowest BCR was associated with M . The 3

average BCR was highest and on par with T , T  4 5

and T . The treatment M T  recorded the highest 6 2 4

BCR (4.11). In areas where water resources are 

not available for irrigation, the adoption of soil 

and water conservation techniques can increase 

the farm income. 
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Table 6.5. Effects of irrigation regime and plant density on economics of cashew nut production

(lakhs) (lakhs) (lakhs)

6.3  �       Organic farming in cashew 

Project Leader�� :� Dr. D. Kalaivanan (2011-14)
    Dr. T.R. Rupa (2014-15)

Mrs. Prabha Susan Philip (2015-17)
Dr. Shamsudheen, M. (2017-18)

Project Associate� :� Dr. T.R. Rupa (2011-16)
� � � � Dr. P.S. Bhat (2011-15)
� � � � Dr. T.N. Raviprasad (2015-18)

� � � �
Project Number� :� 2.20

Project Duration� :� 2011-2018

6.3.1�     Introduction

 Most of the productive land area in the 
country is used for growing field crops and 
cashew is considered to be a crop to be grown 
in wastelands and on least fertile soil, and yield 
of cashewnuts per tree is quite low due to less 
care and management of orchards. Cashew 

tree demands large amounts of nutrients for its 
optimum productivity. It has been estimated 
that a cashew tree yielding 10 kg of nuts 
removes 641 g of N, 205 g of P O and 247 g of 2 5 

K O per annum. To maintain the productivity of 2

the soil, the nutrients removed have to be 
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6.3.2�     Objectives

· To examine the influence of organic 
sources on growth, yield and quality of 
cashew.

· To quantify the changes in soil physical, 
chemical and biological properties resulting 
from organic farming practices. 

returned back to the soil. In the west coast, 
cashew is mainly grown as a rainfed crop along 
the steep slopes of barren hillocks where the 
fertile top soil is eroded completely leading to 
exposure of sub-soil. Hence the nutrient 
content of soil in cashew plantations is low 
which adversely affects the growth and yield of 
cashew. 

Increasing realization of the ill effects of long 
sustained, exclusive use of chemical fertilizers, 
and consistent growing demand from the 
consumers for organic cashew, coupled with 

unsustainable productivity of cashew, have 
fostered experimentation with some alternative 
cultural practices. Use of organic materials such 
as farmyard manure, cakes of plant origin, 
vermicompost, microbial bio-fertilizers on one 
hand, and exploiting the synergism between 
cashew-vesicular arbuscular mycorrhizal fungus 
on the other hand, are important components 
of  the bio-organic  concept of  cashew 
cultivation. A research project on organic 
farming in cashew was carried out at ICAR-
Directorate of Cashew Research during 2011-12 
to 2017-18.

6.3.3�     Treatment details

A field experiment was established by planting 
3 

cashew grafts in pits of size 1 m at a spacing of 
7.5 m x 7.5 m. The experiment consists of 11 

treatments in 3 replications in RBD and the 
treatment details are given below. 

1. FYM to supply 500 g N/tree
2. FYM to supply 500 g N/tree+ biofertilizer consortia*
3. FYM to supply 500 g N/tree + Rock phosphate to supply 125 g P O / tree and woodash to 2 5

supply 125 g K O/tree.2

4. Poultry manure to supply 500 g N/tree
5. In situ composting using recyclable cashew biomass and weeds
6. In situ composting using recyclable cashew biomass and weeds + green manuring  

(Growing glyricidia between two rows of cashew)
7. Vermicomposting  of  recyclable cashew biomass 
8. FYM  + Organic cakes +  Recyclable cashew biomass + biofertilizer consortia
9. Recommended NPK fertilizer**
10. Recommended NPK fertilizer + 10 kg FYM/tree
11. Control.
*Azospirillum, PSB and AMF at a rate of 50 g each/tree/year.

st rd nd**Fertilizer dose: 1  year of planting: 1/3 of recommended N, P and K per tree per year, 2  
rd rdyear:  2/3  of recommended N, P and K per tree per year and 3  year onwards full dose i.e. 

500 g N, 125 g each of P O  and K O/tree/year.2 5 2
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6.3.4�     Results 

6.3.4.1�  Initial nutrient status of soil

 Initial soil samples at three different 
depths (0-30 cm, 31-60 cm and 61-90 cm) were 
collected and characterised. The soils were 
acidic in reaction, free of soluble salts, high in 
organic carbon. The soils were low in available 
nitrogen, medium to high in available 
phosphorus and medium to high in available 
potassium. Surface soils were found to contain 

more amounts of available N, P and K than 
subsurface soils. Available Fe, Mn, Zn and Cu 
varied from 15.29 to 21.31 mg/kg, 3.41 to 6.45 
mg/kg, 0.90 to 1.39 mg/kg and 0.61 to 0.90 
mg/kg at different soil depths. The soils        
were found to be sufficient in available Fe, Mn, 
Zn and Cu.

6.3.4.2�  Effect of different organic and inorganic sources of nutrients on growth of cashew

During the year 2013-14 significant effect was 
observed on plant height. The plant height 
ranged from 212 to 277 cm with T10 recording 
the highest and T1, the lowest (Table 6.6). 
During the year 2014-15, there was significant 
effect of treatments on plant height and 
canopy spread. The plant height and stem girth 
varied from 2.5-3.4 m and 22.4 to 26.0 cm, 
respectively. The canopy spread in N-S 

direction ranged from 2.17 to 2.92 m and in E-W 
direction from 2.18 to 3.08 m. During 2015-16, 
stem girth and canopy spread (E-W) was found 
to be significantly affected by treatments. The 
plant height and stem girth varied from 3.66 to 
4.58 m and 30.78 to 37.83 cm, respectively.   
The canopy spread in N-S direction ranged from 
3.0 to 4.08 m and in E-W direction from 3.04     
to 4.20 m. 

Table 6.6: Effect of different organic and inorganic sources of nutrients on plant height and
                   stem girth of cashew
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6.3.4.3�  Effect of different organic and inorganic sources of nutrients on soil nutrient status 

 During the year 2012-13, the soil pH 
ranged f rom 5 .16  to  5 .97 ,  e lect r i ca l 

-1
conductivity from 0.014 to 0.089 dSm . 
Significant effect of treatments on pH, N, P and 
K was found compared to control. The highest 
pH (5.97) was observed with T10, followed by 
T9 (5.84) and lowest in T2 (5.16) and T11 (5.24). 
The highest content of available nitrogen was 
recorded with T10 (382.2 kg/ha), followed by 
T9 (368.6 kg/ha), and T8 (344.7 kg/ha), 
whereas lowest was recorded with T11 (304.6 
kg/ha) (Table 6.7).

