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Preface

| feel privileged to present Annual Report of ICAR
Directorate of Onion and Garlic Research for the
year 2022. Onion and garlic are two important
essential vegetable commodities used mostly fo
culinary purpose. Beside culinary uses, these als
have several medicinal values. Being a primess
Institute exclusively on these two commodities,
ICARDOGRcontinued various research,extension '1
and development activities related to onion and”
garlic crops.

ICARDOGR is maintaining 89 wild and underutilizedAllium lines of 17 different
species under field condition. Systemic value chain development efforts are being
carried for Allium tuberosumAAOQOAA 11 VaEE&AUAtionYd Groduction
performance, Exploration of consumer response and quality perceptions and
Exploration of market potential and sustainability. Oniongermplasmwere evaluated
during kharif, late kharif and rabi seasonsMutation breeding,usinggammaradiation,
colchicinesand EMStreatments were attempted in garlic lines for creating variability

in response to yield, bulb size and stability. Inoculation of onion seedlings with
Azotobacter spp. performed superiorly under waterlogging stress based on crop
phenotypic growth and bulb yield performance. ICARDOGR has also registered two
germplasm with ICARNBPGR for waterlogging (IC0645764) and drought
(IC0645763) tolerance in onion. The efforts are also being made to develop haploids
through gynogenesis. Currently, sixtyseven double haploid lines have been
maintained at the institute.

Inclusion of maize as preceding crop and application of inorganic fertilizers alone
produced significantly higher bulb yield compared toother fertilizer treatments. The
yield increasein INM plot, and chemicalfertilizer alone applied treatment was higher
by 54.7-56.4% comparedto organictreatments. Application of 100% (110 kg/ha) and
150% (165 kg/ha) N through drip and sprinkler increased onion yield significantly
compared to flood irrigation system. In garlic, application of ICARRIRCOT nano
sulphur application @ 15kg/ha and 23 kg/ha recorded higheryield compared tothe
remaining treatments, whereas, application of bentonite sulphur @ 30 kg/ha
recorded the highest yield compared to the rest of the treatments in onion.

The fungal pathogens of onion Qolletotrichum spp., Fusarium spp., Alternaria spp.,
Stemphyliumspp) were collected, isolated, and characterized using morphology as
well as molecular tools using ITS and TEF primers. In addition, bagents
Trichodermaspp.were alsoisolated (11 isolates) and tested against Stemphyliumand
Anthracnose diseases. Eight isolates showed inhibitory action against fungal
pathogensin which Trichodermaisolate NRCG8 showed a maximum of 33-40%, 44%
and 50% inhibition on Stemphylium Anthracnose and twister, respectively. The
Amritpani-based organic formulations tested against Anthracnose in onions.



DOGROF3, a formulation comprised of a mixture of Bajra flouCalotropis leaves,
Karanj leaves, Ginger powder, Turmeric powder, Hing powder and water, was
effective in inhibiting Stemphyliumby 36% and Anthracnose by 32% and increased
the bulb yield. The effect of chitosan nanoparticles seed priming on growth and
resistance to StemphyliumLeaf Blight was assessed. The chitosan priming showed
better germination, vigour and less disease severity index than untreated seeds.
Likewise, the effect of zinc nanoparticles on the fungal pathogdfusarium causing
basal rot of onion was investigated by determining the fungal radial growth.
Nanoparticles can be exploited for the better control of onion
pathogens.Pathogenicity of anthracnhosetwister studied via artificial inoculation. A
miniature parasitoid wasp,Megaphragmaamalphitanum, wasrecorded on thrips. The
bio-efficacy of commercial formulations of entomopathogens, includind3eauveria
bassiana Metarhizium anisopliag Lecanicillium lecanij and the botanical pesticide
neem oil, was tested against onion thrips, both alone and in combination with the
biological pesticide spinosad. The occurrence of beetl€arpophilus hemipteruss
recorded in the onion storage. The pollination potential of the native stingless bee
Tetragonula iridipennis was assessed. The stingless bee species visiting onion in
various locations of Maharashtra was documented. Further, the complete
mitogenomeof T.iridipennis was characterizedfor the first time. Reducingthe storage
losses and value addition are the two inevitable things to make the onion crop
cultivation more economical. ICARDOGR is working on refinement of storage
structures for reducing the storage losses and development of processed products
from onion and garlic.

Three decision support systems viz., 'ONDSS', 'SmartOnion' 'ODPAdviser' have been
developed to assist farmers in making informed decisions regarding nutrient
management, disease and pest management, and variety selection. Additionally, a

mobile application called "Onion Crop Advisor" is developed for farmers to provide
comprehensiveinformation, advisories,and decisionsupport tools for onion farming.
Multimedia-A AOA A 1 A x OKal®ValLdsESar@achd ET - ACPADEE AT
evam Lahsun Samachér ET ( ET AE AT A OI AEAT 1 AAEA Pl AO
agro-advisories and technologicalinformation. Furthermore, avalue chain model for

wild Alliums has been established, ensuring a steady supply of produce. The Agri

Business Incubation (ABI) centre was established to support registered staups in

the agricultural sector.Four Start-ups enrolled for incubation. In the year 2022, atotal

of seven onion varieties were licensed to 39 seed companies at the institute level.
Additionally, an exclusive license for the 'Controlled Onion Storage Structure'
technologywas granted to KalaBiotech Pvt. Ltd. Furthermore, the institute conducted

six contract trials and established collaborations with six organizations for research

purposes and student guidance.

A total of 355 frontline demonstrations took place in Maharashtra state,
encompassing thekharif (285), late kharif (30), and rabi (40) seasons, with the
support of the Institute project (30), SCSP (280), and MGMG (45). Also, 95
demonstrations were held in NEH region. Additionally, as part of the contract trial,
240 demonstrations were carried out in Pune and Ahmednagatistricts, focusingon



the implementation of Raised Bed with Drip Irrigation Technology. A total of 58
demonstrations in kharif and 85 demonstrations inrabi were conducted under TSP
during the year 2022. UnderMera Gaon Mera Gaurascheme, 15 villages were
adopted and several awareness programmes and trainings were conducteDuring

the reporting period ICARDOGR organized 54 trainings under MGMG, NEH, TSP,
SCSP, ATMA, etc., schemes which were attended by 2254 farmers and other
stakeholders and participated in 4 exhibitions to showcase onion and garlic
technologies.

| extend mysincere thanksto the support extendedby ICARand encouragement and
guidance by Dr. Himanshu Pathak, Secretary, DARE and Director General, ICAR,;
Dr. A K Singh, Deputy Director General (Horticulture Science), Dr. Tilak Raj Sharma,
Additional charge-Deputy Director General (Horticulture Science), Dr. Sudhakar
Pandey AssistantDirector General(Flower, Vegetables Spicesand Medicinal Plants),

Dr. V. B. Patel, Assistant Director General (Fruits and Plantation Crops). | appreciate
the efforts of all the scientific, technical, administrative and supporting staff of the
Directorate in all achievements. My acknowledgments are due to the editorial board
for timely compilation and editing of annual report. 1 hope, the information provided

in this report will be useful to the stakeholders of onion and garlic.

Y s
Date:July,2023 (Vijay Mahajan)
ICARDOGRPune Director
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Executive Summary

The research, extension and development work of ICABRirectorate of Onion and
Garlic Research was carried out throughinstitutional research projects and
adhoc/externally funded projects during the year 2022. Duringthe reporting period
ICARDOGR organized 54 trainings under MGMG, NEH, TSP, SCSP, ATMA, etc.,
schemes which were attended by more than 2250 farmers and other stakeholders and
participated in 4 exhibitions to showcaseonion and garlic technologies. Apart from

the twenty institute projects, ICARDOGR handled more than 20 externally funded
DST, DBT, and collaborative or contract research trials during the reporting period.
Brief summary of the research, extension and development activities carried out in

the year 2022 is presented below.

Crop Improvement

ICARDOGR is maintaining 89 wild and underutilizedAllium lines of 17 different
species under fieldcondition. These species were screeneor foliage yield, growth,
quality, flowering behaviour, consumer preference and were utilized in breeding
programme. Systemic value chain development efforts are being carried fédlium
tuberosumbasedon three % &vi2. Evaluation of production performance, Exploration
of consumer response and quality perceptions and Exploration of market potential
and sustainability. For most of the morphological, growth and yield characters, the
line Allium tuberosum Kazakhstan All-1587 recorded best growth performance,
annual yield, foliage and nutritional quality followed by A.tuberosumCGN16418 and

A. tuberosum Rottl Ex-sprkucchai CGN16373.

Onion germplasmwere evaluated duringkharif, late kharif and rabi seasons. Irncase
of white andyellow onion germplasm,during rabi (52 white and 2 yellow accessions)
and late-kharif (15 white accessions) were evaluated. Duringabi, W-361 exhibited
highest marketable yield followed by W-398 and White New GenepoollIn late kharif,
W-453 and W-458 were recorded with superior marketable yield and were alsofree
from bolters. Almost 700 garlic lines comprising germplasm,landraces, andvarieties
are under maintenancefor breeding activities at ICARDOGRGarlicgermplasmwere
evaluated during rabi. The lines 569, G3, G10, 224 and 63 were recorded with
highest marketable yield. Inkharif, 12 garlic lines were evaluated for theirkharif
season suitability and agremorphological traits. The average marketable yield of
more than 5 t/ha was recorded by all the genotypes except two lines. Mutation
breeding,usinggammaradiation, colchicinesand EMStreatments were attempted in
garlic lines for creating variability in response to yield, bulb size and stability.

Available germplasmof red onion was evaluated irlate kharif (170), rabi (192) and
kharif (165) seasons along with suitable checks. In latkharif season, Acc. 1794
yielded 58 t/ha with no bolting. DOGR 1168 (LG107-3) yielded maximum with
7.63% bolting while in rabi, Acc. 1321 exhibited nearly 60 t/ha yield with 100%
marketable bulbs. Inkharif season, Acc. 1634 yielded maximum with no bolting.
Among advance breeding lines, in lat&harif season, DOGR608 and DOGRL614
recorded maximum vyield with less bolting. Duringrabi season, DOGR048-Sel (31.70
t/ha) gave maximum yield compared to check while irkharif season, DOGR014-
GDR was found to be significantly superior. Among initial breeding lines, L&7-
C2/LR-1,LK-07-C2/LR-1 and RedComp-1 (Kh-12) found to be superior comparedto
check in late kharif, rabi and kharif seasons,respectively. ICARDOGRhad also
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registered two germplasm with ICARNBPGR for waterlogging (1IC0645764) and
drought (IC0645763) tolerance in onion. The Directorate alsofocusedon hybrids for
yield and other characters.The hybrids MS111Ax 1608 (late-kharif), MS111Ax RGR
1 (rabi) and MS111Ax 1605 (kharif) gavesuperior performance comparedto checks.

The efforts are alsobeing made todevelop haploids through gynogenesisCurrently,
sixty-seven double haploid lines have been maintained at the institute. The glossy
plants provide protection againstboth biotic and abiotic stressesRNAseqwasdone

to comprehend the expression variations of waxguticle-related genes in the glossy
mutant and its wild-type waxy cultivars. Differential gene expression analysief the
RNAseqdata revealed that the genes involved iwax biosynthesis, suchas AcCER1,
AcCER26, AcMAHAnd AcWSDJ1were downregulated inthe glossy mutant.

Inoculation of onion seedlings with Azotobacter spp. performed better under
waterlogging stress based on crop phenotypic growth and bulb yield performance.
Furthermore, foliar spray of Melatonin @ 50ppm improved onion crop growth and
bulb yield under waterlogging stress. Transcriptome sequencing using RNA seq.
technology showed higher number of waterlogging toleranceelated genes like group
VIl ERFssuchasRAP212 and RAP23 that play acrucial role in developing tolerance

in plants, were found to be exclusively ugregulated in waterlogging tolerant onion
genotype Acc.1666 than in sensitive one. Higlemperature of 42 °C and more was
detrimental for onion crop growth and development.

Crop Production

Inclusion of maize as the preceding crop and the application of inorganic fertilizers
alone produced significantly higher bulb yields compared toother fertilizer
treatments. Application of 10 t/ha vermicompost alone produced 18.9 t/ha onion
yield which was significantly lower than other fertilizer treatments. Whereas,
combined application of mineral fertilizers and vermicompost showed significantly
higher soil organic carbon and soil available N compared to mineral fertilizer alone
applied treatments in both soybeanand maize block. Maximum faunal diversity was
observed in organic treatments in comparison to inorganic treatments.

The yield increase in INM plot, and chemical fertilizer alone applied treatment was
higher by 54.7-56.4% compared to organic treatments. N, P, K and S uptake were
significantly higher in conventional and INM plots compared to organic treatments.
Soilanalysisshowedthat soil organic carbonand soil available N concentration were
higher in organic treatments compared to INM and conventional farmingThrips
population was the highest in plots receivedrganic plant protection measures.

Application of 100% (110 kg/ha) and 150% (165 kg/ha) N through drip and sprinkler
increasedonion yield significantly comparedto flood irrigation system.However,the
irrigation treatments did not affect plant height, number of leaves, leaf length, and leaf
area index. Among N treatments, application of 100% and 150% N increased plant
growth parameters,onion yield, and total soluble solidscomparedto the control plot
and 50% N applied treatments. The storage losses of onion were highest in the control
plots and lowest in 100% and 150% N applied treatments in all three irrigation
methods. Foliar application of watersoluble fertilizer increased plant growth and
yield of onion genotypes, Bhima Dark Red and Acc. 1666 significantly compared to the
other genotypesunder water-logged conditions. The tolerantgenotypes Acc. 1666

Vii



and Bhima Dark Red showed higher survival percentage (>90%), good plant stand,
higher chlorophyll content, better cellular membrane stability.

In garlic, application of ICARCIRCOT naneulphur application @ 15 kg/ha and 23

kg/ha recorded higher yield compared to the remaining treatments, whereas,
application of bentonite sulphur @ 30 kg/ha recorded the highestyield compared to

the rest of the treatments in onion.

Crop Protection

The fungal pathogens of onion Colletotrichum spp., Fusarium spp., Alternaria spp.,
Stemphyliumspp) were collected, isolated, and characterized using morphology as
well as molecular tools using ITS and TEF primers. In addition, begents
Trichoderma spp. were also isolated (11 isolates) and tested again§temphyliumand
anthracnose diseases. Eight isolates showed inhibitory action against fungal
pathogens in whichTrichodermaisolate NRC& showed a maximum of 3340%, 44%
and 50% inhibition on Stemphylium Anthracnose and twister, respectively.

Bio-agents' effect on onion growth and yield revealed that isolate-I66 enhanced
plant height, pseudostemdiameter, andyield by up to 27%.Four IDM modules (M1,
M2, M3 and M4) with existing practice (EP), farmers' practice (FP), and absolute
control (AC) were evaluated inrabi 2022. Module M1, intensive management,
effectively inhibited Anthracnose (10-30%) and Stemphylium(5-51%) in kharif and
rabi onion, respectively, and increased bulb yield by 24%. The Amritpaitiased
organic formulations tested against Anthracnosein onions. DOGROF3, formulation
comprised of a mixture of Bajra flour, Calotropis leaves, Karanj leaves, Ginger powder,
Turmeric powder, Hing powder and water, was effective in inhibitingStemphyliumby
36% and Anthracnose by 32% and increased the bulb yield. Thirtgix white onion
germplasmswere tested for diseaseresistance,and six entries were found promising
againstStemphylium

MicroRNAs (miRNA) reportedly regulate essential processes in plant development,
diseaseand stressresponse etc.Atotal of 119 miRNAandtheir target genesfrom the
onion genome(PRJEB2950pwere identified. Further, the expressionof target genes

in purple blotch infection, drought and waterlogging stress was also studied using
previous RNAseq. Of these, 73 miRNAs showed expression in the stress mentioned
aboveconditions in onion, in which 14 miRNAsshowed consistent expression levels

of up or down-regulation in disease waterlogging and drought stressconditions. Ace
MIR408a, AceMIR2275b, AceMIR168c, AceViIR166c,and AceMIR69athese miRNA
genes showed variationin expression inresponse toA. porriinfection.

The effect of chitosan nanoparticles seed priming on growth and resistance to
Stemphylium Leaf Blight was assessed. The chitosan priming showed better
germination, vigour and less disease severity index than untreated seeds. This
suggests that chitosan nanoparticlesan boost the defence response in onion plants
via induced resistance, and seed priming + foliar application was the best
combination. Further, it enhances the amount of Chlorophyll, flavonoid, phenol
content and pathogenesigelated protein (PR1and PR4) in chitosantreated plants.
Likewise, the effect of zinc nanoparticles on the fungal pathogefusarium causing
basal rot of onion was investigated by determining the fungal radial growth. The
minimum radial growth of the pathogen was recorded at 200 ppn50% reduction),

viii


https://www.ebi.ac.uk/ena/browser/view/PRJEB29505

followed by 100 ppm. Thus, Nanoparticles can bexploited for the better control of
onion pathogens.

Pathogenicity of anthracnosetwister studied via artificial inoculation. Onion plant
inoculated with Colletotrichum gloeosporioideshowed first neck elongation after
4DAI; water-soaking lesions at 5DAI. The sunken oval lesions on the leaf blades and
depressedlesionson theleaf sheathsat the neck;later, theselesionsdevelopedwith
salmon/orange-coloured conidial masson 6 DAI on 7 DAl lesions becoming necrotic

or matured which contained clusters of acervuli of C.gloeosporioideg8 DAI). Finally,

it leads to the rotting of the stem.

To investigate the role of secondary metabolitesof Trichodermaspp. isolatesagainst
major fungal diseases of oniofgarlic, the traits such as Indole acetic acid (IAA)
siderophores production phosphorus, potassium and zinc solubilization were
determined. The elevated level of IAA and higher siderophores production was
recorded in T. speculumand NRC@&3 strains. The isolates 718, T-166, T-292, andT.
speculumhad phosphate solubilization zone. The genetic structure of th&€. tabaci
population was studied using mitochondrial COIl gene sequences. The locativse
variation within the mtCOlgenehasbeenreported. Locality-wise, per centvariations
have been calculated from the total reads recorded. Among all localities,
307_Palampur represents the highest nucleotide polymorphism. The complete
mitochondrial genome of T.tabaci hasalso beencharacterized. The circulargenome
of T. tabacimeasured 12,033 base pairs (bp) inength: twelve protein-coding genes
(PCGs), tworRNA genes and twentytRNA genes. A miniature parasitoid wasp,
Megaphragma amalphitanumwas recorded on thrips.

The bio-efficacy of commercial formulations of entomopathogens, including
Beauveria bassianaMetarhizium anisopliag Lecanicillium lecanij and the botanical
pesticide neem oil, was tested against onion thrips, both alone and in combination
with the biological pesticide spinosad.In the insect-pathogen-treated plots, the adult
thrips population was reduced by 30.3 t036.2%, while nymphs were reduced by35.5

to 41.9%. The overall mean reduction was 32.9 to 39.1% over control. The
combination of neemoil and L.lecaniishowedbetter efficacyagainstthe thrips adults
and nymphs, and that produced up to 41.2% population reduction, followed by the
neem oil and B. bassiana&ombination. Two newgeneration reducedrisk insecticides,
namely Spiroteramat 150 OD and Spinetoram 11.7 SC were field tested against the
onion thrips. Both were found to be effective against onion thrips, and their efficacy
was on bar with Profenofos. A study was conducted to develop a seedling root dipping
strategy for protecting transplanted onions from onion thrips in the main field.
Cyantraniliprole, areduced-risk diamide insecticide,was tested againstonion thrips

as aseedlingroot treatment and was effectivein suppressing onionthrips infestation.

The occurrence of beetleCarpophilus hemipteruss recorded in the onion storage. The
species was confirmed with morphological observation and further using DNA
barcoding. The pest spreadto the storage generallycarried from the field to storage.
Further, the storage fungi causing spoilage to onion bulbs have been isolated and
characterized and belong toAspergillusand Fusarium species. The storage bulbs
sampled from major oniongrowing districts were analyzed for pesticide residues,
and residues were found to be sub-MRL levels in all the samples.The pollination
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potential of the native stingless beeTetragonula iridipennis was assessed. The
stingless bee species visiting onion in various locations of Maharashtra was
documented. Further, the complete mitogenome of. iridipenniswas characterized
for the first time.

Post-Harvest Technology

Reducingthe storagelossesand value addition are the two inevitable things to make
onion crop cultivation more profitable. ICARDOGR is working on theefinement of
storage structures for reducing the storage losses and development of processed
products from onion and garlic. During the reporting period under postharvest
technology, work on the development ofprocess protocols for drying and rehydration
of red onion cultivars, optimization of process protocol for extraction of onion seed
oil and study on the aerodynamic properties of oniordor storage was carried out.

Extension

Three decision support systems have been developed to assist farmers in making
informed decisions regarding nutrient management, disease and pest management,
and variety selection. The 'ONDSS' system helps farmers balance nutrient
management based on soil health reports and recommended nutrient doseEhe 'ODP
Adviser' system aids in identifying and managing pests and diseases through
symptom-based identification and recommendations. TheéSmart Onion' system
assists farmers in selecting suitable onion varieties for their specific requirements.
Additionally, a mobile application called "Onion Crop Advisor" is developed for
farmers to provide comprehensive information, advisories, and decision support
tools for onion farming. Multimedia-basednews bulletins &andava LasunSamachab

in Marathi and ®yajevam LahsurSBamachagin Hindi and social media platformsare
used to disseminate agreadvisories and technological information. Furthermore, a
value chain model for wild alliums has beenestablished, ensuring a steadgupply of
produce.

A total of 355 frontline demonstrations took place in Maharashtra state,
encompassing thekharif (285), late kharif (30), and rabi (40) seasons, with the
support of the institute project (30), SCSP (280), and MGMG (45). Also, 95
demonstrations were held in NEH region. Additionally, as part of the contract trial,
240 demonstrationswere carried out in Puneand Ahmednagardistricts, focusingon
the implementation of Raised Bed with Drip Irrigation Technology. A total of 58
demonstrations in kharif and 85 demonstrations inrabi were conducted under TSP
during the year 2022. A total of ten trainings/ field day (s) were organizedunder TSP
in Maharashtra, Leh (Ladakh) and Uttar Pradesh in which 693 tribal farmers
participated. Under Mera Gaon Mera Gaurascheme 15 villages were adopted and
several awareness programmes and trainings were conducted.

The AgriBusiness Incubation (ABI) centre was established to support registered
start-ups in the agricultural sector. Four Stardups namely Thinkpure Organic Produce
Pvt. Ltd, Farmers Smile Farmer Producer Company, Vagheshwar Farmer Producer
Company, Palanduh Farmer Producer Company Ltd. Signed MoU and enrolled for
incubation. In the year 2022, atotal of sevenonion varieties were licensedto 39 seed
companies at the institutelevel. Additionally, an exclusivelicense forthe 'Controlled
Onion Storage Structure' technology was granted to Kala Biotech Pvt. Ltd.



Furthermore, the institute conducted six contract research trials and established
collaborations with six organizations for research purposes and student guidance.

The Directorate organized Xl AnnualGroup Meeting of All India Network Research

Project on Onion and Garlic (AINRPOG) during-B August 2022 at Dharwad
(Karnataka). The various Institutional activities viz., IRC, IMC, etc. meetings were held

timely. ICAR-DOGR, Pune and IFBombay, collaboratively organized a training

wor kshop on OPost Har vest St orage Technol o
DOGR campus where more than 80 of farmers, Farmer producer company (FPCs) and
officials of the state government agriculture department, actively participated in the training
workshop. The staff also received several awards and recognitions for their
outstanding contribution in the field of onion and garlic research.ICAR-DOGR
recognized as a Knowl edge Graml dniod \Challeaggt i o n
launchedoy the Ministry of ConsumeAffairs, FoodandPublic Distribution(MoCAFPD)

to develop 'Technologies for Primary Processing, Storage and Valorization of Oflons'.

23rd Research Advisory Committee (RAC) meeting of ICAROGR was conducted on

20 February, 2022. The 8 Quinquennial Review Meetingvas conducted during 20

¢cc¢ S$SAAAT AAOh ¢mgg8 2APOAT EA $AUh )T AAPAT AA
World Soil Day were celebrated.To increase the importance of Hindi in daily work

Hindi Pakhwadawas alsoorganized. During the year 2022, ICARDOGRyenerateda

revenue of 105.04 lakhs.
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A. Introduction

The Directorate

Realizing the importance of onion and garlic in thecountry, the Indian Council of
Agricultural Research (ICAR) established National Research Centre for Onemd
Garlicin VIII Planat Nashikin 1994. Later, the Centrewas shifted to Puneon 16 June,
1998. Due to the expansion of R&D activities of onion and garlic, the center was
rechristened and upgraded to ICARDirectorate of Onion and Garlic Research
(DOGR) in December 200&long with All India Network Research Project on Onion
and Garlic with 28 participating centers acrossthecountry.

Location and weather

The Head Quarter of the Directorate located atChandoli, Pune,Maharashtra on
Pune -Nashik Highway. It is 18.32' Nand 73.51' E at 553.8 m above m.s.l. with a
temperature rangeof 5.5-42.0 and having annualaveragerainfallof669 mm.

Infrastructure

The centre has 52 acres of research farm with perennial irrigation facilities at
Rajgurunagar,55 acresat Kalus,10 acresat Manjari and 4 acres at BanefThecentrehas
researchlaboratories for biotechnology,soil science plant protection, seedtechnology
and post-harvesttechnologywith modern state of the art equipment. Thelibrary atthe
centre hasextensivecollection of books, journals, esources onAlliums. The internet
and e-mail connectivity has been strengthened foreasyliterature accessThe centre
has its own website: www.dogr.icar.gov.in, which provides rapid updates and all
relevant information on onion and garlic and administrativemattersofCARDOGR.

Vision
Toimprove production, productivity, export andadd on value ofonionandgarlic.
Mission

To promote overall growth of onion and garlic in termsof enhancementof quality
production, export andprocessing.

