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Preface 

I 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 for 

culinary purpose. Beside culinary uses, these also 

have several medicinal values. Being a prime 

Institute exclusively on these two commodities, 

ICAR-DOGR continued various research, extension 

and development activities related to onion and 

garlic crops. 

ICAR-DOGR is maintaining 89 wild and underutilized Allium lines of 17 different 

species under field condition. Systemic value chain development efforts are being 

carried for Allium tuberosum ÂÁÓÅÄ ÏÎ ÔÈÒÅÅ %ȭÓ viz. Evaluation of production 

performance, Exploration of consumer response and quality perceptions and 

Exploration of market potential and sustainability. Onion germplasm were evaluated 

during kharif, late kharif and rabi seasons. Mutation breeding, using gamma radiation, 

colchicines and EMS treatments 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. ICAR-DOGR has also registered two 

germplasm with ICAR-NBPGR for waterlogging (IC0645764) and drought 

(IC0645763) tolerance in onion. The efforts are also being made to develop haploids 

through gynogenesis. Currently, sixty-seven 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 to other fertilizer  treatments. The 

yield increase in INM plot, and chemical fertilizer  alone applied treatment was higher 

by 54.7-56.4% compared to organic treatments. 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 ICAR-CIRCOT nano- 

sulphur 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. 

The fungal pathogens of onion (Colletotrichum spp., Fusarium spp., Alternaria spp., 

Stemphylium spp) were collected, isolated, and characterized using morphology as 

well as molecular tools using ITS and TEF primers. In addition, bio-agents 

Trichoderma spp. were also isolated (11 isolates) and tested against Stemphylium and 

Anthracnose diseases. Eight isolates showed inhibitory action against fungal 

pathogens in which Trichoderma isolate NRCG-8 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 flour, Calotropis leaves, 

Karanj leaves, Ginger powder, Turmeric powder, Hing powder and water, was 

effective in inhibiting Stemphylium by 36% and Anthracnose by 32% and increased 

the bulb yield. 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. 

Likewise, the effect of zinc nanoparticles on the fungal pathogen Fusarium 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 anthracnose-twister studied via artificial inoculation. A 

miniature  parasitoid wasp, Megaphragma amalphitanum, was recorded on thrips. The 

bio-efficacy of commercial formulations of entomopathogens, including Beauveria 

bassiana, Metarhizium anisopliae, Lecanicillium lecanii, and the botanical pesticide 

neem oil, was tested against onion thrips, both alone and in combination with the 

biological pesticide spinosad. The occurrence of beetle, Carpophilus hemipterus is 

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 

mitogenome of T. iridipennis was characterized for the first  time. Reducing the storage 

losses and value addition are the two inevitable things to make the onion crop 

cultivation more economical. ICAR-DOGR 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 

comprehensive information, advisories, and decision support tools for onion farming. 

Multimedia-ÂÁÓÅÄ ÎÅ×Ó ÂÕÌÌÅÔÉÎÓ ȬKanda va Lasun Samacharȭ ÉÎ -ÁÒÁÔÈÉ ÁÎÄ ȬPyaj 

evam Lahsun Samacharȭ ÉÎ (ÉÎÄÉ ÁÎÄ ÓÏÃÉÁÌ ÍÅÄÉÁ ÐÌÁÔÆÏÒÍÓ ÁÒÅ ÕÓÅÄ ÔÏ ÄÉÓÓÅÍÉÎÁÔÅ 

agro-advisories and technological information. Furthermore, a value 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 start-ups in 

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

of seven onion varieties were licensed to 39 seed companies at the institute level. 

Additionally, an exclusive license for the 'Controlled Onion Storage Structure' 

technology was granted to Kala Biotech 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 the kharif (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 Ahmednagar districts, focusing on 



 

the implementation of Raised Bed with Drip Irrigation Technology. A total of 58 

demonstrations in kharif and 85 demonstrations in rabi were conducted under TSP 

during the year 2022. Under Mera Gaon Mera Gaurav scheme, 15 villages were 

adopted and several awareness programmes and trainings were conducted. During 

the reporting period ICAR-DOGR 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. 

I extend my sincere thanks to the support extended by ICAR and 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, Assistant Director General (Flower, Vegetables, Spices and Medicinal Plants), 

Dr. V. B. Patel, Assistant Director General (Fruits and Plantation Crops). I 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. I hope, the information provided 

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

Date: July, 2023 (Vijay Mahajan) 

ICAR-DOGR, Pune Director 
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ĶūŐƈĶūőů śūőūūƁŘ 
 

ŎūĶŲ ĤŉŰŋ-ʕūĽ ĮŗƁ œŜśŰŉ ĤŉŰśƁňūŉ ŉŉŇŶŘūœŐ ɨūőū ŗŚƈ 2022 ĶŶ ŇŻőūŉ ĤŉŰśƁňūŉ,  ŉŗ̏ūő ĳő ŉŗĶūś ĶūŐŚ ĥƁŅőőĶ ĤŉŰśƁňūŉ ŋőőŐźĽŉūĲƁ ĳő 

ŅŇŚƈ/ōū ̦ŉŗɃ ŋźŉŅƈ ŋőőŐźĽŉūĲƁ ĶŶ ŏūɭŏ śŶ ŉĶŐū ĸŐūί ŭőŋźŀūƈňůŉ Ĥŗŉň ĶŶ ŇŻőūŉ ŉŉŇŶŘūœŐŉŶ ŏŶőū ĸūƁŗ ŏŶőū ĸŻőŗ,  ĽŉĽūŅůŐ Ĩŋ-ŐźĽŉū,  ĤŉŰśűŬŉŅ ĽūŅů Ĩŋ-

ŐźĽŉū,  ĥɍū,  ĥŉŇ ŐźĽŉūĮƁ ĶŶ ŅŜŅ 54 ƬŉŘǕń ĥŐźŉĽŅ ŉĶĮ,  ŉĽŉŏƎ 2254 śŶ ĤňňĶ ŉĶśūŉźƁ ĳő Ĥʈ ŉŜŅňūőĶźƁ ŉŶ Ŏūĸ ŉœŐūί ŉŉŇŶŘūœŐ ŉŶ ʕūĽ ĳő 

œŜśŰŉ ƬŻɦźŉĸŉĶŐźƁ Ķź ƬŇŉŘŚŅ ĶőŉŶ ĶŶ ŉœĮ 4 ƬŇŘŚŉŉŐźƁ ŏƎ Ŏů Ŏūĸ ŉœŐūί ŭőŋźŀūƈňůŉ Ĥŗŉň ĶŶ ŇŻőūŉ śƁƵžĢūŉ Ķů ŋőőŐźĽŉūĲƁ ĶŶ Ĥœūŗū, ŉŉŇŶŘūœŐ ŉŶ 

łůĮśŀů,  łůōůŀů ĳő śŜŐźĸů Őū ĤŉŰōƁň ĤŉŰśƁňūŉ ŋőůǕń Ľŷśů 20 śŶ șūŇū ōūŜőů ŉŗɃ ŋźŉŅƈ ŋőőŐźĽŉūĲƁ ɨūőū ĤŉŰśɾūŉ ĶūŐŚ ŉĶŐūί ŗŚƈ 2020 ŏƎ ŉĶĮ 

ĸĮ ĤŉŰśƁňūŉ,  ŉŗ̏ūő ĳő ŉŗĶūś ĸŉŅŉŗŉňŐźƁ Ķū śƁŉǕʏ śūőūƁŘ ŉůŬĢĢŶ Ƭ̏ŰŅ ŉĶŐū ĸŐū Ŝŷί 

Ōśœ śŰňūő 

ŎūĶŲ ĤŉŰŋ-ʕūĽ ĮŗƁ œŜśŰŉ ĤŉŰśƁňūŉ ŉŉŇŶŘūœŐ ǕŶƧ Ķů ŉƵžŉŅ ĶŶ ŅŜŅ 17 ŉŗŉŎʂ ƬĽūŉŅŐźƁ Ķů 89 ŗʈ ĳő Ķŏ ĨŋŐźĸ ŗūœů ĮŬœŐŏ ŗƁŘƠŏźƁ Ķū 

őķőķūŗ Ķő őŜū Ŝŷί Ħŉ ƬĽūŉŅŐźƁ Ķů ŋɃŶ Ķů ĨŋĽ, ŗŲŬŉ,  ĸŰńŗɃū,  Ōű œ ˧ŗŜūő,  ĨŋŎźǃū ƬūŉƈŏĶŅū ĶŶ ŉœĮ ĽūƁŬĢ Ķů ĸħ ĳő ĨŉĶū ƬĽŉŉ ĶūŐŚƠŏ ŏƎ 

ĨŋŐźĸ ŉĶŐū ĸŐūί ĮŬœŐŏ Ȧűōőźśŏ ĶŶ ŉœĮ ƬńūœůĸŅ ŏű ̃ ŘžƁĢŲķœū ŉŗĶūś ƬŐūś Ņůŉ ñħò ĤőžĢūŚŅ ñĨɉūŇŉ ƬŇŘŚŉ Ķū ŏű˜ūƁĶŉ,  ĨŋŎźǃū ƬŉŅŉƠŐū ĮŗƁ 

ĸŰńŗɃū ňūőńūĲƁ Ķů ķźĽ ĳő ōūĽūő Ķů ǕŏŅū ĮŗƁ ŉƵžőŅū Ķů ķźĽ ñ ĶŶ ĥňūő ŋő ŉĶĮ Ľū őŜŶ ŜƑί ĤŉňĶūƁŘ ƛŋūɍĶ,  ŗŲŬŉ ĳő ĨŋĽ œǕńźƁ ĶŶ ŉœĮ,  

ĮŬœŐŏ Ȧűōőźśŏ ĶĽūŉĶ̏ūŉ İœ- 1587 ŗƁŘƠŏŉŶ śōśŶ Ĥȃū ŗŲŬŉ ƬŇŘŚŉ,  ŗūŉŚƈĶ ĨŋĽ,  ŋɃŶ ĳő ŋźńƈ ĸŰńŗɃū ŇĽŚ Ķů,  ĦśĶŶ ōūŇ Į. 

Ȧűōőźśŏ śůĽůĮŉ- 16418 ĳő Į. Ȧűōőźśŏ őŸŀœ ĮǙ-̘ĶŰ ŬĢĢūħ śůĽůĮŉ- 16373 őŜŶί 

ʕūĽ ĶŶ ĽŉŉƩ ˧ Ķū ŏű˜ūƁĶŉ ķőůŌ,  ŋļŶŅů ķőůŌ ĳő őōů ŏŻśŏ ĶŶ ŇŻőūŉ ŉĶŐū ĸŐūί śŌŶ Ň ĳő ŋůœŶ ʕūĽ ĶŶ ĽŉŉƩ ˧ĶŶ ŏūŏœŶ ŏƎ,  őōů (52 

śŌŶ Ň ĳő 2 ŋůœů ƬūŉʏŐūƁ)  ĳő ŋļŶŅů ķőůŌ (15 śŌŶ Ň ƬūŉʏŐūƁ)  ĶŶ ŇŻőūŉ ŏű˜ūƁĶŉ ŉĶŐū ĸŐūί őōů ĶŶ ŇŻőūŉ,  łʮ˜ű - 361 ŉŶ śōśŶ ĤŉňĶ ŉŗŋńŉ ŐźǴ 

ĨŋĽ ƬŇŉŘŚŅ Ķů,  ĨśĶŶ ōūŇ łʮ˜ű - 398 ĳő ˪ūĦŀ ʈű Ľůŉŋűœ Ķū ƵžĢūŉ őŜūί ŋļŶŅů Şőůţ ŏƎ,  łʮ˜ű - 453 ĳő łʮ˜ű - 458 ŉŶ ōŶŜŅő ŉŗŋńŉ 

ŐźǴ ĨŋĽ ŇĽŚ Ķů ĳő ŐŜ Ņźő ŗūœŶ ĶɻźƁ śŶ Ŏů ŏŰǃ őžĢŶί ĽŉŉƩ˧,  Ŏű-ƬĽūŉŅŐūƁ ĳő ŉĶ̛źƁ śŶ ŐŰǃ œĸŎĸ 700 œŜśŰŉ ŗƁŘƠŏźƁ Ķū 

őķőķūŗ ƬĽŉŉ ĸŉŅŉŗŉňŐźƁ ĶŶ ŉœĮ ŉŉŇŶŘūœŐŏƎ ňĶŐŀ ĸŐŀ ŜƑί őōů ĶŶ ŇŻőūŉ œŜśŰŉ ĶŶ ĽŉŉƩ ˧ Ķū ŏű˜ūƁĶŉ ŉĶŐū ĸŐūί ŗƁŘƠŏ 569, ĽůĮś- 1,  Ľů- 10, 

224 ĳő 63 ŏƎ ĨĻžŬĢŅŏ ŉŗŋńŉ ŐźǴ ĨŋĽ ŇĽŚ Ķů ĸħƁί Şőůţ ŏƎ,  12 œŜśŰŉ Ķů ŉĶ̛źƁ Ķū ĨŉĶŶ Şőůţ ŏŻśŏ ŏƎ ĨŋŐŰǃŅū ĳő ĶŲ ŉőž-