During the year 2013-14, significant effect of 
treatments on P and K was observed. The 
treatment recording highest P content was T10 
(27.59 kg/ha) and T9 (26.85 kg/ha) and lowest 
were T11 (21.87 kg/ha) and T5 (22.91 kg/ha). 
With respect to K the highest content was 
recorded by T10 (147.9 kg/ha), followed by T9 
(139.6 kg/ha) and lowest was by T11 (92.8 
kg/ha) and T6 (97 kg/ha). The micronutrient 
content of Fe ranged from 15.2 to 21.2 ppm, Mn 
from 6.0 to 9.0 ppm, Zn from 0.74 to 0.92 ppm 
and Cu from 1.00 to 1.98 ppm. 

Table 6.7: Effect of different organic and inorganic sources on soil nutrients during 2012-13

6.3.4.4�  Effect of different organic and inorganic sources of nutrients on leaf nutrient status
               of cashew

Leaf nutrient status under different treatments 

was not significantly different during the year 

2012-13. The leaf nitrogen content ranged  

from 1.25–1.37, phosphorus from 0.5–0.8%, 

potassium from 0.39-0.44%, calcium from 

0.31-0.35% and Mg from 0.19-0.22%. During 

2014 -15 also, there was no significant effect on 

NPK content of leaf with respect to treatments. 

The N, P and K content in leaf varied from 1.18 to 

1.27%, 0.15 to 0.19% and 0.35 to 0.40%, 

respectively (Table 6.8).
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Table 6.8: Effect of different organic and inorganic sources on leaf nutrient status during 2014-15

6.3.4.5�  Effect of organic and inorganic sources of nutrients on soil quality characteristics

 The bulk density and particle density of 
the surface soils under different treatments 
varied from 1.16 to 1.28 g/cc and 1.70 to 2.04 
g/cc respectively. The pore space of the soils 
ranged from 31.5 to 38.5%. The soil Microbial 
Biomass Carbon (MBC) varied significantly 
with different treatments. Various organic 
sources of nutrients significantly improved soil 
quality attributes such as MBC, organic carbon 
and soil enzymes. Soil MBC significantly varied 
with nutrient management regimes (Fig. 6.14, 
P <0.01). Application of FYM, organic cakes, 
recyclable cashew biomass and biofertilisers 
increased the MBC by 37.7% compared to 
control.  The treatment T3 (FYM, rock 
phosphate and wood ash) increased MBC by 
33.8% compared to control. Microbial Biomass 
Nitrogen (MBN) followed the same trend as of 

MBC and was significantly different among 
treatments. MBN ranged from 20.7 to 39.1 mg 

-1kg  and with respect to control different 
treatments had 7.7 to 88.6% increase in MBC. 
Soil enzymes such as dehydrogenase, acid 
phosphatase and β-glucosidase differed 
significantly with different treatments (P 
<0.001). Soil dehydrogenase activity varied 

- 1 - 1
from 0.46 to 0.85 µg TPF g  h . Acid 
phosphatase activity increased by 79.1% by 
application of FYM, organic cakes, recyclable 
cashew biomass and biofertilisers (T8), while 
application of FYM, rock phosphate and wood 
ash increased it by 70.1%. Application of 
organic and inorganic sources of nutrients 
increased β-glucosidase activity from 0.5 to 
132% compared to non application of nutrients.

Fig. 6.14: Microbial biomass carbon under different nutrient management regimes
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6.3.4.6�  Effect of organic pest management practices 

 During 2014-15, three rounds of spray 
with both liquid formulation and wettable 
powder formulation of  Beauveria bassiana 
was not found to be effective in controlling of 
TMB in the field (Table 6.9). No difference in 
TMB damage score was obtained between 
treated and untreated plants. During 2015-16, 
two rounds of entomopathogenic fungus 

7(2x10  spores/ml) were sprayed in the form of 
liquid formulation and wettable powder for 
management of tea mosquito bug (TMB) 
infestation. The TMB damage score recorded at 

three different intervals showed that there was 
no significant difference in TMB damage score 
between treated and control. On an average, the 
TMB damage score was 0.87, 1.34 and 1.25 in 
liquid formulation, wettable powder and 
control, respectively. During 2016-17, sprays 
with biopesticide nimbicidine (3ml/l) and B. 
bassiana (5 ml/l and 10 ml/l) were taken up. 
However, this was also not effective. Release of 
reduvids, Sycanus sp. in the field was also found 
to be less effective on TMB.

Table 6.9. Effect of organic pest management practices during 2014-15

6.3.4.7 � Effect of cashew kernel quality as influenced by organic and inorganic sources of nutrients

 The protein content in cashew kernel 
under different organic and inorganic sources of 

nutrients did not show any significant 
differences.

6.3.4.8�  Effect of organic and inorganic sources of nutrients on yield of cashew

 The cashewnut yield under different 
treatments ranged from 0.5 to 1.22 kg/tree 
(Fig. 6.15) during the year 2016. The effect of 

different treatments did not show any 
significant variation.

Fig. 6.15 : Effect of different organic and inorganic sources on yield of cashew during 2016
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6.4  �       Biodiversity of arthropod fauna in cashew ecosystems

Project Leader�� :� Dr. P. S. Bhat (2010-15)
Dr. K. Vanitha (2015-16)

Project Associate� :� Dr. T.N. Raviprasad (2010-16)
Dr. K. Vanitha (2011-15)

� � � �
Project Number� :� 3.17

Project Duration� :� 2010 – 2016 (6 Years)

6.4.1�     Introduction

 Cashew is reported to be damaged by 
more than 180 pests feeding on various plant 
parts during different periods. Apart from two 
major pests, TMB and CSRB, there are a few 
pests causing considerable damage to the crop. 
While in the changing scenario, proper 
determination of pest status for the pests on a 
particular crop variety is important to evolve 
suitable control measures. Hence this project 
was initiated during 2009 with the main 
objective of documenting the arthropod fauna 

in cashew ecosystems so as to understand the 
current pest status and to find out any emerging 
pest of cashew. Besides, determining the role of 
d o c u m e n t e d  a r t h ro p o d s  w i l l  h e l p  i n 
understanding the purpose of every insect in 
cashew ecosystem. Similarly, knowledge on 
insect pests and natural enemies and the extent 
of predation/ parasitism helps to decide upon 
scheduling of management measures, if 
required. 