Mandate
i Basic,strategic and applied research on genetic resource management, crop
improvement and production technologies for enhancing and sustaining

production of onion and garlic

1 Transfer of technology and capacity building of stakeholders for enhancing
productivity of onion and garlic

1 Coordinate research and validation of technologies through AINRP on onion
and garlic
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B. Research Highlights

1. Crop Improvement

1.1 Genetic improvement of white and yellow onion including
underutilized Alliums

Agriculture faces a notable threde to the depletion of localltivars and land raceR.

is essentiato systematicallycollect,assesscharacterizeandconservegermplasmat both
molecularandphenotypidevelsin orderto addressurrentandfuture challengesHaving
adiversegeneticfoundationwith arangeof variablegermplasmis crucialfor anybreeding
program. Germplasm acts as the fundamental source for identifying important traits like
pest and disease resistance, nutritional and biochemical attributes as well as the ability to
withstand environmental stresses. The vast geographical diversity of India enables the
effective utilization of these germplasms to develop varieties that areswid for diverse
agroclimatic conditionsGermplasm wereollected from various regions of the country,
including wild Alliums and these are being utilized for their nutritional properties,
resistance to pests and diseases, and availability durirgea$fons. In 2021, the market
size of processed white onion products reached 233.84 thousand tons, with India
accounting for 31.1% of the total export earnings, amounting to 1588.91 lakh USD in
foreign exchange [World Integrated Trade Solution (WITS), Data on Export, Import,
Tariff, NTM worldbank.org]. However, achieving stable and consistent levels of total
soluble solids (TSS) and yield remains a concern. IXRGR has been conducting
research for the past two decades to develop high TSS white onion lines. This report
provides a brief summary of their findings and research efforts for the current year.

1.1.1Evaluation of white and yellow germplasm

During rabi 2021-22, fifty-two white onion germplasm was multiplied and evaluated
with the check variety Bhima Shweta. Out of these, fifteen germplasm exhibited
significantsuperiorityin termsof marketableyield (MY) andtotalyield (TY) compared

to check(40.56t/ha). The highestMY wasobservedn W-361(62.02t/ha)followed by
W-398 (56.71 t/haand WhiteNew Genepool (54.29 t/haJ.he MY rangedrom 23.03

to 62.06 t/ha and eleven germplasm were found to be free from bolting. After four
months of storagdhe losses varied from 19.89% to 61.09%.388 (19.89%) had the
loweststoragdossedollowed by White GP Composite6 (26.60%)comparedo check
(39.97%).The Total SolubleSolids(TSS)rangedbetweenl1.00%and14.30%.W-385
(14.30%) had the highest TSBllowed by W175 (14.20%). Additionally, seven
germplasm received from ICARBPGR were evaluated, 1€9102 (W) (42.46 t/ha)
performing significantly better in terms of MY compared to check (40.81 t/ha).
Furthermore, two lines of yellow onion germplasm were also evaluated, whedd Y
exhibitedsignificantlysuperiorMY (50t/ha)comparedo checkvariety Arka Pitamber.

The range of bolting observed was between 1.23% and 8.50%. After four months of
storage, the storage losses varied from 47.97% to 72.03% (Table 1.1).
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Table 1.1 Evaluation of white and yellow onion germplasmduring rabi 202122

No. of Superior MY SL4AM Bolter TSS
germplasm lines for (t/ha) (%) (%) (°Brix)
MY
(White)52 | 16(15+1IC) | 23.0362.06 | 18.8961.09 0.0044.65 11.0014.30
(Yellow) 2 1 39.8050.00 | 47.57#72.03 1.23 8.50 11.7312.13

(MY: MarketableYield; TSS:Total SolubleSolid; SL4M: Storagd_ossin 4 Months)

In late-kharif 202122, fifteen white onion germplasm was evaluated along with the check
variety Bhima Shubhra. The MY ranged from 4.69 to 40.70 t/ha. Two germplas#®s3W
(40.70 t/ha) and W58 (34.07 t/ha), exhibited significantly superior MY compared to Bhima
Shubhra (29.64 t/ha). These lines along withFO®B and W208 were also observed to be
free from bolting. After two months of storage, the losses varied between 17.01% and
45.01%. Germplasm White Compositg17.01%) had the lowest storage losses followed by
W-364 (18.20%) in comparison to check variety (33.20%) (Table: 1.2).

Table 1.2Evaluation of white onion germplasmduring late-kharif 202122

No. of Superiorliney MY SL2M Bolter TSS
germplasm | for MY (t/ha) (%) (%) (°Brix)
15 2 4.69-40.70 | 17.0:45.01 | 0.0019.27 12.10614.00

(MY: MarketableYield; TSS:Total SolubleSolid; SL2M; Storagd_ossin 2 Months)
1.1.2Evaluation of white onion breedinglines

In rabi 2021-22, sixty-nine white onion breedingiineswereevaluatedcandcomparedvith

the check variety Bhima ShwetAmong themten lines exhibited significant superiority

in MY compared to check (40.56 t/ha). The lineAW7AD-6 (55.59 t/ha) achieved the
highest MY followed by W172AD-5 (50.30 t/ha) and Y418 M-1 (50.29 t/ha). Among
these seventeetineswerefreefrom bolting andthirty-threelinesfrom doublebulbs.The

line W-085AD-7 (17.56%) had the lowest storage losses after four months of storage
followed by W543 M-1 (25.43%) compared to check (39.97%) (Table: 1.3).

Table 1.3Evaluation of white onion breedinglinesduring rabi 2021-22

No. of Superior liney MY SLAM Bolter TSS
germplasm | for MY (t/ha) (%) (%) (°Brix)
(White) 69 10 10.3355.69 | 17.5664.06 | 0.00-13.71 | 11.0014.90

(MY: MarketableYield; TSS: TotalSolubleSolid; SL4M; Storage Lostk 4 Months)

During latekharif seasonforty-five advanced/initiabreeding linesvereevaluated along

with check Bhima Shubhra. Among these, linedd8 BR11 (36.74 t/ha) demonstrated
significantly superior performance in terms of Mémpared to check (30.63 t/ha). The

MY across the evaluated lines ranged from 3.94 to 36.74 t/ha. Among the assessed lines,
eleven lines were boltdree and four lines exhibited the absence of double bulbs. The
storage losses after an2onth ranged between 15.86% to 51.17% as compared to check
(41.32%) (Table: 1.4).
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Table 1.4Evaluation of white onion breedinglinesduring late-kharif 2021-22

Season| Germplasm | Superior | Marketable Storage Bolting TSS
evaluated lines for | yield t/ha losses (%) (%)
MY t/ha (%)
Late 45 1 3.9436.74 15.86- 0.0022.99 11.53
kharif 51.17 14.40

(TY: TotalYield; MY: MarketableYield; TSS:Total SolubleSolid; SL2M: Storagd_ossin 2 Months)

In kharif 2022 ,twelveadvanced/initiabreedinginesweremultiplied andevaluatedalong

with check variety Bhima Shubhra. Unfortunately, there was a severe incidence of

anthracnose disease during the cropping period, resulting in significantly lower yields

ranging from0.35 to 14.67 t/ha. None of the evaluated germplasm or breeding lines

exhibited superior performance compared to the check (16.34 t/ha). The TSS content of
these onions ranged between 10.80% and 13.80%.

1.1.3Evaluation of high TSSlines

During rabi 2021-22, forty-three highTSS lines were evaluated in the™deneration along

with the checkvariety Bhima Shweta. Amonghese four linesweresignificantly superior

for MY compared to Bhima Shweta (32.01 t/ha). The line@®R-5B-M-7-2-1 (51.33 t/ha)
recorded the highest MY. The TSS ranged from 10.90% to 18.84% with the line WHTB
GT-18-M-9-MC (18.84%) showed the highest TSS followed by WH3B GT-18-MC-

M-7 (18.67%) and WHTB5T-18-M-10-SC (18.48%). Seven lines were bolting free while
seventeen were free of double bulbs. The storage losses after four months ranged from
13.37%t0 55.93%.Two lines,HT-GR-1C-M-7-2-2 (48.93%)andHT-GR-23A-2-1-M-1
(17.77%), had lower storage losses compared to the check variety Bhima Shweta (46.47%)
(Table: 1.5).

Table 1.5Evaluation of white onion high TSSlinesduring rabi 2021-22

Entries % bulbsin population Average
having TSS>15 %Brix population TSS
WHTB-GT-18-M-9-MC 95.99 18.84
WHTB-GT-18-M-10-SC 93.53 18.48
WHTB-3C-GT-18-MC-M-7 92.99 18.67
WHTB-15-18-M-10-SC 89.22 18.17
HT-GR-2A-M-6-BIG BULB-(15-17.8)1-3 87.50 18.05
WHTB-SEGT-15SCGM-7 84.54 16.33
HT-GR-2A-M-9-SGT-18 80.70 16.58
WHTS1518M-10-SC 77.04 16.55
HT-GR-2A-M-7-SGT-18 76.34 15.95
WHTS-GT-18-M-9-MC 74.89 16.12
Checkvarieties 0 <12.5

During latekharif, twenty rabi lines with high TSS were evaluated and compared with the
check variety Bhima Shubhra. These limedibited TSS values ranging from 13.33% to
16.80%. The line WHTB5T-18-M-9-SC (16.80%) achieved the highest TSS content
followed by HT-GR-2B-M-8-SGT-18 (16.47%)andWHTB-1A-GT-18-SCGM-7 (16.00%)
overthecheck(11.94%).Threelinesviz WHTB-1A-GT-18-SCGM-7, WHTB-GT-18-M-9-

SC, and WHTB3C-GT-18-MC-M-8 were found to be bolter free. The minimum storage loss
wasrecordedn theline WHTS-15-18-M-8-MC (18.60%)comparedo thecheck(33.20%).
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1.1.4Evaluation of white onion bolting tolerant lines

In late-kharif 2021-22, six bolting-tolerantlineswereevaluatecandcomparedo thecheck
variety Bhima Shubhra. The MY of these selected lines ranged from 5.69 to 31.78 t/ha.
Among thesetheline White GenepoolL G-107-6 (31.78t/ha) exhibited atparMY with a

low bolting percentage of 0.66% compared to check (30.63 t/ha) and bolting (8.83%).
Furthermore, White GRZomp. LG2094 was found to be completelyolter free compared

to its original parent, White GP Con¥(19.27). In storage, total losses after 2 months
varied between 15.25% and 48.18%. Notably, the lindA8 LG209-6 (15.25%) recorded

the lowest total storage losses with no instances of sprouting during storage.

1.1.5Developmentof F1 hybrids in white onion

During rabi 202122, fifteen k hybrids were evaluated along with check variety Bhima
Shweta. The hybrid M300 x W408 FM; (67.74 t/ha) exhibited the highest MY followed
by MS-100 x W-340 F1M1 (55.66t/ha)andHT-GR-1A-M-7 (>18) x Bhima Shweta(10.2)
(54.06t/ha)comparedo check(40.81t/ha). The hybrid MS-100 x W-408 F1M1 displayed
aheterosif 65.54%for MY and70.27%for TY. Noneof thesehybridswerefoundto be
bolterfree.In additionto thesehybrids,HT-GR-2A-M-6 (15-18) (20.2) x BhimaShubhra
hybrid had a high TSS (15.20%) followed by H5R-1A-M-7 (>18) x Bhima Shweta
(15%) compared to check (11.90%). Furthermore, twemgy inbred white onion lines
were multiplied in the second generation (Table: 1.6).

Table 1.6 Evaluation of white onion hybrids during rabi 202122

Crosses MY |Heterosis TY |Heterosis Bolter TSS SL4AM
(t/ ha) (%) (tha) | (%) (%) | (°Brix) | (%)

MS-100x W-408 F:M1 67.74 | 6554 | 70.51| 70.27 | 2.88 | 1150 | 84.11
7'\("5(:1)00" HT-GR-2A-M- 50.41 | 63.14 | 58.48| 79.76 | 11.13| 12.40 | 52.77
MS-100x W-340 F:M; 55.66 | 61.33 | 61.73| 66.07 | 04.38| 11.80 | 37.34
HT-GR-1A-M-7 (>18)x B.

Shweta(10.2) 54.06 | 32.47 | 56.69| 34.33 | 02.30| 15.00 | 36.24
MS-100x W-396 53.90 | 12.20 | 56.37| 02.75 | 04.31| 11.10 | 24.36
BhimaShwetgCheck) 40.81 - 42.20 - 00.90| 11.90 | 55.02

(MY: Marketable Yield; TY: Total Yield; TSS: Total Soluble Solid; SL4M: Storage Loss in 4
Months)

MS-100 X W-340 MS-100 x HT-GR-2A-M-7 (SC) HT-GR-1A-M-7 (>18) X Bhima Shweta MS-100 X W-408 F1IM1

Fig. 1.1 High yielding white onionF; hybridsduringrabi 2021-22

1.1.6 Evaluation of white and yellow population developed through crosses
betweenlong-day and shortday onion

In rabi season, nine populations of long day (LD) and short day (SD) white and yellow
onions, which were in the7generation were evaluated along with check variety Arka
Pitamber.The MY of thesepopulationsvariedbetweer35.50to 54.81t/ha. Amongthem,
threepopulationsviz. N-14 x W-23 (White) F1Ms (54.81t/ha),N-14 x B-2 (Yellow) FiMs
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(52.79t/ha)andF-6 x L-12 (Yellow) FiMs (46.47t/ha) exhibited superior MYcompared

to checkvariety Arka Pitamber(39.79t/ha). Two lines,N-14 x B-2 (Yellow) F1Ms andN-

14 x W-23 (White) F1Ms werefoundto befree of doublebulbs.Thedesirabldraitsrelated

to bulb shapesize,neckthicknessandgoodstorability couldbe successfullyransferredo

short day onions. Selected white and yellow bulbs from these populations were sent to
ICAR-CITH for seedoroductionandhalf of the bulbsfrom thesdineswerealsoplantedat
ICAR-DOGR to induce flowering under short day condition (Fig. 1.2).
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& o™
-t -?-3

°

N-14 X B-2 (Y) FIMS5 F-6 X L-12 (Y) F1MS

Fig. 1.2 High yielding F1 hybridscrossedetweeri.D andSD onionin 71" generation

1.1.7Morphological and molecular characterization of late-kharif germplasm

In this study, the polar diameter (mm) and marketable yield (t/ha) exhibited the highest
positivecorrelationwith avalueof 0.31.Noneof theexaminedraitsshoweda significant
negativecorrelationwith marketableyield. Thegeneticdiversity of the thirty white onion
genotypes was analysed using 30 Intron Length Polymorphic (hhBdkers. The
Polymorphicinformation Conten{PIC) valuesranged fron0.06 t00.44,with an average

of 0.20. Amplification of the markers revealed a total of 78 loci, with five of them being
monomorphic. A total of 2311 bands were obtained, with an average of 3.7 bands per
genotype. Using the UPGMA method, a dendrogram was constructed, dividing the thirty
onion genotypes into 10 clusteilhe genotypes W89 M6 and W361 GP exhibited the
highestdegree okimilarity, with a similarity coefficienbf 0.97,while the lowest degree

of similarity wasobservedetweergenotypedV-500 GPandW-498,with a coefficientof

0.37. Genetic diversity among the white onion genotypes was estimated based on the
molecular markers' similarity coefficient aRearson's correlation coefficient analysis.
This study on oniongacilitatesthe selection ofliverse parerines,which can contribute

to the generation of desirable segregates in future breeding programs (Fig. 1.3).
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Fig.1.3DendrograngeneratedisingJaccard'soefficientandUPGMA clusteranalysis
using NTSY Spc software
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1.1.8Maintenanceand utilization of underutilized/ wild Alliums
1.1.8.1Conservatiorand popularizationof wild and underutilizedAlliums species

ICAR-DOGR is currently maintaining and evaluating 89 wild and underutilédm

lines of 17 different species. The wild germplasm bank at ITARGR have collections

from diverse sources such as Leh and Ladakh, Arunachal Pradesh, Assam, Sikkim,
Manipur, Himachal Pradesh, Tamil Nadu, and others. Additionally, accessions from
countries like the United States, Central Asia, and the Netherlands have been obtained
throughthe ICAR-NBPGR.Furthermoreselectedunderutilizedines arebeingcultivated

on a larger scale for the purpose of popularization. Recognizing the significance of
flowering characteristics in their subsequent utilization for breeding purposes,-ICAR
DOGRIis diligently recordingtheflowering patternsof thesdineswithin the specificagro

climatic conditions of the institute.

1.1.8.2Flowering statusof Allium speciesat ICAR-DOGR

The similar flowering patterns were observed in identified twesityflowering Allium
speciesasrecordedn previousyear.A. altaicumPall displayedflowering from Januaryto
May while elevenlinesof A. fistulosumfloweredbetweernFebruaryandMarch.Two lines
of A. schoenoprasuraxhibited flowering in February wheredés tuberosuniines were
flowered in May. This flora of flowering irAllium species is being utilized for the
development of intespecific hybrids for transferring desired characters.

1.1.8.3 Evaluation of underutilized Allium Species for Popularization and
Commercialization

Systemic value chain development efforts Adlium tuberosumare being carried out by
ICAR-DOGR based waEvaluatioreof prdddctson performance, Exploration

of consumer response and quality perceptions, and Exploration of market potential and
sustainability Allium tuberosumcommonly known as "Chinese chives"'@arlic chives,"”
isanunderutilizedAllium specieghatis consumedor its greenfoliage,which hasamilder

flavour profile compared to onion and garlic. ICAROGR isactively engaged in the
systematic devel opment of the value chain fc
Evaluation of production performance, Exploration of consumer response and quality
perceptions, and Exploration of market potential and sustainability.

Fig. 1.4 Allium tuberosungrowthandpackage$eingsoldby differentvalue chairentities

At ICAR-DOGR, an experimemnwasdoneto explorethe performancef different Allium
tuberosumlines (A. tuberosumKazakhstan AH1587 A. tuberosumCGN-16418 and

Allium tuberosumRottl Ex-sprkuchaai CGNL6373) under Western Ghat region. The
analysis focused on assessing the growth performance of these lines during various
seasonaharvestingvindows,namelyJanuaryto March, April to June July toSeptember,

and October to December. Among the evaluated morphological, growth and yield
characteristicsillium tuberosunKazakhstarhll -1587exhibitedthe bestperformancdor
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growth, annual yield, foliage quality and nutritional properties (prot@i#5%, crude fibre
13.83% and crude faR.63%).The findings from this study emphasized the suitability of
cultivating Allium tuberosumn theregionandprovidedinsightsinto thedevelopmenof a
seasonaplanto ensuresustainedjuality. Thegrowth characteristic®f Allium tuberosum

were primarily assessed based on plant height, number of tillers and crop spread. The
influence of the season on regenerative plant height was found to be significant, with a
Least Significant Difference (LSD) of 1.02 in the first year and 1.32 in the second year.
The numbewof tillers gradually increased with successive monthly cuttiegsilting in a
relative expansion of the crop. By the end of the second year, the mean number of tillers
reached 26.95 compared to 15.44 at the end of the first Akiam tuberosunCGN-16418
exhibiteda generallyhigherleafing characteristi¢6.14to 6.50leavespertiller) compared

to Allium tuberosunRottl Ex-sprkucchai CGNL6373 andAllium tuberosunKazakhstan
All-1587.However ,t hadrelativelythinnerleavesThe seasorhada significantimpacton

leaf width and pseudostem length. The seasonal window of July to September was observed
to produce longer stems (ranging from 6.43 to 7.81 cm) and thinner leaves, which
necessitated the removal of extra stems before marketing. An increasing yield trend was
observed as the number of tillers increased. The highest yield was recordéualinm
tuberosunKazakhstarhll -1587(40.82t/haand105.72t/haof greenfoliagein thefirst and

second year, respectively) followed Bjlium tuberosumCGN-16418 (39.04 and 110.29
t/ha)andAllium tuberosunRottl Ex-sprkucchalCGN-16373(16.96and105.11t/ha) (Fig.

1.5). The quality was evaluated based on the ratio of stem length to plant height and the
generated wastd.o quantify theproportion ofwastegeneratedthe wasteto-total foliage

yield ratio was calculated. The seasonal windows of July to September exhibited the highest
proportionate waste, with 8.60% in the first year and 7.86% in the second year.
Additionally, during this periodpoor quality was observed due to the presenclider
pseudostem length portions, which had a negative impact on the overall yield.

2 35 -~

= 30 /

i) ="

> =

% 20 /

E; 15 : /

§ 0 / /

G o p —— V1 V2 V3 e Linear (V1)
JanMar Apr-Jun JulSep OctDec JanMar Apr-Jun JukSep OctDec

2021 2021 2021 2021 2022 2022 2022 2022
Seasonalvindows

Fig. 1.5Seasonadlfoliageyield of Allium tuberosunlines(t/ha)
(V1: Allium tuberosumKazakhstanAll -1587;V2: Allium tuberosumCGN-16418and V3:
Allium tuberosumRottl Ex-sprkucchaiCGN-16373)

To establish a value chain model asaimmercializeAllium tuberosurnefforts have been
made through a fresh vegetable supply chain managed by a {fprotercer company
called Kisan Konnect (Fig. 1.4). This initiative has been successfignerating a three
fold increase in demand and attracting f#taditional consumers. Simultaneously, pre
packagedjarlic chivesare being commercializethroughanother supplychain, BigBasket
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(aTATA product).TheunderutilizedAllium tuberosunmhasgarneredignificantinterestas
a potential vegetable in the region. The vahaeled products derived from this species
were being sold at consumer endpoints at

1.1.8.4Inter-specificHybridizationin Alliums

In inter-specific hybridization, the study related to hybrid development and progeny
advancement has been undergoing. The fertility and bulb traits of all the progenies were
thoroughly characterized (Table 1.7). Progenies showing promising bulbing traits were
selected for further advancement. The investigation into the variability in fertility status
between the progeny and their respective parents was undertaken using RNA
transcriptomic analysid he geneshatwere identified asnfluential will be prioritized in
planning future breeding activities (Fig. 1.6).

Table 1.7 Variation in F1 interspecific hybrids for morphological traits

FiHC| PH NT | NLT | PH PD | waL | uUT UH | uw
(cm) (cm) (mm) | (mm) (cm) | (mm)
IH101 | 67.35 | 5.78 6.38 | 15.63 | 13.61 | 8.64 0.89 | 60.26 | 9.95
IH102 | 47.78 | 13.00 5.45 1481 | 12.45 5.24 1.00 41.19 | 10.03
IH104 | 72.04 | 24.00 6.83 1296 | 13.14 | 4.71 1.00 69.88 | 10.49
I[H105 | 65.08 | 15.00 7.47 16.43 | 15.39 5.29 1.07 68.05 | 12.69
IH106 | 49.18 | 12.00 5.92 16.82 | 10.82 3.90 1.04 4524 | 8.36
IH107 | 70.89 | 12.67 6.28 16.85 | 16.28 4.47 1.00 71.86 | 10.88
IH108 | 80.63 | 16.50 6.56 17.25 | 16.82 4.84 1.00 70.39 | 11.76
IH109 | 65.57 | 10.67 6.86 15.31 | 15.65 5.01 1.00 66.00 | 11.70
IH110 | 59.16 7.67 6.10 16.37 | 15.08 4.30 1.05 55.98 | 12.50
IH111 | 57.20 4.75 4.09 15.00 | 11.28 4.57 1.00 55.40 | 12.06
IH112 | 61.96 6.00 4.22 15.53 | 15.83 5.68 0.89 52.75 | 1251
IH301 | 40.10 2.00 4.00 13.15 | 16.04 | 1341 1.00 77.20 | 20.69
IH302 | 66.83 6.00 7.50 15.63 | 22.84 8.45 1.00 7498 | 19.34
IH304 | 77.20 1.00 5.00 16.10 | 16.36 512 1.00 66.30 | 13.90
IH306 | 80.13 3.00 7.33 13.17 | 30.33 8.84 1.00 57.17 | 21.91
IH309 | 48.46 5.00 4.20 10.64 | 15.53 4.08 1.00 58.13 | 13.53
IH207 | 67.77 3.00 2.33 13.53 | 16.37 4.98 1.67 66.13 | 11.13
IH204 | 73.92 2.00 5.55 18.84 | 20.60 | 10.05 1.00 74.36 | 17.37
IH208 | 37.10 0.00 3.00 10.11 | 10.57 0.00 1.00 62.20 | 9.18
IH308 | 69.10 0.00 7.00 23.10 | 21.74 7.10 1.00 87.20 | 15.81

(HC: Hybrid Code;PH: PlantHeight;NT: Numberof Tillers; NLT: Numberof Leavesper
Tiller; PH: Pseudosterhleight; PD: Pseudosteriameter;W4L: Width of 4th Leaf; UT:
Umbels per Tiller; UH: Umbel Height; UW: Umbel Width)
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A.cepa ' A.fistulosum

Fig. 1.6 Variationin parentsandinter-specifichybrid
1.1.8.5Molecular diversityin wild Allium

A comprehensivacreeningvasperformed inseventeei\llium speciesincluding Allium
cepaand Allium sativumby using 30 polymorphic ILP (InteBimple Sequence Repeat
LengthPolymorphismmarkersTheresultingdendrogranmexhibitedcleargroupingof the

species into two distinct classes, which further subdivided into subsections based on species
classification. These primers will be further useful in species identification and for studying
the phylogenetic relationships amoAtlium species (Fig. 1.7).

UPGMA

1 (Flat leaves)

= (Shallow leaves)

Jaccard's Coefficient

Fig. 1.7 DendrogranshowinggeneticrelationshipamongAllium
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1.2 Geneticimprovement of red onion

1.2.1 Collection, evaluation, conservation and documentation of red onion
germplasm

The evaluation of onion germplasm was conducted dutinge seasons viz., lakdarif
with 170 accessionsabi with 192 accessions, arkharif with 165accessions, including
suitable checksAll the onion accessions were characterized with 24 important tAaits.
total of 642redoniongermplasnseeddavebeenpreservedn mid-termstorageatICAR-
DOGR.