ƛŋūɍĶ ŉŗŘŶŅūƈĲƁ ĶŶ ŉœĮ ŏű˜ūƁĶŉ ŉĶŐū ĸŐūί Ňź ŗƁŘƠŏźƁ Ķź ļźšĶő śŎů ĽůŉƬƛŋźƁ ɨūőū 5 ŀŉ/ŜŶǁŶŐő śŶ ĤŉňĶ Ķů ĳśŅ ŉŗŋńŉ ŐźǴ ĨŋĽ ŇĽŚ 

Ķů ĸħί ĨŋĽ,  Ķɻ ĶŶ ĥĶūő ĳő ŉƵžőŅū ĶŶ ŉœĮ ŋőőŗŅŚŉŘůœŅū Ĩɉʂ ĶőŉŶ ŜŶŅŰ œŜśŰŉ Ķů ŗƁŘƠŏźƁ ŏƎ ĸūŏū ŉŗŉĶőń,  ĶźͻĻůŉśŉ ĳő ħĮŏĮś 

ĨŬŋūő Ķū ĨŋŐźĸ ĶőĶŶ ĨɉőőŗŅŚŉ ƬĽŉŉ Ķū ƬŐūś ŉĶŐū ĸŐūί 

œŀœ ʕŀĽ ĶŶ Ĩŋœʧ ĽŉŉƩ˧źƁ Ķŀ Ŏů ŅŰœŉůŐ ňĶ̛źƁ ĶŶ śŀņ ŋļŶŅů ŮķůŌ (170), ŬĢōů (192)  Ŭĳ ŮķůŌ (165) ŏƎ ŏű˜ŀƁĶŉ ňĶŐŀ ĸŐŀί ŋļŶŅů ŮķůŌ 

ŏŻśŏ ŏƎ,  Įśůśů.  1794 ŏƎ ňōŉŀ ňĶśů ŅźŬĢ ĶŶ 58 ŉƈ/ŜŶƠž ĢŶŬŐ ĨŋĽ Ƭŀʏ ƞħί łůĲĽůŬĥ- 1168 (ĮœĽů- 107- 3) ŏƎŬĢōů ŏŻśŏ ŏƎ 7.63% ŅźŬĢ 

ŗŀœŶ ĶɻźƁ ĶŶ śŀņ ĤňňĶŅŏ ĨŋĽ Ƭŀʏ ƞħί ĽōňĶ,  Įśůśů.  1321 ŏƎ 100% ňŗŋńŉ ŐźǴ ĶɻźƁ ĶŶ śŀņ œĸŎĸ 60 ŉƈ/ŜŶƠž ĢŶŬŐ ĨŋĽ ňŏœůί ŬŞůţ 

ŏŻśŏ ŏƎ,  Įśůśů.1634 ŏƎ ňōŉŀ ňĶśů ŅźŬĢ ĶŶ ĤňňĶŅŏ ĨɉŀŇŉ ƞĥί ĤŬňŏ ƬĽŉŉ ŗƁŘƠŏźƁ ŏƎ,  ŋļŶŅů ŬŞůţ ŏŻśŏ ŏƎ,  łůĲĽůŬĥ- 1608 Ŭĳ 

łůĲĽůŬĥ- 1614 ŉŶ Ķŏ ŅźŬĢ ŗŀœŶ ĶɻźƁ ĶŶ śŀņ ĤňňĶŅŏ ĨŋĽ ŇĽū ĶůίŬĢōů ŏŻśŏ ĶŶ ŇŻŬĢŀŉ,  łůĲĽůŬĥ- 1048-śŶœ.  (31.70 

ŉƈ/ŜŶƠž ĢŶŬŐ)  ŉŶ ŅŰœŉůŐ ňĶ  ̛ Ķů ŅŰœŉŀ ŏƎ ĤňňĶŅŏ ĨŋĽ Ňů,  ĽōňĶ ŬŞůţ ŏƎ,  łůĲĽůŬĥ- 1014-  ĽůłůŬĥ ĶŀŌů ōŶŜŬŅ ŋŀħ ĸħί 

ƬŬŀƁňŎĶ ƬĽŉŉ ŗƁŘƠŏźƁ ŏƎ,  ĮœĶŶ- 07-śů2/ĮœŬĥ-  1,  ĮœĶŶ- 07-śů2/ĮœŬĥ- 1 ŬĳŬĢĢŶł ĶŸ -̋ 1 (ĶŶ ĮĻ- 12) ƠŏŘƂ ŋļŶŅů ŮķůŌ, ŬĢōů Ŭĳ ŮķůŌ 

ŏŻśŏ ŏƎ ŅŰœŉůŐ 



ICAR-DOGR ANNUAL REPORT 2022 

ii 

 

 

 

ňĶ  ̛ Ķů ŅŰœŉŀ ŏƎ ōŶŜŬŅ ŋŀĮ ĸĮί ňŉŇŶŘŀœŐ ŉŶ ʕŀĽ ŏƎ ĽœŬŎŀŗ (ĥħśů0645764) Ŭĳ śűķŀ (ĥħśů0645763) śŜŉŘůœŅŀ ĶŶ ňœĮ 

ĥħśůĮŬĥ-ĮŉōůŋůĽůŬĥ ĶŶ śŀņ Ňź ĽŉŉƩ ˧ŋƁĽůĶŲ Ņ ňĶĮί ňŉŇŶŘŀœŐ ŉŶ ĨŋĽ Ŭĳ Ĥʈ ňŗŘŶŚŅŀĲƁ ĶŶ ňœĮ śƁŬĶźƁ Ŭŋ Ŏů ɭŀŉ 

ĶƎ ňƩŅ ňĶŐŀί śƁŬĶ MS111A × 1608 (ŋļŶŅů ŮķůŌ),  MS111A × 

RGP- 1 'ŬĢōů)  Ŭĳ MS111A × 1605 (ŮķůŌ)  ŉŶ ŅŰœŉůŐ ňĶ  ̛ Ķů ŅŰœŉŀ ŏƎ ōŶŜŬŅ ƬŇŘūŉ ňĶŐŀί 

ĸŀĦŉźĽŶŉŶňśś ĶŶ ŏŀɭŏ śŶ ŜŷʖźĦł ňŗĶňśŅ ŬĶŉŶ Ķŀ Ŏů ƬŐŀś ňĶŐŀ Ľŀ ŬĢŜŀ Ŝŷί ŗŅūŏŀŉ ŏƎ,  śƁΉņŀŉ ŏƎ 67 łōœ ŜŷʖźĦł ŗƁŘƠŏźƁ Ķŀ

ŬĢŮķķŀŗ ňĶŐŀ ĸŐŀ ŜƑί ĻŏĶŇŬŀ ŋŻňŶ ĽŷňŗĶ Ŭĳ ĤĽŷňŗĶ ŇźŉźƁ ƬĶŬŀ ĶŶ ŅŉŀŗźƁ śŶ śŰŬĢǕŀ ƬŇŀŉ ŬĶŅŶ ŜƑί ĻŏĶŇŬŀ ĨɉŭőŗŅů Ŭĳ ĦśĶů ŗʈ ƬĶŬŀ 

Ķů ŏźŏů ňĶ̛źƁ ŏƎ ŏźŏů ļ˝ů-śƁōƁňňŅ Ľůŉ Ķů ĤňŎ˧Ŭň ňŗňŗňŅŀ Ķź śŏľŉŶ ĶŶ ňœĮ ŬĥĮŉĮ-  śůǑƎ ś ňĶŐŀ ĸŐŀί ŬĥĮŉĮ-śůǑƎ ś łŶŀƈ 

ĶŶ ňŗŎŶŇĶ Ľůŉ ĤňŎ˧Ŭň ňŗ˴ŶŚń śŶ ŋŅŀ Ļœŀ ňĶ ŏźŏ ĽŷŗśƁ˴ŶŚń ŏƎ Řŀňŏœ Ľůŉ,  ĽŷśŶ AcCER1, AcCER26,  AcMAH1, Ŭĳ 

AcWSD1, ĻŏĶŇŬŀ ĨɉŭőŗŅů ŏƎ łŀĨŉ-ňŗňŉŐňŏŅ ņŶί 

ĮἫĢźŀźōŷǁő ̗ůśůĽ ĶŶ śūőž ʕūĽ Ķů ŋŻň Ķū ŀůĶūĶőń ĶőŉŶ śŶ ĽœŎőūŗ Ņŉūŗ Ķů ŉƵžŉŅ ŏƎ Ōśœ Ƭƛŋů ŉŗĶūś ĳő Ķɻ ĨŋĽ ƬŇŘŚŉ ĶŶ ĥňūő ŋő ōŶŜŅő 

ƬŇŘŚŉ őŜūί ĦśĶŶ Ĥœūŗū,  50 ŋůŋůĮŏ Ķů Ňő śŶ ŏŶœūŀźŉŉŉ Ķū ŋńůŐ ŉļšĶūŗ ĽœŎőūŗ ĶŶ Ņŉūŗ Ķů ŉƵžŉŅ ŏƎ ʕūĽ Ķů Ōśœ Ķů ŗŲŬŉ ĳő Ķɻ Ķů 

ĨŋĽ ŏƎ śŰňūő ĶőŅū Ŝŷί ĥőĮŉĮ ĤŉŰƠŏ Ķū ĨŋŐźĸ ĶőĶŶ ƬŉŅœŶķ ĤŉŰƠŏń ƬŻɦźŉĸĶů śŶ śŏűŜ VII  ħĥőĮŌ ĽŷśŶ ĥőĮŋů2- 12 ĳő 

ĥőĮŋů2- 3 ĽŷśŶ ĽœŎőūŗ śŜŉŘůœŅū śŶ śƁōƁŉňŅ ĽůŉźƁ Ķů ĤŉňĶ śƁǣū ŉŇķūħ Ňů,  Ľź ŋŻňźƁ ŏƎ śŉŜ˿ŰŅū ŉŗĶŉśŅ ĶőŉŶ ŏƎ ŏŜɓŋűńŚ 

ŎűŉŏĶū ŉŉŎūŅŶ ŜƑ,  ĨʌƎ ŉŗŘŶőž ƛŋ śŶ ĽœŎőūŗ śŉŜ˿Ű ʕūĽ ĽůŉƬƛŋ Įśůśů 1666 ŏƎ śƁŗŶŇŉŘůœ Ķů ŅŰœŉū ŏƎ Ĥŋ-ŉŗŉŉŐŉŏŅ ŋūŐū ĸŐūί 

42 ŉłƢů śŶŉˢŐś ĳő ĦśśŶ ĤŉňĶ Ķū ĨĻžŬĢ Ņūŋŏūŉ ʕūĽ Ķů Ōśœ Ķů ŗŲŬŉ ĳő ŉŗĶūś ĶŶ ŉœĮ ŜūŉŉĶūőĶ ŋūŐū ĸŐūί 

ţśœ ĨɉūŇŉ 

ňŋļœů Ōśœ ĶŶ ƛŋ ŏƎ ŏƽŶ Ķź Řŀňŏœ ŬĶŉŶ Ŭĳ ĤĶŶ œŶ ĤĶŀōūňŉĶ ĨŗūŬĢĶźƁ ĶŶ ƬŐźĸ śŶ Ĥʈ ĨŗūŬĢĶ ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ ŏƎ ĶŀŌů ĤňňĶ 

Ķɻ ĨŋĽ Ƭŀʏ ƞħί ĤĶŶ œŶ 10 ŉƈ ĶƎ ĻŰĮ Ķů ķŀŇ /ŜŶƠž ĢŶŬŐ ĶŶ ƬŐźĸ śŶ 18.9 ŉƈ/ŜŶƠž ĢŶŬŐ ʕŀĽ Ķů ŋŷŇŀŗŬŀ ƞħ Ľź Ĥʈ ĨŗūŬĢĶ ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ 

ŏƎ ĶŀŌů Ķŏ ņůί ĽōňĶ,  ķňŉĽ ĨŗūŬĢĶźƁ Ŭĳ ĶƎ ĻŰĮ Ķů ķŀŇ ĶŶ śƁŐŰŬĢ ĤŉŰƬŐźĸ śŶ śźŐŀōůŉ Ŭĳ ŏƽŀ ŇźŉźƁ ķȵźƁ ŏƎ ĤĶŶ œŶ œŀĸű 

ňĶĮ ĸĮ ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ ŏƎ ňŏȣů ŏƎ ĶŀŌů ĤňňĶ ĽŷňŗĶ Ķŀōūŉ Ŭĳ Ĩŋœʧ ŉƧĽŉ ŋŀŐŀ ĸŐŀί ĤĶŀōūňŉĶ ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ ŏƎ ĽŷňŗĶ 

ĨŋĻŬŀźƁ ŏƎ ĤňňĶŅŏ Ľůŗ ĽƁŅŰĲƁ Ķů ňŗňŗňŅŀ ŇŶķů ĸħί 

śŏŶĶůŅ ŋźŚĶ Ņɓ ƬōƁňŉ ŎűķƁł ŏƎ,  Ŭĳ ĶŶ ŗœŬĢŀśŀŐňŉĶ ĨŗūŬĢĶ ɨŬŀŀ ĨŋĻŬŀ śŶ ĽŷňŗĶ ĨŋĻŬŀ Ķů ŅŰœŉŀ ŏƎ 54.7- 56.4% ĤňňĶ ĨŋĽ 