6.4.2�     Objectives

§ To record the insect fauna associated 
with cashew in different cashew growing 
regions of the country.

§ To document the seasonality of insect 
pests of cashew and record the nature 

and extent of damage by different pests of 
cashew.

§ To determine the role of different 
arthropods infesting cashew.

6.4.3�     Materials and methods

 The documentation of arthropods was 

initiated during 2009 and continued till 2016 by 

conducting random field surveys at fortnight 

intervals in the cashew plantations of Puttur 

and Shantigodu regions. The arthropods 

comprising insects, mites and spiders occurred 

on cashew were collected and preserved. The 

arthropods got identified by contacting experts 

of the field. The percent of infestation by 

different insect pests, extent of damage, season 

of occurrence, plant part infested, natural 

enemies were also documented. The insect 

stages were brought to laboratory to observe for 

its natural enemies and their extent of pest 

control. Attempts have been made to record the 

biology of few species. Incidence of pests was 

also recorded in other cashew growing areas of 

the country.
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6.4.4�     Results

6.4.4.1 � Documentation of insect pests

 Random surveys were taken up at 
weekly intervals for various cashew pests and 
their natural enemies in the cashew plots of 
Directorate of Cashew Research, Puttur. The 
documented insects were got identified time 
to time by consulting experts of field. A total of 
191 insect pest species and 123 natural 
enemies were documented in the past five 
years. The insects were taxonomically grouped 
and the diversity indices were worked out. 
Family wise, the abundant insect order was 
Hemiptera with 19 families followed by 
Lepidoptera with 17 families. There were a 
total of 57 species documented in Lepidoptera 
followed by Coleoptera (53) and Hemiptera 
(41). A total of 17,282 insects were observed 
under this study upon random surveys (Table 

6.10). The major insect pests of cashew causing 
economic damage are tea mosquito bug (TMB), 
cashew stem and root borers (CSRB) followed by 
thrips and apple and nut borers. Apart from 
these insect pests, two species of mites and 120 
species of spiders have also been documented in 
cashew.

Table 6.10 : Diversity indices of cashew pests 

Fig. 6.16 : Cashew pests - a) Thrips b) Leaf miner c) Tasar silkworm d) Mealy bugs

6.4.4.2  Relative abundance of TMB species and sex ratio

 Continuous laboratory rearing of TMB, 
H. antonii was done using cashew shoots to 
record the life cycle and sex ratio of adults 
emerged every month. It was found that male 

was more in most part of the year and there was 
no much variation in the life cycle of H. antonii 
during different months (Table 6.11). 

Table 6.11: Sex ratio of TMB upon laboratory rearing 
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 Co-existence of four species of tea 
mosquito bug viz., Helopeltis antonii, H. bradyi, 
H. theivora and Pachypeltis maesarum was 
observed in cashew plantations during October 
to February. Among these, H. antonii is the 
dominant species followed by H. bradyi. Among 
the four species, H. antonii was dominant in all 
the months of a year. Incidence of H. bradyi was 
noticed from October and prevailed up to 

January. Incidence of H. theivora started from 
September-October, reaching the peak during 
December and prevailed up to March. The other 
species, P. maesarum was present between July- 
March, but in very less numbers. On an average, 
H. antonii was 70-77%, followed by H. bradyi 
(14-18 %), H. theivora (7-10%) and P. maesarum 
(2-14%).

6.4.4.3  New reports of insect pests and their occurrence

 Sudden incidence of a pentatomid bug 
Catacanthus incarnatus Dru. was reported. It 
caused pronounced damage on cashew tender 
apples as well as ripened cashew apples during 
fruiting season. On an average, 6-9 adult bugs 
were observed feeding on a single panicle with 
fruits and around 300 bugs were found on tree. 
Occurrence and damage pattern of  a 
chrysomelid leaf beetle namely, Monolepta 
longitarsus was also reported. Four colour 

morphs were seen in the beetle. Though it is a 
regular pest of cashew during the early 
monsoon season, its damage intensity varied 
year by year. Similarly, occurrence of tasar silk 
worm, Antheraea mylitta Drury Ecorace K2 on 
cashew was reported and its biology, indoor 
rear ing feasibi l i ty  on cashew and the 
commercial silk properties were studied in 
detail.

6.4.4.4  Pests of weed species

 Insect pests on certain common weed 
species of the cashew plantations have also 
been documented under this project. Shoots 
of Terminalia paniculata were found to be 
damaged by chrysomelid beetles namely, 
Cryptocephalus  b isexs ignatus  and C. 
sexsignatus and by a leaf twisting weevil, 
Paramecolabus discolour.  It is important to 
note that most of the insect pests attacking T. 
paniculata are also pests of cashew viz., 
Helopeltis antonii, Amblyrhinus poricollis, 
Eurybrachis  sp., Oenospila flavifusata, 
membracid bugs, lymantrid hairy caterpillar, 
Hyposidra talaca and Orthaga exvinacea. 
During July-October, development of leaf galls 
and shoot drying were noticed on Getonia (= 
Calycopteris) floribunda every year. Besides 
leaf thrips namely Scirtothrips dorsalis and 
Thrips hawaiiensis, gall forming thrips like 

Liothrips sp., Mesothrips sp., and two wasps, 
Megastigmus viggianii and Systole calycopterae 
were seen. 

TMB was found to infest 14 weed species 
belonging to ten different families during 
flushing period of cashew (September-October 
2013-14). Weeds observed to support TMB are 
Terminalia paniculata, Getonia floribunda, 
Macaranga peltata, Chromolaena odorata, 
Melastoma malabathricum, Meremmia 
vitifolia, Solanum torvum, Cissus repanda, 
Strychnos nuxvomica, Ixora sp., Lantana camera 
and Leea sp. Besides, ornamental plants viz., 
Acalypha hispida and Acalypha wilkesiana were 
also seen as hosts for TMB species. Maximum 
TMB infestation was seen during October on C. 
odorata (more than 30 % of weed population), 
M. peltata and G. floribunda.
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6.4.4.5  Abundance of insects

 The season wise most abundant insect 
species were grouped. Monolepta longitarsus, 
Acrocercops syngramma and Neculla (?) 
pollinaria were dominant during Jun-Aug,  
while, A. syngramma, Toxopetra odinae and 
Helopeltis antonii were abundant during 
September to November. During flowering 

period between Dec-May, thrips especially 
Scirtothrips dorsalis was most abundant 
followed by mealy bugs and aphids. Some 
species like slug caterpillars, tasar silk worm 
were seen only during rainy season (July-Nov). 
Similarly, Drosophila sp. and Carpophilus 
species were abundant during March-May. 