In late-kkharif 202122, Acc. 1794, 1281, 1802, 1656, 1668 and 1664 displayed highest MY
(>40 t/ha), compared to check variety, Bhima Shakti (32.93 t/ha). These accessions also
yielded >74%marketable bulbs and were free from doubles and bolters, exceftdor

1656, 1668, and 1664. The Acc. 1281, 1668, 1794, and 1802 showed minimum days to
harvesting (118 days) compared to check (122 days). The Acc. 1395 showed minimum
(20.30%)storagdossesafterfour monthsof storagdollowed by 1283(22.32%)and1246
(24.62%) compared to check (45.06%) (Table 1.8).

Table 1.8 The bestperforming red onion accessionsluring late-kharif 202122

Entries MY MB ABW | Doubles |Bolter | TSS DTH
(tha) | (%) 9) (%) (%) | (%)

1794 58.00 | 100.00 | 87.00 0.00 0.00 | 11.55 | 118.00
1281 51.11 | 100.00 | 76.67 0.00 0.00 | 11.40 | 118.00
1802 49.78 | 100.00 | 74.67 0.00 0.00 | 11.80 | 118.00
1656 44.07 | 74.70 | 85.00 25.30 | 0.00 | 11.16 | 126.00
1668 41.75 | 74.81 | 84.62 1499 |10.20| 11.30 | 118.00
1664 40.55 | 80.60 | 79.00 6.24 13.16 | 11.78 | 117.50
1603 39.87 | 83.34 | 88.73 10.87 | 5.78 | 11.80 | 118.00

BhimaShakti(C) | 32.93 | 78.30 | 85.13 | 15.82 | 4.98 | 11.89 | 122.00
BhimaSuper(C) | 28.65 | 81.50 | 66.39 | 2.38 |14.02| 11.25 | 119.33
PhuleSamart(C) | 27.95 | 72.55 | 78.09 | 2.72 |23.19] 11.27 | 114.00
CV (%) 11.50 | 10.29 | 11.36 | 29.86 |32.16| 4.18 | 3.47
LSD (P=0.05) 438 | 1253 | 10.80 | 1221 | 923 | 0.80 | 6.74

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total
Soluble Solid; DTH: Days télarvest)

Among the boltingfree group during the latkharif season, DOGHR 168 (LG107-3)

(29.29 t/ha), Bhima Shakti (LGO7-3) (28.49 t/ha) and Bhima Kiran (L-G07-3 (28.13

t/ha) exhibited superior performance compared to check variety, Bhima Shakti. These
accessions also achieved >86% marketable bulbs and had < 3% double bulbs while their
bolting performance was comparable to Bhima Shakti (5.71%). The Acc. DOGR
showed minimunstoragdoss(38.12%)followed by BhimaKiran (LG-107-3) (39.74%),

Bhima Shakti (LG107-3) (45.26%) and DOGR168 (LG107-3) (49.31%) after four
months of storage compared to check (53.71%) (Table 1.9).
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Table 1.9The bestperforming red onion LG group accessionsluring late-kharif

Entries MY MB | ABW | Double | Bolter | TSS | DTH | E:P
(tha) | (%) | (9) (%) (%) | (%)
DOGR1168(LG-107-3) 29.29| 87.59| 63.61| 3.27 7.63 | 13.05| 117.6| 1.19
BhimaShakti(LG-107-3) 28.49| 86.80| 63.11| 3.39 8.84 | 12.60| 121.0| 1.13
BhimaKiran (LG-107-3) 28.13| 91.30| 60.07| 1.70 545 | 12.57| 119.6| 1.13
BhimaSupenLG-107-3) 26.67| 82.51| 56.91| 1.14 | 15.60 | 12.19| 117.3| 1.11
BhimaRed(LG-107-3) 26.35| 84.83| 60.26| 1.38 | 12.65 | 12.59| 120.0| 1.13
Red Genepooll(LG-107-3) | 25.96| 78.37| 60.79| 2.61 | 18.37 | 11.99| 118.6| 1.12
BhimaRaj(LG-107-3) 24.71| 83.77| 51.43| 1.13 | 13.55| 12.45| 115.0| 1.13
BhimaSuper(C) 25.61| 83.62| 58.06| 2.78 | 12.50 | 12.65| 118.6| 1.11
BhimaShakti(C) 25.47| 89.83| 58.13| 2.52 571 | 12.72| 117.3| 1.10
PhuleSamarth(C) 21.14| 74.05| 54.33| 1.97 | 22.17 | 12.65| 117.0| 1.12
CV (%) 939 | 402 | 775 | 18.05 | 2281 | 3.94 | 2.77 -
LSD (P=0.05) 210 | 566 | 7.71 | 4.06 497 | 0.84 | 555 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total Soluble
Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio)

During rabi 202122, accessions 1321, 1309, 1297, 1280, and 1627 achieved MY

exceeding 46 t/ha, surpassing the performance of the check variety, Bhaka (27.75

t/ha). These accessions also attained >90% marketable bulbs and were free from double

bulbs and boltersxceptfor accession 1280 (9.93%Among these accessioris309 and
1280hadthe minimum harvestingime (90 days)comparedo check(101days).TheAcc.
1343 exhibited minimunioss(21.51%)followed by 1297 a3.02% and 1217 &4.41%
after four monthsputperforming the check (42.93%) (Table 1.10).

Table 1.10The bestperforming red onion accessionsluring rabi 202122

Entries MY MB ABW | Doubles| Bolter | TSS DTH E:P
(ha) | (%) C)) (%) (%) (%)

1321 58.33| 100.00| 87.50 0.00 0.00 9.88 | 104.0 | 1.29
1309 52.14| 100.00| 78.21 0.00 0.00 11.40 90.0 1.17
1297 48.56| 100.00| 78.92 0.00 0.00 11.60 97.0 1.24
1280 48.40| 90.07 | 80.67 9.93 0.00 | 10.96 | 90.0 1.19
1627 46.29| 100.00| 74.77 0.00 0.00 12.32 | 104.0 131
1738 44.36| 100.00| 71.29 0.00 0.00 11.76 97.0 1.29
1369 43.87| 100.00| 82.25 0.00 0.00 10.72 | 104.0 1.27
BhimaShakti(C) | 27.75| 95.86 | 47.49 0.00 0.00 1192 | 101.6 1.24
BLR (C) 26.66| 9512 | 51.72 0.00 0.00 12.35 | 104.0 1.26
BhimaKiran (C) | 25.99| 95.25 | 44.60 0.00 0.00 1253 | 99.33 1.23
CV (%) 10.69| 3.94 12.70 17.94 2.95 4.97 7.58 -

LSD (P=0.05) 5.00 | 6.03 9.97 1.95 0.00 091 | 1257 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total Soluble
Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio)
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In kharif 2022, accessions 1634, 1616, and 1829 showed superior performance by
achieving MY (>27 t/ha), compared to check variety Bhima Super (22.50 t/ha). These
accessions also attained >80% marketable bulbs (Table 1.11). The Acc. 1634 was free from
double bulbs and bolters. Among these accessions, 1634 recorded minimum days to
harvesting108days)followed by 1616and1829(110days)ascomparedo check(111.33

days)

Table 1.11The bestperforming red onionaccessionsgluring kharif 2022

Entries MY MB ABW | Double | Bolters TSS DTH E:P
(tha) (%) ©) (%) (%) (%)

1634 33.67 | 80.12 | 101.00| 0.00 0.00 11.10 | 108.0 | 1.12
1616 32.72 | 8151 | 11245| 11.76 | 0.91 1248 | 110.0 | 1.08
1829 2798 | 8793 | 89.87 | 8.85 0.00 1191 | 1100 | 1.14
1832 2330 | 72.30 | 90.55 | 6.96 0.00 11.94 | 1100 | 1.10
1664 23.06 | 76.74 | 102.82| 8.40 0.00 11.40 | 109.0 | 1.09
1802 21.33 | 68.09 | 80.00 | 20.43 | 0.00 11.65 | 1120 | 1.09
1624 20.92 | 70.22 | 91.07 | 21.99 | 0.00 12.39 | 1100 | 1.12
B. Super(C) 2250 | 83.06 | 102.43| 7.50 0.00 1247 | 111.3 | 1.10
BDR (C) 20.33 | 62.44 | 9941 | 16.78 | 0.00 12.45 | 109.0 | 1.09
CV (%) 8.44 11.23 | 9.97 28.88 | 15.71 | 5.28 2.98 -

LSD (P=0.05) | 3.30 12.80 | 18.08 | 5.22 1.34 1.04 5.30 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total
Soluble Solid; DTH: Days télarvest; E:P: Equatorial: Polar ratio)

1.2.2Breeding of improved red onion varietiesfor table purpose

A comprehensivassessmemf advancedreedingines,comprising35 linesduring late

kharif season, 34 lines during thrabi season, and 37 lines duritkdparif season was
conducted. These lines were evaluated along with checks for a total of 24 agro
morphological traits.

Evaluation of advancebreedinglines

In late-kharif 202122, a total of thirtyfive lines were evaluated, DOGE508, DOGR
1614, DOGR1610, DOGR1610, DOGR1613, and DOGRL607 achieved superior MY

(> 30t/ha)ascomparedo checkvarietyBhimaShakti(26.63t/ha). Theyalsoshoweddark
red,globeandmediumsizedbulbs(58-70 g), >81% marketabldulbs(Table1.12).A line
DOGR-1610wasfreefrom doubleswvhile DOGR-1608,DOGR-1610(119days)recorded
minimumdaysto harvestingollowed by DOGR-1607(120days).DOGR-1414exhibited

the lowest storage loss (31.79%) after four months of std@dgpeved by DOGR1203

DR (35.72%) and DOGRG607 (35.88%) whereas, the check variety Bhima Shakti
recorded a higher storage loss (45.06%).
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Table 1.12The bestperforming advancebreedinglinesduring late-kharif 202122

Entries MY MB ABW | Double | Bolter TSS DTH E.P
(tha) | (%) () (%) (%) (%)

DOGR-1608 33.27 | 86.44 | 66.41 251 9.67 11.65 | 119.0| 1.08
DOGR1614 3295 | 97.05 | 59.67 0.42 2.11 1155 | 122.0| 1.16
DOGR1610 3293 | 82.68 | 70.57 0.00 1423 | 11.16 | 119.0| 1.17
DOGR1613 31.73 | 81.27 | 67.76 7.62 9.97 1155 | 1226| 1.15
DOGR-1607 30.51 | 82.15 | 58.79 7.53 9.46 11.89 | 120.0| 1.10
DOGR1043DR 29.60 | 83.70 | 61.24 9.43 6.22 11.97 | 1206| 1.12
DOGR1014GDR 28.87 | 77.36 | 62.36 454 18.10| 11.42 | 119.0| 1.11
BhimaShakti(C) 26.63 | 87.18 | 67.10 3.44 7.86 11.72 | 119.6| 1.10
BhimaSuper(C) 25.61 | 83.62 | 58.06 2.78 1250| 1265 | 1186| 1.11
PhuleSamarth(C) 21.14 | 74.05 | 54.33 1.97 22.17| 12.65 | 117.0| 1.12
CV (%) 11.81 | 7.84 9.53 27.00 | 31.53 414 2.05 -

LSD (P=0.05) 3.16 10.30 | 9.01 6.06 10.65 0.79 4.00 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total
Soluble Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio)

During rabi 202122, DOGR-1048Sel (31.70t/ha), KH-M-1 (31.21t/ha), KH-M-2 (30.18

t/ha), DOGR-1614 (29.42 t/ha) and DOGR611 (28.94 t/ha) demonstrated superior
performance compared to check variety Bhima Shakti (25.55 t/ha). They exhibited
desirable characteristics such as dark red coplabe shaped bulbs ahedium size (50

57 g),high marketabléulbs(>97%)and were free from double bulbsdbolters,except

for KH-M-1 which had a double bulb percentage of 0.69%. Furthermore, BXIGRDR

and DOGR1203DR exhibited the minimum storage loss after four months of storage
(33.13%) followed by DOGRL.044 Sel (33.92%) and KHM-3 (34.47%), outperforming

the check variety Bhima Kiran (37.20%) (Table 1.13).

Table 1.13The bestperforming advancebreedinglinesduring rabi 202122

Entries MY MB ABW | Doubles | Bolters | TSS DTH EP
(tha) | (%) (9) (%) (%) (%)

DOGR-1048Sel. 31.70| 100.00| 55.43 0.00 0.00 | 12.00| 106.67| 1.23
KH-M-1 31.21| 98.11 | 57.69 0.69 0.00 | 11.80| 105.33| 1.33
KH-M-2 30.18| 97.75 | 56.60 0.00 0.00 | 12.15| 103.33| 1.24
DOGR-1614 29.42| 97.69 | 51.70 0.00 0.00 | 12.67| 102.67| 1.26
DOGR-1611 28.94| 97.14 | 50.00 0.00 0.00 | 11.68| 104.67| 1.17
DOGR-1014GDR 28.49| 99.40 | 52.66 0.00 0.00 | 12.59| 106.33| 1.11
DOGR-1608 27.78| 98.44 | 52.67 0.00 0.00 | 12.85| 106.33| 1.22
Bhima Shakti(C) 25.55| 97.39 | 46.31 0.00 0.00 | 12.87| 103.67| 1.22
ALR (C) 23.53| 96.08 | 46.42 0.00 0.00 | 12.56| 105.33| 1.24
BhimaKiran (C) 20.98| 96.60 | 39.16 0.00 0.00 | 13.75| 106.33| 1.22
CV (%) 9.71 287 | 11.35| 22.89 23.80 | 5.92 414 -

LSD (P=0.05) 3.27 4.49 8.98 0.90 0.53 1.20 7.02 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total
Soluble Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio)

During kharif 2022, DOGR1014GDR (33.56 t/ha), DOGR414 (24.76 t/ha), and DOGR
1172DR (23.94 t/ha) exhibited superior performance compared to creodty Bhima

Super (19.96 t/ha). They also showed better desirable characteristics such as dark red
colour,globe shapedulbsand>81% marketablébulbs.Additionally, all theselineswere

free from bolters (Table 1.14).
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Table 1.14The bestperforming advancebreedinglinesduring kharif 2022

Entries MY MB ABW | Double | Bolter TSS DTH E:P
(Yha) (%) @ (%) (%) (%0)

DOGR1014GDR | 33.56 | 91.18 | 93.42 3.57 0.00 11.79 | 113.00| 1.10
DOGR-1414 2476 | 81.36 | 89.35 | 14.81 0.00 11.87 | 111.33| 1.13
DOGR-1172DR 23.94 | 93.80 | 93.68 5.28 0.00 12,55 | 112.00| 1.10
KH-M-2 2291 | 7494 | 90.31 | 17.64 0.00 1269 | 112.33| 111
DOGR-1639 22.84 | 85.08 | 96.06 7.68 0.41 11.87 | 111.67| 112
RGR4 2230 | 7793 | 89.95 | 13.96 0.56 12.20 | 112.33| 1.07
RGR2 21.87 | 79.20 | 92.91 | 16.94 0.00 12,51 | 112.00| 1.09
BhimaSuper(C) 19.96 | 84.01 | 89.71 9.50 0.00 12.11 | 112.67| 1.09
BhimaRed(C) 19.73 | 78.00 | 86.14 | 14.05 0.00 11.68 | 113.33| 1.14
BDR(C) 1859 | 80.44 | 88.18 | 14.38 0.00 12.33 | 112.67| 1.09
CV (%) 8.98 11.32 | 12.76 | 23.03 | 24.55 4.49 1.29 -
LSD (P=0.05) 3.28 11.05 9.22 4.98 0.31 0.88 2.36 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total Soluble
Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio)

1.2.3Evaluation of initial breedinglines

During latekharif, rabi and kharif season, a total of fiftpne breeding lines including
checks were assessed. In {&barif 202122, lines Lk07-C2/LR-1, DOGR1043GLR,
LK-07-C2/DR-3, LK-07-C2/LR-4, and RGPL-LK-Sel exhibitedMY (>32 t/ha), compared
to check variety Bhima Supé?28.65 t/ha). These lines featured medisized bulbs (67
83 g)with a red,globe shape and >73% ofarketable bulbsThe line DOGR1043GLR
recorded the minimum days to harvest (115 days), followed bYT-K2/LR-4 (116 days)
and RGP1-LK-Sel (118 days). In storage, line L&/-C2/LR-2 recorded the lowest loss
(34.21%) followed by DOGR-1043GLR (35.44%) and LK-07-C2/DR-2 (37.07%)
comparedo check(45.79%)afterfour monthsof storaggTable1.15).

Table 1.15The bestperforming initial breedinglinesduring late-kharif 202122

Entries MY MB | ABW | Doubles| Bolters | TSS | DTH | E:P
(tha) | (%) | (9) (%) (%) | (%)
LK-07-C2/LR-1 42.13| 88.33| 74.35| 0.00 11.67 | 12.40| 119.00| 1.20
DOGR-1043GLR | 34.34| 89.04| 67.49| 3.39 7.19 | 12.37| 115.00| 1.12
LK-07-C2/DR-3 33.53| 85.69| 83.83| 0.00 14.31 | 11.64| 119.00| 1.07
LK-07-C2/LR-4 33.44| 96.68| 71.73| 0.00 3.32 | 11.39| 116.33| 1.11
RGR1-LK-Sel. 32.34| 73.08| 74.52| 4.29 22.19 | 12.01| 118.67| 1.13
DOGR-REGC-Sel. 31.64| 79.26| 73.30| 10.49 9.60 | 11.87| 121.00( 1.13
LK-07-C2/LR-3 31.32| 89.27| 73.84| 9.13 1.60 | 11.92|116.33| 1.14
BhimaSuper(C) 28.65| 81.50| 66.39| 2.38 14.02 | 11.25| 119.33| 1.16
BhimaShakti(C) | 26.63| 87.18| 77.10| 3.44 7.86 | 11.72| 119.67| 1.10
PhuleSamarth(C) | 23.76| 80.63| 60.38| 2.58 16.52 | 11.68| 115.00| 1.10
CV (%) 9.36 | 13.37| 10.94| 30.83 23.06 | 487 | 151 -

LSD (P=0.05) 3.14 | 11.45| 11.12| 11.46 11.94 | 094 | 2.83 -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total
Soluble Solid; DTH: Days to Harvest; E:Pquatorial: Polar ratio)
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During rabi 2021-22, LK-07-C2/LR-1 (34.29 t/ha) and Red Genep®l(32.24 t/ha)

exhibitedbetterperformancecomparedo checkvariety Bhima Shakti(27.73t/ha). These

linesfeatured dark redylobe shaped bulbsf medium size (5&9 g)and achieved >94%
marketable bulbs. A line Red Genepdotlemonstrated the lowest stordgss (30.40%)

afterfour monthsfollowed by DOGR-1043GLR (30.44%)andDOGR-670-Sel(33.28%),

outperforming the check (37.13%) (Table 1.16).

Table 1.16The bestperforming initial breedinglinesduring rabi 202122

Entries MY MB | ABW | Doubles | Bolters | TSS | DTH | E:P
(tha) | (%) (9) (%) (%) | (%)
LK-07-C2/LR-1 | 34.29| 94.90| 59.69| 0.00 0.00 | 12.47| 102.67| 1.27
Red Genepoof3 | 32.24| 97.05| 56.29| 0.00 0.00 | 11.80| 100.33| 1.32

R-LK-M-IV 30.85| 94.41| 56.81| 0.00 1.60 | 12.00| 112.00| 1.26
RGR1-LK-Sel. 30.19| 95.78| 54.39| 0.00 0.19 | 11.85| 98.00 | 1.27
R-Rb-M-II 30.14| 94.54| 57.10| 0.00 0.89 | 11.97| 107.33| 1.31

RGR1-Rb-Sel. 29.89| 95.30| 54.80| 0.27 0.00 | 11.89| 91.00 | 1.34
RGR2-LK-Sel. 29.34| 97.75| 54.27| 0.00 0.00 | 12.44| 102.67| 1.23
BLR (C) 26.66| 95.12| 51.72| 0.00 0.00 | 12.35| 104.00| 1.26
BhimaShakti(C) | 27.73| 94.63| 50.96| 0.00 0.00 | 11.80| 102.67| 1.24
BhimaKiran (C) | 27.32| 94.12| 51.30| 0.00 0.00 | 12.63| 100.33| 1.28
CV (%) 12.37| 3.17 | 10.27| 33.44 | 30.03 | 5,58 | 7.27 -
LSD (P=0.05) 3.60 | 480 | 8.74 0.89 122 | 1.08| 11.88| -
(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total
Soluble Solid; DTH: Days to Harvest; E:Pquatorial: Polar ratio)

During kharif 2022, Red Comyl (Kh-12) (27.88 t/ha), RLK-M-II (26.90 t/ha), and R.K-

M-IIl (26.87 t/ha) showed better performance compared to check variety Bhima Super
(22.50 t/ha) Thesevarietiesshowed superiocharactersike dark red globeshapedulbs

of largesize(81-86 g) and>79% marketablédulbs.ThelinesRedComp-1 (Kh-12) andR-
LK-M-I11l were both free from bolters (Table 1.17).

Table 1.17The bestperforming initial breedinglinesduring kharif 2022

Entries MY MB ABW | Doubles| Bolters | TSS | DTH E:P
(Vha) | (%) ©)) (%) (%) (%)

RedCompl(Kh-12) | 27.88| 84.59 | 81.89 8.10 0.00 | 12.27| 113.33| 1.11
R-LK-M-II 26.90| 79.97 | 81.90| 12.03 287 | 12.28| 112.33| 1.12
R-LK-M-1lI 26.87| 84.78 | 85.74 551 0.00 | 11.88| 111.67| 1.09
R-Rb-M-I| 25.21| 77.61 | 78.36 6.57 098 | 12.44| 112.33| 1.13
RedGenepool7 24.72| 82.33 | 89.00| 10.18 0.00 | 13.24| 111.00| 1.22
DOGR-650-Sel. 2455| 82.79 | 85.21 9.07 0.00 | 11.89| 111.67| 1.19
RedGenepooil 23.34| 65.03 | 82.99 | 23.23 0.00 | 11.91| 112.00| 1.14
BhimaSuper(C) 2250| 83.06 | 102.43| 7.50 0.00 | 12.47| 111.33] 1.10
BhimaRed(C) 17.75| 62.49 | 75.82| 18.57 0.00 | 12.32| 112.00| 1.12
BhimaDarkRed(C) | 17.15| 58.57 | 78.24 | 14.82 231 | 12.17| 112.33| 1.13
CV (%) 853 | 12.09 | 13.69| 17.74 2491 | 4.89 1.28 -

LSD (P=0.05) 277 | 13.69 | 11.20| 10.11 2.60 0.97 2.33 -

(MY: Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total Soluble Solid;
DTH: Days to Harvest; E:P: Equatorial: Polar ratio)
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Onionlinesunder AINRPOG

During 202223 AINRPOG trials, three red onion lines, namely DOGR7, DOGR
1758, and DOGRL773, were introduced as IET (Initial Evaluation Triaisjlditionally,
DOGR-1606, DOGR1654, and DOGRL657 were being assessedfsT -1 (Advanced
Varietal Triatl) during the same period.

1.2.4Unique geneticstockin onion

ICAR-DOGR hadregisteredour distinctgeneticstocksof common/multiplieronion with
ICAR-NBPGR, New Delhi and obtained registration number for all the accessions. The
onion genetic stock Act666(1C0645764)had registered with Re¢jlo. INGR22082 for
waterloggingtolerance Similarly, Acc-1656 (IC0645763)wasalsoregisteredor drought
tolerance with the Reg. No. INGR22083. The onion line DEGIAR8 exhibits unique
characteristicsuchasbolting toleranceduring latekharif andrabi seasondvioreover,the
multiplier onion line DOGR1523 Agg possesses dark red bulbs, early maturation and
uniform bulblets numbering-6. This line is capable of multiplication through bulblets
during bothkharif andrabi seasons (Fig. 1.8).

-% /

DOGR-1666

Ty

_1523-Agg.
DOGR-1656 DOGR-1666 DOGR-1168 DOGR-1523Agg.
Fig. 1.8 Uniquegeneticstockof onion

1.2.5Developmentof F1 hybrids in red onion
1.2.5.1Evaluation of F1 hybridsdevelopedhrough malesterilelines

A total of sixty R hybrids, along with their respective parents and checks were assessed
during latekharif 202122 (Table: 1.18).
Table 1.18The bestperforming Fi hybrids during late-kharif 202122

Entries MY MB ABW | Doubles| Bolters | TSS | DTH | E:P | SH
(tha) | (%) (¢)) (%) (%) (%)

MS111Ax 1608 56.89| 100.00| 85.33| 0.00 0.00 | 10.90| 119 | 1.20| 72.76

MS111Ax 1613 45.13| 91.19 | 80.00 0.00 0.00 11.40| 119 | 1.10| 37.05

MS1600Ax RGPR4 44.83| 100.00| 67.25| 0.00 0.00 | 10.80| 124 | 1.10| 36.14
MS111Ax RGR3 41.67| 100.00| 62.50| 0.00 0.00 | 10.20| 116 | 1.09| 26.54
MS1600Ax 1607 39.25| 8548 | 67.29| 14.52 0.00 | 10.88| 119 | 1.07| 19.19
MS1600Ax 1606 36.82| 85.53 | 80.26| 12.95 152 | 11.77| 122 | 1.06 -
MS1600Ax KH-M-2 | 35.60| 100.00| 66.75| 0.00 0.00 | 13.30| 119 | 1.10 -

BhimaShakii(C) 32.93| 78.30 | 85.13| 15.82 | 4.98 | 11.89] 122 | 1.11| -
Orient(BSS133)(C) | 31.73| 92.13 | 61.69| 7.02 | 000 | 11.95| 126 | 1.13| -
BhimaSuper(C) 2052| 92.14| 66.78| 269 | 458 | 12.04| 126 | 1.12| -
CV (%) 10.64| 11.26 | 11.51| 2548 | 30.09 | 400 | 4 - -
LSD (P=0.05) 467 | 10.48 | 11.74| 1248 | 9.71 | 0.76 | 7 - -

(MY: Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total Soluble Solid;
DTH: Days to Harvest; E:P: Equatorial: Polar ratio; SH: Standard Heterosis over best check)

Among them, five Ichybrids, namely, MS111A x 1608, MS111A x 1613, MS1600A x
RGP4, MS111A x RGF3 and MS1600A x 1607 displayed heterosis from/2% for MY
comparedo checkBhima Shakti(32.93t/ha). Thesehybrids showeduniform bulbsand
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were freefrom double bulbs and bolters, with the exception of MS1600A x1607, which
recorded the incidence of 14.52% doubles. Théybrid MS111A x RGP exhibited
earliness to harvest (116 days) followed by MS111A x 1608 and MS111A x 1613 (119
days). In terms of storage, the hybrid MS111A x 1657 recorded the lowest storage loss
after four months (31.52%), followed by MS222A x 1629 (32.94%) and MS111AXR71
(34.05%) compared to check (45.06%).