ŏƎ ŗŲŬň ŋŀħ ĸħί ĽŷňŗĶ ĨŋĻŬŀ Ķů ŅŰœŉŀ ŏƎ ŋŬŀƁŋŭőĶ Ŭĳ śŏŶĶůŅ ŋźŚĶ Ņɓ ƬōƁňŉ ŎűķƁł ŏƎ Įŉ,  ŋů,  ĶŶ Ŭĳ Įś Ķŀ ĤŗŘźŚń 

ĶŀŌů ĤňňĶ ņŀί ŏŲŇŀ ňŗ˴ŶŚń śŶ ŋŅŀ Ļœŀ ňĶ ňŏȣů ŏƎ ĽŷňŗĶ Ķŀōūŉ Ŭĳ ňŏȣů ŏƎ Ĩŋœʧ ŉƧĽŉ śŀƁƩŅŀ śŏŶĶůŅ ŋźŚĶ Ņɓ ƬōƁňŉ Ŭĳ 

ŋŬŀƁŋŭőĶ ķŶŅů Ķů ŅŰœŉŀ ŏƎ ĽŷňŗĶ ĨŋĻŬŀ ŏƎ ĤňňĶ ŋŀħ ĸħί ĽŷňŗĶ ŋŻň śƁŬĢǕń ĨŋŀŐ Ƭŀʏ ŎűķƁłźƁ ŏƎ Ŭňʙ Ķů ĥōŀŇů śōśŶ ĤňňĶ ņůί ōŀŢ 

ňśƁĻŀħ Ƭńŀœů Ķů ŅŰœŉŀ ŏƎ ŋƈĶ Ņņŀ Ō˩Ŭŀŀ ĶŶ ŏŀɭŏ śŶ 100% (110 ňŬĶŀ/ŜŶƠž ĢŶŬŐ)  Ŭĳ 150% (165 ňŬĶŀ/ŜŶƠž ĢŶŬŐ)  ŉƧĽŉ 

ĶŶ ƬŐźĸ śŶ ʕŀĽ Ķů ĨŋĽ ŏƎ Ĩ˝ŶķŉůŐ ŗŲŬň ƞħί ŜŀœŀūſňĶ, ňśƁĻŀħ ĨŋĻŬŀźƁ ŉŶ ŋŻňŶ Ķů ĩūſ  Ļŀħ,  ŋŬňŐźƁ Ķů śƁǣŀ,  Ŭŋů Ķů œƁōŀħ Ŭĳ Ŭŋů ǕŶƧ 

śűĻĶŀƁĶ Ķź ƬŎŀňŗŅ ŉŜůƁ ňĶŐŀί ŉƧĽŉ ĨŋĻŬŀźƁ ŏƎ,  100% Ŭĳ 150% ŉƧĽŉ ĶŶ ĤŉŰƬŐźĸ śŶ ňŉŐƁňƧŅ ŎűķƁł Ŭĳ 50% ŉƧĽŉ ƬŐŰŬĢ 

ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ ŏƎ ŋŻňźƁ ĶŶ ňŗĶŀś ŏŀŋŇƁłźƁ,  ʕŀĽ Ķů ĨŋĽ Ŭĳ ĶŰ œ ĹŰœŉŘůœ Łźś ŋŇŀņźƁ ŏƎ ŗŲŬň ƞħί ʕŀĽ ĶŶ ŎƁłŬŀń Ķŀ 

ŉŰĶśŀŉ ňŉŐƁňƧŅ ŎűķƁłźƁ ŏƎ śōśŶ ĤňňĶ Ŭĳ ŅůŉźƁ ňśƁĻŀħ ňŗňňŐźƁ ŏƎ 100% Ŭĳ 150% ŉƧĽŉ ƬŐŰŬĢ ĨŋĻŬŀ ŏƎ śōśŶ Ķŏ ŋŀŐŀ ĸŐŀί 

Ľœ-Ľŏŀŗ Ķů ňΉņňŅ ŏƎ ŋŀŉů ŏƎ ĹŰœŉŘůœ ĨŗūŬĢĶ ĶŶ ŬŋźƁ Ŭŋ ƬŐźĸ śŶ ŋŻňźƁ Ķů ŗŲŬň ƞħ Ņņŀ ʕŀĽ ĶŶ ĽůŉźŀƈĦŋ,  Ŏůŏŀ łŀĶū ŬĢĢŶł Ŭĳ Įśůśů 

1666 Ķů ĨŋĽ ŏƎ Ĥʈ ĽůŉźŀƈĦŋ Ķů ŅŰœŉŀ ŏƎ ĶŀŌů ŏŜɓŋűńū ŗŲŬň ƞħί śňŜ˿Ű ĽůŉźŀƈĦŋ Įśůśů 1666 Ŭĳ Ŏůŏŀ łŀĶū ŬĢĢŶł ŏƎ ĤňňĶ ĽůňŗŅŬĢŜŉŶ 

Ķŀ ƬňŅŘŅ (>90%), ŋŻňźƁ Ķů Ĥȃů ňΉņňŅ,  ĨȂ ǏźŬĢĢźňŌœ śŀŬŏů,  ōŶŜŬŅ śŶœŰŬœ ňľ˝ů ňŮΉņŅŀ ŇŶķů ĸħί 
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œŜśŰŉ ŏƎ ĥħśůĮŬĥ-ňŬśĶźőž ŉŷŉź-śŮ  ̆Ķŀ 15 ňŬĶŀ/ŜŶƠž ĢŶŬŐ Ŭĳ 23 ňŬĶŀ/ŜŶƠž ĢŶŬŐ Ķů ŬŇ śŶ ĤŉŰƬŐźĸ ŬĶŉŶ śŶ ŘŶŚ ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ ŏƎ 

ĤňňĶ ĨŋĽ ŇĽū Ķů ĸħ,  ĽōňĶ,  ōƎőžĢźŉŀĦőž śŮ  ̆ Ķŀ 30 ňŬĶŀ/ŜŶƠž ĢŶŬŐ Ķů ŬŇ śŶ ĤŉŰƬŐźĸ ŬĶŉŶ śŶ ōŀĶů ʕŀĽ ŏƎ ĨŋĻŬŀźƁ Ķů ŅŰœŉŀ ŏƎ 

ĨȂŅŏ ĨŋĽ ŇĽū Ķů ĸħί 

Ōśœ śŰőǕū 

ʕūĽ ĶŶ ŌŌƁ ĢűŇůŐ őźĸĽŉĶźƁ (ĶźŬĢĢŶŀźŀƊūĦĶŏ ̗ůśůĽ,  ʟűśŶőőŐŏ ̗ůśůĽ,  ĤˎőŉŶőőŐū ̗ůśůĽ, ̎ŶœŬŌŬœŐŏ ̗ůśůĽ)  Ķź ĥħŀůĮś ĳő ŀůħĮŌ ƬūĦŏőźƁ Ķū 

ĨŋŐźĸ ĶőĶŶ ĥĶŲ ŉŅ ŉŗȐūŉ ĶŶ śūőž-śūőž ĥńŉŗĶ ĨŋĶőńźƁ Ķū ĨŋŐźĸ ĶőĶŶ ĮĶƧ ŉĶŐū ĸŐū,  Ĥœĸ ŉĶŐū ĸŐū ĳő ŬŉŉƧŅ ŉĶŐū ĸŐūί ĦśĶŶ Ĥœūŗū,  Ľŷŗ-

ĮĽƎŀ ŀƊūĦĶźłŏūŚ Įśŋůŋů Ķź Ŏů Ĥœĸ ŉĶŐū ĸŐū (11 ĥĦśźœŶŀžś)  ĳő ̎ŷœŬŌŬœŐŏ ĳő ĮƫŶǉźĽ őźĸźƁ ĶŶ ŉķœūŌ ĦśĶū ŋőůǕń ŉĶŐū ĸŐūί 

ĥŁ ĥĦśźœŶŀžś ŉŶ ŌƁ ĸœ őźĸĽŉĶźƁ ĶŶ ŉķœūŌ ŉŉőźňūɍĶ ŉƠŐū ŉŇķūħ,  ŉĽśŏƎ ŀƊūĦĶźłŏūŚ ĥĦśźœŶŀ ĮŉĥőśůĽů- 8 ŉŶ ̎ŶœŬŌŬœŐŏ, ĮƫŶǉźĽ ĳő 

ŀžŉŗ̎ő ŋő ĤŉňĶŅŏ 33- 40%, 44% ĳő 50% Ĥŗőźň ƠŏŘƂ ŉŇķūŐūί 

ʕūĽ Ķů ŗŲŬŉ ĳő ĨŋĽ ŋő Ľŷŗ-ĹŀĶźƁ ĶŶ ƬŎūŗ śŶ ŋŅūŬĢœū ŉĶ ĥĦśźœŶŀ ŀů- 166 ŉŶ ŋŻňŶ Ķů ĩƁ ŬĢĢūħ,  ļɥ ŅŉŶ Ķū ˧ūś ĳő ĨŋĽ 27% ŅĶ ōӱĢū Ňůί 

ŏŻĽűŇū ŉŗŉňŐūƁ (ħŋů),  ŉĶśūŉźƁ Ķů ŉŗŉňŐūƁ (ĮŌŋů),  ĳő ŋűńŚ ŉŉŐƁƧń (Įśů)  ĶŶ śūőžŬĢĢūő ĥħłůĮŏ ŏŸȮűœ (Įŏ1,  Įŏ2,  Įŏ3 ĳő Įŏ4) Ķū 

őōů 2022 ŏƎ ŏű˜ūƁĶŉ ŉĶŐū ĸŐū őžĢūί ŏŸȮűœ Įŏ1,  ĸŜŉ ƬōƁňŉ,  ĶŶ Ħ̏Ŷŏūœ śŶ Şőůţ ĳő őōů ʕūĽ ŏƎ ƠŏŘƂ ĮƫŶǉźĽ (10- 30%) ĳő 

̎ŶŉŌŌŉœŐŏ (5- 51%) Ķź ƬŎūŗů ŃƁĸ śŶ őźĶū ĸŐū ĳő Ķɻ Ķů ĨŋĽ ŏƎ 24% ŅĶ Ķů ŗŲŬŉ ƞħί ĤŏŲŅŋūŉů ĥňūőőŅ ĽŷŉŗĶ ŌŸŏűŚœŶŘŉ Ķū 

ʕūĽ ŏƎ ĮƫŶǉźĽ ĶŶ ŉķœūŌ ŋőůǕń ŉĶŐū ĸŐūί łůĲĽůĥő İţ őů,  ōūĽőŶ Ķū ĥŀū,  Ķŷ œźŀƊźŉŋś ŋŉɃŐūƁ,  ĶőƁĽ ŋŉɃŐūƁ,  ĤŇőĶ ŋūĨłő, Ŝ˕ů ŋūĨłő,  ŉŜƁĸ 

ŋūĨłő ĳő ŋūŉů ĶŶ ŉŏΆń śŶ ōŉū ĮĶ ŌŸŏűŚœŶŘŉ,  ̎ŶŉŌŌŉœŐŏ Ķź 36% ĳő ĮƫŶǉźĽ Ķź 32% ŅĶ őźĶŉŶ ŏƎ ƬŎūŗů őŜū ĳő ĦśĶŶ ĨŋŐźĸ 

śŶ Ķɻ Ķů ĨŋĽ ŏƎ ŗŲŬŉ ƞħί őźĸ ƬŉŅőźňĶ ǕŏŅū ĶŶ ŉœĮ ļɃůś śŌŶ Ň ʕūĽ ĶŶ ĽŉŉƩ˧źƁ Ķū ŋőůǕń ŉĶŐū ĸŐū,  ĳő ĦśŏƎ śŶ ļŜ ƬŉŗŬŉŐūūſ ̎ ŷŉŌŌŉœŐŏ 

ĶŶ ŉķœūŌ ĥŘūĽŉĶ ŋūħ ĸħƁί 

ŏūĦƠźĥőĮŉĮ (miRNA) ŋŻňźƁ ĶŶ ŉŗĶūś,  ōůŏūőů ĳő Ņŉūŗ ƬŉŅŉƠŐū ĥŉŇ ŏƎ ĥŗ˲Ķ ƬŉƠŐūĲƁ Ķź ŉŉŐƁŉƧŅ ĶőŅŶ ŜƑί ʕūĽ Ľůŉźŏ (PRJEB29505) śŶ 

ĶŰ œ 119 miRNA ĳő ĨŉĶŶ œǗ Ľůŉ Ķů ŋŬŜūŉ Ķů ĸħί ĦśĶŶ Ĥœūŗū,  ōƑĸŉů ňʮōū śƁƠŏń,  śűķū ĳő ĽœŎőūŗ Ņŉūŗ ŏƎ œǗ Ľůŉ Ķů 

ĤŉŎ˧ŉǃ Ķū Ŏů ŉŋļœŶ RNAseq Ķū ĨŋŐźĸ ĶőĶŶ ĤɭŐŉ ŉĶŐū ĸŐūί ĦŉŏƎ śŶ,  73 miRNAs ŉŶ ʕūĽ ŏƎ Ĩŋőźǃ ŉƵžŉŅŐźƁ ŏƎ 