6.4.4.6  Pest status of leaf miner

 Studies were conducted in a cashew 
plantation at Puttur, Karnataka, India between 
2011 and 2015 on 11 common cashew varieties 
during post monsoon flushing period to 
determine the pest status of leaf miner by 
adopting Jacob (1993). Maximum number of 
larvae in a single leaf ranged between 15 and 45 
among the varieties. Least larval density was 
recorded on NRCC-Sel-2 followed by Vengurla-
4, while, highest was recorded on Ullal-4, 
Vengurla-7 and Madakkathara-2. A maximum 
of 45 larvae/leaf was recorded on Ullal-4 
followed by Vengurla-7 (44 larvae), VRI-3 (41) 
and Madakkathara-2 (40). Within a single 
blotch, even up to five larvae were seen. In most 

of the varieties, there was no significant 
correlation between the leaf area and the 
number of leaf miner larvae. Average leaf area 
damage (i.e., a blotch) caused by individual leaf 
miner larva upon full development varied from 

2
2.71 (Vengurla-1, Vengurla-4) to 3.16 cm  (Ullal-
1). Considering the average leaf area of infested 
leaves and the average leaf area damage, the 
number of larvae required for a complete leaf 
was calculated between 17.4 and 29.1, which 
was highest for Bhaskara and lowest for 
Vengurla-1. The pest status of leaf miner 
remained as low to medium in all 11 cashew 
varieties.

6.4.4.7  Influence of plant density on pest diversity 

 Influence of pest diversity vis-a-vis plant 
density was also studied for two consecutive 
years and found that there were non-significant 
differences in pest population especially leaf 

miner, apple and nut borer, flower thrips and 
flower beetles among four different plant 
densities i.e., spacing, but significant differences 
were noticed among varieties. 

6.4.4.8  Natural enemies in cashew ecosystems

 The general predatory fauna observed 
in cashew plantations are an array of spiders, 
ants, reduviids, wasps, praying mantises, 
coccinellids, syrphids, green lace wing, 
anthocoreid bugs, geocorid bugs, mantis flies, 
mirid bugs, odonates, pentatomid bugs etc. 
Among the natural enemies, dominant insect 
order was Hymenoptera followed by Hemiptera 
with 62 and 21 species, respectively.  A list of 
spiders (120 sp.), reduviids (18 sp.), praying 

mantises (16 sp.), ants (41 sp.) and other 
predators was made.

The parasitoid species occurring on cashew 
pests were documented and new reports on 
some parasitoids were also made. There are 
three species of egg parasitoids on TMB eggs, 
among Telenomus sp is the dominant. A new 
egg parasitoid Telenomus cuspis sp. nov. 
(Hymenoptera: Platygasteridae) of tea 
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mosquito bug Helopeltis antonii on cashew 
from India has been described. Occurrence of 
three species of larval parasitoids namely, 
Chrysocharis sp., Closterocerus sp. and 
Aprostocetus sp. all belonging to Eulophidae 
were recorded on cashew leaf miner larvae for 
the first time. Among these three parasitoids, 
Chrysocharis sp. was the dominant (99%) in all 
four years of observation. While, Closterocerus 
sp. and Aprostocetus sp. were recorded only 
during 2011 at 0.5 % level. Up to 58 % 

parasitism of leaf miner larvae has been 
recorded in field conditions. Hence, except in 
nursery and very young cashew plants, there is 
no need of insecticidal spray unless required. 
Similarly, first report on egg parasitism in tasar 
silk worm was made. A total of five parasitoids 
identified as Anastatus leithi have emerged 
from a number of 42 field collected eggs, in 
which two emerged during August 2014 and the 
other three during August to September 2015. 
All the parasitoids emerged were males. 

 Fig. 6.18: Common natural enemies in cashew plantations - a) Red ants (Oecophylla smaragdina)
b) Praying mantis (Ephestiasula pictipes) c) Reduviids (Panthos bimaculatus) d) Coccinellids

6.4.5 �    Conclusion

 The different arthropods occurred on 
cashew during 2010-16 were documented 
showing high pest diversity in cashew 
ecosystems. It is understood that still TMB and 
CSRB are the major pests of cashew requiring 
timely management measures to prevent yield 
loss. Apart from these two pests, thrips, apple 
and nut borers and inflorescence caterpillars 
are some emerging pests and are able to cause 
economic loss requiring research focus. Though 
few Orthopterans, Thysanopterans and 

Isopterans were documented, some more 
species need identification, besides soil dwelling 
insects. The knowledge on beneficial insects 
including natural enemies of different cashew 
pests and pollinators, and their influence helps 
to  dec ide  on  management  measures . 
Knowledge on commercial insects like silkworm 
rearing in cashew can be transferred to 
interested farmers. But continuous monitoring 
is required to understand the changing pest 
scenario.

                    Fig. 6.17 : Natural enemies recorded in cashew ecosystems
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6.5  �       Reduction of tannins in cashew apple juice by low cost food grade materials 

Project Leader�� :� Mr. Rajkumar Arjun Dagadkhair

Project Associate� :� Dr. Babli Mog (2015-16)
Dr. P. Janani (2016-18)

� � � �
Project Number� :� 4.18

Project Duration� :� 2015-2018

6.5.1 �     Introduction 

 Despite its high nutritive value, the 

cashew apple products are not available in the 

consumer market. Cashew apple contains 

0.099% vitamin B2, 0.24% vitamin C, 0.041% 

calcium, 0.011% phosphorus and 0.003% iron. 

Indeed, the vitamin C content of cashew apple 

is almost ten times more than that of 

pineapple, a customary tropical fruit. The 

major culprit in cashew apple utilization is its 

high astringency. The phenolic compounds 

present in apple are mostly responsible for 

astringency of the juice. Tannins interfere with 

the assimilation of proteins in the body, 

resulting in nutritional deficiency. Therefore to 

make cashew apple juice acceptable like other 

fruits, tannin reduction becomes a major step. 