Duringrabi 2021-22,atotal of 93 F1 hybrids,alongwith theirrespectivegparentalinesand
checkswereevaluatedAmong them,five F; hybrids,namelyMS111Ax RGR1, MS1600A

x 1657, MS111Ax RGR3, MS222Ax 1608 and MS1114 1630 exhibited heterosis of
over 45% for MY compared to check Bhima Shakti (28.68 t/ha). These hybrids featured
uniform bulbs and werdree from doublebulbsand bolters. The Fhybrid MS111Ax RGP

3 requiredminimumtime to harvest(90 days)followed by MS111AxRGP1 andMS1600A

x 1657 (97 days) in contrast to the check variety Bhima Shakti (104 days). In terms of
storagethe F1 hybrid MS1600Ax 1608recordedheloweststoragdossafterfour months
(19.70%)followed by MS65A%1604(37.08%)and MS1600AXRGP3 (37.09%)compared

to check(53.14%)(Tablel.19).

Table 1.19The bestperforming F1 hybrids during rabi 2021-22

Entries MY MB ABW | Doubles| Bolters | TSS | DTH | EP SH
Wha)| %) | @ | 8 | (&) | %)
MS111Ax RGR1 52.00| 100.00| 87.00| 0.00 0.00 | 11.24| 97 1.26| 81.32
MS1600Ax 1657 51.33| 100.00| 96.25| 0.00 0.00 | 11.68| 97.00 | 1.23| 78.99
MS111Ax RGR3 48.97| 100.00| 73.46| 0.00 0.00 | 12.04| 90.00 | 1.34| 70.77
MS222Ax 1608 45.21| 100.00| 72.33| 0.00 0.00 | 11.68| 104.00| 1.24| 57.63
MS111Ax 1630 41.87| 100.00| 69.78| 0.00 0.00 | 11.68| 104.00| 1.30| 45.98
MS111Ax 1608 40.00| 100.00| 60.00| 0.00 0.00 | 11.60| 90.00 | 1.35 -
MS1600Ax 546:DR | 38.97| 90.37 | 76.00| 9.63 0.00 | 12.36| 104.00| 1.24 -
BhimaShakti(C) 28.68| 97.35 | 4857 | 0.89 0.00 | 12.19| 104.00| 1.28 -
BLR (C) 26.76| 100.00| 50.56| 0.00 0.00 | 12.08| 106.33| 1.17 -
BhimaKiran (C) 25.67| 96.57 | 44.35| 0.00 0.00 | 11.84| 97.00 | 1.25 -
Orient(BSS133)(C) | 25.30| 99.59 | 51.80| 0.00 0.00 | 11.89| 99.33 | 1.28 -
CV (%) 11.29| 361 | 12.41| 11.19 253 | 492 | 6.16 - -
LSD (P=0.05) 494 | 567 | 10.05| 1.89 0.00 | 094 | 1017 | - -

(MY: MarketableYield; MB: MarketableBulbs; ABW: AverageBulb Weight; TSS:Total Soluble

Solid; DTH: Daysto HarvestE:P:Equatorial:Polarratio; SH: StandardHeterosioverbestcheck)
During kharif 2022,atotal of 22 F1 hybrids,along with theirespective parentéihesand
checkswereevaluatedThehybridsMS111A x1605,MS222A % 1605,MS111Ax RGP

2 and MS111A x 1608 exhibited over 20% heterosis for MY compared to check Bhima
Dark Red(25.35t/ha). Thesehybridsachieved>77%marketabldoulbsandwerefreefrom
double bulbs and bolters, except for MS222A x 1605 (12.39%) and MS111A x2RGP
(3.57%)which exhibiteddoublebulbs. The F1 hybrid MS111A x 1605recordedminimum
daysto harves(105 days¥ollowed by MS111A x 1608 (109 dayahd MS222A x 1605

(110 days) compared to check (113 days) (Table: 1.20).
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Table 1.20The bestperforming F1 hybrids during kharif 2022

Entries MY MB | ABW | Doubles| Bolters | TSS | DTH | E:P SH
(tha) | (%) | (9) (%) (%) | (%)
MS111Ax 1605 42.27| 80.00| 78.40| 0.00 0.00 | 12.91| 105.00| 1.04| 66.75
MS222Ax 1605 35.12| 77.71| 93.33| 12.39 0.00 | 12.27| 110.00| 1.07| 38.54
MS111Ax RGR2 31.77| 87.39| 73.39| 3.57 0.00 | 11.88| 111.33| 1.04| 25.33
MS111Ax 1608 30.53| 83.42| 66.22| 0.00 0.00 | 12.10| 109.33| 1.08| 20.43
MS111Ax 1630 29.76| 80.34| 81.41| 0.00 0.00 | 11.83| 109.00| 1.08| 17.40
MS111Ax 1612 28.87| 91.07| 58.17| 0.00 0.00 | 11.73| 107.00| 1.08 -

MS111Ax KH-M-1 | 28.44| 86.12| 67.39| 0.00 0.00 | 11.90| 109.00| 1.13 -

BhimaDarkRed(C) | 25.35| 80.35| 64.79| 6.41 0.00 | 12.88| 110.00| 1.09 -

BhimaSuper(C) 24.39| 87.50| 78.84| 741 0.00 | 12.32| 113.00| 1.12 -
BhimaRed(C) 18.92| 83.31| 66.08 0.90 0.00 | 12.53| 108.00| 1.10

CV (%) 7.79 | 12.14| 9.48 24.63 3.64 529 | 2.86 - -
LSD (P=0.05) 3.74 | 8.69 | 11.00 9.52 0.00 1.06 | 5.07 - -

(MY: Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total Soluble Solid;
DTH: Days to Harvest; E:P: Equatorial: Polar rafidd: Standard Heterosis over best check

In addition to this, a total of 110, Rybrids of red onion were generated through the crossing
of five MS lines (MS48A, MS 65A,MS 111A,MS 222A,and MS 1600Awith selected

22 elitelinesaspollinators,namely546-DR,571-LR, KH-M-1, KH-M-2, RGP-1, RGR-2,

RGR3, RGR4, RGPS5, 1604,1605,1606,1607,1608,1609,1612,1613,1629,1630,

1657, 1663, and 1666. The evaluation process for these hybrids is currently ongoing.
Moreover, the evaluation afine synthetic crosseterived from selected six elite lines is
also currently underway.

F1HybridsunderAINRPOG

During 202223 period,two red onion khybrids,namely DOGR Hy56 and DOGR Hy
155, were introduced in AINRPOG trials as Initial Evaluation Trials (IET). However,
DOGR Hy156 and DOGR Hyl72 are currently undergoing evaluation as Advanced
Varietal Triakl (AVT -I) during the same period.

1.2.5.2Developmenbf malesterilelinesandinbredsin red onion

Purificationandmultiplicationof five redonion malesterilelineswerecontinuedwith the
selected bulbsA total of five combinations in B£stage and three combinations in 8C
stage fortransferof male sterility in the differentarietalbackgrouncdf DOGR varieties.
Thereare96inbredsin 11, 22 inbredsin I, and20inbredsin I3 stagedevelopedrom single
bulb of selected parents

1.2.6lmproving short-day onion through introgression of genesfrom long day
onion.

The introgression breeding program was initiated at IEXBGR in collaboration with
ICAR-CITH, Srinagar A total of 135 crosses were made by combining available exotic
onion hybrids with short day varieties. The progenies obtained from these crosses were
selected based on bulb colour, shape, size and storability at-BE?&ER and ICARCITH.

The selected bulbs from each cross were then sent back toGTRR for seed production.
Currently, eighteen populations in sixth generation are being evaluated under short day
conditions.The prominentpopulationgncludeA-1 x H-8,A-1 x M-13,Q-17 x K-11,and

U-21 x M-13, which exhibit high bulb yield and better bulb storability under short day
conditions.
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1.3 Genetic improvement of garlic through conventional and
biotechnological approaches

1.3.1Garlic germplasm maintenance at ICAR -DOGR

ICAR-DOGR is a National Active Germplasm Site for Garlic and ofhléum species.
Thefollowing table(Table3.1)illustratesgarlic accessionsvhich arepreservedtICAR-
DOGR. The maintenance and breeding activities at IDXRGR involve around 1,111
garlic lines, including germplasm, landraces, and varieties. Presently, fouyibldhng
entries,namelyDOGR-404,DOGR-793,DOGR-48, DOGR-746, DOGR-G-1-19 (PB-5-
Gy-Mut), and DOGRG-2-19 (PBEMS-1) are being evaluated in the AINRPOG garlic
varietal trial (Table: 1.21).

Table 1.21 Garlic germplasm collection at ICAR -DOGR, Pune

Particulars Accessiong Particulars Accessions
Germplasm 483 Elite lines 62
Corecollection 42 Mutatedlines 470
Kharif suitablelines 11 Varietiesundermaintenance 37
EntriesunderAINRPOG 6

1.3.2Evaluation of high yielding garlic linesduring rabi 202122

In germplasm evaluation, the entire collection of garlic genotypes was evaluated for
thirteenmorphologicalraits. Regardingvarietaldevelopmenactivities,atotal of tenelite

lines, namely 48V, 788, 793, 493, 513, 569, 746, 709,-GSnd GS10 were assessed for
their yield potential and other contributing traits. All the lines were evaluated showed an
average marketable yield of >5 t/ha. The lines 569,1G&1d GSL0 exhibited significantly
higher MY (>8t/ha) compared variety Bhima Purple (Table: 1.22).

Table 1.22Performanceof elite garlic linesfor yield and contributing traits

Entry MY SBW W50C TSS TSL SMB BSC
(g/ha) Q) Q) (Brix) (%)
746 75.15 16.00 54.00 42.08 23.34 OB P
709 56.22 15.05 44.00 41.5 26.23 TE P
569 98.91 17.15 60.20 43.94 24.12 OB W
513 56.08 19.85 48.00 44.35 23.21 OB P
493 80.28 14.90 29.00 43.77 21.11 OB P
48-W 66.97 26.30 53.00 46.08 20.34 OB w
793 50.26 18.25 59.20 41.25 25.67 TE P
788 90.50 17.10 60.00 42.90 20.98 TE P
GS1 86.42 16.90 50.00 42.83 21.23 OB P
GS10 100.81 21.55 55.00 43.06 23.21 TE P
BP 50.11 18.79 46.76 44.54 21.21 TE W
CD@5% 1511 09.21 08.87 03.43 10.21 - -

(MY: Marketable Yield; SBW: Single Bulb Weight; W50C: Weight of 50 Cloves; TSS: Total
SolubleSolids; TSL: Total Storagd_ossesSMB: Shapeof bulb; BSC:Bulb skincolour;P: Purple;
W: White; OB: Oblong, TE: Terpedo)
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1.3.3Evaluation of garlic linesfor red colour cloveskin

Elite garlic lines were evaluated for MY and other morphological traits. The lines 444
showed large clove size (weighing-13 grams per bulb) with a minimum number of
cloves per bulb (9 cloves) followed by 388 and 258 (Table: 1.23). These two lines exhibited
highaveragéulb size.Line 419recordedhehighestTSS (47°Brix). However lines224
and63achievedhehighestmarketablegield (>8 t/ha)comparedo checkvariety Godavari

(7 t/ha).

Table 1.23Performanceof red colour garlic linesfor yield and related traits

Entry MY SBW | NOC | W50C | SMB BSC CcC TSS

(@ha) | (9) (9) (°Brix)
63 82.17 | 8.05 11.40 | 32.50 TE P P 43.31
258 63.74 | 12.90 | 13.10 | 47.50 OB P P 39.48
266 71.36 | 10.91 | 13.70 | 38.00 OB P P 41.94
224 83.88 | 11.40 | 13.60 | 34.50 TE P P 41.41
444 81.33 | 11.30 | 09.90 | 52.50 TE P P 42.54
388 56.21 | 13.80 | 17.80 | 59.00 OB P P 38.76
756 65.90 | 12.65 | 13.90 | 45.50 TE p p 43.04
534 70.00 | 11.50 | 11.10 | 37.50 TE P P 41.07
303 59.83 | 06.00 | 10.00 | 32.50 OB P P 42.64
419 33.02 | 10.45 | 12.80 | 46.00 OB P P 47.51
301 29.81 | 11.70 | 13.60 | 48.50 TE P P 41.99
353 59.88 | 11.50 | 13.90 | 41.00 OB P P 43.12
341 52.67 | 10.47 | 13.60 | 48.50 TE P P 43.34
PhuleBaswant| 79.17 | 11.00 | 16.50 | 46.50 TE P P 42.73
Godavari 76.07 | 15.34 | 13.50 | 55.00 TE P P 44.58

(MY: MarketableYield; SBW: Singlebulbweight;NOC: Averagenumberof clovesperbulb; W50C: Weight
of 50 cloves; BSC: Bulb skin colour; CC: Clove colour; TE: Terpedo; OB: Oblong; P: Purple)

1.3.4Evaluation of garlic linesfor kharif seasorsuitability

Twelve garlic lines were evaluated for their suitability in Kmarif season as well as for
agromorphological traits. Among all genotypes, line 555 yielded highest marketable yield
followed G-282andBhimaPurple.The TSSwasrangedrom 33.90to 44.70 Brix (Table:

1.24).

Table 1.24Evaluation of kharif garlic elite linesfor yield and related traits

Entry | DTH MY PD ED SBW | NOC | W50C | BS | BSC | CC | TSS

(@/ha) | (mm) | (mm) ) (°Brix)
BP 135 | 33.57| 23.66| 28.06| 06.00( 5.60 | 35.00 OB | P P | 41.38
555 136 | 35.41| 25.49| 30.76| 09.30| 11.00| 40.00| TE | W | W | 44.70
324 122 | 30.25| 18.55| 19.03| 04.10| 07.00| 21.00 | OB | W | W | 36.64
23 123 | 15.94| 27.20| 31.68| 13.50| 06.20| 42.00| TE| W | W | 36.10
G-282 | 123 | 34.80| 28.13| 35.60| 13.10| 11.00| 52.00| TE | W | W | 39.32
296 136 | 29.09| 22.09| 18.26| 440 | 6.80 | 25.00 TE| P P | 34.50
282 136 | 28.76| 23.41| 28.94| 470 | 740 | 26.00| TE| P P | 33.90
100 136 | 23.66| 23.28| 28.96| 7.30 | 11.00| 34.00| TE| P P | 40.74
G41 | 136 | 20.41| 22.95| 23.44| 7.70 | 840 | 35.00| TE| W | W | 38.34
26 136 | 29.88| 24.17| 31.52| 8.30 | 12.00| 42.00| TE| W | W | 42.36
27-W | 136 | 17.30| 24.25| 30.70| 8.90 | 12.00| 41.00| TE | W | W | 42.92

(BP- Bhima Purple DTH: Days télarvest; MY: Marketable yield; PD: Polar Dia; ED: Equatorial Dia.; SBW:
Single Bulb Weight; NOC: Average no. of cloves per bulb; BS: Bulb Shape; BSC: Bulb skin colour; CC: Clove
Colour; TSS: Total Soluble Solids, TE: Terpedo; OB: Oblong; P: Purple; W: White)
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Garlic Bulbs produced in Khariivere planted imabi to evaluate the growth pattern and
yield. A total of 16 traits have been recordedrabi season (Table 1.23slike in kharif.
Theaveragevalueof all thegrowthparameterfiavebeenincreasedluringrabi including
marketable yield.

Table 1.25 Characterization ofkharif garlic elite lines during rabi season for yield and
related traits

Entry | MY | PD | ED | SBW(g)| NOC|W50C| BS | BSC| CC | TSS

(@ha) | (mm) | (mm) (©) (°Brix)
27-P | 9591 23.72| 38.78| 12.80 | 17.40| 3050 | TE | P P | 44.22
27-W | 60.06 | 25.26| 35.34| 16.75 | 15.90| 31.50| OB | W | W | 42.92
26 25.81 | 23.78| 38.55| 11.40 | 20.80| 3650 | TE | W | W | 44.42
100 | 53.55| 24.45| 37.04| 11.60 | 16.90| 3350| OB | W | W | 43.84
23 4870 | 23.94| 3857 18.02 | 18.60| 57.70| OB | P P | 4207
282 | 69.83| 25.74| 41.14| 17.62 | 16.90| 52.00| TE | P P | 4331
296 | 33.88| 23.89| 37.43| 13.12 | 14.80| 47.00| TE | P P | 4327
555 | 52.55| 25.03| 38.20| 13.37 | 15.20| 4250| OB | P P | 442
G-282| 49.00| 21.57| 38.70| 2522 [ 19.60| 5550| OB | W | W | 425
G4l | 8455| 28.89| 42.12| 21.27 [19.80| 54.00| TE | W | W | 44.06
G-324| 71.95| 24.45| 37.97| 1592 | 1550| 42.00| TE | W | W | 4594
BP | 75.78| 26.60| 39.61| 11.70 | 1520 5350| TE | P P | 44.74

(MY: MarketableYield; PD: PolarDiameter;ED: EquatoriaDiameter;SBW: SingleBulb Weight;

NOC: Average number of cloves per bulb; W50C: Weight of 50 Cloves; BS: Bulb Shape; BSC:
Bulb Skin Colour; CC: Clove Colour; TSS: Total Soluble Solids, TE: Terpedo; OB: Oblong; P:
Purple; W: White)

1.3.5Mutation breedingin garlic

In mutationbreedinggarlic bulbsweresubjectedo gammaradiation,colchicineandEMS
treatments on Bhima Purple, Bhima Omkar41l and G282.0ut of these linex6 lines
wereselectedbasedon criteriasuchasyield, bulb size,andstorability. Thesechoserlines
will undergo furtheassessmerno determinetheir MY and evaluatéheirimpacton other
contributing traits (Table: 1.26).

Table 1.26Performanceof garlic mutation lines

Entry PH(m)| LP | LL (cm) | LW (cm) | PL (cm) | PW (mm) | FA | DM TY
(a/ha)
BP-4GY-M-2 4858 | 83| 27.61 1.32 8.3 7.04 Erect | 144 | 85.91
BP-5GY-M-2 53.35 | 8.8| 32.66 143 9.46 8.1 Erect | 144 | 118.69
BP-6GY-M-2 56.04 | 9.3| 32.93 1.28 10.03 9.61 Erect | 144 | 82.65
BO-3GY-M-2 51.80 | 9.1| 3142 1.04 7.59 7.38 Erect | 144 | 74.53
BO-4GY-M-2 52.49 9 32.49 1.45 8.13 7.99 Erect | 144 | 78.61
BO-5GY-M-2 53.76 | 95| 33.74 1.26 8.13 7.21 Erect | 144 | 70.63
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Entry SL PD(mm) | ED SBW | NOC | W50C(g) | BS | BSC TSS
(%) (mm) (9) &CC | (°Brix)
BP-4GY-M-2 12.27 28.02 38.85| 1285 | 141 47 TE P 44.48
BP-5GY-M-2 21.89 32.21 4258 | 185 14.6 62.5 TE P 44.10
BP-6GY-M-2 13.08 29.72 3949 | 143 14 54 TE P 44.36
BO-3GY-M-2 12.82 30.29 40.15| 1755 | 15.7 46 TE W 43.28
BO-4GY-M-2 11 29.86 38.23| 16,55 | 154 52 TE W 44.68
BO-5GY-M-2 18.14 29.65 36.90 | 135 14.7 44 TE W 43.62

(BP: Bhima Purple; BO: Bhima Omkar; PH: Plant Height; LP: Number of Leaves per Plant" [Liead
Length;LW: 4™ Leafwidth; PL: Pseudosterhength;PW: Pseudosterwidth; FA: FoliageAttitude; E: Erect;

DM: Days toMaturity; TY: Total Yield; SL: Storage LosseBD: Polar diameter; ED: Equatorial Diameter;
SBW: Single bulb Weight; NOC: Average number of Cloves per Bulb; W50C: Weight of 50 Cloves; BS:
Bulb shape; BSC: Bulb Skin Colour; CC: Clove Colour; TE: Terpedo; OB: Oblong; P: Purple; W: White,
TSS: Total Soluble Solids)

1.3.6Developmentof virus free garlic planting material

A standardizegrotocolwasdevelopedo effectively eradicatgprominentgarlic-infecting
viruses, namely Onion Yellow Dwarf Virus (OYDV), Garlic Common Latent Virus
(GCLV) and Shallot Latent Virus (SLV). This protocol involved a combination of heat
therapy and meristem isolation followed by chemotherapy. This protocol successfully
eliminated the major garlic viruses through core collection except allexi viruses. Therefore,
the garlic core collection was subjected to virus indexing for garlic virus B using rtPCR.
Remarkably, the R'PCR analysis revealed that a few accessions showed minimal presence
of allexi virus-B (Fig. 1.9). Those accessiortuldbe thepotentialmaterialfor virus free

garlic production.
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Fig. 1.9 Absolutequantificationof garlic virus GarV-B andGarlic CommonLatentVirus
in garlic core accessions
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1.4 Biotechnologicalapproachesfor improvement of onion and garlic
1.4.1In vitro haploid induction in onion through gynogenesis

For haploid induction in onion through gynogenesis had achieved by inoculating unopened
flower buds from 5 different cultivars on a shoot medium. The details of number of haploid
plants generated through gynogenesis is enlisted in the following Table 1.27.

Table 1.27Details of haploid induction in onion through gynogenesis

Cultivars No. of haploids
BhimaShweta 8
BhimaSuper 18
BhimaDark Red 24
BhimaRaj 13
BhimaShakti 4

1.4.2Profiling cuticular wax biosynthesispathway genesn glossymutants

The M glossy mutant phenotype bulbs were harvested and subsequently planted
individually. M. plants were selfed and the subsequestgeheration was found to be
glossy. k plants derived from the cross betweepaid WT exhibited the waxy phenotype.
However,whenF; plantswerebackcrosseavith M3 glossy mutantthe subsequenBC:F1
populationsegregateth a 1:1 ratio(waxy: glossy).Hence theinheritanceof the mutant's
glossy phenotype was determined to be recessive and single locus (Table 1.28).

Table 1.28Segregationpattern of glossymutant lines

Population | Total no. of Phenotype

plants Waxy WT | Glossymutant
M2 4 0 4
M3 15 0 15
F1 17 17 0
BC:F 21 11 10
WT 34 34 0

*Chi square analysis was performed in{BCpopulation. Calculated palue is 0.83. The difference was
statistically norsignificant

RNA sequencing of Gveeksold leaves of wildtype onion and its glossy mutant was
performed in duplicate using the lllumina platform (NovaSeq6000) with 2 x 150 bp
chemistry. After stringent quality assessment and data filtering, a total of 104.33 million
pair end reads corresponded to 30.26 Gb of sequence data were geAetati@ichf 596
annotated unigenes were found to be differentially expressed betweetypeildnd glossy
mutant,with 295upregulatecand301downregulategenesn glossymutant.ln theglossy
mutant, out of 301 downregulated unigenes, 4 critical genes related to wax biosynthesis
pathwayi.e. AcMAH1, AcWSD1, AcCERihd AcCER26were significantly downregulated
(Table: 1.29). Differentially expressed gene analysis of Ri¢4 data had shown 1.74,
2.72, 2.12 and 2.5fbld downregulation of ECR26, ECR1, WSDand MAH1 genes,
respectively. To validate the RN#eq results, expression levels of these genes were
evaluatedy semiquantitativePCR,which alsoshoweddown-regulationof thesegenesn

the glossy mutant. Sernguantitative PCR analysis had also shown 1.17, 2.19, 1.61 and
1.95fold downregulation ofECR26, ECR1, WSDAnd MAH1 genes, respectively. The
results of the sermmuantitative PCR were consistent with those of the Ri¢4 analysis
(Fig. 1.10).
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Gene No. of

Name w1 w2 M1 M2 cycles
EFla 24
ECRI1 RS e— 26
MAHI 26
WSDI 28
ECR26 26

Fig. 1.10Validationof 4 downregulatedjenef cuticularwax biosynthesipathwayby
semtiquantitative RTPCR. W1 and W2: Waxy, whereas M1 and M2 Glossy Mutant

Table 1.29 Differentially expressed unigenes associated with cuticular wax
biosynthesis

SI. | UnigenelD | SwissProt COGclass Logz fold change
No. annotation annotation SemiqRT PCR RNA-seq
Waxy | Glossy | Waxy | Glossy
WT mutant WT mutant
1 | g304621 Protein Lipid transporeind
ECERIFERUM26 | metabolism o i D
2 | g367838 Protein Lipid transporeind
ECERIFERUML | metabolism i D s
3 | g50966 O-acyltransferase | Lipid transportand
WSD1 metabolism 1 -1.61 1 212
4 | 9259833 alkanehydroxylase | Lipid transporeand
MAH1 metabolism 1 -1.95 L -2.59

1.4.3Identification and characterization of waterlogging responsive genes in
contrasting onion genotypes using RNA seq. technology

To understandhe moleculamechanisnmregulatingwaterloggingstresgolerancen onion

crop transcriptome sequencing using RNA seq. technology was done in leaf tissue 1o water
loggingtolerant(Acc.1666)andsensitive(W-344) genotype Differential geneexpression
analysis revealed 1629 genes were up regulated and 3271 genes were down regulated in
Acc. 1666 while in W344, 2134 genes showed up regulated and 1909 genes were down
regulatedunder waterloggingtress. Thes®EGs regulateseveral keybiological processes

to combat waterlogging stress such as phytohormones biosynthesis, antioxidant enzymes
activity, programmed cell death, aerenchyma formation, energy production etc. COG
pathway analysis showed enrichment of gomtslational modification, energy production,

and carbohydrate metabolismelated pathways under waterlogging conditions. The higher
numberof waterloggingolerancerelatedgenedike groupVIl ERFssuchasRAP212 and

RAP23 that play a crucial role in developing waterlogging tolerance, were found to be
exclusively upregulated in tolerant genotype Acc.1666 than in sensitive one (Fig. 1.11).
These results suggest that significant fine reprogramming for gene expression was
occurring in response to waterlogging stress in onion crop. The molecular information
about DEGs obtained from the present study would be valuable for improving stress
tolerance and developing waterlogging tolerant onion variety.
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Fig. 1.11Differential geneexpressioranalysisgn contrastingoniongenotypesinder
waterlogging stress

1.5Breedingfor abiotic stresstolerancein Allium species

1.5.1Geneticarchitecture of waterloggingand drought tolerancein onion

The mapping population was developed by crossing vieggiing tolerant (Acc.1666) and
susceptible line (Accl639)in red onion and also in white onion (865 tolerantand W
085).TheF plantswereraisedin kharif 2022for the bulb productionandthesebulbswere
planted inRab+2022 for the back cross and population development. The drought
tolerantline Acc. 1656anddroughtsusceptibldéine Acc. 1627 werecrossedn the Rabi21

to develop k population.The F plants were raised ikharif 2022 forthebulb production
and screening for drougllerance. Thesbulbs were planted iRabi2022 for the back
cross and Fpopulation development.