Ĩŉ˝ŉķŅ Ņŉūŗ ŏƎ ĤŉŎ˧ŉǃ ŉŇķūħ,  ŉĽśŏƎ 14 miRNAs ŉŶ őźĸ,  ĽœŎőūŗ ĳő śűķŶ Ķů Ņŉūŗ ŉƵžŉŅŐźƁ ŏƎ ĩŋő Őū ŉůŬĢĢŶ-ŉŗŉŉŐŏŉ ĶŶ œĸūŅūő 

ĤŉŎ˧ŉǃ ̏ő ŉŇķūĮί Ace- MIR408a, Ace- MIR2275b, Ace- MIR168c, Ace- MIR166c, ĳő Ace-  

MIR69a Ħŉ miRNA ĽůŉźƁ ŉŶ Į.  ŋźőů śƁƠŏń ĶŶ ŉœĮ ĤŉŎ˧ŉǃ ŏƎ ŉŎʂŅū ŉŇķūħί 

̎ŷœŬŌŬœŐŏ œůŌ ʮœūĦŀ ĶŶ ŉŗĶūś ĳő ƬŉŅőźň ŋő ĶŀĦőžĢźśůŉ ŉŷŉźĶń ōůĽ ƬūĦŉŏƁĸ ĶŶ ƬŎūŗ Ķū ĥĶœŉ ŉĶŐū ĸŐūί ĶŀĦőžĢźśůŉ ƬūĦŉŏƁĸ ŉŶ ĤŉŰŬŋūőőŅ ōůĽźƁ 

Ķů ŅŰœŉū ŏƎ ōŶŜŅő ĤƁĶŰ őń,  Řŉǃ ĳő Ķŏ őźĸ ĸƁŎůőŅū śűŬĢĶūƁĶ ŉŇķūŐūί ĦśśŶ ŋŅūŬĢœŅū Ŝŷ ŉĶ ĶŀĦőžĢźśůŉ ŉŷŉźĶń ƬŶőőŅ ƬŉŅőźň ĶŶ ŏūɭŏ śŶ ʕūĽ 

ĶŶ ŋŻňźƁ ŏƎ őǕū ƬŉŅŉƠŐū Ķź ōӱĢūŗū ŇŶ śĶŅŶ ŜƑ,  ĳő ōůĽ ƬūĦŉŏƁĸ + ŋɃŶŇūő ĤŉŰƬŐźĸ śōśŶ Ĥȃū śƁŐźĽŉ őŜūί ĦśĶŶ Ĥœūŗū,  ŐŜ ĶŀĦőžĢźśůŉ -ĨŬŋūőőŅ ŋŻňźƁ 

ŏƎ ǏźőźŉŌœ,  ʠŶŗźŉźĦł,  ŉŌŉźœ śūŏƢů ĳő őźĸĽŉŉ-śƁōƁŉňŅ Ƭźŀůŉ (ŋůĥő 1 ĳő ŋůĥő 4) Ķů ŏūƧū Ķź ōӱĢūŅū Ŝŷί Ħśů ŅőŜ,  ʕūĽ ĶŶ Ľš śšŉ Ķū 

Ķūőń ōŉŉŶ ŗūœŶ ŌŌƁ ĢűŇů őźĸŠŉŝ ʟűśŶőőŐŏ ŋő ŉĽƁĶ ŉŷŉźĶńźƁ ĶŶ ƬŎūŗ Ķů ĽūƁŬĢ ŌŌƁ ĢűŇůŬĢĢŶňłŐœ ŗŲŬŉ Ķū ŉŉňūŚőń ĶőĶŶ Ķů ĸħ 

őžĢůί őźĸŠŉŝ Ķů ʈűŉŅŏŬĢĢŶňłŐœ ŗŲŬŉ 200 ŋůŋůĮŏ (50% Ķŏů)  ŏƎ ŇĽŚ Ķů ĸħ,  ĦśĶŶ ōūŇ 100 ŋůŋůĮŏ ŏƎ ŇĽŚ Ķů ĸħί Ħś ƬĶūő,  ʕūĽ ĶŶ 

őźĸĽŉĶźƁ ĶŶ ōŶŜŅő ŉŉŐƁƧń ĶŶ ŉœĮ ŉŷŉźĶńźƁ Ķū ĨŋŐźĸ ŉĶŐū Ľū śĶŅū Ŝŷί 

ĶŲ ŉƧŏ ŀůĶūĶőń ĶŶ ŏūɭŏ śŶ ĮƫŶǉźĽ-ŀžŉŗ̎ő Ķů őźĸĽŉĶŅū Ķū ĤɭŐŉ ŉĶŐū ĸŐūί ĶźŬĢĢŶŀźŀƊūĦĶŏ œŬœŐź̗źőőŐźĦłžś śŶ ŀůĶū œĸūĮ ĸĮ ʕūĽ ĶŶ ŋŻňŶ ŏƎ ĶŲ ŉƧŏ 

ŀůĶūĶőń ĶŶ 4 ŉŇŉ ōūŇ ŋŜœů ōūő Ƣůŗū ŏƎ ŗŲŬŉ ŇŶķů ĸħ;  ĳő ĶŲ ŉƧŏ ŀůĶūĶőń ĶŶ 5 ŉŇŉ ōūŇ Ľœ-ŉŎĸźŉŶ ŗūœŶ Ĺūŗ ŉŇķūħ ŉŇĮί ōūŇ ŏƎ, ŋɃů ĶŶ 

śŅŜ ŋő ňūſśŶ 
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ƞĮ ĤƁłūĶūő Ĺūŗ ĳő ĸŇŚŉ ŋő ŋɃů ĶŶ ĥŗőń ŋő ŇōŶ ƞĮ Ĺūŗ ĶŲ ŉƧŏ ŀůĶūĶőń ĶŶ 6 ŉŇŉ ŋˬūŅ śŷŏŉ/ŉūőƁĸů őƁĸ ĶŶ ŘƁĶŰ ňūőů Ʃ˧ŏūŉ ĶŶ śūőž ŉŗĶŉśŅ ƞĮ ĳő 

ĶŲ ŉƧŏ ŀůĶūĶőń ĶŶ 6 ŉŇŉ ōūŇ Ĺūŗ ŋőőĸŉœŅ Őū ŋőőŋǑ Ŝź ĸĮ,  ŉĽśŏƎ śů. œŬœŐź̗źőőŐźĦłžś (ĶŲ ŉƧŏ ŀůĶūĶőń ĶŶ 8 ŉŇŉ ōūŇ)  ĶŶ ĮśőŗŰŉœ ĶŶ śŏűŜ Řūŉŏœ 

őžĢŶί ĤƁŅŅƂ, ĦśśŶ Ņŉū śš ĸŐūί 

ʕūĽ-œŜśŰŉ ĶŶ ƬŏŰķ ŌŌƁ ĢűŇ ĽŉŉŅ őźĸźƁ śŶ ŬōūŉŶ ŜŶŅŰ ŀƊūĦĶźłŏūū ̗ůśůĽ ĶŶ ŉɨŅůŐĶ ŏŶŀūōźœūĦŀžś Ķů ŎűŉŏĶū Ķů ĽūƁŬĢ ĶőŉŶ ĶŶ ŉœĮ ĦƁłźœ 

ĮŉśŉŀĶ Įŉśł (ĥħĮĮ),  śūĦłőźŌźśŚ ĨɉūŇŉ Ōū̙źőś, ŋźŀŶŉŘŐŏ ĳő ŉĽƁĶ ĹŰœŉŘůœŅū ĽŷśŶ œǕń ŉŉňūŚőőŅ ŉĶĮ ĸĮ őžĢŶί ŀů. ̗ŶĶŰ ŬĢŏ 

ĳő ĮŉĥőśůĽů- 8 ĨŋŎŶŇźƁ ŏƎ ĥħĮĮ Ķū ĩƁ ŬĢĢū ̏ő ĳő ĨĻžŬĢ śūĦłőźŌźśŚ ĨɉūŇŉ ŇĽŚ ŉĶŐū ĸŐūί ĥĦśźœŶŀžś ŀů- 18, ŀů- 166, ŀů- 292, 

ĳő ŀů. ̗ŶĶŰ ŬĢŏ ŏƎ ŌŸ Ŷ̙ ŀ ĹŰœŉŘůœŅū ǕŶƧ őžĢūί ŀů. ŀŷōūśů ĥōūŇů Ķů ĥŉŰŗƁŉŘĶ śƁŭőŉū Ķū ĤɭŐŉ ŏūĦŀźĶŸŉŉžŬĢŐœ śůĲĥħ Ľůŉ 

ĤŉŰƠŏźƁ Ķū ĨŋŐźĸ ĶőĶŶ ŉĶŐū ĸŐū őžĢūί ĮŏŀůśůĲĥħ Ľůŉ ĶŶ ŎůŅő ƵžĢūŉ ĶŶ ĤŉŰśūő ŉŎʂŅū ŋūħ ĸħ 

] ƵžĢūŉ ĶŶ ĤŉŰśūő,  ŇĽŚ Ķů ĸħ ĶŰ œ őůŉłƁĸ śŶ ƬŉŅŘŅ ŉŎʂŅū Ķů ĸńŉū Ķů ĸħί śŎů ĦœūĶźƁ ŏƎ,  307_ŋūœŏŋŰő ĨĻžŬĢŅŏ ʈűŉǏŐźŀūĦł ōƞƛŋŅū Ķū ƬŉŅŉŉŉňɓ ĶőŅū 

Ŝŷί ŀů. ŀŷōūśů ĶŶ śƁŋűńŚ ŏūĦŀźĶŸŉŉžŬĢŐœ Ľůŉźŏ Ķů Ŏů ŉŗŘŶŅūƈ ōŅūħ ĸħί ŀů. ŀŷōūśů ĶŶ ōūőŜ Ƭźŀůŉ-ĶźŉłƁĸ Ľůŉ (ŋůśůĽů),  Ňź ĥőĥőĮŉĮ Ľůŉ ĳő ōůś ŀůĥőĮŉĮ 

Ľůŉ ŏƎ ĸźœūĶūő Ľůŉźŏ Ķů œƁōūħ 12,033 ĥňūő ĽźšŶ (ōůŋů)  ŏūŋů ĸħί ĮĶ œĹŰ ŋőĽůŗů ŅŅŷŐū,  ŏŶĸƭĢūœŏū ĤŏūœœžŬĢŀūŉŏ, ŉőʙ ŋő ŇŶķū ĸŐūί 

ʭűŗŶőőŐū ōŷœśŐūŉū, ŏŶņŶőőœἫŐŏ ĮœŉśźœŬœŐū, ŬĢĢŶĶœŉœśŬœŐŏŬĢĢŶĶūŉů ĳő ŗŉ̗ŉŅ ĶůŀŉūŘĶ ŉůŏ ŅŶœ śŉŜŅ ĮƁŀźŏźŋŷőžĢźĽŶŉ ĶŶ ˧ūŗśūŉŐĶ 

ŌŸŏűŚœŶŘŉ Ķů Ľŷŗ-ƬŎūŗĶūőőŅū Ķū ŋőůǕń ĮĶœ ĮŗƁ ĽŷŉŗĶ ĶůŀŉūŘĶ ŉ̗ŉźśŷł ĶŶ śūőž śƁŐźĽŉ ŏƎ ʕūĽ ŉőʙ ĶŶ ŉķœūŌ ŉĶŐū ĸŐūί Ķůŀ-őźĸŠŉŝ-

ĨŬŋūőőŅ ŎűķƁłźƁ ŏƎ,  ŗŐ  ̉ ŉőʙ Ķů ĥōūŇů 30.3 śŶ 36.2% Ķŏ Ŝź ĸħ,  ĽōŉĶ ĤŎŚĶ 35.5 śŶ 41.9% Ķŏ Ŝź ĸĮί ŉŉŐƁŉƧŅ ŎűķƁłźƁ śŶ 

ĶŰ œ ĳśŅ Ķŏů 32.9 śŶ 39.1% ŋūħ ĸħί ŉůŏ ĶŶ ŅŶœ ĳő ŬĮ. ŬĢĢŶĶūŉů ĶŶ śƁŐźĽŉ ŉŶ ŉőʙ ŗŐ̉źƁ ĳő ĤŎŚĶźƁ ĶŶ ŉŗƚŬĢ ōŶŜŅő 

ƬŎūŗĶūőőŅū ŉŇķūħ,  ĳő ĦśśŶ ĦŉĶů ĥōūŇů ŏƎ 41.2% ŅĶ Ķů Ķŏů ĥħ,  ĦśĶŶ ōūŇ ŉůŏ ĶŶ ŅŶœ ĳő ōů. ōŷœśŐūŉū ĶŶ śƁŐźĽŉ ŏƎ ĦŉĶů 

Ķŏů ŇŶķů ĸħί ŉħ ŋůӱĢů ĶŶ Ķŏ Ľźŉķŏ ŗūœŶ ĶůŀŉūŘĶźƁ,  ĤőžĢūŚŅž ŉ̗őźŀŶőūŏūŀ 150 Ĳłů ĳő ŉ̗ŉŶŀźőŏ 11.7 Įśśů Ķū ʕūĽ ŉőʙ ĶŶ ŉķœūŌ ǕŶƧ ŋőůǕń 