Under this project, few methods of tannin 

reduction established by earlier workers 

included the use of gelatin, Poly Vinyl 

Pyrolidone (PVP), starch, sago, and rice gruel 

were reviewed and verified. The efficiency of 

tannin reduction varied depending on the 

change in the agent/method used. Use of PVP 

is limited despite its efficiency because of its 

inaccessibility and higher cost. Gelatin powder 

is also efficient but there is no consensus 

regarding the quanitity required (India-5%, 

Brazil-10%, Benin-10% solution) and also to 

some extent use of animal originated gelatin is 

not preferred because of ethical issues. 

Enzymes like tannase are difficult to use 

because of  d i ff icu lty  in  sourc ing and 

affordability. Microfiltration is also in practice 

but requires tedious pre-treatments like use of 

clarifying agents prior to filtration and is 

expensive as well. Cassava starch is readily 

available, cheap but requires refrigeration of 

the juice and takes more time (8 h) lead to 

fermentation of juice. Rice gruel is also an 

effective clarifying agent and takes less time (20 

to 40 min) to process but the quantity of gruel 

to be added is always more than 100 ml which 

leads to dilution of fruit juice and taste 

alteration.

In view of these, a reliable cost and time 

effective technique is required for reduction of 

tannin in cashew apple juice without disturbing 

its nutritional and organoleptic characteristics. 

Three low cost food grade materials viz., 

defatted soya meal, dried potato starch and 

bajra (pearl millet) starch. were identified and 

the method was modified and standardized and 

the drawback of earlier methods mentioned 

were addressed to a greater extent. The newly 

identified agents are readily available with a 

meager expenditure and a cohesive and an 

integrated detannif icat ion strategy is 

developed for reducing the astringency and 

antinutritional effects of tannins in cashew 

apple juice.
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6.5.2 �    Objectives 

§ To identify and use low cost food grade 
material for tannin reduction in cashew 
apple juice. 

§ To improve the processability of cashew 
Apple.

6.5.3      Results

6.5.3.1   Review and verification of earlier methods of tannin reduction

 The methods of tannin reduction 
developed by earlier workers were reviewed 
and the results were in line with the earlier 
reports (Table 6.12). The cassava starch 2% 
(Sago) was found more effective (39.8% tannin 
reduction) over PVP 4% (34.3% tannin 
reduction), gelatin 3% (33.5% tannin reduction) 
and activated charcoal 2.5%  (15.0% tannin 

reduction). However, the use of 2.5% charcoal 
brought out the highest clarity (96.3% juice 
clarity) in juice after treatment compared to PVP 
4% (91.6% juice clarity), gelatin 3% (82.9% juice 
clarity) and sago 2% (91.2% juice clarity) 
concentrations.

Table 6.12:  Earlier methods tested for tannin reduction in cashew apple juice
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6.5.3.2   Use of pectinase for cashew apple juice tannin reduction:

Pectinase could not bring out significant results compared to other non-enzyme treatments      
(Table 6.13). 

Table 6.13: Use of pectinase for cashew apple juice tannin reduction

6.5.4      Synergistic effect of detanning agent and filtration on tannin reduction of cashew
              apple juice:

 Through series of trials, it was 

found that fresh cashew apple juice 

tend to clarify its own through 

sedimentation of dissolved and 

u n d i s s o l v e d  s o l i d s  w h e n  ke p t 

undisturbed for some time. The tannins 

either free (fresh juice) or in precipitate 

form (treated juice) still remained in 

the clear juice to a major extent. If the 

fresh and treated juice were subjected 

to filtration (Whatman filter paper No. 

1 and at 4°C) after the specified 

treatment time tannins got reduced 

two fold less than the unfiltered sample 

(Table 6.14).

Table 6.14:  Synergistic effect of detanning
agent and filtration on tannin reduction of
cashew apple juice

6.5.5      Tannin reduction efficiency of newly identified low cost food grade material

 The new detanning agents were 
identified based on the chemical nature of 
tannins. Tannins form soluble and insoluble and 
sometimes irreversible complexes with protein, 
starch and iron (Jansman 1993). Accordingly, 
new low cost food grade materials were 

identified viz. defatted soya meal (rich in 
proteins), dried potato starch and bajra (pearl 
millet) starch (rich in starch and iron). All the 
three newly identified detannying agents were 
tested for their efficiency in tannin reduction. 
Defatted soybean meal  (2%) found to be more 
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Table 6.15: Efficiency  of newly identified low cost food grade materials for tannin reduction  

effective (34.3%) over dried potato powder 
(28.6%) and bajra flour (24.0%) (Table 6.15).The 
treatment given was similar to earlier methods 

0
except the treatment time at 4 C was just four 
hours instead of 8-10 hours followed in case of 
sago. This in turn prevented the early spoilage 

of detanned juice during subsequent storage. In 
case of bajra flour, the only drawback was that  it 
imparted dull color to the juice treated but 
addition of 0.5% activated charcoal along with 
bajra flour and other detanning agents solved 
this color problem.
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1. डा. एम.जी. नायक � � � � अ�य� 