1.5.2Cloning and characterization of UV- Resistance8 (UVRS8) genein onion

Thehigh dosesof UV-B radiationcancausedamageo plantmacromoleculeby disrupting

DNA, triggeringtheaccumulatiorof reactiveoxygenspeciesandimpedingphotosynthesis.

To enhance tolerance to UY stress, the UMB receptor UV RESISTANCE LOCUS 8
(UVR§ plays a crucial role in promoting the production of flavonoids. Thus, it becomes
essential to characterize UVRS8 at the molecular level to comprehend its functioni UV
stresgesponseln this presenstudy,themolecularcharacterizationof the UVR8 genein the
shortday onion Allium cepal.) was conducted to bettgrasp its significance in response

to UV-B exposureA 555 bp fragmenof the single copyJVR8gene was isolated from the
cDNA of onion cultivar Bhima Super leaf tissue and inserted into the PJET1.2 sequencing
vector. The vector was then transformed iBocoli strain D H 5, @nd the transformed
colonieswereverified throughcolony analysisyestrictiondigestion,andsequencing. Upon
confirmation of the sequence, the gene was further cloned into the binary vector
pCambial300The transformed colonies &. coli were validated througbolony PCRand
restriction digestion usin@amHI and Kpnl. Through a triparental mating technique, the
recombinant plasmid was transferred imigrobacteriumstrain LBA4404, utilizing the
helper strain pPRK2013 anB. coli harbouring the recombinant plasmid (Fig. 1.12). The
Agrobacteriuncontainingtherecombinanplasmidwill beutilized for thetransformatiorof

onion plants to proceed with further characterization.
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Fig. 1.12Agarosegel (1.5%)electrophoresisf the cDNA showingP CRamplificationof
UVRS8 gene, L- 1Kb plus ladder, 1 6 - UVR 8 gene was amplified

1.5.3Genomewide identification of simple sequenceaepeatsin onion

The genome sequence Aflium cepawas downloaded from GenBank assembly under
accession number GCA_905187595. Perl scripts from MISA were used to perform SSR
identification with the default parameteittp://pgrc.ipkgatersleben.de/misa/)The
identification criteria were as follows: fnucleotide repeat motifs with six repeats, tetra
nucleotide, pentaand hexanucleotide repeat motifs with five repeats. Compound SSRs
weredefinedasthosewith a< 100-ntintervalbetweertwo repeatmotifs. A total of 59,481

SSRs were identified from eight chromosomal regions. Analysis of SSR distribution on
each chromosome revealed that the largest number of SSRs was present on chromosome
02 (11,510)followed by chromosome 01 (8727). dnmucleotide motifs were the most
abundant followed by tetra nucleotide motifs. Of the tri nucleotide motifs, AAT/ATT
motifs had the highest occurrence followed by AAG/CTT type (Table 1.30).

Table 1.30 Chromosomewide distribution of microsatellites in onion genome

SSRMotif Chromosome

01 02 03 04 05 06 07 08
Tri 5368 | 6999 | 4874 | 4272 | 3919 | 4891 | 3513 | 2846
Tetra 2968 | 4060 | 2649 | 2341 | 2159 | 2782 | 1844 | 1468
Penta 141 166 127 120 101 147 75 65
Hexa 250 285 235 180 169 216 147 104
Size 345.49| 443.74| 309.98| 284.87| 256.60| 315.55| 232.91| 186.27
SSR/Mb 25.26 | 25.94 | 25.44 | 24.27 | 24.74 | 2547 | 23.95| 24.07
Total SSR | 8727 | 11510 | 7885 | 6913 | 6348 | 8036 | 5579 | 4483
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1.6 Developmentof onion hybrids for quality and yielding traits
1.6.1Characterization of Alliums for geneticimprovement

In the genudllium, atp6gene transferability was assessed which was transferred across
the species. The allelic frequency ranges from 0.011 to 0.811, with the highest allelic
frequency aB00bp lociand the lowesat 500 and 490 bp loavith the PIC is 0.101The

resultsof the diversity analysisrevealedhat95 genotypesveredividedinto 12 groups,in

which A. cepaandA. sativumgroupediogetherwhereaotherspecieggroupedseparately.

The results reveal that the closepecies based on atgéne transferability, which is a
candidategenefor malesterility restoration iralliums. Furthermorethe findingcouldaid

in the future studies of male fertility r
amongAllium crops (Fig. 1.14).

L 123 4 56 7 89 10111213141516 171819 20 21 22 23 24 25 262728 29 3031 323334353637 3839 40414243444546 4748 L
i ffacealiore = y -
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s S S S o e oy o Y W 0 9 N W T Y S 0 G G Y G e 9 Gy e o e o o e G e e e

L 495051 5253 5455 56 5758 5960 6162 6364 656667 686970 717273 747576 77.78 79 808182 8384 85 868788 899091 92 9394 95 B L
- 89,20,24,72,23.79,49,46,77,78,29 8083

T ——————— ——————————— -

Fig.1.14Transferabilityof atpé genewith variableampliconsamongthe Allium species

Intron Length Polymorphic (ILP) markers derived from extamking introns have been
demonstrated to be accurate-amminant markers ireukaryotes via the use of this
polymorphisnmpotential.In thepresenstudy,thegeneticdiversityamong95accessionsf
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Alliums from the 13 species was revealed by ILP markers via UPGMA method, and
population structure waaso studiedTwenty-two ILP markersgenerated5 lociwith an
average of 25.4 amplicons per loci. The Polymorphic Information content (PIC) ranges
from 0.027 0.99, which is the lowest to highest polymorphic marker. The clustering pattern
revealedthe population, whichwere groupedinto threemajor clusters, sucas major cluster

| grouped by semdomesticated and wild species, major cluster Il consist of cultivated
Allium species (oniongarlic and bunching onions) and major cluster Il wasgyouped

which consisted ofienotypes belong tallium hookeri The population structure studied
also revealed the highest @K at 3, whi ch
genetic groupsywhich were correlated to the UPGMA clustering. From the findinthef
diversity and phylogenetic relationship among the Allium species could be employed in
further breeding programs for genetic improvement through-smecific hybridization, to
introgress the desirable traits from semi domesticated to the cultivated species. The
Interspecific hybrid three populationeveloped fromAllium cepaandAllium fistulosum
grouped separately (Fig. 1.15).

Al
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Fig. 1.15Geneticdiversity of Allium spp.usingILP markerghroughUPGMA method

Onion genetic resourceharacterization was done by using the most recently produced
polymorphic DNAbased molecular markers in onion (ILP, intron length polymorphic
markers).The genetic diversity of 48 onion genotypes is examined using 15 ILP markers
in this study. The PIC values ranged from 0.08 to 0.96, with an average of 0.47, and
amplificationof ILP markersrevealedatotal of 18 loci, threeof whichare monomorphic.

There were totabf 647 bands obtainedyith an average d9.01 bands pegenotype. The
UPGMA dendrogram for the 48 onion genotypes is generated, based on Jaccard's similarity
coefficient, results revealed by two diverse major groups. The average genetic similarity
among 48 onion genotypes was found to be 0.665. PCoA analysis vérdiettar division
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of thegenotypesnvestigatednto analogouglusterssimilarto UPGMA analysis Further

the study revealed that, the genotypes collected have a wide range of diversity, and that
moleculamarkerscanbeusedto for characterizatiomndto describethelevelandpattern

of genetic diversity in shomay onion for selection of diverse parental lines for
hybridization,geneticimprovementandbreeding.The morphologicafeaturesof themale
gametophytes of ChivedAllium schoenoprasunt..) have been revealed through Field
Emission Scanning Electron Microscopy (FESEM), the surface of the male gametophyte
was reticulate and shrivelled of surface, pollen found to beosoid shapes, with long
regulateandstriatedsexine.The elementakompositionanddistributionwereunveiledby

FESEM based Energy DispersiverXy Spectroscopy (EDS) spectra. The micrograph of
anther sample enumerated theGg K, P, N, Fe, Mn, Cu, and Mg minerals, andQ;,N,
Fe,P,K, Zn, Mn, Cl, Ca,and Na minerals in the pollen graifhese insights could aid in

the better understanding, characterization and identification of species based on the male
gametophytes.

HFW mag [ | spet | WD 400 pm
4Pa | 1.66 mm | 250x | 3.5 | 5.5 mm Nova NanoSEM NPEP303

Fig. 1.16Micro analysisof malegametophytesstriatedantherwith pollengrains,pollen
clump, and pollen with long regulate and striated sexine

The Bunching onion Allium fistulosumL.) species collections were assessed for
identification of malesterile trait among the germplasm. As a resultant identified a male
sterileline, phenotypicallyandwhich wasconfirmedby the orf725geneandorf501 gene

specific markers conferred linkage for male sterility cytoplasm of S and normal (N)
cytoplasm.The manifestation ahe malesterile trait in Bunching onion genotypesuld

be attributed to the ms genes expression. Phenotypically-steaiée plants produce
flowers, does produce pollen grains they were lacking in the anthers. The anthers are
slightly greenatanimmaturestage andyellowishtranslucentatthe maturestage without

pollen grains spores inside the anther sac, matured anthers were shrivelled, empty and fused
anther sacs (Fig. 1.16). Soon, the rmstlerile line will be used as parental material in
hybridization for heterosis breeding to boost Bunching onion.

1.6.2Geneticimprovement of onion for exploitation of heterosis

The study aimed to identify the mdiertility restoration locus (Ms) among 72 breeding
lines of onion (Allium cepa L.) by genotyping, which is crucial in the development of F1
hybrid onionsusing cytoplasmigenicmalesterility (CGMS) system. Thuswo markers

were used to identify the Ms locus, the simple PCR marker namely jnurf20 is dominant
naturecover across thbreedinglines genetidackgrounds, whereas tRsaOgenespecific
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marker could not spread all along the breeding lines evaluated in the study (Fig. 1.17).
Since all reported markers are may or may not have marker genotype association across
differentgeneticbackground®f onion breedingines. However,thesemolecularmarkers
arehighly usefulin the markerassistedelectionof Ms locus.Thus,this studyrevealshe
amplification of validated markers among the breeding lines used, the study essential to
advance the markessisted breeding for the development of F1 hybrid onions in near
future. Fifty hybridsweredevelopedcandevaluatedor agronomicatraitsduring2021-22

using male sterile lines available at DOGR namely ms%2539, 125 x L150, 125 x
L153,125 x L154,125 x Y103,125 x L156,125 x B.D.R,125 x B. Shakti,125 x B.

Kiran, 125 x B. Superms126x L39,126x L150,126 x L153,126 x L154,126x Y103,

126 x L156, 126x B.D.R, 126 x B. Shakti, 126x B. Kiran, 126 x B. Super, ms111 x
L39,111x1150,111x L153,1°11 x L154,111% Y¥103,111xL156,111 xB.D.R, 111

x B. Shakti,111 x B. Kiran,111x B. Superms222x L39,222x L150,222x L153,222

x 1.154,222x Y103,222x% L156,222 x B.D.R,222 x B. Shakti, 222x B. Kiran, 222 x

B. Superms160x L39,160x L150,160x L153,160x L154,160x Y103m,160x L156,

160 x B.D.R, 160x B. Shakti, 160x B.Kiran,160 x B. Super.

45 6 78 9101112131415161718192021222324 252627282930313233343536 L
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Fig. 1.17Markerassisteaelectionof Mslocusamongbreedindgines
a) jnurf 20 marker genotyping for Dominant lociMs], b) PsaO genemarkers genotypes for

dominant Ms)and recessivents locus, O' GeneRuler 1kb plus DNA ladder uggdcomparison
of amplicon fragments
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1.7 Haploid induction in onion through genomeelimination

1.7.1Multiplication of SeedexpressingGFP tailswap construct

T1 bulbs of 6 events of transgenic plants expressing GFP tailswap construct were planted
in Kharif 2021 seasonl; plants of all the events were analysed segregation anafykis.

the events were segregated as per mendelian fashion. The bulbs of heterozygous and
homozygousdineswereplantedin Rabi2021seasorandT, seedwereharvesteattheend

of Rabiseason.Thedetails ofseed<ollectedfrom each evenis enlistedin thefollowing

Table: 1.31.

Table 1.31 T2 Seed harvested from transgenic plants expressing GFP tailswap
construct

S. No. Transgenic No. of seeddrom No. of seeddrom

eventlD Homozygousplants Heterozygousplants
1 GFP1 80 24
2 GFP2 174 49
3 GFP3 151 82
4 GFP4 79 18
5 GFP5 189 41
6 GFP6 45 6

1.7.2Segregationanalysisof T1seedsexpressingAcCCENH3 RNAI

To bulbs of 5 events of transgenic plants express®ic@ENH3RNAI construct were
plantedin Rabi2021.TAIL PCRanalysiswasdonefor all theeventsandsitesof insertion

were mappedThe flowers of B bulbs (Even#1,#2 and #5) were selfed to gkt seeds.
Event #3 and Event #5 did not blossom. Theseekds were planted kharif 2022 and
analysed for the zygosity level by PGRalysis (Fig. 1.18, Table 1.32); fflants had shown
distorted segregation.

Table 1.32Segregationanalysisof ACCENH3RNAI T1 plants

Sl. | Transgenic | No.of seeds No.ofseeds | Homozygous| Heterozygous| Azygous
No. | eventID sown germinated

1 RNAI 1 146 99 0 24 75

2 RNAI 2 138 85 1 20 64

3 RNAI 3 0 0 0 0 0

4 RNAI 4 0 0 0 0 0

5 RNAi 5 29 14 0 2 0

Fig. 1.18 Representativenageof segregatioranalysif T: transgeniglants
PCRanalysisof T1 transgeniglantsto analyzesegregatiornf ACCENH3RNAI T, population
[1: 1KB plusladder,2: B. super3: RNAi2-1,4: RNAi2-2,5: RNAI2-3, 6: RNAi2-4, 7: RNAIi2-5, 8: RNAi2-
6, 9: RNAIi2-7, 10: RNAI2-8, 11: RNAI2-9, 12: RNAIi2-10, 13: RNAIi2-11, 14: RNAi2-12, 15: RNAi2-13,
16:RNAI2-14,17:RNAIi2-15,18: RNAIi2-16,19: RNAi2-17,20: RNAi2-18,21: RNAIi2-19,22: RNAIi2-20,
23:RNAI2-21,24: RNAIi2-22,25,26:RNAIi2-23,24]
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1.7.3 Agrobacteriummediated transformation of CRISPR/cas9 construct in
onion for haploid induction

Agrobacterium strain LBA4404 harboring binary vectors pCAMBIA1305.1
mMiSACCENH3AcCENH3 sgRNA and pCAMBIA1305-AcCENH3 dual target sgRNA
were used independently fokgrobacteriumrnmediated transformation of-Weeksold
embryogenicalli inducedfrom seedlingadicleof onioncv. B. super After restingperiod

of 15days,putativetransformectalli werescreenedn 3 rounds(15 dayseach)on 50 pug/L
HygromycinB containingselectionmedia.The survivedcalli weretransferredo shooting
mediacontaining 50 pg/L and 30 pg/L Hygromycin B. So far, 15 batches were transformed,
5 batchesarein shootingstage(Fig. 1.19),7 batchesarein differentselectionstages an@
batches are in resting stage. The details of number of calli in different stages of
transformation are enlisted in the following Table 1.33.

Table 1.33Details of calli in different stagesof transformation co-cultivated by
AcCENH3-sgRNA constructs

Co-cultivation No. of calli

Resting| Selectionl | Selection | Selection | Shooting | Shooting

I i 50 30

pC1305.1 168 146 98 78 39 16
mMiSACCENH3
AcCENH3sgRNA

pC1305.1 133 105 61 40 21 11
AcCENH3dual
target sgRNA

Fig. 1.19Putativetransgenicalli expressingAcCENH3sgRNAon shootingmedium
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1.8 Developmentof cytoplasmic male sterile lines in onion (Allium cepa
L.) through targeted mutagenesioof ACMSH1gene

1.8.1 Agrobacteriummediated transformation of pPRGEB31-AcMSH1 target
constructs in onion

CRISPR/cas9 binary vectors pPRGEBAtMSH1 exon?2 target and pRGEBZMSH1

exong3 targetverecloned,transformed interpedently intdgrobacteriumstrain LBA4404

and used foAgrobacteriummediated transformation of8eeksold embryogenic calli
induced from seedling radicle of onion cv. B. super. After resting period of 15 days,
putative transformed calli were screened in 3 rounds (15 days each) on 50 pg/L
HygromycinB containingselectionmedia.The survivedcalli weretransferredo shooting
mediacontaining 50 pg/L and 30 pg/L Hygromycin B. So far, 11 batches were transformed,
1 batch of eaclronstruct is irshooting 50 anghooting30 stage, shootingtage(Fig. 1.20),

7 batchesarein selectionstageand2 batchesarein restingstage.The detailsof numberof

calli in different stages of transformation are enlisted in the following Table 1.34.

Table 1.34 Details of calli in different stages of transformation coultivated by
AcMSH1-CRISPR/cas9 constructs

No. of calli
Resting | Selection| Selection| Selection |ShootingShooting
| Il [l 50 30
pRGEB3tAcMSH1exon2 133 105 62 48 21 18
target
pRGEB3X*AcMSH1exon3 149 112 74 53 37 16
target

-

Fig. 1.20Putativetransgenicalli expressincAcMSH1CRISPR/cas@onstrucion
shooting medium

1.8.2Localization of AcCMSH1 protein

The quantitative immunoassay was performed for detection of localizatidwMBEH1
protein in cell organelles. Intact chloroplast, intact mitochondria, their fractions and total
protein was isolated fromshoot tissues of onion cv. B. Super. An indirect assay was
performedn 96-well ELISA platecoatedwith AcMSH1proteinasanantigenby coating2

Hg proteinin 3replicatesELISA resultsrevealedhatthehighestevel of AcCMSH1protein
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was present in isolated mitochondria, followed by the chloroplast and negligible amount
was present in mitochondrial and chloroplast fractions (Fig. 1.17). This result elucidated
thatAcMSH1protein is localized in mitochondria and chloroplast organelles.

6 -

Fold change relative to total protein

) .
Total protein Mitochondria Mitochondria Chloroplast Chloroplast
fraction fraction

Fig. 1.21Localizationof AcMSH1proteinin mitochondriaandchloroplast
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2. Crop Production

2.1 Developmentof Improved Nutrient ManagementPracticesfor Onion
and Garlic

2.1.1Effect of continuous use of inorganic fertilizers and manures onnion
production and soil fertility status

Permanent manurial experiment was initiated duradyg 201314 with eight treatments.

Each block was assigned for specific fertilizer treatment and care was taken to avoid mixing
of soil from one block to another. Vermicompost (VC) @ 10 t/ha was included during
201516.Field experimenwvasconductedo studythe effectfertilizer treatment®n onion
production, soil fertility status and faunal diversity under soybean/mhkiwmif) - onion

(rabi) croppingsystemlInclusionof maizeasprecedingcrop andapplicationof inorganic
fertilizers alone produced significantly higher bulb yield compared to other fertilizer
treatments. Application of 10 t vermicompost/ha alone produced 18.9 t/ha onion yield
which was significantly lower than other fertilizer treatments (Fig. 2.1). Plots received both
organic manures and mineral fertilizers, and mineral fertilizer alone showed significantly
onionyield in soybearblockin comparisorto maizeblock. Addition of mineralfertilizers

alone to onion crop in maize block produced significantly higher yield compared to the
remaining fertilizer treatments. Onion yield in INM treatments of Maize block also
decreased significantly in comparison to chemical fertilizer treatments. Whereas, combined
application of mineral fertilizers and vermicompost showed significantly higher soil
organiccarbonandsoil availableN comparedo mineralfertilizer aloneappliedtreatments

in both soybean and maize block. Soil organic carbon and soil available nutrients were
higher in soybean block compared to the maize block. Initial soil fertility status was
maintainedn all thefertilizer treatmentsLower yield recordedn soybearblock wasdue

to high incidence o5temphylliumincidence. Similar trend was recorded during the last
four years.

Total onionyield (t/ha) m 202021 m 202122

60.0

45.0

30.0 -

15.0 -

0.0

Fig. 2.1 Effectof long-termapplicationof mineralfertilizersandorganicmanureon
onion bulb yield
(100% RDF150:50:50:50NPKSkg/ha+ 20t FYM/ha; 75% RDF150:50:50:50NPKS kg/ha +
5tFYM/ha)

Page37 of 155



Faunal diversity of insect pests and their natural enemies in different or@sed
agroecosystem (both organic and inorganic fields)

Observations on pest and natural enemy population were recorded on 30, 45, 60 and 90
DAT in bothorganicandinorganictrials. Visual inspectionfor thripspopulationwasdone

in a sample size of Quadrat 1 n? area from eacplot. Aerial insects were caughsing

sweep nets and sticky traps. Among the different orders of insects, Coleoptera (representing
beetles and weevils) dominated the onion ecosystem in terms of species diversity,
irrespectiveof thetreatmentsWith respecto the maximumnumberof individualscaught,

order Thysanoptera dominated under both trials with 672 in organic, whereas 574 in
inorganic treatment. However, the activity of onion thrips was first recordedddaziiary

(2.7 and 3.8 thrips/plant, respectively on organic and inorganic plots) and reached to its
peak (38.4 and 11.8 thrips/plant, respectively on organic and inorganic plots)"on 17
February(45 DAP). Later,the populationdeclinedto 2.7and2.0 thrips/plantespectively

on organic andnorganic plots towards the end of March. The highest thrips population
was observed during February in all treatment plots. The present study revealed that
maximum species diversity was found in organic treatments in comparison to inorganic
treatments; thereby making them a more stable-agosystem.

2.1.2Effect of organic farming on onion production compared toconventional
farming

The field experiment was conducted to study the effect of organic farming on onion
productionandnutritionalquality in comparisorto conventionafarming. The experiment
waslaid outin split plot designwith 14 replications.The mail plot consistef six organic

and inorganic fertilizer treatments and sulbts consisted inorganic and organic plant
protection practices. The experimental results showed that conventional farming and
integrated nutrient management plots produced significantly higher bulb yield compared to
organic treatments. The yield increase in INM plot, and chemical fertilizer alone applied
treatment was higher by 5456.4% compared to organic treatments (Fig. 2.2). No
significant difference was observed between INM plot and chemical fertilizer alone applied
treatments for onion yield. Among the organic treatments, combined application of farm
yard manure (7.5 t/ha), vermicompost (1.5 t/ha), neem cake (0.75 t/ha), phosphorus
solubilizing bacteria and Azotobacter @ 5 kg each/ha with inorganic pest and disease
management practices (OM2) produced significantly higher yield compared to other
organic treatments. Furthermore, organic nutrient management practices with chemical
pest management practices produced-16.8% higher yield compared to organic nutrient
and pest management practices. The treatment received mineral fertilizers alone showed
the lowest total stage losses after five months of storage (Fig. 2.3). The values were
statistically comparable to the treatment received both mineral fertilizers and organic
manuresThe plantprotectionmeasureslid notshowany effecton total storage lossed\,

P, K and S uptake were significantly higher in conventional and INM plots compared to
organic treatments. Soil analysis showed that soil organic carbon and soil available N
concentration were higher in organic treatments compared to INM and conventional
farming. The lowest soil organic carbon and soil available N was recorded in INM and
conventionatreatmentsThrips populationwasthe highestin plots receivesrganicplant
protection measures.
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Total onionyield (t/ha) Organic B Inorganic

50.0

40.0

30.0

I
20.0
I I L l
10.0 +—
0.0 ‘ ;
OM1 oM2 OoM3 OM4 INM

Fig. 2.2 Effectof organicfarmingpracticeson onionbulbyield
(1: OM1, Organic module 1, 22M2, Organic module 2, 3DM3, Organicmodule 3, 4:.0M4,
Organic module 4, 5: INM, Integrated nutrient management, 6: Mineral, Mineral fertilizers).