ŉĶŐū ĸŐūί ŇźŉźƁ Ķź ʕūĽ ŉőʙ ĶŶ ŉķœūŌ ƬŎūŗů ŋūŐū ĸŐū,  ĳő ĨŉĶů ƬŎūŗĶūőőŅū ƬźŌŶ ŉźŌźś ĶŶ ōőūōő ŋūħ ĸħί ŏŰǣ ķŶŅ ŏƎ őźŋŶ ĸĮ ʕūĽ Ķź ʕūĽ ĶŶ 

ŉőʙ śŶ ŬōūŉŶ ĶŶ ŉœĮ ŋŻň Ľš łŰōźŉŶ Ķů őńŉůŉŅ ŉŗĶŉśŅ ĶőŉŶ ĶŶ ŉœĮ ĮĶ ĤɭŐŉ ŉĶŐū ĸŐūί ĮĶ Ķŏ Ľźŉķŏ ŗūœŶ łūŐŏūĦł ĶůŀŉūŘĶ 

śūŐŉŀƊūŉŉŉœƬźœ Ķū ŋŻň Ľš ĨŬŋūő ĶŶ ƛŋ ŏƎ ʕūĽ ŉőʙ ĶŶ ŉķœūŌ ŋőůǕń ŉĶŐū ĸŐū,  ŐŜ ʕūĽ ŉőʙ śƁƠŏń Ķź Ķŏ ĶőŉŶ ŏƎ ƬŎūŗů őŜūί 

ʕūĽ ŎƁłūőń ŏƎ ŎƁĢŲĸ,  ĶūŋźŬœŬĢś ŜŶœŏœŀŶőś Ķů ĨŋŉƵžŉŅ ŇĽŚ Ķů ĸħί Ħś ƬĽūŉŅ Ķů ŋŰŬŉ ƛŋūɍĶ ĤŗœźĶŉ ĳő ĥĸŶ łůĮŉĮ ōūőĶźŉłƁĸ Ķū ĨŋŐźĸ ĶőĶŶ Ķů 

ĸħί Ķůŀ ĥŏ ŅŻő ŋő ķŶŅ śŶ ŎƁłūőń ŅĶ Ōŷ œŅŶ ŜƑί ĦśĶŶ Ĥœūŗū, ʕūĽ ĶŶ ĶɻźƁ Ķź ķőūō ĶőŉŶ ŗūœŶ ŎƁłūőń ĶŗĶ Ķź Ĥœĸ Ķő ŉŇŐū ĸŐū 

ĳő ĨŉĶů ŋŬŜūŉ Ķů ĸħ ĳő ŗŶ Į̗őŉĸœś ĳő ʟűĽŶőőŐŏ ƬĽūŉŅŐźƁ śŶ śƁōƁŉňŅ ŋūĮ ĸĮί ƬŏŰķ ʕūĽ ĨĸūŉŶ ŗūœŶ ŉĽœźƁ śŶ ŉœĮ ĸĮ ŎƁłūőń ĶɻźƁ Ķū ĶůŀŉūŘĶ 

ĤŗŘŶőžĢźĢƁ ĶŶ ŉœĮ ŉŗ˴Ŷńƈ ŉĶŐū ĸŐū, śŎů ŉŏűŉźƁ ŏƎ ĤŗŘŶőž Ĩŋ-ĮŏĥőĮœ ̏ő ĶŶ ŋūĮ ĸĮί ŇŶŘů łƁĶ őŉŜŅ ŏňŰŏƾů ŀŶŀƊūĸźŉŰŬĢĢū ĦőőœłŋŶœŉś Ķů 

ŋőūĸń ǕŏŅū Ķū ĥĶœŉ ŉĶŐū ĸŐūί ŏŜūőū˺Ɗ ĶŶ ŉŗŉŎʂ ƵžĢūŉźƁ ŏƎ ʕūĽ ŋő łƁĶ őŉŜŅ ŏňŰŏƾů ƬĽūŉŅŐźƁ Ķū Ň̏ūŗŶĽůĶőń ŉĶŐū ĸŐūί ĦśĶŶ Ĥœūŗū,  ŀů. 

ĦőůœłŋŶœŉś ĶŶ śƁŋűńŚ ŏūĦŀźĽŶŉźŏ Ķū ŋŜœů ōūő ĻŭőƧůŬĶń ňĶŐŀ ĸŐŀί 

Ķŀūħ ĨŋőūūƁŅ ƬĢŻɦźŬĸĶů 

ʕūĽ Ķů Ōśœ Ķů ķŶŅů Ķź ĤŉňĶ ŉĶŌūŐŅů ōŉūŉŶ ĶŶ ŉœĮ ŎƁłūőń ŉŰĶśūŉ Ķź Ķŏ Ķőŉū ĳő ŏű ̃ śƁŗňŚŉ, Ňź ĤŋőőŜūŐŚ ōūŅƎ ŜƑί ŉŉŇŶŘūœŐ 

ŎƁłūőń ŉŰĶśūŉ Ķź Ķŏ ĶőŉŶ ĳő ʕūĽ ĳő œŜśŰŉ śŶ ƬśƁ Ų̉ Ņ ĨɉūŇźƁ ĶŶ ŉŗĶūś ĶŶ ŉœĮ ŎƁłūőń śƁŭőŉūĲƁ ĶŶ Řźňŉ ŋő Ķūŏ Ķő őŜū Ŝŷί ŭőŋźŀūƈňůŉ 

Ĥŗŉň ĶŶ ŇŻőūŉ,  Ķŀūħ ĶŶ ōūŇ Ķů ƬŻɦźŉĸĶů ĶŶ ŅŜŅ œūœ ʕūĽ Ķů ŉĶ̛źƁ Ķź śŰķūŉŶ ĳő ŋŰŉĽŚœůĶőń ĶŶ ŉœĮ ƬŉƠŐū ƬźŀźĶŸœ ŅŷŐūő Ķőŉū,  
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ʕūĽ ĶŶ ōůĽ ĶŶ ŅŶœ ĶŶ ŉŉ˸Śƈń ĶŶ ŉœĮ ƬŉƠŐū ƬźŀźĶŸœ ĶŶ ĤŉŰĶű œŉ ĳő ŎƁłūőń ĶŶ ŉœĮ ʕūĽ ĶŶ ŗūŐŰĸŉŅĶůŐ ĸŰńźƁ ŋő ĤɭŐŉ ŋő Ķūŏ ŉĶŐū ĸŐūί 

Ŭĸ̏ūő 

ŋźĶƈ Ņɓ ƬōƁňŉ,  őźĸ ĳő Ķůŀ ƬōƁňŉ ĳő ŉĶ̛ ŬĢŐŉ ĶŶ śƁōƁň ŏƎ śűŬŉŅ ŉŉńŚŐ œŶŉŶ ŏƎ ŉĶśūŉźƁ Ķů śŜūŐŅū ĶŶ ŉœĮ Ņůŉ ŉŉńŚŐ śŏŚƈŉ 

ƬńūŉœŐūūſ ŉŗĶŉśŅ Ķů ĸħ ŜƑί ' ĲĮŉłůĮśĮś'  Ƭńūœů ŉĶśūŉźƁ Ķź ŏŲŇū ̠ūśžĢžŐ őőŋźŀŚ ĳő ĤŉŰŘƁŉśŅ ŋźĶƈ ķŰőūĶ ĶŶ ĥňūő ŋő ŋźĶƈ Ņɓ ƬōƁňŉ 

Ķź śƁŅŰŉœŅ ĶőŉŶ ŏƎ ŏŇŇ ĶőŅů Ŝŷί ' ĲłůŋůĮłŗūĦĽő'  Ƭńūœů œǕń-ĥňūőőŅ ŋŬŜūŉ ĳő ŉśŌūőőŘźƁ ĶŶ ŏūɭŏ śŶ ĶůŀźƁ ĳő őźĸźƁ Ķů ŋŬŜūŉ ĳő 

ƬōƁňŉ ŏƎ śŜūŐŅū ĶőŅů Ŝŷί ' ̛ūŀŚİŉŉŐŉ' Ƭńūœů ŉĶśūŉźƁ Ķź ĨŉĶů ŉŗŉŬŘ ĥŗ˲ĶŅūĲƁ ĶŶ ŉœĮ ĨŋŐŰǃ ʕūĽ Ķů ŉĶ̛źƁ ĶūŬĢŐŉ ĶőŉŶ ŏƎ śŜūŐŅū 

ĶőŅů Ŝŷί ĦśĶŶ ĤŉŅőőǃ,  ŉĶśūŉźƁ Ķź ʕūĽ Ķů ķŶŅů ĶŶ ŉœĮ ˧ūŋĶ ĽūŉĶūőů, śœūŜ ĳő ŉŉńŚŐ śŏŚƈŉ ŀűœ ƬŇūŉ ĶőŉŶ ĶŶ ŉœĮ "ʕūĽ 

Ōśœ śœūŜĶūő"  ŉūŏĶ ĮĶ ŏźōūĦœ ĮŉʖĶŶ Řŉ ŉŗĶŉśŅ ŉĶŐū ĸŐūί ŏˎůŏůŉłŐū-ĥňūőőŅ śŏūŬĢĢūő ōŰœŶŉŀŉ ŏőūŁů ŏƎ '  ĶūƁŇū ŗ œśűń 

śŏūŬĢĢūő'  ĳő ŉŜƁŇů ŏƎ ' ʕūĽ ĮŗƁ œŜśŰŉ śŏūŬĢĢūő'  ĳő śźŘœ ŏůŉłŐū ʖŶŀŌūŏźƁ Ķū ĨŋŐźĸ ĶŲ ŉőž-śœūŜ ĳő ŅĶŉůĶů ĽūŉĶūőů ƬśūőőŅ ĶőŉŶ ĶŶ 

ŉœĮ ŉĶŐū Ľū őŜū Ŝŷί ĦśĶŶ Ĥœūŗū,  ŗʈ ĮŬœŐŏ ĶŶ ŉœĮ ĮĶ ŏű ̃ŘžƁĢŲķœū ŏŸłœ ƵžĢūŉŋŅ ŉĶŐū ĸŐū Ŝŷ,  Ľź ĨŋĽ Ķů ŉƵžő ĥŋűŉŅŚ śŰŉŉŉˬŅ ĶőŅū Ŝŷί 

śƁƵžĢūŉ ŋőőŐźĽŉū (30),  ĤŉŰśűŬŉŅ ĽūŅů Ĩŋ-ŐźĽŉū (280),  ĳő ŏŶőū ĸūƁŗ ŏŶőū ĸŻőŗ (45).  ĦśĶŶ ĤŉŅőőǃ,  ĤŉŰōƁň ŋőůǕń ŏƎ,  ŋƈĶ ŉśƁŬĢĢūħ ƬŻɦźŉĸĶů ĶŶ śūőž 

ĨŁů ƞħ ǎūőőŐźƁ ĶŶ ĶūŐūŚʉŐŉ ŋő ɭūŉ ĶƎ ŉƩŅ ĶőŅŶ ƞĮ,  ŋŰńŶ ĳő ĤŜŏŇŉĸő ŉĽœźƁ ŏƎ 240 ĤŬňŏ ŋƁŬň ƬŇŘŚŉ ĥŐźňĽŅ ŉĶĮ ĸĮί ĦśĶŶ Ĥœūŗū 

ŋűŗźɃő ŋŗŚŅůŐ ǕŶƧ ŏƎ 95 ƬŇŘŚŉ ĥŐźňĽŅ ŉĶĮ ĸĮί ŗŚƈ 2022 ĶŶ ŇŻőūŉ ĽŉĽūŅůŐ Ĩŋ-ŐźĽŉū ĶŶ ŅŜŅ ķőůŌ ŏƎ 58 ƬŇŘŚŉ ĳő őōů ŏƎ 85 ƬŇŘŚŉ ĥŐźŉĽŅ 

ŉĶĮ ĸĮί ĽŉĽūŅůŐ Ĩŋ-ŐźĽŉū ĶŶ ŅŜŅ ŏŜūőū˺Ɗ, œŶŜ (œɜūķ)  ĳő ĨɃő ƬŇŶŘ ŏƎ ĶŰ œ Ňś ƬŉŘǕń/  ƬǕŶƧ ŉŇŗś ĥŐźŉĽŅ ŉĶĮ ĸĮ,  ŉĽŉŏƎ 693 

ĥŉŇŗūśů ŉĶśūŉźƁ ŉŶ Ŏūĸ ŉœŐūί ŏŶőū ĸūƁŗ ŏŶőū ĸŻőŗ ŐźĽŉū ĶŶ ŅŜŅ 15 ĸūƁŗźƁ Ķź ĤŋŉūŐū ĸŐū ĳő Ħŉ ĸūŗźƁ ŏƎ Ķħ ĽūĸƛĶŅū ĶūŐŚƠŏ ĳő 35 ƬŉŘǕń ĥŐźŉĽŅ 