2. डा. संश��न एम � � � � सद�यु

3. �ी के.एम. जयराम नायक � � � सद�य 

4. �ी राजकमार अजन�  दागडखरै� �  सद�यु ु

5. �ी �वजय �सहं � � � �  सद�य 

6. �ी सीताराम के. � � � � सद�य 

7. �ीमती ल�ला एम.� � � � सद�य

8. �ी रघराम ककड�े � � � सद�यु ु

9. �ी �काश जी. भ� � � � � सद�य स�चव

राजभाषा �वभाग, गह मं�ालय और भारतीय क�ष ृ ृ

अनसंधान प�रषद क� ओर से जार� �कए जा रहे राजभाषा ु

काया��वयन संबंधी �दशा�नद�श और भारत सरकार क� 

राजभाषा नी�त के अनपालन के संबंध म� राजभाषा �वभाग ु

�वारा �नधा��रत वा�षक�  काय�� म म� उि�ल�खत ल�य� को 

प�त � तथा राजभाषा �हदं� के उ�तरोतर �ग�त हेत राजभाषा ू ु

काया��वयन के सभी पहलओ ंपर इस �नदेशालय म� �यास ु

�कया जा रहा है।

राजभाषा �वभाग एव ं भारतीय क�ष अनसंधान ुृ

प�रषद के �नद�श एव ंआदेश� के अनपालन एव ंराजभाषा ु

काया��वयन क� �ग�त क� समी�ा हेत इस �नदेशालय म� ु

�नदेशक महोदय क� अ�य�ता म� ग�ठत राजभाषा 

काया��वयन स�म�त क� बठैक �नय�मत �प से आयोिजत 

क� जा रह� है। इस बठैक को हर �तमाह� म� एक बार आयोजन 

क� जा रह� है। 

इस स�म�त म� राजभाषा �वभाग के वा�षक�  

काय�� म के अनसार राजभाषा काया��वयन �ग�त तथा ु

भारतीय क�ष अनसंधान प�रषद के आदेश� के अनपालन ु ुृ

पर चचा� एव ं समी�ा क� जाती है।  इस �नदेशालय के 

�शास�नक अ�धकार�, �व�भ�न अनभाग� के छ: कमच� ार� ु

इस स�म�त के सद�य है। 

� ��येक बठैक के कायव� �त क� समी�ा �नदेशक ृ

(राजभाषा) भारतीय क�ष अनसंधान प�रषद क� ओर से क� ुृ

जाती है और तदनसार अगल� बठैक म� चचा� कर �नदेशक ु

महोदय क� अनम�त से पि�ट क� जाती है। ु ु

राजभाषा अ�ध�नयम 1 9 6 3  धारा 3 ( 3 )  के 

अनपालन का अ�धका�धक �यास �कया जाता है।  ु

तदनसार �नदेशालय क� ओर से जार� �कए जा रहे �प�� को ु

��वभाषीकरण कर �नयम का अनपालन स�नि�चत �कया ु ु

जाता है।  वा�षक�  ��तवेदन� को पण�� प से �हदं� म� भी तयैार ू

कर अ�ध�नयम का अनपालन �कया जा रहा है। ु

राजभाषा के ��त जाग�कता पदैा करान े हेत ु

राजभाषा �वभाग क� ओर से जार� �कए गए वा�षक�  

काय�� म के अनसार इस �नदेशालय म� 14 �सतंबर से �हदं� ु

स�ताह समारोह आयोजन �कया गया।  इस अवसर पर 

कमच� ा�रय� के �लए �व�भ�न ��तयो�गताओ ंजसेै �हदं� 

�नबंध लेखन,  �ा�प,  �ट�पण एव ं मसौदा लेखन 

��तयो�गता, ि�वझ ��तयो�गता आद� आयोिजत क� गई 

है।  ��तयो�गताओ ंके �वजेताओ ंको पखवाडा के समापन 
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समारोह म� पर�कार भी �वतरण �कया गया है।  इसके ु

अ�त�र�त सरकार� काम काज म� �हदं� का अ�धका�धक 

�योग करनेवाले अ�धका�रय� एव ं कमच� ा�रय� को इस 

अवसर पर म�य अ�त�थ �वारा �ो�साहन योजना के ु

अधीन नकद पर�कार �वतरण �कया गया है।ु

इस वष � �ह�द� स�ताह समापन समारोह के 

अवसर पर �ीमती �फ�ला, �ह�द� अ�या�पका, इं���थ ु

�व�यालय, उि�पनंग�ड, म�य अ�त�थ थी।  डा आनंद, ु

�धान, सी.पी.सी.आर.आई., �ादे�शक के��, �व�ल �वशषे ्

अ�त�थ थे। 

राजभाषा �नयम 1976 �नयम 11 के अनपालन ु

हेत आव�यक साम��य� जसेै �प�, रबड़ क� मोहर�, नाम ु

प� आव�यकतानसार ��वभाषा म� तयैार कर समय समय ु

पर माग�� नद�श �दया जाता है।  स�मेलन� का बनैर एव ं

�नमं�ण प� ��वभाषा म� ह� �द�शत�  �कया जाता है। 

�हदं� प�� क� आव�त के �लए ��येक रिज�टर 

रखकर राजभाषा �नयम 1976 �नयम 5 का अनपालन पण �ु ू

�प से शत ��तशत �कया जाता है।

वेबसाइट का �दशन�  : 

�नदेशालय क� वेबसाइट संपण � ��वभाषा म� ू

�द�शत�  �कया गया है।  राजभाषा से संबं�धत सभी 

ग�त�व�धय� का �ववरण वेबसाइट पर �दया जाता है।  

�हदं� कायश� ाला 

सरकार� काम काज म� �हदं� का �योग बढ़ान ेएव ं

�हदं� काय � का उपयोगी �ान �ा�त करान ेहेत �नदेशालय म� ु

कल चार कायश� ालाओ ंको आयोजन �कया जा रहा है।  इस ु

वष � भी अनभवी मगद� शक� � क� मागद� शन�  म� मसौदा लेखन, ु

�ट�पण, अनवाद एव ं राजभाषा �नयम, अ�ध�नयम पर ु

�हदं� कायश� ाला आयोिजत क� गई और उ�ह� अ�यास भी 

कराया गया है। 

उपयक� त कायश� ालाओ ं म� �नदेशालय के ु

अ�धका�रय� तथा नगर राजभाषा काया��वयन स�म�त के 

सद�य काया�लय� के अ�धका�रय� एव ंकमच� ा�रय� को भी 

उपि�थत होन ेका सअवसर �दान �कया गया। ु

प�तर नगर राजभाषा काया��वयन स�म�त ु ू

प�तर नगर और आस पास के के�� सरकार� ु ू

कायल� य� म� राजभाषा �ह�द� का काया��वयन स�नि�चत ु

करन ेक� ��ट� से प�तर और �व�ल म� ि�थत क� ��य सरकार ु ू ्

के काया�लय, उप�म, बक�  स�हत 22 सद�य काया�लय 

सि�म�लत नगर राजभाषा काया��वयन स�म�त 

(नराकास) का घटन �कया गया है।  प�तर नराकास क� ु ू

32वी ं और 33वी ं अधव� ा�षक�  बठैक �दनांक 25.07.2017 को 

और �दनांक 2 8 . 0 1 . 2 0 1 8  को �नदेशक महोदय क� 

अ�य�ता म� आयोिजत क� गई। 

बठैक म� सद�य काया�लय� से राजभाषा 

काया��वयन से संबं�धत अधव� ा�षक�  �ग�त �रपोट� क� 

समी�ा क� गई। काज अनसंधान �नदेशालय क� ओर से ू ु

आयोिजत �हदं� कायश� ाला और ��श�ण म� नराकास के 

सद�य काया�लय� को भी आमं��त �कया और संय�त �प ु

से आयोजन �कया गया। 

�नदेशालय म� �न�न�ल�खत �रपोट� �हदं� म� �का�शत �कया 

गया : 

1. �नदेशालय का वा�षक�  ��तवेदन (वष � 2016-17) 

पण � �प से �हदं� म�।ू
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Individual/Team

Awards

Muralidhara, B.M. - Certificate of Excellence as 
reviewer from the Journal of Experimental 
Agriculture International for the year 2017.