L

Mineral

Total storage losses (%) Organic ™ Inorganic
40.0 \
30.0 [ I [ I
20.0 +— I
10.0 +—
0.0 ‘
OM1 OoM2 OM3 OM4 INM Mineral

Fig. 2.3 Effectof organicfarmingpracticeson total storagdossesf onion
(1: OM1,0Organicmodulel, 2: OM2,0rganicmodule2, 3: OM3,Organicmodule3, 4: OM4,
Organic module 4, 5: INM, Integrated nutrient management, 6: Mineral, Mineral fertilizers)

2.1.3Effect of nitrogen fertilizer and irrigation regimes onplant growth, yield
and storage quality of onion

Thefield experimentvasconductedo studytheeffectof nitrogenfertilizersandirrigation
regimes on plant growth, yield, and total storage losses of onion. The experiment was
designed on strip plot design and each treatment was replicated four times. Factor A
consisted of irrigations methods namely drip, sprinkler and flood irrigation system, and
Factor B consisted of four levels of nitrogen fertilizers (0, 50, 100, and 150% of
recommended nitrogen dos&)wventy percenhitrogen fertilizerwas applied as a bassl
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transplantingandremainingN dosewasappliedin threeequalsplits as toglressingat 15,
30and45daysaftertransplantingo all thetreatmentsTheresultsshowedhat100%(110

kg/ha) and 150% N (165 kg/ha) application through drip and sprinkler increased onion
yield significantlycomparedo flood irrigation systemHowever theirrigation treatments

did not affect plant height, number of leaves, leaf length, and leaf area index. Among N
treatments, application of 100% and 150% N increased plant growth parameters, onion
yield, and totalsoluble solids compared to the contptdt and 50% N applied treatments
(Fig. 2.4).100% and 150% applied treatments through sprirkiggation showed higher

neck thickness of onion bulbs compared flood and drip irrigation system. In addition, onion
bulbs harvested from different N and irrigation treatments were stored for four months. The
storage losses of onion were the highest in the control plots and the lowest in 100% and
150%N appliedtreatmentsn all three irrigationrmethodqFig. 2.5). This resultindicated
thatbalancedapplicationof N as percroprequiremenimay havereducedhetotal storage
losses. This study needs to be repeated for confirmation.

Total bulb yield (t/ha) Drip ™ Sprinkler © Flood
60.0
45.0
30.0
15.0 I
0.0 ‘ ‘
0 NPKS 50%N 100% N 150% N

Fig. 2.4 Effectof Nitrogenfertilizersandirrigation methodson onionyield
(1: ONPKS,No NPKSfertilizersapplied,2: 0N, No nitrogenfertilizer applied 3: 50%,55kg N/ha,
4:100%N, 110kg N/ha,and5: 150%N, 165kg N/ha)
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Total storage losses (%) m Drip ® Sprinkler = Flood
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Fig. 2.5Effectof Nitrogenfertilizersandirrigation methodon onionyield
(1: 0NPKS,No NPKSfertilizersapplied,2: 0 N, No nitrogenfertilizer applied,3: 50%,55kg N/ha,
4:100%N, 110kg N/ha,and5: 150%N, 165kg N/ha)

2.1.4 Field evaluation of identified contrasting onion genotypes for water
logging tolerance

A field experiment was conducted to evaluate the effect of watgying stress in four
onion genotypes (W 355, Acc. 1630, Acc. 1666, and Bhima Dark Red). Seedlings were
transplantedn raisedbedof 6 sqm bymaintaininga spacing oflOx15cm.Waterlogging
treatmentvasimposedon seedlingst5 daysaftertransplantingor continuous20 daysby
flooding. Field was irrigated through sprinkler system. In addition to this, about 200 mm
rainfall was receivedluring the stress 3@ 80daysaftertransplantingFoliar application

of watersoluble fertilizer increased plant growth and yield of onion genotypes, Bhima Dark
Red and Acc. 1666 significantly compared to the other genotypes underlogged
condition.Thetolerantgenotyped#cc. 1666andBhimaDark Redshowedhighersurvival
percentage (>90%), good plant stand, higher chlorophyll content, better cellular membrane
stability. These two genotypes produced more B grade bulbs (bulb s&@ r8éh diameter)
underwaterlogging condition with lesthan 30% changim bulb weightcompared to the
control plants.

2.2 Efficacy evaluation of ICAR-CIRCOT Nano-Sulphur as fertilizer
formulation for different field crops (Collaborative Project with ICAR -
CIRCOT)

The field experiment was conducted to study the effect of KGARCOT nanesulphur on

yield, nutrient uptake and storage quality of onion and garlic. The experiment was
performed with twelve treatment combinations in split plot design. Each treatment was
replicated four times. Factor A consisted of six sulphur treatments namely 1. 0 S: No
sulphur,2. NS (0.5%):ICAR-CIRCOT Nanosulphurfoliar application@ 5 ml/litre, 3. 15

NS: ICAR-CIRCOT Nanesulphur @ 15 kg/ha, 4. 23 NS: ICAGIRCOT Nanesulphur

@ 23 kg/ha, 530 NS: ICARCIRCOT Nanesulphur @ 3kg/ha, 5. 30 ES: Bentonite
sulphur(90%) @ 30 kg/ha,andFactorB consistedf two FYM treatmentg1. No FYM: O

Farm yard manure, 2. With FYM: Farm yard manure @ 5 t/ha). The results showed that
the plots received ICARCIRCOT nanesulphur alone increased marketable yield by 8
12% compared to the contrplot, whereas bentonite sulphalone increased onion yield

by 23% (Fig 2.6). However, combined application of IGERRCOT Nanesulphur and

FYM increasedonion by 3.8-8.3%, whereas, bentonisalphurapplicationincreasedonion
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yield by 3.6%. In case of garlic, ICARIRCOT Nanesulphur and bentonite sulphur
increased yield significantly compared to the control. Without FYM, IGARCOT nane
sulphur application increased garlic yield by 2@®83% andentonite sulphur increased
garlicyield by 5.7%comparedo thecontrol(Fig. 2.7). Combinedapplicationof farmyard
manureandNanao-sulphurshowedesselyield increasan bothonionandgarlic. In garlic,
application of ICARCIRCOT Nanesulphur application @ 15 kg/ha and 23 kg/ha recorded
higher yield compared to the remaining treatments, whereas, application of bentonite
sulphur @ 30 kg/ha recorded the highest yield compared to the rest of the treatments in

onion.

Total onion yield (t/ha) ENo FYM EFYM

0S NS foliar 15 NS 23 NS 30 NS 30 ES
(0.5%)

Fig. 2.6 Effect of ICAR-CIRCOT Nanc Sulphurapplicationon onion yield

(2:0 S, No sulphur, 2: NS (0.5%CAR-CIRCOT Nano sulphur foliar @ 5 ml/litre, 3: 15 NS,
ICAR-CIRCOT Nanesulphur@ 15kg/ha4: 23 NS, ICAR-CIRCOT Nanesulphur@ 23kg/ha,5:
30 NS, CIRCOT Nansulphur @30 kg/ha, 6: 30 ES, Bentonite sulphur (90%) @30 kg/ha)

Total Garlic Yield (t/ha) ENo FYM EFYM

15.0

12.0
9.0

6.0 -

3.0

0.0 -

NS foliar I5 NS 23 NS 30 NS 30 ES

Fig. 2.7 Effect of ICAR-CIRCOT nanasulphurapplicationon garlic yield

(1:0S,No sulphur,2: NS (0.5%), ICARCIRCOT Nanaosulphurfoliar application@ 5 ml/litre, 3:
15NS, ICAR-CIRCOT Nancsulphur@ 15kg/ha,4: 23 NS, ICAR-CIRCOT Nancsulphur@ 23
kg/ha,5: 30NS, ICAR-CIRCOT Nanosulphur@ 30kg/ha,6: 30 ES,Bentonite sulphuf@0%) @

30kg/ha)
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2.3 Abiotic StressManagementin Onion and Garlic

2.3.1Impact of plant growth promoting microbeson onion crop growth and yield
subjected to waterlogging stress

Plant associated microbial communities promote plant growth under extreme climatic
conditions like waterlogging by mineral solubilization, phytohormones production and
many more. A pot experiment was conducted dukingrif 2022 where the seedlings of
onion variety Bhima Dark Red and genotype Acc. 1666 were inoculated with the well
known plantgrowth promoting microbiastrainsincluding Azotobacteispp Azospirillum

spp, Piriformospora indicaPhosphorus Solubilizing Bacteria and Potassium Mobilizing
Biofertilizers before transplanting. Waterlogging stress was imposed 40 days after seedling
transplantation for continuous 5 days by creating an artificial wagging condition in
tanks. Different physiological, biochemical and yield contributing traits were evaluated
from both controlled and treated samples. Significant difference was recorded for bulb yield
under control and watdogged condition. However, it was found that microbial treatments
helptheplantto maintainthegrowthandbulbyield underwaterloggedcondition.Seedling
inoculated withAzotobacterspp.performed superiorly under contrahd stress regime in
boththe genotypedasedon the crop phenotypicgrowth andoulb yield performance22-

25 t/ha under waterlogging stress). The study thus concludeézb&tbacterspp plays
significant role in onion crop under waterlogging stress (Fig. 2.8).

Control Waterlogging
30 30
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Fig. 2.8 Effect of microbialtreatment®n onionbulbyield underwaterloggingstress

2.3.2Effect of plant growth regulators on onion crop and yield under water
logging stress

Plantgrowth regulatoréPGRs)play asignificantrole inplant developmentarocessand
modulating plant replies to various abiotic constraints includiuagerlogging stress. A
field experimentwas conducted to evaluate the effettifferentplantgrowth regulators
namely,Putrescing50, 100,200 ppm), Spermineg(50, 100, 200 ppm), Gibberellicacid (50,

100, 200 ppm), Salicylic acid (50, 100, 200 ppm), Kinetin (50, 100, 200 ppm) and
Melatonin (50, 100, 200 ppm) in onion variety namely, Bhima Dark Red under
waterlogging stress (Fig. 2.9). Foliar application of PGRs was done 10 days prior
waterlogging treatment. Waterlogging stress was imposed 45 days after seedling
transplantation for continuous 5 days by creating an artificial watgging condition in
tanks. Different physiological, biochemical and yield contributing traits were evaluated
from both controlled and treated samplésliar spray of Melatonin @0 ppm improves
onion cropgrowth and bulb yieldinderbothcontroland waterloggingtresscompared to
other treatment. Thus, it can be concluded that foliar spray of Melatonin @ 50ppm
improves onion crop growth under waterlogging stress.
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Fig. 2.9 Effectof plantgrowthregulatorson onionbulbyield underwaterloggingstress
2.3.3Effect of high temperature stresson onion crop growth and yield

A potexperimentwasconductedo evaluatehe effectof high temperaturestresson onion

crop growth and performance in two onion variety Bhima Shakti and Bhima Kiran.
Temperature conditions were set in growth chamber where 45 days old plants were exposed

to increasing temperature range of 26,35, 38,40,42,4 5 for 24 hours. A s
plants were keptndernormalgrowth condition (temperature 26 )n open field.No
significant di fference was recorded for the
leaf area, leaf senescence and chlorophyll content when plants were exposed to temperature

of 26, 30 & 38C compared to control plants. However, as the temperature increases beyond

35°C significant alteration in plant phenotypic growth were recorded in both the variety.
Reduction in leaf area and induction in leaf senescence were observed as the temperature
increasesPlantse x p o s e d retcomed4vizh wilting symptomand pooiplantgrowth

during recovery time but get 580% recovered after stress period. However, plants
exposed to 4% failed to recover aftes t r ess peri od. Thus, it can
temperature and beyond that are damaging for onion crop growth and development.
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3. Crop Protection

3.1. Development,refinement and validation of management strategies
for major fungal diseasespests of oniongarlic

3.1.1. Collection, isolation, and identification of fungal pathogensand bio-
agents

The samples of diseases (Anthracnose, Purple bl&wmphylium blightWhite rot,
Damping off, Basal rot, and pekarvest pathogens) were collected from the ICAR
DOGR field and from adjoining places (Fig. 3.1). Pathogens were isolated, and cultures
identified from Colletotrichumspp., Fusarium spp., Alternaria spp., Stemphyliumspp.

etc., based on morphological characters and are maintained. In addition to that, bio
agentsincluding Trichodermaspp., werealso isolated.

Fig. 3.1Experimentaield atICAR-DOGR, Pune

3.1.2. Evaluation of Trichoderma species/isolateson crop growth of onion
and diseasemanagementof onion under field condition during rabi 2021
22 andkharif-2022

Crop growth

The effect ofTrichodermaspp./isolates (11 isolates) on onion crop growth was studied.
Observations on growth parameters were recorded. Results reveal that enhanced growth
among Trichoderma spp./isolate T166 treatment and plant height up to 8% and
pseudostem diameter up to 5% were recordeglin onion. However, irkharif onion,
Trichodermaspp./isolategdreatedplants showedenhancedplant height (ranging from

0-7%) and pseudosterdiameter (range2-18%) over control.

Effect on diseases

Eleven Trichoderma spp./isolateswere evaluated against Stemphylium pathogens
during rabi 2022. Eight isolates inhibited Stemphyliumdiseasefrom 8-33% over
control. The maximum (33%) inhibition recordedin Trichodermaisolate NRCG-8.

Similarly, during kharif 2022, all the isolates inhibited anthracnogseister and
Stemphyliumdiseases. Again, the maximum inhibition of anthracnose (44%), twister
(50%), and Stemphylium(40%) were recordedwith Trichodermaisolate, NRCG-8.
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Bulb yield

Among the 11Trichoderma spp evaluated, all isolates enhanced the yiel®{27%.

The maximum (27%) increase was supported ToichodermaT-166 (21 t/ha) over
control (16.7 t/ha) inrabi 2022. Whereas, duringharif, among the 1ITrichoderma
spp./isolates evaluated, ten isolates enhanced the yield ranging fré28%l The
maximum (29%) increasewas recordedn TrichodermaT-8R (22 t/ha) treated plots
over control (17 t/ha).

Molecular characterization

Themolecularcharacterizatiof 11 TrichodermaisolatesvereperformedusingPCRand

using sequencing of internal transcribed spacer (ITS) and translation elongation factor 1
alpha(TEF) basedprimers. PCRoroductswerepurified andsequenced?hylogenetidree

was constructed with MEGA 11 software program using the Neighbioing distance
algorithm method (Fig. 3.3).

A T. longibrachiatum strain GRDT1
87%
A T. longibrachiatum strain GRDT4
A T. longibrachiatum strain GRDT5

— A T. longibrachiatum strain OGRDTI

A T. longibrachiatum strain OGRDT2

A T. longibrachiatum strain GRDT7

A T. longibrachiatum strain GRDT8
92%
@ T. capillare strain OGRDT3
. T. harzianum strain GRDT2

’ T. asperellum strain KVRDTI1
. T. asperellum strain GRDT3

92% | @ T.asperellum strain GRDT6

0.050

Fig. 3.3Phylogenetidreeof partial ITS/Teflgenesequenceby maximumlikelihood
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3.1.3. Evaluation of disease management modules against major fungal
diseases of onion

Effect on diseases

Four modules (M1, M2,M3, M4) with existing practice( EP) , fpractica €HP) 0
and absoluteontrol (AC) were evaluated duringabi-2022. All the modules inhibited

the Stemphyliumdisease, ranging from 18B0% over control. The maximum (30%)
inhibition was recorded with M1 (Intensive management) being at par with M2. During
kharif 2022 season, all the modules inhibited the Anthracnose disease ranging from 5
51% over control, maximum with M1. While comparing with FP, the maximum
inhibition was recorded with M1 (48%).

Bulb yield

Among the above four modules (M1, M2, M3, M4), M1 supported24% and 13%
higher yield over control (21 t/ha) and FP (23 t/ha) duringréie 2022. Again, during
kharif 2022, the pattern was the same, where M1 (19 t/ha) regis2&%dhigher yield
over control (15 t/ha).

3.1.4. Evaluation of Amritpani based organic formulations
Effect on diseases

Four Amritpanibased organic formulations (DOGROF1, DOGROF2, DOGROF3, and
DOGROF4) were evaluated against major onion diseasesbin2022. The maximum
(836%) Stemphyliumnhibition was recorded in the treatment, DOGROMajra flour,
Calotropis leaves, Karanj leaves, Ginger powder, Turmeric powder, Hing powder to
Wate, followed by DOGROF4 (27%). A maximum of 73 PD&témphylium was
recorded,with control being a minimum with DOGROF3 (47 PDI). Similar trends
were recorded during thikeharif 2022 season, where DOGROF3 supported maximum
(32%) inhibition of Anthracnose, followed by DOGROF1 (24%) being at par with
DOGROF4. The maximum 60 PDI (Anthracnose) was recorded with the control being
minimum with DOGROF3 (40 PDI).

Bulb yield

DOGROF3 recorded a 7% higher yield (27.9 t/ha) than the control (25.9 t/ha) during
rabi 2022. Similarly, inkharif 2022, DOGROF3 treatment produced a maximum 28%
higher yield (16.40 t/ha) followed by DOGROF1than the control (12.80t/ha).

3.1.5. Evaluation of onion germplasm for diseases

Eighteen white onion germplasm along with checks were evaluated against
Stemphyliumdiseasein rabi 2022. All the germplasmreceiveddiseaseranging from

13-23 PDI. Six germplasm namelyWyHTB-9I-LT-15SMC-M7, WHTS7G-GT-15-SC

M7, W-337, W-448, WHTB-103T-15SMC-M7, WHT-23A-3 received<15 PDI, rest
received higher PDI. Among 19 red germplasms evaluated, all recorded Stemphylium
disease ranging from-20 PDI. Among them, 11 germplaswe., DOGRHy-6, 1819,
DOGR-Hy-8, 1613, DOGR-Hy-56, 1621, 1628, 1649, 1622, 1774, 16&8eived<15 PDI.
Eighteen white onion germplasm evaluated against anthracnose disease, all germplasm
received higher disease ranging from 8®0 PDI, and eight germplasm could not
survive till the end.Further, 15 red onion germplasm along with checks evaluated, all
germplasmreceivedhigher anthracnosealiseaseranging from 44-100 PDI (Fig.3.4).
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Fig. 3.4 Twisterdiseasen germplasmatlICAR-DOGR, Pune

3.2. Biotechnologicalapproachesfor biotic stressmanagement

3.2.1.ldentification and expression analysis of streseelated miRNA in onion
(Allium cepa

MicroRNA (miRNA) is one of the key

components in the regulation of gene T —
expression. miRNAs are PR4 nucleotide 7
long, endogenous neroding RNAs that i
regulate their target gene expression.
miRNAs reportedlyinvolvedin regulating
importantprocesse plantdevelopment, i
disease and stress response, hormone
signalling etc. With the availability of A%
computational tools and genomic
resourcesmiRNAs from numerous plants  Fig. 3.2.1 Hairpin structure of predicted miRNA
areidentified. In onion, limited numbersof

miRNAs were identified due to the navailability of genome sequence and limited
genomic resources. We identified the 119 miRNA and their target genes from the onion
genomg PRJEB2950% Expressiorof targetgenesn purpleblotchinfection,droughtand
waterloggingstressvasstudiedusingpreviousRNAsed.Theinformationgeneratedn the
present investigation will be a foundation felucidating the miRNA mediated gene
regulationin onionin responseo diseasendstressconditions.PatMaN(PatternrMatching

in Nucleotide databases) tool was used to identify the homologous miRNA sequences to
themiRNA in oniongenomesequencesl o providetranscriptionakvidenceof therole of

miRNA genesn biotic andabioticstressn onion,RNAseq datageneratedn our previous
experimenftor biotic stressdroughtandwaterloggingwasused.The BAM scalewasused

to get normalizedjuantifications of the expression of miRNA genes from RNAseq data
(Pongor et al., 2020), and transcript level quantification was expressed in FPKM. Out of
119miRNA genesy/3showedexpressiorifferentstressconditionsin onion.Out of these

73 miRNA genes,14 were showed a consistenpression levebf up ordown regulation

in diseasewaterlogginganddroughtstressconditions.The miRNA genesjncluding Ace
MIR408a AceMIR2275h AceMIR168¢ AceMIR166¢c and AceMIR69a showed
variationin expressiornn responséo A. porri infection (Fig. 3.5). ThemiRNA genedike
AceMIR1683 AceMIR1593 AceMIR827a AceMIR398h AceMIR398c and Ace
MIR393awere found to be differentially expressed in drought stress in onion genotypes.
In waterloggingstressthe following miRNA genesAceMIR2275h AceMIR168h Ace
MIR168¢ andAce MIR69g showed differential expression in onion.

%
(4
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3.2.2. Chitosan-Nano conjugate promotes growth and Stemphylium Leaf
Blight resistance inonion

Nano natural polymers are becoming increasingly popular for managing pathogens since
they offer a potentially safe alternative to chemical pesticides and fungicides. Among these
nancepolymers chitosannanoparticle§CNPs)haveattractedconsiderablenterestfor use
asbiomateriatbasedagrochemicalslueto their uniquequalities,suchasnonttoxicity, low

cost, biodegradability, high permeability through biological membranes, and broad
antifungal activities against numerous phytopathogenic fungi. Experiments were conducted
to test the effeadf chitosan nanoparticles on growth and resistance to Stemphylium Leaf
Blight in onionsby seedreatmentfoliar sprayandthe combinationof seedreatmentand

foliar spray. In addition, the effect éfeatments on vegetative, reproductive growth and
yield of onion was studied.

3.2.3.Effect of chitosanon onion seedgermination, growth of onion and yield

The chitosan treated onion seeds showed better germination and vigour than untreated
seedsThreetreatmentsvereused(seedreatmentfoliar sprayandseedreatment+ foliar

spray) in the field and pot experiment along with the control. It was observed that seed +
spraytreatmenshowedbettergrowth parametersike plantheight,leaf lengthJeafwidth,

pseudo stem length and width. Similarbnion bulb yield was also higher in ahitosan

treated samples than control. The highest yield was recorded in seed + spray treatment
which are 17% higher than control, which indicates the growth promoting effect of chitosan
in onion (Fig.3.6).

Fig. 3.6 Germinationandvigour of theonionseedlingsA. 15 daysandB. 35 days
3.2.4.Chitosanpriming enhancedresistanceagainstStemphylium Leaf Blight

The disease severity index was measured, and it was fhahthe severity of SLB was
20%lowerin seed+ spraytreatmentaiscomparedo thatof control.Lower diseaseseverity

in chitosan treated plants suggests that chitosan nanoparticles can boost the defence
responseén onionplants. PercenDiseasdndex (PDI) wererecordedat 30,45,60,and75

days after transplantation (Fig. 3.7). The PDI found reduced in those treatments where
chitosan was used as seed + spray treatimahe field compared to untreated plants and
othertreatmentgseed treatmenftoliar spray).The highesPDI (28.6%)were recorded in

the controlplantsandthe lowestPDI (20.8%)were recordedh the treatmenivhereseeds

were treated with 1% chitosan combined with foliar spray.
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Fig. 3.7 Diseaseseverityafterchitosartreatmentn field condition
3.2.5.Biochemicaland molecular analysis

Higher growth and disease resistance in onion plants after chitosan priming were further
evaluated at the biochemical and molecular level. Chlorophyll, flavonoid and phenol
contentwerefound to behigherin chitosan treated plantSimilarly, pathogenesigelated

protein (PR1 and PR4) gene expression levels were also found to be higher in chitosan
treated plantdt suggestshatchitosan nanoparticlaaducesystemicresistancen onions
againstSLB. Theresultssuggesthata combinationof seed treatmerandfoliar spraycan

be used to control the SLB of onion with growth promotion (Fig. 3.8).
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Fig. 3.8 Expressiorof PR1andPR4responséo SLB infectionin chitosarntreatedplants
3.2.6.Zn -NanoparticlesagainstFusarium causingbasalrot of onion

With the rapid advancement of nanotechnology, there is a growing interest in using
nanoparticles to control plant pathogens. Here, we used zinc nano particles to control
different fungal pathogerrusarium causing basal rot of onion. These ZNPs are
synthesizedn bothchemicalandbiologicalmethodsvereusedin presenstudy.Different
concentrationsike 10 ppm,30 ppm,50 ppm,100ppmand200ppmof ZnO andZnO-NP
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(both chemically and biologically synthesisedire added in the PD&edium while the
mediumwaspouredinto Petriplates. A mycelialdiscwith havinga diameterof 4 mmwas
cutfrom theten-day-old fungusculturesandinoculatedhesepetri platesIncubatedor 10
daysat27+ 1 °C. A significangrowth differenceamongthe differentconcentrationsvas
observedunderin vitro conditions.In the PDA Petriplatestheresultsclearlyshowthatas

the concentrations of the Zn®P increased, the radial growth of the pathogen was
decreasedlheminimumradialgrowthwasrecordedat200 ppmfollowed by 100 ppm At

200 ppm there was more than 50% decrease in the radial growth of Fusarium. Thus,
Nanoparticles can be exploited for the better control of onion pathogens.

3.2.7. Population genetic structure based on mitochondrial COI gene
sequences imhrips tabaciLindeman

Thrips are globally important crop pests also acting as vectors of plant viral diseases,
causing huge economic losses in agriculture. Thus, precise characterization of thrips is
foremost and fundamental step to for effective disease management. Therefore, to unravel
the genetic variation and structureToftabacion onion hosts from differergeographic
locations across India by amplicon sequencingnt€OI gene through next generation
sequencing (NGS). The intspecies genetic variation imtCOIl gene of T. tabaci
population in India investigated. A raw amplicon sequencing statistics was given (Fig.
3.9).Thehighestnumbersf readsweregeneratedn samplefrom Sikkim (247,362)and

lowest reads were from Tamil Nadu (204,698). GC content was ranged between 33.6 to
34.5 %. More than 84 % of reads were passed the 30 phred score, indicating good data
quality. Phred quality scoraumerically expresses the accuracy of each nucleotide. Higher

Q number signifies higher accuracy of data.
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Fig. 3.9 Locality wise percentreadswith variations
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The high level of variations was found withmtCOI gene with respective localities in
India. Locality wise percent variations have been calculated from total reads recorded.
Amongall localities,307_Palampurepresentfighestnucleotidepolymorphismfollowed

by 306_Tamilnadu, 305_Maharashtra, 303_Haryana and 302_Gujrat. Compared to other
localities,low level of mitochondrialgeneticvariationwasobservedn 304_Delhiisolates.
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3.3. Epidemiology and biomanagement of major fungal diseases of
onion-garlic

3.3.1. Deciphering the infectious process of major fungal diseases of onion
garlic through basic, biochemical and molecular approach

Identification of phenotypicfactors that aids infection process

Pathogenicity of anthracnos$eister was confirmed after inoculating the 40 days old onion
seedlings ¥ar. Bhima Super) with the fungal suspensions @Gblletotrichum
gloeosporioideswith 100% disease incidence. The first symptom appeared three days after
inoculation,initially observedaslightneckelongationandon 4 DAI observedhetwisting

of the leaves as well as the developmaiivatersoaking sign with depressed lesions on

the leaves. Gradually elongation of lesions occurred frddA§ and the leaves showed
sunkenovallesionsontheleafbladesanddepressetesionsontheleafsheathattheneck;

later, these lesions developed with salmon/oras@eured conidial mass on 6 DAI on 7

DAI lesionsbecomingnecroticor matured.Thesdesionscontainedclustersof acervuliof

C. gloeosporioideg8 DAI). Further it leads to rotting of stem. Dieback and wilting
symptomswerealsoobservedwith final PDI of 54.32.The mostextendedceck(3.69cm)

and twisting of leave at the neck later these lesions developed with salmon/coémged
conidial mass from 6 DAI, and on 7 DAI lesions becoming necrotic or matured. These
lesions contained clusters of acervuli©f gloeosporioide¢8 DAI). Further, it leads to
rotting of the stem. Dieback and wilting symptoms were also observed with higher
magnitude of disease (PDI, 54.32) (Fig. 3.10). The most extended neck (3.69 cm) and
twisting of leaves were very evident in inoculated as compared to control. Seedlings
inoculated with sterile distilled water remain unaffected. The two pathogens were re

i solated from the diseased onion plants to s

Colletotrichum gloeosporioides —

control

Fig. 3.10Infectionprocesf C. gloeosporioide®n onionplants
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3.3.2.Understandingthe role of secondarymetabolitesof biocontrol agents
against major fungal diseases of onicgarlic

Extraction of secondarymetabolitesfrom Trichoderma spp.