ŉĶĮ ĸĮί 

ĶŲ ŉőž ǕŶƧ ŏƎ ŋƁĽůĶŲ Ņ ̎ūŀŚ-Ĥŋ Ķź śŏŚƈŉ ŇŶŉŶ ĶŶ ŉœĮ ĶŲ ŉőž-˧ŗśūŐ ĨʂŐŉ ĶƎ Ʃ Ķů ƵžĢūŋŉū Ķů ĸħίŬĢĢūő ̎ūŀŚ-Ĥŋ ĤőžĢūŚŅž ŉőžƁĶʕźő 

İĸŶŉŉĶ ƬźȮűś ƬūĦŗŶŀ ŉœŉŏŀŶł,  ŌūŏŚśŚ ̛ūĦœ ŌūŏŚő ƬźȮűśő ĶƁ ŋŉů,  ŗūĹŶ˵ő ŌūŏŚő ƬźȮűśő ĶƁ ŋŉů ĳő ŋœūƁŇŰŜ ŌūŏŚő ƬźȮűśő ĶƁ ŋŉů ŉœŉŏŀŶł 

ŉŶ śŏľŻŅū Ȑūŋŉ ŋő Ŝ̏ūǕő ŉĶĮ ĳő ĨʂŐŉ (ĦŉǎűōŶŘŉ)  ĶŶ ŉœĮ ŉūŏūƁĶŉ ŉĶŐūί ŗŚƈ 2022 ŏƎ,  śƁƵžĢūŉ ̏ő ĶŶ ŋő 39 ōůĽ ĶƁ ŋŉŉŐźƁ Ķź ĶŰ œ 

śūŅ ʕūĽ ŉĶ̛źƁ Ķū œūĦśƎś ŉŇŐū ĸŐūί ĦśĶŶ ĤŉŅőőǃ,  Ķœū ōūŐźŀŶĶ ƬūĦŗŶŀ ŉœŉŏŀŶł Ķź ' ŉŉŐƁŉƧŅ ʕūĽ ŎƁłūőń śƁŭőŉū' ŅĶŉůĶ ĶŶ ŉœĮ ĮĶ 

ŉŗŘŶőž œūĦśƎś ƬŇūŉ ŉĶŐū ĸŐūί ĦśĶŶ Ĥœūŗū,  śƁƵžĢūŉ ŉŶ ļŜ ĤŉŰōƁň ŋőůǕń ĥŐźŉĽŅ ŉĶĮ ĳő ĤŉŰśƁňūŉ ĨɜŶ˲źƁ ĳő ļūƧ ŏūĸŚŇŘŚŉ ĶŶ ŉœĮ ļŜ 

śƁĸŁŉźƁ ĶŶ śūőž śŜŐźĸ ƵžĢūŉŋŅ ŉĶŐūί 

ŉŉŇŶŘūœŐ ŉŶ Ĥŉķœ ŎūőŅůŐ ʕūĽ ĮŗƁ œŜśŰŉ ŉŶŀŗĶŚ ĤŉŰśƁňūŉ ŋőőŐźĽŉū (ĮĥħĮŉĥőŋůĲĽů)  Ķů ŅŶŬĢŜŗůƁ ŗūŉŚƈĶ śŏűŜ ōŷŁĶ ňŇŉŀƁĶ 5- 7 Ĥĸ  ̏

2022 ĶŶ ŇŻŬĢŀŉ ňŬŀŗŀš (ĶŉŀūĶƈ)  ŏƎ ĥŐźŉĽŅ Ķůί ŉŗŉŎʂ śƁƵžĢūĸŅ ĸŉŅŉŗŉňŐūūſ ĽŷśŶ śƁƵžĢūŉ ĤŉŰśƁňūŉ śŉŏŉŅ,  śƁƵžĢūŉ ƬōƁňŉ śŉŏŉŅ,  ĥŉŇ 

Ķů ōŷŁĶƎ śŏŐ ŋő ĥŐźŉĽŅ Ķů ĸħƁί ŉŉŇŶŘūœŐ ŉŶ ŎūőŅůŐ ƬŻɦźŉĸĶů śƁƵžĢūŉ (ĥħĥħŀů),  ŏƁĢŰōħ ĶŶ śŜŐźĸ śŶ "ʕūĽ Ķů Ķŀūħ ĶŶ ŋˬūŅ ŎƁłūőń 

ƬŻɦźŉĸĶů ĳő ƬōƁňŉ" ŋő ĶūŐŚŘūœū Ŏů ĥŐźŉĽŅ Ķů, ŉĽśŏƎ 80 ŉŜŅňūőĶźƁ ŉŶ Ŏūĸ ŉœŐūί ʕūĽ ĳő œŜśŰŉ ĤŉŰśƁňūŉ ĶŶ ǕŶƧ ŏƎ ĨȻŲ ŬĢ ŐźĸŇūŉ 

ĶŶ ŉœĮ ĶŏŬŚūőőŐźƁ Ķź Ķħ ŋŰő̉ūő ĳő ŏūʈŅūĮūſ Ŏů ŉŏœůƁί ŉŉŇŶŘūœŐ Ķź ĨŋŎźŬĢŀ ŏŀŏœŶ,  ķŀɦ Ŭĳ śŀŗūĽňŉĶ ňŗŬŅń ŏƁƧŀœŐ (ĮŏĲśůĮĮŌŋůłů)  

ɨŬŀŀ ' ʕŀĽ ĶŶ ƬŀņňŏĶ ƬśƁŮ̉ń,  ŎƁłŬŀń Ŭĳ ŏű ̃ ňŉňŀūŬĢń ĶŶ ňœĮ ƬŻɦźňĸňĶŐźƁ'  Ķź ňŗĶňśŅ ŬĶŉŶ ĶŶ ňœĮ ŘŰƛ ňĶĮ ĸĮ 'ƢƑł ĤŬŉŬŐ 

ĻŷœƎĽ' ŏƎ Ȑŀŉ Ŭĳ ŏű˜ŀƁĶŉ ŎŀĸůŇŬŀ ĶŶ ƛŋ ŏƎ ŏŀʈŅŀ Ňů ĸħ Ŝŷί ŉŉŇŶŘūœŐ Ķů 23ŗůƁ ĤŉŰśƁňūŉ śœūŜĶūő śŉŏŉŅ (ĥőĮśů)  

Ķů ōŷŁĶ 20 ŬŌŬŗů,  2022 Ķź śƁŋʂ ƞħί ŉŉŇŶŘūœŐ Ķů 5ŗůƁ ŋƁĻŗŀňŚūĶ śŏůǕŀ ōŷŁĶ 20- 22 ňŇśƁŬō 2022 ĶŶ ŇŻŬĢŀŉ ĥŐźňĽŅ Ķů ĸħί 

ŉŉŇŶŘūœŐ ŏƎ ĸńŅƁƧ ŉŇŗś,  ̠ŅƁƧŅū ŉŇŗś,  ĤƁŅőūŚ˺ƊůŐ ŏŉŜœū ŉŇŗś,  ŉŗ ˵ ŏŲŇū ŉŇŗś ŏŉŀĮƁ ĸĮί ŇŷŉŉĶ ĶūŐūŚœŐůŉ ĶūŏĶūĽ ŏƎ ŉŜƁŇů ĶŶ ŏŜɓ Ķź 

ōӱĢūŉŶ ĶŶ ŉœĮ ŉŜƁŇů ŋķŗūšū Ŏů ĥŐźŉĽŅ ŉĶŐū ĸŐūί ŗŚƈ 2022 ŏƎ ŉŉŇŶŘūœŐ ŉŶ 105.04 œūķ Ķū őūĽ̠ ĤŉĽŚŅ ŉĶŐūί 
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Executive Summary  
 

The research, extension and development work of ICAR-Directorate of Onion and 
Garlic Research was carried out through institutional research projects and 
adhoc/externally funded projects during the year 2022. During the reporting  period 
ICAR-DOGR 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 showcase onion and garlic technologies. Apart from 
the twenty institute projects, ICAR-DOGR 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  

ICAR-DOGR is maintaining 89 wild and underutilized Allium lines of 17 different 
species under field condition. These species were screened for foliage yield, growth, 
quality, flowering behaviour, consumer preference and were utilized in breeding 
programme. Systemic value chain development efforts are being carried for Allium 
tuberosum based on three %ȭÓ viz. 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. tuberosum CGN-16418 and 
A. tuberosum Rottl Ex-sprkucchai CGN-16373. 

Onion germplasm were evaluated during kharif, late kharif and rabi seasons. In case 
of white and yellow onion germplasm, during rabi (52 white  and 2 yellow accessions) 
and late-kharif (15 white accessions) were evaluated. During rabi, W-361 exhibited 
highest marketable yield followed by W-398 and White New Genepool. In late kharif, 
W-453 and W-458 were recorded with  superior marketable yield and were also free 
from bolters. Almost 700 garlic lines comprising germplasm, landraces, and varieties 
are under maintenance for breeding activities at ICAR-DOGR. Garlic germplasm were 
evaluated during rabi. The lines 569, GS-1, G-10, 224 and 63 were recorded with 
highest marketable yield. In kharif, 12 garlic lines were evaluated for their kharif 
season suitability and agro-morphological traits. The average marketable yield of 
more than 5 t/ha was recorded by all the genotypes except two lines. Mutation 
breeding, using gamma radiation, colchicines and EMS treatments were attempted in 
garlic lines for creating variability in response to yield, bulb size and stability. 

Available germplasm of red onion was evaluated in late kharif (170), rabi (192) and 
kharif (165) seasons along with suitable checks. In late kharif season, Acc. 1794 
yielded 58 t/ha with no bolting. DOGR- 1168 (LG-107-3) yielded maximum with 
7.63% bolting while in rabi, Acc. 1321 exhibited nearly 60 t/ha yield with 100% 
marketable bulbs. In kharif season, Acc. 1634 yielded maximum with no bolting. 
Among advance breeding lines, in late kharif season, DOGR-1608 and DOGR-1614 
recorded maximum yield with less bolting. During rabi season, DOGR-1048-Sel (31.70 
t/ha) gave maximum yield compared to check while in kharif season, DOGR-1014- 
GDR was found to be significantly superior. Among initial breeding lines, LK-07- 
C2/LR-1, LK-07-C2/LR-1 and Red Comp-1 (Kh-12) found to be superior compared to 
check in late kharif, rabi and kharif  seasons, respectively. ICAR-DOGR had also 
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registered two germplasm with ICAR-NBPGR for waterlogging (IC0645764) and 
drought (IC0645763) tolerance in onion. The Directorate also focused on hybrids for 
yield and other characters. The hybrids MS111A × 1608 (late-kharif), MS111A × RGP- 
1 (rabi) and MS111A × 1605 (kharif) gave superior performance compared to checks. 

The efforts are also being made to develop haploids through gynogenesis. Currently, 
sixty-seven double haploid lines have been maintained at the institute. The glossy 
plants provide protection against both biotic and abiotic stresses. RNA-seq was done 
to comprehend the expression variations of waxy cuticle-related genes in the glossy 
mutant and its wild-type waxy cultivars. Differential gene expression analysis of the 
RNA-seq data revealed that the genes involved in wax biosynthesis, such as AcCER1, 
AcCER26, AcMAH1, and AcWSD1, were down regulated in the 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 tolerance-related genes like group 
VII ERFs such as RAP2-12 and RAP2-3 that play a crucial role in developing tolerance 
in plants, were found to be exclusively up-regulated in waterlogging tolerant onion 
genotype Acc.1666 than in sensitive one. High temperature 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 to other 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 soybean and 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. 
Soil analysis showed that soil organic carbon and soil available N concentration were 
higher in organic treatments compared to INM and conventional farming. Thrips 
population was the highest in plots received organic plant protection measures. 

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. 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 solids compared to 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 water-soluble fertilizer increased plant growth and 
yield of onion genotypes, Bhima Dark Red and Acc. 1666 significantly compared to the 
other genotypes under water-logged conditions. The tolerant genotypes Acc. 1666 
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and Bhima Dark Red showed higher survival percentage (>90%), good plant stand, 
higher chlorophyll content, better cellular membrane stability. 

In garlic, application of ICAR-CIRCOT nano-sulphur 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. 

Crop Protection  

The fungal pathogens of onion (Colletotrichum spp., Fusarium spp., Alternaria spp., 

Stemphylium spp) were collected, isolated, and characterized using morphology as 

well as molecular tools using ITS and TEF primers. In addition, bio-agents 

Trichoderma spp. were also isolated (11 isolates) and tested against Stemphylium and 

anthracnose diseases. Eight isolates showed inhibitory action against fungal 

pathogens in which Trichoderma isolate NRCG-8 showed a maximum of 33-40%, 44% 

and 50% inhibition on Stemphylium, Anthracnose and twister, respectively. 

Bio-agents' effect on onion growth and yield revealed that isolate T-166 enhanced 

plant height, pseudostem diameter, and yield 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 in rabi 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 Amritpani-based 

organic formulations tested against Anthracnose in onions. DOGROF3, a formulation 

comprised of a mixture of Bajra flour, Calotropis leaves, Karanj leaves, Ginger powder, 

Turmeric powder, Hing powder and water, was effective in inhibiting Stemphylium by 

36% and Anthracnose by 32% and increased the bulb yield. Thirty-six white onion 

germplasms were tested for disease resistance, and six entries were found promising 

against Stemphylium. 