Muralidhara, B.M.  - Certificate of Excellence as 
reviewer from the International journal of plant 
and soil science for the year 2017.

Preethi, P. - Best poster award in “International 
symposium on Horticulture- Priorities and 
Emerging trends” organized by ISHS, Belgium 

th
and IIHR, Bengaluru 05-08 , September, 2017.

Preethi, P. - EET CRS Top list, 2018 Scientist 
award by Education Expo TV team, Greater 

th
Noida, India. 18  March, 2018, Hyderabad.

Siddanna Savadi - Jawaharlal Nehru Award for 
PG outstanding doctoral thesis 2017.

Siddanna Savadi - Young Achiever Award 2017. 
Society for Advancement of Human and Nature 
(SADHNA), Nauni, Himachal Pradesh.

J.D. Adiga. - Environmentalist award-2017 
during the International Conference of SCICON 
series on current trends in Bioscience, 
organized by SCIRE Science held at Kochi, India 
during 21�� -23�� August 2017.

Vanitha, K. - SCIRE Young Scientist Award-2017 
during the International Conference of SCICON 
series on current trends in Bioscience, 
organized by SCIRE Science held at Kochi, India 

st rdduring 21  -23  August 2017.

Vanitha, K. - Dr. Jagadiswari Rao Women 
Scientist Award - 2017 by the Applied 
Zoologists Research Association, Bhubaneswar 
conferred during XVI AZRA International 
Conference on "Applied Zoological Research 
for Sustainable Agriculture and Food Security," 

th9-11  February, 2018 at Banaras Hindu 
University, Varanasi.

11.  AWARDS / RECOGNITIONS

2. अ�खल भारतीय समि�वत काज अनसंधान ू ु

प�रयोजना क� वा�षक�  ��तवेदन सारांश ( वष �

2016-17) 

3. काज समाचार म� �हदं� स�मती क� ग�त�व�धय� के ू

बारे म� ��तवेदन।

4. दैनं�दन �योग म� आन े वाले �प�� का �हदं� 

�पा�तरण। 

�नदेशालय के सभी व�ैा�नक, अ�धकार� एव ंकमच� ार� 

सं�थान के काम म� राजभाषा �हदं� के काया��वयन के �लए 

अपनी ��तब�ता दोहरात ेह�।
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Recognitions

Trademark is registered for the 'Institute's logo' 
(3217680) on 01.02.2018.  

Muralidhara, B.M. - Nominated as member of 
Expert committee on Access and Benefit 
Sharing (ABS) of Karnataka Biodiversity Board 
for implementation of the biological Diversity 
A c t ,  2 0 0 2 .  ( F . N o . I I H R / P M E C / 1 . 4 
(KBB)/2017/39019)

Muralidhara, B.M. - Nominated as Expert for 
selection of field assistant under project 
“Participatory Demostration plots on arecanut 
Based Multi Spices Cropping System” at CPCRI-
Regional Station Vittal. (F.No.204-16/2016-
Esst).

M.G. Nayak.  - Invited as Key Speaker (Panel 
Expert) in 'Caju India' - Global Cashew Meet 

thorganized by CEPCI, Kollam during 17-19  
September, 2017 at Panaji, Goa.

M.G. Nayak. - Invited as key Speaker by DCCD 
Kochi to deliver lecture on Innovative 
Production Technologies for Production and 
Processing of Cashew in the National Seminar 

th
on Cashew at Bhubaneswar during 11-12  
February, 2018.  Also chaired a technical 
session on the occasion.

Rajkumar Arjun Dagadkhair - Chaired a 
technical session at national level seminar on 
”Advanced Trends in Agricultural engineering 

thand Food Engineering”  held during 7-8  April 
2 0 1 7  a t  D e p a r t m e n t  o f  A g r i c u l t u ra l 
Engineering, MIT, Aurangabad, Maharashtra.

Vanitha, K. - Nominated as Expert for selection 
of field assistant under project “Participatory 
Demostration plots on arecanut Based Multi 
Spices Cropping System” at CPCRI-Regional 
Station Vittal. (F.No.204-16/2016-Esst) during 

th
18  May, 2017.

Preethi, P. - Recognized as post graduate teacher 
at University of Agricultural and Horticultural 
Sciences (UAHS), Shivamogga w.e.f. 12.03.2018. 

Preethi, P. Recognized as post graduate teacher 
at University of Horitcultural Sciences, Bagalkot 
w.e.f. 21.03.2018. 

Siddanna Savadi - Recognized as the PG teacher 
of UAHS, Shivamogga w.e.f. 19.03.2018.

Mohana, G.S. - Task Force Committee member, 
DUS test Guidelines for cashew, PPV- FRA, New 
Delhi

Mohana, G.S. - Nominated as an outside expert 
for the selection of senior research fellow under 
the revolving fund project 'Seed production in 
agricultural crops and fisheries' at CPCRI- Vittal 
on 31.07.2017.

M.G. Nayak. - i) Member in National Steering 
Committee on Cashew (Govt. of India). ii) 
Member in Doubling Farmers Income : 
Karnataka State Committee (ICAR). iii) Member 
in Committee of Verification of GM Crops 
Applications (Govt of Karnataka). iv) Member – 
B o a rd  o f  C o a sta l  C a s h ew  Te c h n o l o g y 
Development Institute, Kumta (Govt. of 
Karnataka). v) Task Force Committee member,  
DUS test Guidelines for cashew,  PPV- FRA, New 
Delhi.
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12.1�      Research Advisory Committee (RAC)

th
The third meeting of 7  RAC was held during 26-

th
27  September 2017. The meeting was started 

with the introductory remarks of Dr. R.R. 