Eleven nativein vitro-promoting traitsviz., Indole acetic acid (IAA)Siderophores
production,phosphoruspotassiumandzinc solubalizatiorweredeterminedlAA content
of different Trichodermastrainswasvariedfrom 23.52to 45.65ug/ml. T. asperullumand
NRCG-8 strainsproducedhe highestlAA concentration®f 45.65and 45.54ug/ml were
detectedrespectively,in culture filtrates. Siderophoreproductionvaried from 30.00to
40.45 % production. Maximum siderophore production was observad asperullum
(40.45%)NRCG-8 (39.40%)T. harzianumS-1 (39.40%)T. harziamunS-2 (38.51%)and
T-354 (38.43%}hatimproved the plangrowth,yield and storage quality @hion.T-18,
T-166,T-292,andT. asperullumhadtheability to producephosphatesolubalizatiorzone
of 3.59,3.10,2.15and1.40cm remainingsix strainsviz., T. harzianumS-1, T. harziamun
S2,T. viride T-4R, NRCGS8 and F29 had no ability of phosphate solubalization (Fig.
3.11).All elevenstrainscouldsolubilizethezinconthemedium.T. harzianumS-1 showed
maximum zinc solubalization zone of 5.6 cm followedToyviride, T. harzianumS-2 andF
18 (Fig. 3.12).

Fig. 3.12Phosphatsolubalizatiorability of Trichodermaspp.

Pageb3 of 155



3.4.Bio-intensivelPM strategiesfor insectpestsof onion and garlic
3.4.1.Evaluation of entomopathogensgainstonion thrips

The bioefficacy of three entomopathogenic fungecanicillium lecanij Beauveria
bassianaMetarhiziumanisopliag andplantorigin insecticidej.e., neemoil andtheir 1:1
combination with neem oil were tested against onion thfipsps tabaci.Spinosad, a
biological pesticide, is taken as a positive control. Results revealed that all three insect
pathogens wereffective against nymph and adult populations of onion thrips and
significantly superioroveruntreateccontrol.In theinsectpathogernreatedplots,theadult

thrips population was reduced by 30.3 to 36.2%, while nymphs were reduced by 35.5 to
41.9%. The overall mean reduction was 32.9 to 39.1% over control. Among the
entomopathogens, lecaniiwaspromisingagainstonionthrips,followed by B. bassiana
Thecombinationof neemoil andL. lecaniishowedbetterefficacyagainsthethripsadults
andnymphs, and that produced up to 41.2% population reduction, followed by the neem
oil andB. bassianacombination.Spinosadvasthe mosteffectivetreatmentagainsthrips

adults and nymphs, which produced a population reduction of 79.1% and 88.6%,
respectivelyThe orderof efficacy of insectpathogensndtheir combinationsvasspinosad

> neemoil plusL. lecanii > neemoil plus B. bassiana> neemoil plus M. anisopliae>
neemoil >L. lecanii> B. bassiana>M. anisopliae(Fig.3.13).

m Thrips

JllllllL

Tl-Neem T2-L. T3-M. T4-B. T5-L. T6- M. T7-B.
0il lecanii  anisopliae bassiana  lecanii+ anisopliae bassiana + Spmosad
Neem Oil +Neem Neem Oil
0il

100

% Reduction over control

Treatments

Fig. 3.13Bio-efficacyof insectpathogensandbiologicalpesticideagainsonionthrips
3.4.2.Evaluation of reducedrisk insecticidesagainstonion thrips

The bioefficacy of twonew-generation insecticides, namely Spiroteramat 150 OD and
Spinetoram 11.7 SC, along with Profeno&f¥=C,were tested againgte onion thripsn
the latekharif season. (Fig. 3.14).
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Fig. 3.14Bio-efficacyof reducedisk insecticideagainsbnionthrips
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Both the insecticides were effective against onion thrips, and their efficacy was on bar with
ProfenofosSpirotetramaproduceda 92%thrips populationreductionovercontrol,while
Spinetoram and Profenofos treatment registered a 95% reduction

3.4.3.Managementof onion thrips through seedlingtreatment

Cyantraniliprole is a diamide insecticide (reducesk insecticide) with a novel mode of
action against chewing and sucking pests. The upward translocation of Cyantraniliprole by
xylemto newleaveswvasalsoreportedandfound effectiveagainsipestswhenappliedasa

seed treatment. A study was conducted to develop a seedling root dipping strategy for
protectingtransplantednionsfrom onionthripsin the mainfield. Treatmentonsistedf

five dosesf Cyantranilirprole(0.4,0.8,1.2,1.6and2.4 ml/lit) andCarbosulfar? ml/lit as

a positive control and untreated control. The newly uprooted onion seedlings were root
dipped(cv. BhimaKiran) in eachconcentratiorseparatelyor 2 hrsandtransplantedn the

main field. The onion seedlings treated with insecticides were monitored for thrips
infestation up to 38lays aftetransplantingand thepopulation was recordedhe results
revealed that uprooted seedlings treated with Cyantraniliprole 10% OD at various doses
recordedewerthripslarvaecomparedo Carbosulfartreatedanduntreatedtontrol; fewer

adults compared to untreated control. The treatment concentration of 1.6 ml/lit recorded
the least number afiymphs (11.1 thrips/plant) and adult thrips (14.9 thrips/plant). The
mean number of thrips in Carbosulfan treatments was 14.3 thrips{planph) and 17.7
thrips/plant (adult) (Fig. 3.15).
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Fig. 3.15 Effect of Cyantranilirpoleseedlingdipping on thrips in transplantedonion
T1- Cyantranilirpole@ 0.4ml/lit; T2- Cyantranilirpole@ 0.8ml/lit; T3- Cyantranilirpole@ 1.2ml/lit;
T4- Cyantranilirpole @ 1.6 ml/litT5- Cyantranilirpole @ 2.4 ml/litT6- Carbosulfan @ 2.0 ml/lit

3.4.4. Evaluation of newer chemistry molecules againsthrips tabaciin seed
crop

Field experimentwvasconductedluring rabi to evaluatehe efficacy of newerinsecticides

viz., Chlorantraniliprole 18.5% SC (150 ml/ha), Spinosad45% SC (160 ml/ha),
Imidacloprid17.8%SL (100ml/ha),carbosulfanFipronil 5% SC (1000ml/ha)andNeem

oil 0.5%(5000ml/ha)alongwith standaracheckProfenofoss0%EC (1000ml/ha)against
Thripstabaciin onionseedcropat ICAR-Directorateof OnionandGarlic ResearchPune.
Insecticides treatments were repeated thrice during the cropping season when pest
population crossed the economic threshold level (ETL=30thrips /plant). The results showed
that all insecticides significantly (p<0.001) reduced the ortimips population than
untreated checkBoth, carbosulfan and Profenopha®refound to beon parfollowed by
Imidaclopridin seedcrop.With regardto the seedyield, carbosulfartreatedplantsyielded
maximum with 3.5 g/ plant.
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3.5. Postharvestmanagementof storageinsectpestsand diseasesn onion
and garlic

3.5.1.Documentationof insectpestsand fungal pathogensfrom stored onions
Recordof newinsectpestfrom onion storage

Carpophilus hemipteruss a minute beetle with shorruncate elytra that only partially
covertheabdomenThelarvaearewhitish or yellowishwith a brownhead final lengthof

5-7 mm. Species generally infest dried fruits (Fig. 3.5.1 a). The adults are brown, black
brown, or black, the antennae drg&segmented, and the legs are yeHmd. The short
elytraaregenerallyyellow-brown,andthebodyis 2-4 mmin length.Elytrais darkbrown,

and each elytron' with a large, and distinct pale yellowish spot at the apex and a similar
smaller spot at the base (Fig. 3.16). Beetles are strong fliers, capable of covering several
kilometresin searchof food. Theeggsarelaid on freshor rottedonionbulbs.Infestationis
generallycarriedfrom thefield to storage Maturelarvaeemergdrom the bulb andpupate

in the soil. Adults carive 6-12 months and deposit 5A@00 eggs. Adults and larvae occur

in all seasons, and several generations are produced annually. Development from egg to
adult takes 121 days at 27 °C and 415 days at 32 °C. Simultaneously confirmed through
DNA barcode, which involves DNA sequence analysis of a portion (typically between 600
900 bp) of the mitochondrial gemgtochrome ¢ oxidase subunit | (QOLCO 1480 and

HCO 1298 primers were used for the studlyaplicons were sequenced and identified as
Carpophilus hemipterus

Grub Adult Beetle
Fig. 3.16(a) Grubof Carpophilushemipterusyb) Adult beetle
3.5.2.Isolation and identification of fungi from stored onion

The onion bulbs harvested in thabi season of 20222 werestored in the naturally
ventilated onion storage structure. The stored onion bulbs were sorted periodically to get
the rotted bulb sample$he fungalpathogens from the rottdmilb samplesvere isolated

in the laboratory on potato dextrose agar medium. They were allowed to proliferate,
followed by sub-culturingto obtaina pureculture.Foridentificationof fungalisolatedthe

DNA was extracted, and the ITS region was amplified by PCR using primer pait ITS
(TCCGTAGGTGAACCTGCGG)and ITS-4 (TCCTCCGCTTATTGATATGC). The
amplified PCRproductwasthensequencedindBLAST analysiswascarriedout. Among

the five isolates, two aréspergillus niger,and one each ofusarium falciforme,
Aspergillus welwitschiaandAspergillus ochraceuwere characterized (Fig. 3.17).
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Fusarium falciforme Aspergillus welwitschiae Aspergillus niger Aspergillus niger Aspergillus ochraceus

Fig. 3.17Fungalisolatedrom storedonion

3.5.3Monitoring of pesticideresidueslevelsin onion bulbs from different
parts of Maharashtra

Pesticidaesidudevelsin onionbulbswereanalyzedrom differentonionproducingareas

of Maharashtra, namely Pune, Solapur, Nasik, Ahmednagar, Dhule, Jalgaon, Amravati and
Akol a. The surveyds main objective is to u
usedn onion-basedagroecosystenmandto monitorthepesticideresidudevelsin thebulbs

(Table 3.5.1). The survey results demonstrated widespread incorrect pesticide use, storage,
and disposal practices at the investigated locations.

Table 3.5.1: Pesticide levels detected in onion bulbs from different oniggroducing
areas of Maharashtra

District Market/ village Detectionof | Residues MRLs Method
pesticide (ng/kg) mg/kg

Pune AlephataMarket No Pesticide NA NA LC-MS/MS
Manchamarket detected
Farmerstorage;
(Shirur)
DOGR,Pune

Solapur Farmerstorage No Pesticide NA NA LC-MS/MS
(Karmala) detected

Nashik NiphadMarket Carbofuran 0.025 0.3 LC-MS/MS
LasalgaorMarket No Pesticide NA NA LC-MS/MS

Dhule FarmerstoragePhule detected

Jalgaon Farmerstorage; Chlorpyrifos 0.01 0.05 GC-MS/MS
Chalisgaon

Ahmednagar | FarmerstorageNagar | Carbofuran 0.008 0.3 LC-MS/MS
TisgaonMarket No Pesticide NA NA LC-MS/MS

Akola FarmerstorageAkola detected

Typesof pesticideusedby farmer during the onion cultivation:

Insecticide: Profenofos***; Carbofuran**; Chlorpyrifos; Phorate; Cypermethrin; lambda
Cyhalothrin***; fipronil**; Carbosulfan; Fungicide: chlorothalonil; Sulphur; mancozeb***;
pyraclostrobin 5% + mitiram 55%***; carbendazitderbicide: Oxyfluorfen***

With the help of the QUEChERS technique, pesticide concentrations could be measured.
Three samples (S6, S9 & S10) out of 12 tested positive for the two major insecticides,
Carbofuran (0.00.025 g/kg) and Chlorpyrifos (0.01 g/kg). SMRL levels of
organophosphates and carbamates (as defined by Codex Alimentarius and the European
Union) were found. The research conducted in Maharashtra found that the cultivation
methodsusedin onionproducingvillagesandthe consumptiorof onionsposeno risksto

human health.
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3.5.4.Sequencing and characterization of the complete mitochondrial genome
sequencing of the onion thrips Thrips tabac)

Thrips is an important and major pest of the Onion crop. The complete mitochondrial
genome of Onion thripsThrips tabaciwas sequenced for first the time (Fig. 3.18). The
circular genome of. tabacimeasured 12,033 base pairs (bp) in length. Twelve protein
coding genes (PCGs), twRNA genes and twenttRNA genes. With an average gene
lengthof 321 bp,the maximum,andminimumgenelengthof 1521bpand57 bp of tRNA
SlandCox1, respectively. The genéBRNAPro, tRNATyr, ND-4. ND-4l andND-5 are
located on the light strand. However, all other genes are on the heavy strand. Among the
12 PCGs, thATP-8 were repeated onckikewise,amongtRNA,tRNASerwasrepeated

four times.

B cos

B RNA

H RNA

B GC Skew+
B GC Skew-
H GC Content

Fig. 3.18Completemitochondrialgenomeof Thripstabaci
3.5.5.Recordof aminiature parasitoid wasp,Megaphragmaamalphitanum

The parasitoid wasplegaphragma amalphitanurfHymenoptera: Trichogrammatidae,
subfamily Oligositinae) i s one of &adole small e
length)is comparablevith unicellulareukaryotesandevensomebacteria.This parasitoid

was revealed in association witlmrips tabaci whose existence was realized through whole

mt genome sequencing of thrips. The sequence obtained hasulemitted to NCBI

GenbankThe genusMegaphragmétribe Oligositini) currentlycontainsl5 speciesall of

which are egg parasitoids of Thysanoptera e.g; Gdbtegaphragmas known to parasitize

greenhouse thripgieliothrips haemorrhoidalis A detailed study on the biology and

rearing ofthis parasitoid is needed as this couldasct potentiabiological controlagent

to manage thrips.
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Externally FundedProject: SERB-DST

3.6. Taping the potential of native stinglessbee Tetragonulairidipennis
Smith for pollination enhancementand profitable onion seedproduction

3.6.1.Surveyand documentationof native stinglessbeespeciesvisiting onion

Surveyswereconductedor stinglessbeeactivity in seedonionsatatotal of 9 locationsin
thePunedistrict, 7 locationsin the Ahmednagadistrict, 17 locationsin the Nashikdistrict,
11locationsin the Sataradistrict,and8 locationsin theNandurbadistrict of Maharashtra.

The presence of stingless bees was recorded of ##e 52 survey locations. They were

the dominating species in the districts of Pune and Ahmednagar. However, only a few
locations in Nashik (Takli and Vinchirpne location each at Satara (Kheahd Pilipadi,
Shravani, and Gansavangi (Nandurbar) recorded the species activity. Loge&rithe
stingless bees that visited onion umbels have been collected and further taken into DNA
barcoding for species identification. The 650bp cytochrenogidase | COIl) gene was
amplified and sequence@ytochrome ¢ oxidaseDNA barcode sequence of the species
has been established. The sequences revealed the prevalence of five different species of
stinglesshees,ncluding Tetragonula,Trigona, Oxytrigong ScauraandMelipona,with a
similarity range between 83 to 90% with the available nucleotide sequences. The
morphometry of the stingless speciesiridipenniswas recorded, including body length,
head length, head width including eyes, Antennal length, lapping tongue length, thorax
length, thorax width, mesoscutellum length and width, fore and hind wing length and width,
number of hamuli, tibial, tarsus, and abdominal length and width.

3.6.2.The completemitochondrial genomeof Tetragonulairidipennis

The stingless bees (Hymenoptera: Apidae: Meliponini) arpreedlominant nopis
pollinating species and are considered a viable substitute to tone down the pollination
deficit in many horticultural ecosystems including onion. The StinglesS egagonula
iridipennis (Smith) is an economically important species known as the Indian Dammer bee.
Stingless bees' smaller size and overlapping morphometric characteristics are becoming
challenging and timeonsuming to identify these species. Furthermore, many taxa's
evolutionary histories remain unexplored and not evident in the Meliponini tribe. In this
context, the complete mitochondrial genome ©f iridipennis (15,045 bp) was
characterizedisingnextgeneratiorsequencingdNGS) (Fig. 3.19).Thede novoassembly
encodes34 genesl3 proteincoding genesl9 transferRNA (tRNA9, and two ribosomal

RNA. Theaverageggenelengthwas400bp; the maximumandminimumlengthwas1530

bp ofcoxland 57 bp ofRNAS] respectively. The nucleotide compositionTofiridipennis

was biased towards A+T with 75.95% of the whole mitogenome.iridipennis
mitogenomeexhibitedthe highest gene rearrangement score (78), suggesting this species
has an overactive evolutionary history. The newly sequeiiceddipenniswas closely
related to thél'. pagdeniandLepidotrigonaspeciesThe completemitochondrialgenome

of T. iridipennisprovidesvaluablemolecularinformationfor future studieson Meliponini
insecttaxonomyanda frameworkto unveil moreof their unknowndiversityandconserve

this species.
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Fig. 3.19Mitochondrialgenomemapof T.iridipennis

3.6.3.Study of foraging behaviour and pollination potential of stingless bee in
onion

Foraging behaviour of stinglessbee

The stingless bed. iridipennishives, were obtained from private beekeeping and were
relocated to an onion seed production plot (efield) when the flowering approached 25%
blooming. The parameters of foraging behaviour, including foraging time, visits per unit of
time and, working behaviour (Teporker or Sideworker), purpose of visit (Pollen or
nectar), were studied for three consecutive days. The foraging abundance observations
began at 7:00 A.M. They continued until 5:00 P.M. The data showed that forage visits
commenced at 9.00 AM, with the highest number of bee visits (number of stingless bee
visits/sq m area/5Smimbserved around 12.30 PMfter 3 P.M., the rate dbee visitation
decreased (Fig. 3.20). The trend in visiting rate/min was similar. The observation of the
purpose and behaviour of visits revealed that most visits were made to collect pollen grains,
with top-working behaviour being the most common.
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Fig. 3.20Diurnal activity of stinglesseein onion
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3.6.4.Assessmenbf pollination potential of stinglessbeesin onion

To assess the potential of stingless bee pollination in onion, an expetiagehten laid
out(2021-22)undemyloncageg5 x 5 m cages)with four treatmentegimesncluding T1-
European beenApis melliferg, T2-Native stingless bee€T étragonula iridipeniy T3-Hand
pollination and T4Pollination exclusion (no pollinators activity). The desiftagout for

each regimavascovered with nylon beforambelinitiation to avoid thdoragevisitation

of nontargeted bespeciesThe seed yield parameterisicluding totalseedyield (kg/ha),
percentumbelset,anaveragenumberof seedgperumbel,seedweight/umbelg) andtest
weightof seed (g)were also recorded in each pollination regimagsesshe pollination
potential. The results revealed that placing stingless bee colonies at 25% onion blooming
yielded the highest seed output of 236 kg/ha (Fig. 3.21 and 3.22). It was better to hand
pollination and pollinateexclusion regimeslhis shows thahon-Apisstingless bees can

be essential in onion pollination and seed development.
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Fig. 3.220nionseedyield parameters differentpollinationregimes

3.6.5.Determination of pollination efficiencyindex (PEI) of stinglessbeein
onion

The pollinationefficiencyindex (PEl)estimatedased ortotal loos pollen grainsin each

A. melliferaworkerbee and stingledseeT. iridipennisand theirabundanceevealed that
pollen loads of two species varied significantly, with pollen loads on larger bédied
melliferabeing threefold higher iA. melliferacompared to stingless b&eiridipennis

Page61 of 155



4. PostHarvest Technology

4.1Processingand value addition in onion and garlic

4.1.1Developmentof processprotocolsfor drying and rehydration of red
onion cultivars

Biochemical quality evaluationof selectedred onion cultivars

Drying is complex heat and mass transfer phenomena in which former is aimed at
producing a highdensity, highquality product that have improved shié upon adequate
packagingandresultantproductcanberapidly reconstitutedvithout substantialossof its
quality. Though the production of red onion is more in India as compared to white onion
cultivars,the white onion is preferred over the red by the onion dehydration industry due
to various quality issues. The present investigation is focused on optimization of the process
protocol fordrying and rehydration of red onions. The biocheméralysis (parameters:
moisture content, TSS, total pyruvic acid (PA) content, total thiosulfinates (TT),
antioxidant activity (ABTS ( 2 ;adn@bis (3ethylbenzothiazoling-sulfonic acid)),
FRAP: Ferric Reducing Antioxidant Power Assay), total flavonoid content, total sugar,
reducing sugarpf selected cultivars i.eBhima Dark RedBhima Raj,Bhima Superand
Bhima Red, is carried out before drying experiments for selection of the cultivars.

Fig.4..1:Selectededonioncultivars

Table 4.1: Observed values of selected biochemical parameters (PA, TT, ABTS and
FRAP activity)

Parameters Moisture PA TT ABTS FRAP
content (umol/g (umol/g (TEAC (TEAC
% wb FW) FW) pmol/ g pmol/ g
FW) FW)
BhimaDarkRed 83.35+0.25 3.97+0.57 5.65+0.09 11.39+0.97 0.75+0.04
BhimaRaj 84.65+0.15 2.55+1.09 3.02+0.6 8.09+1.22 0.75+0.02
BhimaSuper 86.15+0.35 3.99+0.22 5.83+0.45 9.44+1.08 0.8%0.03
BhimaRed 85.45+0.23 3.47+0.65 3.53+0.64 9.4+0.47 0.81+0.03

PA-PyruvicAcid; TT- Total ThiosulphinateFW- Freshweight, ABTS- (2,2-azincbis (3-
ethylbenzothiazoliné-sulfonicacid)); FRAP- FerricReducingAntioxidantPowerAssay
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Table 4.2: Observedvaluesof selectecbiochemical parameters(Phenols flavonoids,
sugar)

Parameters Phenol GE Flavonoids Total Sugar Reducing
(mg/gFW) QE (mg/g g/100gFW) Sugar

FW) (mg/gFW)

BhimaDarkRed 0.33+0 0.15+0.01 10.44+0.8 4.08+0.11

BhimaRaj 0.39+0 0.1+0.01 7.75+0.35 3.12+0.04

BhimaSuper 0.3+0 0.1+0 5.76+0.99 2.82+0.09

BhimaRed 0.43+0.02 0.1+0 6.79+0.58 2.98+0.04

GE-GalicAcid Equivalent,QE- QuercetinEquivalent;FW- FreshWeight

Optimization of pretreatment and process parameters for drying and rehydration
process for selected cultivars

The process flow carried out for tlgeying experiments using various preservatives is
shownin figure (Fig. 4.2).For preliminaryexperimentdor the optimizationof redonion

slices (3 mm thick) dehydration process was carried out using hdtyairg method at
50,60and70°C.Theonionslices(BhimaSupervariety)werepretreatedvith 0.5,1, 2%

levels of NaCl and dried at 50, 60 and 70°C in hot air drier. After drying, the samples
werestoredin thepoly propylene(PP)bagsof 80 micrometeratambientconditions.The
sensory evaluation dhe freshly dried sampleshowed thathe samplepretreated with

1 and 2% NacCl levels were better in terms of color, texture and appearance. During
storagesamplegdried at 70°Candwith 1 and2% NaCl pretreatmentshowedbrownish
appearance after 30 and 45 days of storage. Thénrigdlucing sugar levels was observed

at 45 days of storage in both the samples. The moisture content also increased from an
initial 6.75%to 8.55%.Hence,useof NaCl pretreatmenalonewon'tbe ableto maintain

the quality of the dried flakes during storage. However, in combination with other
pretreatments, it shown good results as it has the ability to maintain colour of the dried
product intact as compared to other-meatments.
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Fig.4.2: Procesdlow chartfor dehydratiorof onion
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4.1.20ptimization of protocol for extraction of onion seedoil

Theexperimentwasplannedor theoptimizationof procesgor extractiononionseedoil

using mechanicadxtraction,soxhletextraction etcfor better yield and oil qualityThe
estimation ofthe totaloil contentin the seedsf differentonion cultivars (Bhima Kiran,
Bhima Light Red and Bhima Super) was carried out using soxhlet apparatus (Make:
Pelicansocplus4). Theonionseedsvereinitially driedto moisturecontentin arangeof
5.57% wb. Seeds were coarsely grounded (15 g each in 3 replicatesjlandracted
using soxhletpparatus (Make?elican soc plus 4Highestoil contentwas observed in
Bhima Superseeds (17-:88.3%). Bhima Kiran and Bhima Light Red seeds yielded
around 1517% oil content, The mechanical extraction at 80°C setting resulted in oil
recoveryof 12.5,13.8and14.7ml per100g seedsn BhimaKiran, BhimaLight Redand
Bhima Supewariety respectively.