MicroRNAs (miRNA) reportedly regulate essential processes in plant development, 

disease and stress response, etc. A total of 119 miRNA and their  target genes from the 

onion genome (PRJEB29505) were identified. Further, the expression of 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 

above conditions in onion, in which 14 miRNAs showed consistent expression levels 

of up or down-regulation in disease, waterlogging and drought stress conditions. Ace- 

MIR408a, Ace-MIR2275b, Ace-MIR168c, Ace-MIR166c, and Ace-MIR69a these miRNA 

genes showed variation in expression in response to A. porri infection. 

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 nanoparticles can 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 pathogenesis-related protein (PR1 and PR4) in chitosan-treated plants. 

Likewise, the effect of zinc nanoparticles on the fungal pathogen Fusarium causing 

basal rot of onion was investigated by determining the fungal radial growth. The 

minimum radial growth of the pathogen was recorded at 200 ppm (50% reduction), 

https://www.ebi.ac.uk/ena/browser/view/PRJEB29505
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followed by 100 ppm. Thus, Nanoparticles can be exploited for the better control of 

onion pathogens. 

Pathogenicity of anthracnose-twister studied via artificial inoculation. Onion plant 

inoculated with Colletotrichum gloeosporioides showed first neck elongation after 

4DAI; water-soaking lesions at 5DAI. The sunken oval lesions on the leaf blades and 

depressed lesions on the leaf sheaths at the neck; later, these lesions developed with 

salmon/orange-coloured conidial mass on 6 DAI on 7 DAI lesions becoming necrotic 

or matured which contained clusters of acervuli of C. gloeosporioides (8 DAI). Finally, 

it leads to the rotting of the stem. 

To investigate the role of secondary metabolites of Trichoderma spp. isolates against 

major fungal diseases of onion-garlic, 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. speculum and NRCG-8 strains. The isolates T-18, T-166, T-292, and T. 

speculum had phosphate solubilization zone. The genetic structure of the T. tabaci 

population was studied using mitochondrial COI gene sequences. The location-wise 

variation within  the mtCOI gene has been reported. Locality-wise, per cent variations 

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 has also been characterized. The circular genome 

of T. tabaci measured 12,033 base pairs (bp) in length: twelve protein-coding genes 

(PCGs), two rRNA genes and twenty tRNA genes. A miniature parasitoid wasp, 

Megaphragma amalphitanum, was recorded on thrips. 

The bio-efficacy of commercial formulations of entomopathogens, including 

Beauveria bassiana, Metarhizium anisopliae, Lecanicillium lecanii, 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 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. The 

combination of neem oil and L. lecanii showed better efficacy against the thrips  adults 

and nymphs, and that produced up to 41.2% population reduction, followed by the 

neem oil and B. bassiana combination. Two new-generation reduced-risk 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, a reduced-risk diamide insecticide, was tested against onion thrips 

as a seedling root treatment and was effective in suppressing onion thrips  infestation. 

The occurrence of beetle, Carpophilus hemipterus is recorded in the onion storage. The 

species was confirmed with morphological observation and further using DNA 

barcoding. The pest spread to the storage generally carried from the field to storage. 

Further, the storage fungi causing spoilage to onion bulbs have been isolated and 

characterized and belong to Aspergillus and Fusarium species. The storage bulbs 

sampled from major onion-growing 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 bee Tetragonula iridipennis was assessed. The 

stingless bee species visiting onion in various locations of Maharashtra was 

documented. Further, the complete mitogenome of T. iridipennis was characterized 

for the first time. 

Post-Harvest  Technology  

Reducing the storage losses and value addition are the two inevitable things to make 
onion crop cultivation more profitable. ICAR-DOGR is working on the refinement of 
storage structures for reducing the storage losses and development of processed 
products from onion and garlic. During the reporting period under post-harvest 
technology, work on the development of process 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 onion for 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 doses. The 'ODP 
Adviser' system aids in identifying and managing pests and diseases through 
symptom-based identification and recommendations. The 'Smart 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-based news bulletins ȬKanda va Lasun Samacharȭ 
in Marathi and ȬPyaj evam Lahsun Samacharȭ in Hindi and social media platforms are 
used to disseminate agro-advisories and technological information. Furthermore, a 
value chain model for wild alliums has been established, ensuring a steady supply of 
produce. 

A total of 355 frontline demonstrations took place in Maharashtra state, 
encompassing the kharif (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 Ahmednagar districts, focusing on 
the implementation of Raised Bed with Drip Irrigation Technology. A total of 58 
demonstrations in kharif and 85 demonstrations in rabi were conducted under TSP 
during the year 2022. A total of ten trainings/  field day (s) were organized under TSP 
in Maharashtra, Leh (Ladakh) and Uttar Pradesh in which 693 tribal farmers 
participated. Under Mera Gaon Mera Gaurav scheme 15 villages were adopted and 
several awareness programmes and trainings were conducted. 

The Agri-Business Incubation (ABI) centre was established to support registered 
start-ups in the agricultural sector. Four Start-ups 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, a total of seven onion varieties were licensed to 39 seed 
companies at the institute level. Additionally, an exclusive license for the 'Controlled 
Onion Storage Structure' technology was granted to Kala Biotech Pvt. Ltd. 



ICAR-DOGR ANNUAL REPORT 2022 

xi 

 

 

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

The Directorate organized XIII Annual Group Meeting of All India Network Research 
Project on Onion and Garlic (AINRPOG) during 5-7 August 2022 at Dharwad 
(Karnataka). The various Institutional activities viz., IRC, IMC, etc. meetings were held 
timely. ICAR-DOGR, Pune and IIT-Bombay, collaboratively organized a training 

workshop on óPost Harvest Storage Technology and Management of Onionô at ICAR- 

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 Knowledge and Evaluation partner in the óGrand Onion Challengeô 

launched by the Ministry of Consumer Affairs, Food and Public Distribution (MoCAFPD) 

to develop 'Technologies for Primary Processing, Storage and Valorization of Onions'. The 
23rd Research Advisory Committee (RAC) meeting of ICAR-DOGR was conducted on 
20 February, 2022. The 5th Quinquennial Review Meeting was conducted during 20- 
ςς $ÅÃÅÍÂÅÒȟ ςπςςȢ 2ÅÐÕÂÌÉÃ $ÁÙȟ )ÎÄÅÐÅÎÄÅÎÃÅ $ÁÙȟ )ÎÔÅÒÎÁÔÉÏÎÁÌ 7ÏÍÅÎȭÓ $ÁÙȟ 
World Soil Day were celebrated. To increase the importance of Hindi in daily work 
Hindi Pakhwada was also organized. During the year 2022, ICAR-DOGR generated a 
revenue of 105.04 lakhs. 
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The Directorate  

A. Introduction  

Realizing the importance of onion and garlic in the country, the Indian Council of 
Agricultural  Research (ICAR) established National Research Centre for Onion and 
Garlic in VIII Plan at Nashik in 1994. Later, the Centre was shifted to Pune on 16 June, 
1998. Due to the expansion of R&D activities of onion and garlic, the center was 
rechristened and upgraded to ICAR-Directorate of Onion and Garlic Research 
(DOGR) in December 2008 along 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 at Chandoli, Pune, Maharashtra on 
Pune -Nashik Highway. It is 18.32' N and 73.51' E at 553.8 m above m.s.l. with a 
temperature range of 5.5-42.0 and having annual averagerainfallof 669 mm. 

Infrastructure  

The centre has 52 acres of research farm with perennial irrigation facilities at 
Rajgurunagar, 55 acres at Kalus, 10 acres at Manjari and 4 acres at Baner. Thecentrehas 
research laboratories for biotechnology, soil science, plant protection, seed technology 
and post-harvest technology with  modern state of the art equipment. The library  at the 
centre has extensive collection of books, journals, e-sources on Alliums. The internet 
and e-mail connectivity has been strengthened for easy literature  access. The centre 
has its own website: www.dogr.icar.gov.in, which provides rapid updates and all 
relevant information on onion and garlic and administrativemattersof ICAR-DOGR. 

Vision  

To improve production, productivity,  export and add on value ofonion andgarlic. 

Mission  

To promote overall growth of onion and garlic in terms of enhancement of quality 
production, export andprocessing. 

Mandate 

¶ Basic, strategic and applied research on genetic resource management, crop 
improvement and production technologies for enhancing and sustaining 
production of onion and garlic 

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

¶ Coordinate research and validation of technologies through AINRP on onion 
and garlic 

http://www.dogr.icar.gov.in/
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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 threat due to the depletion of local cultivars and land races. It 

is essential to systematically collect, assess, characterize, and conserve germplasm at both 

molecular and phenotypic levels in order to address current and future challenges. Having 

a diverse genetic foundation with a range of variable germplasm is crucial for any breeding 

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 are well-suited for diverse 

agro-climatic conditions. Germplasm were collected 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 during off-seasons. 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. ICAR-DOGR 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. 

1.1.1 Evaluation 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 

significant superiority in terms of marketable yield (MY)  and total yield (TY) compared 

to check (40.56 t/ha). The highest MY was observed in W-361 (62.02 t/ha) followed by 

W-398 (56.71 t/ha) and White New Genepool (54.29 t/ha). The MY ranged from 23.03 

to 62.06 t/ha and eleven germplasm were found to be free from bolting. After four 

months of storage, the losses varied from 19.89% to 61.09%. W-353 (19.89%) had the 

lowest storage losses followed by White GP Composite-6 (26.60%) compared to check 

(39.97%). The Total Soluble Solids (TSS) ranged between 11.00% and 14.30%. W-385 

(14.30%) had the highest TSS followed by W-175 (14.20%). Additionally, seven 

germplasm received from ICAR-NBPGR were evaluated, IC-49102 (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, where Y-005 

exhibited significantly superior MY (50 t/ha) compared to check variety 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 germplasm during rabi 2021-22 
 

No. of 

germplasm 

Superior 

lines for 

MY  

MY  

(t/ha) 

SL4M 

(%) 

Bolter 

(%) 

TSS 

(°Brix)  

(White) 52 16 (15+1IC) 23.03-62.06 18.89-61.09 0.00-44.65 11.00-14.30 

(Yellow) 2 1 39.80-50.00 47.57-72.03 1.23- 8.50 11.73-12.13 

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

In late-kharif 2021-22, 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 germplasm, W-453 

(40.70 t/ha) and W-458 (34.07 t/ha), exhibited significantly superior MY compared to Bhima 

Shubhra (29.64 t/ha). These lines along with W-063 and W-208 were also observed to be 

free from bolting. After two months of storage, the losses varied between 17.01% and 

45.01%. Germplasm White Composite-7 (17.01%) had the lowest storage losses followed by 

W-364 (18.20%) in comparison to check variety (33.20%) (Table: 1.2). 

Table 1.2 Evaluation of white onion germplasm during late-kharif  2021-22 
 

No. of 

germplasm 

Superior lines 

for MY  

MY  

(t/ha) 

SL2M 

(%) 

Bolter 

(%) 

TSS 

(°Brix)  

15 2 4.69 - 40.70 17.01-45.01 0.00-19.27 12.10-14.00 

(MY: Marketable Yield; TSS: Total Soluble Solid; SL2M; Storage Loss in 2 Months) 

1.1.2 Evaluation of white onion breeding lines 

In rabi 2021-22, sixty-nine white onion breeding lines were evaluated and compared with 

the check variety Bhima Shweta. Among them, ten lines exhibited significant superiority 

in MY compared to check (40.56 t/ha). The line W-407AD-6 (55.59 t/ha) achieved the 

highest MY followed by W-172AD-5 (50.30 t/ha) and W-418 M-1 (50.29 t/ha). Among 

these, seventeen lines were free from bolting and thirty-three lines from double bulbs. The 

line W-085AD-7 (17.56%) had the lowest storage losses after four months of storage 

followed by W-543 M-1 (25.43%) compared to check (39.97%) (Table: 1.3). 

Table 1.3 Evaluation of white onion breeding lines during rabi 2021-22 
 

No. of 

germplasm 

Superior lines 

for MY  

MY  

(t/ha) 

SL4M 

(%) 

Bolter 

(%) 

TSS 

(°Brix)  

(White) 69 10 10.33-55.69 17.56-64.06 0.00 -13.71 11.00-14.90 

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

During late-kharif season, forty-five advanced/initial breeding lines were evaluated along 

with check Bhima Shubhra. Among these, line W-448 BR-11 (36.74 t/ha) demonstrated 

significantly superior performance in terms of MY compared 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 bolter-free and four lines exhibited the absence of double bulbs. The 

storage losses after a 2-month ranged between 15.86% to 51.17% as compared to check 

(41.32%) (Table: 1.4). 
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Table 1.4 Evaluation of white onion breeding lines during late-kharif  2021-22 
 

Season Germplasm 

evaluated 

Superior 

lines for 

MY t/ha 

Marketable 

yield t/ha 

Storage 

losses 

(%) 

Bolting 

(%) 

TSS 

(%) 

Late- 45 1 3.94-36.74 15.86 - 0.00-22.99 11.53- 

kharif    51.17  14.40 

(TY: Total Yield; MY:  Marketable Yield; TSS: Total Soluble Solid; SL2M: Storage Loss in 2 Months) 

In kharif 2022, twelve advanced/initial breeding lines were multiplied and evaluated along 

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

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

ranging from 0.35 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%. 