Hanchinal, the Chairman of RAC. Following this, 

Act ion Taken Report  of  previous RAC 

recommendations was presented by Dr. 

Mohana, G.S, Senior Scientist & Member 

Secretary (RAC). Thereafter, presentations on 

progress of research in Crop Improvement, 

Crop Management, Crop Protection and Post 

Harvest Technology were made by scientists of 

DCR. For each section, many useful suggestions 

were given by RAC members. Specifically, it was 

recommended that the registration of new 

cashew varieties may be taken up with PPV-FRA, 

New Delhi. It was suggested to take help from 

CGIAR institute like Bioversity International to 

facilitate visits of institute scientists to 

biodiversity rich countries. The committee also 

suggested taking up institute technologies for 

result demonstrations in the farmers' fields. 

12.   RAC / IMC / IRC / IJSC MEETINGS



- 2017-18/ ANNUAL REPORT

85

12.2      Institute Management Committee

thThe 46  IMC meeting of this Directorate was 
th

held on 25  September, 2017. During the 
meeting, nine members were replaced by the 
Council and the term of the new members is 

upto 2016 to August 2019.  The proceedings of 
th

the 46  IMC was forwarded to council for 
approval and all the recommendations of the 
IMC were approved. 
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12.3      Institute Research Committee 
th

The 30  annual meeting of Institute Research 
Committee (IRC) of ICAR- DCR, Puttur was held 

th th
on 28  and 29  September, 2017 under the 
Chairmanship of Dr. M.G. Nayak, Director 
(Acting). Dr. M.G. Nayak made introductory 
remarks. There were five technical sessions 
chaired by experts of the field. Dr. S. Ramesh, 
Professor (Plant Breeding and Genetics), GKVK, 
UAS, Bengaluru was the resource person for the 
technical session on 'Crop Improvement'. Dr. 
Lingaiah, H.B., Director of Education, UHS, 
Bagalkot was the resource person for 'Crop 
Management'.  For 'Crop Protection and Post 

Harvest Technology' sessions, Dr. S.U. Patil, 
Associate Director of Research, ZAHRS, 
Brahmavar (Shivamoga) and    Dr. Doreyappa 
Gowda, Principal Scientist and Head, CHES, 
C h e t t a l i  w e re  t h e  re s o u rc e  p e rs o n s , 
respectively. �

In each session, the results of various ongoing 
projects were presented along with new project 
proposals by the scientists of DCR. Accordingly, 
the technical programme of the projects for the 
year 2017-18 was also finalized.

12.4.     Institute Joint Staff Council 

IJSC meetings were held at quarterly intervals during the year at this Directorate to discuss on issues 
for the welfare of the staff.  
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12.5�     Institute Technology Management Unit (ITMU)

 S i x  p o s t  h a r v e s t  t e c h n o l o g i e s 
developed at this Directorate viz., Radial arm 
type cashew kernel extracting machine, 
Rotating type roasting machine for raw 
cashewnuts, Dual mode dryer for raw 
cashewnuts,  Hydraulic juice extractor for 
cashew apples, Concentric drum type rotary 
sieve grader for raw cashewnuts and Cashew 
shell cake based updraft gasifier have been 
commercial ized to pr ivate machinery 
manufacturer on the basis of non-exclusive 
licensing. In this regard, a MoU was signed 
between ICAR-DCR, Puttur and M/s Pro B 
Products, Bengaluru on 21.03.2018. 

Concerted efforts we taken to register institute 
logo as 'Trade mark'. Institute Technology 
Management Committee (ITMC) Meetings 
were conducted twice on 15.09.2017 and 
19.03.2018 to discuss about IPR issues 
primarily on commercialization of developed 

technologies, collaborative research projects, 
trade mark registration, technology disclosing, 
pricing and valuation of technologies, inducting 
research associate and pertinent administrative 
activities. Technical consultancy was provided 
by Dr. D. Balasubramanian, Principal Scientist 
(AS & PE) on payment basis to M/s. Dry Fruit 
factory LLP, Ahmedabad, Gujarat and M/s 
Plantation Corporation of Kerala  (PCK), 
Kasaragod, Kerala. 

Major ongoing research programmes

A.          Institute projects

§ C o l l e c t i o n ,  c o n s e r v a t i o n , 
characterization, evaluation and 
documentation of cashew germplasm.

§ Improvement of cashew through 
c o n v e n t i o n a l  a n d  i n n o v a t i v e 
approaches.

§ I n te g ra te d  wa te r  a n d  n u t r i e n t 
m a n a ge m e nt  a n d  p hys i o l o g i ca l 
intervention for improving productivity 
of cashew.

§ Horticultural intervention / approaches 
for enhancing productivity of cashew.

§ I n t e g r a t e d  p e s t  a n d  d i s e a s e 
management in cashew.

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

§ Knowledge management and impact 
assessment in cashew for improving 
cashew production

B.           Flagship Programme

§ Management of Tea Mosquito Bug (TMB) and Cashew Stem and Root Borer (CSRB) using 
semiochemicals.

C.            Externally Funded Projects

§ Development of Morphological 
Descriptors and DUS Test Guidelines 
for Cashew (Anacardium occidentale 
L.) – PPV&FRA, New Delhi

§ Development of an exclusive android 
application for cashew cultivation-DCCD, 
Cochin
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Annexure - I

ANNEXURES
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Annexure - II
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Annexure - III

Annexure - IV
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Annexure - V



- 2017-18/ ANNUAL REPORT

96

Annexure - VI

Staff Position as on 31.3.2018
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§ Sri R. Arulmony Asst. Chief Technical Officer has been promoted to the next  grade of Chief Technical 
Officer w.e.f. 01.01.2016.

§ Sri Krishnappa, Skilled Support Staff  retired on superannuation on 30.4.2017
§ Sri B. Chennappa Poojary, Skilled Support Staff  retired on superannuation on 30.6.2017
§ Sri  P. Vasantha Kumar, Skilled Support Staff retired on superannuation on 31.10.2017
§ Sri H. Veerappa Gowda, Skilled Support Staff  retired on superannuation on 31.12.2017
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Annexure - VII

Annexure - VIII

Rainfall is monthly total; other parameters are monthly mean values
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Annexure - IX



Release of H-130, a jumbo nut hybrid by the dignitaries Ultra high density planting at
ICAR-Directorate of Cashew Research, Puttur
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