4.2 Mechanizationin onion and garlic

4.2.10ptimisation of aerodynamiccharacteristicsfor onion storage

Physical characteristics of the selected onion cultivars for design of ventilation unit were
studied. The physical characteristics of fruit and vegetables have a key role in
understanding the flow behaviour of any fluid flowing through defined porous bed. The
physical characters like axial dimensions, GMD, AMD, bulk density, bulb density, and

porosity of Bhima Shakti and Bhima Kiran cultivars were measured for air ventilated

storage and are shown below (Table 4.2).

Table 4.2: Physical characteristics of onion bulbs

Variety ~ ED PD TK GMD AMD  BD TD PO
(mm) (mm) (mm) (mm) (mm) (kg/n) (kg/n?) (%)
Bhima 52.7+ 424+ 433t 458+ 452+ 463+ 814 4532t

Shakti 3.6 3.5 2.8 2.9 3.6 17.3 9.6 6.1
Bhima 49.3+ 43.2+ 428+ 438+ 443+ 5128+ 938+ 44.72+
Kiran 2.8 2.4 2.6 2.4 2.8 11.7 7.1 4.3

ED: Equatorial diameter; PD: Polar diameter; TK: Thickness; BD: Bulk Density; TD:
True density; PO: Porosity; GMD: GeometrideanDiameter; AMD: Arithematic Mean
Diameter

4.2.2 Selectionof aerodynamic parameters

The knowledge of airflow resistance and distribution pattern in a highly pdeds
commodity like an onion is an important consideration in designing an appropriate
ventilation system and for proper selection of fans. Based on reviewed literature and
preliminary experiments the range of airflow to decide the Resistance to airflow through
bulk onions was selected for further study is 810& n¥/sg. m? with a bed thickness of 4
feet.Airflow ratehasthe mostcritical role whenflowing throughany porousmediaandits
behaviour varies with the different properties of media materials. To study the effect of
entranceairflow rate on airflow resistancethe airflow rate varied from 0.4 to 1.0

m®/s. m? (0.40, 0.60, 0.80, and 1.0%he experiments are planned to optimize the
aerodynamic characteristics for bulk onion storage with individual control air valves for
eachcompartment (2.73.00 tonne/batch).
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5. Extension

5.1 Novelapproachesfor transfer of onion and garlic technologies
5.1.1 Developmentof DecisionSupport Systemdor onion cultivation

0 O N D SAsdecisionsupportsystemfor balancednutrient managementn onion

The unbalanced use of fertilizers without considering soil health and the actual needs of
cropsis asignificantfactorcontributingto low productivity.In orderto tacklethisissuea
decisionsupportsystemcalled’'ONDSS'hasbeendevelopedit encompassdeey features
thatassistfarmersin makinginformeddecisiongegardingnutrition managementhereby
promoting the balanced use of fertilizers according to the specific requirements of the
crops.The decisiommaking process ithe ONDSS is based on two main factdhe soil

health report available to the farmer and the scientifically recommended nutrient dose
derivedfrom thegenerahutrientuptakepatternof theonioncrop.By consideringeitherof

these factors, farmers can determine the appropriate nutrient application for their crops. To
facilitate this, the ONDSS provides a dose calculator that suggests the precise amount of
fertilizer to apply. This calculation takes into account the source of the fertilizer, the method
of application,andthe areaof thecrop. By utilizing this tool,farmerscanensurehatthey
areapplyingthe correctquantityof fertilizer tailoredto their specificfarming practicesin
addition to nutrient management, the ONDSS also gufdesers in identifying and
managing nutrient deficiencies. It includes a symptmsed deficiency identification
system, enabling farmers to recognize signs of nutrient deficiencies in their crops.
Moreover, the decision support system offers recommendations and strategies for
managing these deficiencies effectively.

6 OD P A d vA DeasiodSupport Systemfor diseaseand pestmanagemenin onion

Pests and diseases pose significant threats to onion crops, often resulting in yield losses.
Making timely decisiongegardingpestanddiseasananagemerit crucialin determining

thefate of the crop.To assistfarmers inmakingtheright decisiongo controltheseissues,
adecisionsupportsystemcalled'ODPAdviserhasbeendevelopedpecificallyfor disease

and pest management in onions. The ODPAdviser system is designed to guide farmers
through the process of identifyingpests anddiseases. It utilizes representatiphotographs

of symptoms to aid in accurate identification. By comparing the symptoms observed in
their cropswith thevisualreferencegrovided,farmerscandeterminethe specificpestsor
diseases affecting their onion plants. Once the identification is established, the ODPAdviser
system offers recommendations for management practices and chemical applications.
Theserecommendationarebasedon scientifically provenmethodsandbestpracticesor

pest and disease control in onions. Farmers can rely on the system to guide them in
implementing effective strategies to combat the identified pests or diseases. By utilizing
the ODPAdvisersystemfarmerscantaketimely actionto manageestsanddiseaseghus
minimizing the negative impact on their onion crops.

6 Smar t Mecisionsupportsystenfor varietyselectionin onion

In India, theadoptionof improvedonionvarietiesandrecommended agriculturpractices

is limited due to the prevalence of local cultivars and a lack of knowledge regarding suitable
varieties and agricultural techniques. To address these challenges, a decision support
system called 'SmartOnion' has been developed. This system aims to assist farmers in
making informed decisions when selecting onion varieties suitable for their specific
locality, season and colour preferences as well as providing guidance on timely farming
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operationdo improveyield. Based ortheinformationprovided by thdarmer,the system
processethedataandprovidesrecommendationsnthemostsuitablevarietyto cultivate.

6 On iCopa d v i nsobileapplicationfor farmers

"Onion CropAdvisor" mobileapplicatio® acomprehensivéool designedcanddeveloped

to provide farmers with easy access to onion farming information, empowering them to
make informed decisions about adopting improved package practices, market choices,
weather updates, and d&yday operations. The mobile application offers a variety of
features to support onion farmers. It provides text and vimesed advisories, giving
farmers valuable guidance and recommendations on various aspects of onion cultivation.
These advisories cover topics ranging from seed sowing to harvesting arithpeest
operations. Furthermore, the application includes blogs and a crop calendar, keeping
farmers informed about the latest happenings, events, and programs organized by the
Directorate. This ensures that farmers stay updated with relevant information and stay
connected to the larger farming community. The mobile application also serves as a
decision support system, offering tools and features that help farmers manage nutrients,
pests, and diseases effectively. It provides recommendations and solutions based on
scientific research and best practices, empowering farmers to make the right choices for
their crops. It serves as a es®p resource for farmers, providing them with access to
critical information, insights, and tools necessary for successful onion farming.

Onion/Crop
Adyvisor;

Onion Cro

Onion Crop Advisor pro s onion farming
solution for farmers and other
stakeholders.
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5.1.2Initiative multimedia-based news bulletin

A new initiative has been launched to disseminate -agrasory, technological
information, and news updates from tB&ectorate through a multimedizased news
bulletin. This bulletinis publishedon the Directorate'sYouTubechannein Marathi(K 0 0 B N T

r s

r oe$ (816 0 hand Hindi € 0 I r @3Bs € & 0 ) languages. In 2022, four episodes of the
bulletin were released, and it continues to be regularly uploaded on the Directorate's
YouTube channel and shared through WhatsApp groups for wider circulation. YouTube
hasprovento be aneffectiveplatformfor disseminatinghis informationas evidencedly

the significant engagement it has received. The bulletin has generated a total of 12,358
views, with viewers spending 366.8 hours watching the content. Moreover, the channel has
gainedl,011subscribersindicatinga growingaudiencdor theinformationbeingshared.

In addition to the regular news bulletin episodes, a multimbdsed success story
highlighting the uplifting of marginalized farmers through technological interventions
underthe SCSPSchemevasalsopublishedonthe YouTubechannelThis storyservesas
aninspiringexampleof howtechnologicabdvancementsanbring positivechangeo the

lives of marginalizedarmers.The useof multimediaplatformssuchasYouTubehasbeen
instrumental in effectively disseminating aeadvisory, technological information, and
news updates from the Directorate. The growing viewersuipscribersand watch time
demonstrate the utility of this initiative in reaching a wider audience and promoting
knowledge sharing among farmers and stakeholders in the agriculture sector.
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Fig 5.2 MultimediabasedNews

5.1.3Disseminationof agro advisoriesthrough Whatsapp groups and other social
media platforms

WhatsApp, a populasocial media platform, has been effectively utilized for the
disseminatiorof technologicainformation relatedo onionandgarlic. To ensurdgargeted
communication, specific oniegrowing districts were identified, and blogkise
WhatsApp groups were created to provide timely and locatpstific crop production
advisories. The advisory coverage extends to 18 districts, namely Pune, Nashik,
AhmednagarSataraSolapur,Osmanabadeed,Jalgaon AurangabadBuldhanaDhule,
Parbhani, Ratnagiri, Nagpur, Jalna, Gondiya, Jalgaon, and Wardha. In these distoi@k, a

of 80 major oniorgrowing blocks were selected, and farmers were included in the
respective WhatsApp groups. Apart from WhatsApp, other social media platforms
Instagram, FacebooRwitter have also been employed to disseminate information.

5.1.4Value chain modelof wild Alliums

A value chain model for wildAlliums, specifically 'Allium tuberosumi has been
successfully developed. This commercialized model ensures a regular supply of the
produce in accordance with the demand from KisanKonnect Farmer Producer Company
and Big Basket Pvt. Ltd, two major buyers in the market. Throughout the year, a total of
1534kg of wild alliumsweresuppliedto thesebuyersresultingin arevenuecollectionof
©159,653. The value chain model encompassesarious stages,including cultivation,
harvestingpostharvesthandling,packagingprandingandtimely deliveryto the buyers.

By streamliningtheseprocesseandadheringto quality standardsthe modelensures that

the wild Alliums reach the market in optimal condition, meeting the requirements of the
buyers and consumers. The collaboration with KisanKonnect Farmer Producer Company
and Big Basket Pvt. Ltd has provided a reliable market outlet for the ailidms
Additionally, the successfugéxecution of the value chain mod®s created opportunities

for income generation and market expansion for this untksed Allium.
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5.2 Transfer of improved technologies of onion and garlic and their
impact assessment

Extension activities not only help to disseminate the technology but also evaluate its impact
for furtherrefinement.This projectaimsatimproving knowledgeandskill of thefarmers,
extension workers and all others concerned with onion and garlic production through
dissemination of improved technologies developed by the Directorate and conduction of
various skill development activities. Total 355 demonstrations were carried out in
Maharashtra state duringharif (285), latekharif (30) andrabi (40) seasons through
institute projec{(30), SCSP(280),and MGMG (45). The progress under this projecs

below.

5.2.1Demonstrationsin kharif season

Onion varietiesBhima Supeland Bhima Dark Red were selected kbiarif in 5 districts

viz., Pune, Ahmednagar, Aurangabad, Beed and Solapur of Maharashtra state. Total 285
kharif demonstrations (10 from institute project, 260 from SCSP and 15 from MGMG)
werecarriedoutin thesedistricts.For demonstratiopurposemostly 2 kg onionseedwas
provided for each demonstration by the Directorate. Farmers arranged the onion seed of
local variety to compare the performance with the varieties of the Directorate.

5.2.2Demonstrations in late-kharif season

Onion varieties; Bhima Super and Bhima Light Red were selected foikhate
demonstrations in Pune district of Maharashtra state. Total 3&Hharg# demonstrations

(15 from institute project and 15 from MGMG) were carried out in Pune district. For
demonstration purpose, mostly 2 kg onion seed of each IDAKER developed variety
wereprovidedfor eachdemonstratiooy the Directorate Farmersarrangedhe onionseed

of | ocal vari ety for comparison of the perf

5.2.3Demonstrationsin rabi season

Onionvarieties;BhimaKiran andBhimaLight Redwereselectedor rabi demonstrations

in Pune and Ahmednagar districts of Maharashtra state. Totabd@emonstrations (5
from institute project, 20 from SCSP and 15 from MGMG) were carried out in these
districts. For demonstration purpose, mostly 2 kg onion seed of each-DEXRR
developedvereprovidedfor eachdemonstratiornby the Directorate Farmersarrangedhe

onion seed of local variety to compare the performance thighvarieties othe Directorate.

5.2.4Performance of frontline demonstrations

The demonstrations ikharif season revealed that the germination percentage (98), average
bulb weight(80 g)andyield (260 g/ha)of Bhima Superwasthe highest.BhimaDark Red
(255qg/ha)alsoyieldedmorethanlocal variety (190qg/ha).In varietaldemonstratiorrials;

Bhima Super variety yielded more as compared to other varieties regardless of torrential
downpour. Hence, ICARDOGR recommended planting of Bhima Super variety on raised
beds under changing climatic conditions. The germination percentageay@éage bulb
weight(85 g) and the yield (425 g/ha) of Bhima LigRéd were the highest latekharif
demonstrationdBhima Super(400 g/haalso yielded mor¢han localvariety (240 g/ha)n

late kharif demonstrationsThe demonstrationsonductedn rabi in Maharashtraevealed

that the germination percentage (94), average bulb weight (84 g) and marketable yield (350
g/ha)of BhimaLight Redwerethe highestandBhimaKiran (345qg/ha)alsoyieldedmore

than local variety (280 g/ha). The varieties developed by KDARGR were found superior

over the local cultivars in all the demonstrations. The performance of trials at different
locations is given in Table 5.1.
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Table 5.1 Performanceof frontline demonstrationtrials

Season Variety Germination | Average Bulb Marketable
(%) Weight (g) yield (g/ha)
Kharif BhimaSuper 98 80 260
BhimaDark Red 96 75 255
Local 80 65 190
Late-kharif | BhimaSuper 94 82 400
BhimaLight Red 96 85 425
Local 76 72 240
Rabi BhimalLight Red 94 84 350
BhimaKiran 93 82 345
Local 75 70 280
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C.All India Network Research Project on
Onion and Garlic

Germplasm evaluation

During the Rabi season, twentywo red onion germplasm anfifteen white onion
germplasm were evaluated for different characters at five distinct locations viz. Karnal,
Kanpur, Jabalpur, Rajgurunagar and Coimbatore along with varietal checks.

Onion varietal

During Kharif, white onion AVT-1 (2), in red onion AVl (6) and AVT-II (2) entries,in
latekharif, white onion AVT -1l (2),redonionvarietyAVT -1l (2) andvarietalperformance
AVT-Il (9) entriesjn rabi, whiteonionAVT -1 (2) andAVT -l (2) andwhite onionHi-TSS
AVT-I (4),in redonionlET (5), AVT -1 (6) andAVT-Il (2), in early maturitytrial, AVT -1
(2) entriesweretestedalongwith check.In longdayrabi white onionAVT -1 (2) andAVT -
Il (2) andwhite onionHi-TSSAVT-1 (4),in redonionlET (5), AVT -l (6) andAVT-II (4)
entries were tested alongth check.

Onion Hybrid

In shortday AVT-I kharif, two red onion entries and in AVITlate kharif, two red onion
entriesweretestedalongwith check.In AVT -1 shortdayandlong dayrabi, four redonion
entries were tested along with check.

Garlic Varietal Evaluation

In rabi, shortdayandlong daygarlic, PrelET (3), IET (3), AVT -l (9) andlong daygatrlic,
IET (3), AVT-1 (9) entries were tested along with check.

Crop Production

In cropproductiondifferenttrialsincludingfertilizer schedulinghroughdrip irrigation for

onion seed crop, effect of direct sowing by onion seed drill on onion production, weed
managemenn onion seed crogffectof zinc and boron application on onion seed crop,
determination of optimum fertilizer regime for long day onion and garlic cultivation in
Kashmir and evaluation of bulbils as planting material in garlic were conducted.

Plant Health Management

Trials wereconductedn surveyandmonitoringof majordiseasesnd pest®f onionand

garlic, screening of onion and garlic varieties for disease and thrips resistance, management
of pest and disease in onion and garlic, evaluation of different treatments on major foliar
disease of onion and garlic and insecticides/miticides against sucking peststesiof

onion and garlic.
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D. Scheduled Caste Sub-Plan (SCSP)

Themainobjectiveof this schemas economiadevelopmenof scheduleatastefarmersby
providing resources for filling up the critical gaps and providing missing vital inputs.
During kharif season, 318 kg onion seed of Bhima Super was distributed among 260
scheduled caste farmers of districts viz., Pune, Ahmednagar, Aurangabad, Beed and
Solapurof MaharashtraDuring rabi season20 kg onionseedof BhimaShaktidistributed

among 20 scheduled caste farmers of Shrigonda taluka of Ahmednagar district of
Maharashtra. The fertilizers (77732 Kg/1 litre) and pesticides (233.5 kg, 1336.95 litre)
were also distributed to scheduled caste farmers. Dr. S. S. Gadge, Senior Scientist
(Agricultural Extension) and Dr. R. B. Kale, Senior Scientist (Agricultural Extension)
coordinatedhetraining programmesThefollowing training programmesvereorganized

under SCSP.

T Training progr amme on ARAzadi k a Amr ut
T e ¢ h n oattemdpgyo30 Farmerdrom Punedistrictduring15-17 March,2022
at ICAR-DOGR, Pune.

T Training progr amme on A Az adiProdkcion A mr ut
T e ¢ h n oaltemapgy30 Farmerdrom Punedistrict during22-24 March,2022
at ICAR-DOGR, Pune.

T Training progr amme on AAzadi k a Amr ut
T e ¢ h n oattemdpgyo22 farmersfrom Punedistricton 16 June 2022at ICAR-
DOGR, Pune.

T Training programme on fAScientific Culti\
25farmersfrom Ahmednagadistricton 17 October2022atICAR-DOGR, Pune.

Distribution of farm inputs under SCSPscheme
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E.Tribal Sub-Plan for Onion and Garlic

Tribal Sub-Plan Activities by ICAR -DOGR

Tribal Sub-Plan(TSP)activitiesby ICAR-DOGR playsa vitalrole in food andnutritional

securityof tribal farmers.The systematiceefforts wereundertakerio improvethe areaand

production of onion and garlic by careful application of improved technologies. Thus, focus

was given in conduct of field demonstrations of improved technolagies f ar mer 6 s f i €
throughimprovedseedbulb distribution,knowledgedisseminationgapacitybuilding and
entrepreneurship building. About 1110 ¢tri
groups in Nandurbar district (Navapur, Akalkua and Dhadgoan talukas) and about 760
tribal farmers were selected from 76 far mer so
talukas) of Maharashtra under TSP Scheme.

Field Demonstrations

b al

A total of 58 demonstrations kharif and85 demonstrations rabi wereconductedinder

TSP during 20222. The kits containing fertilizers, fungicides, insecticides, weedicides,
spray pump etc. were distributed to each selected group of tribal farmers. Each
demonstration was conducted on @oee common land of selected farmers group and each
group consist about ten tribal farmers.

Trainings

A total of ten trainings/ field days were organized under TSP in Maharashtra, Leh (Ladakh)
and Uttar Pradesh in which 693 tribal farmers participated.

Table 1. Trainings/ Field Day organizedunder TSP

Topic of Training SponsoredAgency Date and Venue Participants
Azadika Amrit Mahotsav: ICAR-DOGRunder | 21-23 March, 2022 30
Commercialcultivation of TSP ICAR-DOGR,Pune
onion and garlic
Scientificcultivationof onion | ICAR-DOGRunder | 24-26 March, 2022 27
and garlic TSP ICAR-DOGR,Pune
Quality seedproductionof ICAR-DOGRand 28-29 March, 2022 160
onion and garlic KVK, Nandurbar Khandawara in
under TSP NavapurNandurbar

Scientificcultivationof onion | ICAR-DOGRand 30-31 May, 2022 65
and garlic Agrimitra FPC Purushottampur,

ChunarMirzapur

underTSP (UP)

Kharif onionproduction ICAR-DOGRunder | 22 June2022 54
technology TSP BursewadiKhed

talukaof Pune
Scientificcultivationof kharif | ICAR-DOGRunder | 23 June 2022 55
onion TSP Gohe Khurd,

AmbegaonPune
Cultivationof kharif onionin ICAR-DOGRunder | 27-28 July, 2022 145
tribal belts of Nandurbar TSP Khandwara,

Navapur,Nandurbar
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Onionproductiontechnology | ICAR-DOGRunder | 25-26 Aug,2022 52
TSP ICAR-DOGR,Pune

Scientificcultivationof onion | ICAR-DOGRand 20-21 Sept, 2022 78

in Leh District of Ladakh HMAARI - HMAARI -SKUAST-

Union Territory SKUAST-K, Leh K, Leh

KisanDiwasonImproved ICAR-DOGRunder | 23Dec,2022 27

cultivation of onion TSP ICAR-DOGR,Pune

‘“l = A
GoheKhurd, AmbegaonPune 23.06.2022

HMAARI, SKUAST-K, Leh,21.09.2022
Kisan Sangoshthi

ICAR-DOGR, Pune organized Kisan Sangosloihicommerciatultivation ofonion

in collaboratiorwith GKRDF, VaranasandAgrimitra FPC,Mirzapurin thepremises

of ICAR-IIVR, Varanasion 29" September, 20222bout 400 farmers including 260
women farmers from different parts of Mirzapur, Sonbhadra, Ghazipur, Varanasi,
Chandauli, Kushinagar and Ballia districts of Uttar Pradesh and Singrauli didtrict
Madhya Pradesh participated in the program.

Kisan Sangoshthin the premiseof ICAR-IIVR, Varanasbn 29.09.2022
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F.Distinctness, Uniformity and Stability

ICAR-DOGR servess thenodalcentrefor conductinghe DUS testfor onionandgarlic.
Within this project, institute ignaintaining 65 onion varietig®5 rabi and 10kharif) and

30 garlic varieties.The longdayonionandgarlic varieties ardeingmaintainedat ICAR-
CITH, Srinagar, while multiplier onion varieties at TNAU, Coimbatore. All the relevant
datain accordancevith the DUS testguideliness documentedor eachof the maintained
onion and garlic varieties under the DUS project.

Evaluation of DUS onion varieties

Rabi

A total of fifty-five rabi onion varietiesviz, Agrifound Rose, Agrifound White, Agrifound
Light Red, Arka Bindu, Arka Bheem, Arka Niketan, Arka Pitamber, Arka Pragati, Bhima
Kiran, Bhima Raj, Bhima Red, Bhima Shakti, Bhima Shweta, Bhima Light Red, -GWO
GW0O-2, GWO3, GJRO11, HOS4, Hissar2, Hissar3, Kalyanpur Red Round, -R-4-1,
NHRDF Red(L-28), NHRDF Red2 (L-355), NHRDF Red3 (L-625), NHRDF Fursungi(L-

819), NHRDF Red} (L-744), PKV White, Phule Safed, Phule Samarth, Phule Suvarna,
Pilipatti Junagadh, Punjab Naroya, Pusa Madhavi, Pusa Red, Pusa Sona, Pusa Riddhi, Pusa
White Flat, Pusawhite Round, PR@6, PhursunglLocal, RO-01,R0-59,R0-252, Sukhsagar,
TalajaRed,TelagiLocal,KajaraRed,VL Piaz3 andUdaipurl102alongwith onefamervariety

viz. 2881/4251were cultivatedin rabi 2021-22. The crop was harvestedduring the period

of April-May 2022, and all observations were meticulously documented in accordance with
the guidelines of the DUS test.

Kharif

In kharif 2022 season, ten onion varieti@g., Agrifound Dark Red, Arka Kalyan, -B80,

Bhima Raj, Bhima Red, Bhima Shubhra, Bhima Shweta, Bhima Super, Bhima Dark Red and
Bhima Safed along with four farmers varietigs. 22AROF1, 22AR0OF2, 22AROF3 and
22AROF4 were plantedn three replicationsThe cropwas harvestedn November 2022

and a comprehensivaecord of all observationswvas diligently maintainedin accordance

with the guidelines outlined for the DUS test.

TESTING /MAINTENANCE OF |8
ONION VARIETIES UNDER
DUS PROJECT

. REP

Fig. 1. DStestingof onionvarieties
Evaluation of DUS garlic varieties

In rabi 202122, a comprehensive set of thirty garlic varietes, Bhima Omkar, Bhima
Purple, Chunar Locdl, Chunar Locak, DWDG-1, DWDG2, G1, G41, G50, G282, G
323, G-386, G-404 (YP-10), GJG5, GIG6, GAG-7, GG-2, GG-3, GG4, G-384 (YS-8),
Godawari,NavapurLocal, Ooty Local, Phule Baswant,PhuleNilima, PG-17, PG-18, Rani
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Bennur Local, Sikkim Local and Silkuei Local were cultivated with three replications.
Following the growth period, the crops weharvested in March 2022, and careful
observationsvere recordedin adherenceo the guidelinesspecifiedfor the DUS test.

CREE | - ry Far T \ L 5

Fig. 2. DUStestingof garlic varieties
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G.Agri-Business Incubation

In order to support registerestartups, an Agdbusiness centre has been established,
equippedwith workspacesor incubatesanda processindaboratoryfor handsontraining.

On the 13June, 2022, an official inauguration ceremony was held for the Buginess
Incubation(ABI) centre.During theevent,four Memorandum®f UnderstandindMoUs)
were signed with the following companiés,the presence of alhe members of the ABI
advisory committee:

(i) Farmers Smile Farmer Producer Company, located in Khed, Pune, aims to develop a
supply chain for higlguality onions and onion seeds.

(i) Vagheshwar Farmer Producer Company, also based in Khed, Pune, has expressed
interest in adding value and processing onion and garlic crops.

(i) Thinkpure Organic Produce Pvt. Ltd., situated in AkdW&harashtra, intends to
establish a seed processing unit and promote the use of quality organic seeds.

(iv) An MoU was signed to provide assistance in the formation of a registered Farmer
Producer Company (FPC) named Palanduh Farmer Producer Company Ltd. in
Vijayapura district, Karnataka. This FPC will focus on developing an onion value
chain within the same district.

The ABI project has g e n e frormn eedistraion tfeest far | sum
incubation during the financial year 2023.

3 Agﬂ-Busmesslmuhathentre q>

Funoed by

1 Agr Fund of ICAR

A total of four meetingsvereconductedy the ABI Advisory committeein theyear2022.
Thesemeetingsook placeon the following dates:14 January31 March,13 June,and 21
November2022.Thepurposeof thesemeetingsvasto discusssariousmatterssuchasthe
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