1.1.3 Evaluation of high TSS lines 

During rabi 2021-22, forty-three high-TSS lines were evaluated in the 11th generation along 

with the check variety Bhima Shweta. Among these, four lines were significantly superior 

for MY compared to Bhima Shweta (32.01 t/ha). The line HT-GR-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 WHTB-3C-GT-18-MC- 

M-7 (18.67%) and WHTB-GT-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% to 55.93%. Two lines, HT-GR-1C-M-7-2-2 (48.93%) and HT-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 1.5 Evaluation of white onion high TSS lines during rabi 2021-22 
 

Entries % bulbs in population 

having TSS >15 0Brix  

Average 

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-SE-GT-15-SC-M-7 84.54 16.33 

HT-GR-2A-M-9-SGT-18 80.70 16.58 

WHTS-15-18-M-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 

Check varieties 0 <12.5 

During late-kharif, twenty rabi lines with high TSS were evaluated and compared with the 

check variety Bhima Shubhra. These lines exhibited TSS values ranging from 13.33% to 

16.80%. The line WHTB-GT-18-M-9-SC (16.80%) achieved the highest TSS content 

followed by HT-GR-2B-M-8-SGT-18 (16.47%) and WHTB-1A-GT-18-SC-M-7 (16.00%) 

over the check (11.94%). Three lines viz. WHTB-1A-GT-18-SC-M-7, WHTB-GT-18-M-9- 

SC, and WHTB-3C-GT-18-MC-M-8 were found to be bolter free. The minimum storage loss 

was recorded in the line WHTS-15-18-M-8-MC (18.60%) compared to the check (33.20%). 
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1.1.4 Evaluation of white onion bolting tolerant lines 

In late-kharif 2021-22, six bolting-tolerant lines were evaluated and compared to the check 

variety Bhima Shubhra. The MY of these selected lines ranged from 5.69 to 31.78 t/ha. 

Among these, the line White Genepool LG-107-6 (31.78 t/ha) exhibited at par MY with a 

low bolting percentage of 0.66% compared to check (30.63 t/ha) and bolting (8.83%). 

Furthermore, White GP Comp. LG-209-4 was found to be completely bolter free compared 

to its original parent, White GP Comp-7 (19.27). In storage, total losses after 2 months 

varied between 15.25% and 48.18%. Notably, the line W-448 LG-209-6 (15.25%) recorded 

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

1.1.5 Development of F1 hybrids in white onion 

During rabi 2021-22, fifteen F1 hybrids were evaluated along with check variety Bhima 

Shweta. The hybrid MS-100 × W-408 F1M1 (67.74 t/ha) exhibited the highest MY followed 

by MS-100 × W-340 F1M1 (55.66 t/ha) and HT-GR-1A-M-7 (>18) × Bhima Shweta (10.2) 

(54.06 t/ha) compared to check (40.81 t/ha). The hybrid MS-100 × W-408 F1M1 displayed 

a heterosis of 65.54% for MY and 70.27% for TY. None of these hybrids were found to be 

bolter-free. In addition to these hybrids, HT-GR-2A-M-6 (15-18) (20.2) × Bhima Shubhra 

hybrid had a high TSS (15.20%) followed by HT-GR-1A-M-7 (>18) × Bhima Shweta 

(15%) compared to check (11.90%). Furthermore, twenty-one inbred white onion lines 

were multiplied in the second generation (Table: 1.6). 

Table 1.6 Evaluation of white onion hybrids during rabi 2021-22 
 

Crosses MY  
(t/ ha) 

Heterosis 

(%) 
TY 

(t/ha) 

Heterosis 

(%) 

Bolter 

(%) 
TSS 

(0Brix)  

SL4M 

(%) 

MS-100 × W-408 F1M1 67.74 65.54 70.51 70.27 2.88 11.50 84.11 

MS 100 × HT-GR-2A-M- 

7(SC) 
50.41 63.14 58.48 79.76 11.13 12.40 52.77 

MS-100 × W-340 F1M1 55.66 61.33 61.73 66.07 04.38 11.80 37.34 

HT-GR-1A-M-7 (>18) × B. 
Shweta (10.2) 

54.06 32.47 56.69 34.33 02.30 15.00 36.24 

MS-100 × W-396 53.90 12.20 56.37 02.75 04.31 11.10 24.36 

Bhima Shweta (Check) 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) 
 

Fig. 1.1 High yielding white onion F1 hybrids during rabi 2021-22 

1.1.6 Evaluation of white and yellow population developed through crosses 

between long-day and short-day onion 

In rabi season, nine populations of long day (LD) and short day (SD) white and yellow 

onions, which were in the 7th generation were evaluated along with check variety Arka 

Pitamber. The MY of these populations varied between 35.50 to 54.81 t/ha. Among them, 

three populations viz. N-14 × W-23 (White) F1M5 (54.81 t/ha), N-14 × B-2 (Yellow) F1M5 
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(52.79 t/ha) and F-6 × L-12 (Yellow) F1M5 (46.47 t/ha) exhibited superior MY compared 

to check variety Arka Pitamber (39.79 t/ha). Two lines, N-14 × B-2 (Yellow) F1M5 and N- 

14 × W-23 (White) F1M5 were found to be free of double bulbs. The desirable traits related 

to bulb shape, size, neck thickness and good storability could be successfully transferred to 

short day onions. Selected white and yellow bulbs from these populations were sent to 

ICAR-CITH for seed production and half of the bulbs from these lines were also planted at 

ICAR-DOGR to induce flowering under short day condition (Fig. 1.2). 
 

Fig. 1.2 High yielding F1 hybrids crosses between LD and SD onion in 7th generation 

1.1.7 Morphological and molecular characterization of late-kharif  germplasm 

In this study, the polar diameter (mm) and marketable yield (t/ha) exhibited the highest 

positive correlation, with a value of 0.31. None of the examined traits showed a significant 

negative correlation with marketable yield. The genetic diversity of the thirty white onion 

genotypes was analysed using 30 Intron Length Polymorphic (ILP) markers. The 

Polymorphic Information Content (PIC) values ranged from 0.06 to 0.44, 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 clusters. The genotypes W-489 M6 and W-361 GP exhibited the 

highest degree of similarity, with a similarity coefficient of 0.97, while the lowest degree 

of similarity was observed between genotypes W-500 GP and W-498, with a coefficient of 

0.37. Genetic diversity among the white onion genotypes was estimated based on the 

molecular markers' similarity coefficient and Pearson's correlation coefficient analysis. 

This study on onions facilitates the selection of diverse parent lines, which can contribute 

to the generation of desirable segregates in future breeding programs (Fig. 1.3). 
 

Fig. 1.3 Dendrogram generated using Jaccard's coefficient and UPGMA cluster analysis 

using NTSYS-pc software 
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1.1.8 Maintenance and utilization  of underutilized/ wild  Alliums 

1.1.8.1 Conservation and popularization of wild and underutilized Alliums species 

ICAR-DOGR is currently maintaining and evaluating 89 wild and underutilized Allium 

lines of 17 different species. The wild germplasm bank at ICAR-DOGR 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 

through the ICAR-NBPGR. Furthermore, selected underutilized lines are being cultivated 

on a larger scale for the purpose of popularization. Recognizing the significance of 

flowering characteristics in their subsequent utilization for breeding purposes, ICAR- 

DOGR is diligently recording the flowering patterns of these lines within the specific agro- 

climatic conditions of the institute. 

1.1.8.2 Flowering status of Allium species at ICAR-DOGR 

The similar flowering patterns were observed in identified twenty-six flowering Allium 

species as recorded in previous year. A. altaicum Pall displayed flowering from January to 

May while eleven lines of A. fistulosum flowered between February and March. Two lines 

of A. schoenoprasum exhibited flowering in February whereas A. tuberosum lines were 

flowered in May. This flora of flowering in Allium species is being utilized for the 

development of inter-specific hybrids for transferring desired characters. 

1.1.8.3 Evaluation of underutilized Allium Species for Popularization and 

Commercialization 

Systemic value chain development efforts for Allium tuberosum are being carried out by 

ICAR-DOGR based on three Eôs viz. Evaluation of production performance, Exploration 

of consumer response and quality perceptions, and Exploration of market potential and 

sustainability. Allium tuberosum, commonly known as "Chinese chives" or "Garlic chives," 

is an underutilized Allium species that is consumed for its green foliage, which has a milder 

flavour profile compared to onion and garlic. ICAR-DOGR is actively engaged in the 

systematic development of the value chain for this species, based on three Eôs aspects: 

Evaluation of production performance, Exploration of consumer response and quality 

perceptions, and Exploration of market potential and sustainability. 
 

Fig. 1.4 Allium tuberosum growth and packages being sold by different value chain entities 

At ICAR-DOGR, an experiment was done to explore the performance of different Allium 

tuberosum lines (A. tuberosum Kazakhstan All-1587, A. tuberosum CGN-16418, and 

Allium tuberosum Rottl Ex-sprkuchaai CGN-16373) under Western Ghat region. The 

analysis focused on assessing the growth performance of these lines during various 

seasonal harvesting windows, namely January to March, April  to June, July to September, 

and October to December. Among the evaluated morphological, growth and yield 

characteristics, Allium tuberosum Kazakhstan All -1587 exhibited the best performance for 



ICAR-DOGR ANNUAL REPORT 2022 

Page 9 of 155 

 

 

 

growth, annual yield, foliage quality and nutritional properties (protein- 3.45%, crude fibre- 

13.83% and crude fat- 2.63%). The findings from this study emphasized the suitability of 

cultivating Allium tuberosum in the region and provided insights into the development of a 

seasonal plan to ensure sustained quality. The growth characteristics of 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 number of tillers gradually increased with successive monthly cuttings resulting 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 year. Allium tuberosum CGN-16418 

exhibited a generally higher leafing characteristic (6.14 to 6.50 leaves per tiller) compared 

to Allium tuberosum Rottl Ex-sprkucchai CGN-16373 and Allium tuberosum Kazakhstan 

All -1587. However, it had relatively thinner leaves. The season had a significant impact on 

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 recorded in Allium 

tuberosum Kazakhstan All -1587 (40.82 t/ha and 105.72 t/ha of green foliage in the first and 

second year, respectively) followed by Allium tuberosum CGN-16418 (39.04 and 110.29 

t/ha) and Allium tuberosum Rottl Ex-sprkucchai CGN-16373 (16.96 and 105.11 t/ha) (Fig. 

1.5). The quality was evaluated based on the ratio of stem length to plant height and the 

generated waste. To quantify the proportion of waste generated, the waste-to-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 period, poor quality was observed due to the presence of longer 

pseudostem length portions, which had a negative impact on the overall yield. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.5 Seasonal foliage yield of Allium tuberosum lines (t/ha) 

(V1: Allium tuberosum Kazakhstan All -1587; V2: Allium tuberosum CGN-16418 and V3: 

Allium tuberosum Rottl Ex-sprkucchai CGN-16373) 

To establish a value chain model and commercialize Allium tuberosum efforts have been 

made through a fresh vegetable supply chain managed by a farmer-producer company 

called Kisan Konnect (Fig. 1.4). This initiative has been successful in generating a three- 

fold increase in demand and attracting non-traditional consumers. Simultaneously, pre- 

packaged garlic chives are being commercialized through another supply chain, Big Basket 
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(a TATA product). The underutilized Allium tuberosum has garnered significant interest as 

a potential vegetable in the region. The value-added products derived from this species 

were being sold at consumer endpoints at prices ranging from  900 to 2500/kg. 

1.1.8.4 Inter-specific Hybridization in 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 analysis. The genes that were identified as influential will be prioritized in 

planning future breeding activities (Fig. 1.6). 

Table 1.7 Variation  in F1 interspecific hybrids for morphological traits 
 

F1 HC PH 

(cm) 

NT NLT  PH 

(cm) 

PD 

(mm) 

W4L 

(mm) 

UT UH 

(cm) 

UW 

(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 14.81 12.45 5.24 1.00 41.19 10.03 

IH104 72.04 24.00 6.83 12.96 13.14 4.71 1.00 69.88 10.49 

IH105 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 45.24 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 12.51 

IH301 40.10 2.00 4.00 13.15 16.04 13.41 1.00 77.20 20.69 

IH302 66.83 6.00 7.50 15.63 22.84 8.45 1.00 74.98 19.34 

IH304 77.20 1.00 5.00 16.10 16.36 5.12 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: Plant Height; NT: Number of Tillers; NLT: Number of Leaves per 

Tiller; PH: Pseudostem Height; PD: Pseudostem Diameter; W4L: Width of 4th Leaf; UT: 

Umbels per Tiller; UH: Umbel Height; UW: Umbel Width) 
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Fig. 1.6 Variation in parents and inter-specific hybrid 

1.1.8.5 Molecular diversity in wild Allium 

A comprehensive screening was performed in seventeen Allium species, including Allium 

cepa and Allium sativum by using 30 polymorphic ILP (Inter-Simple Sequence Repeat 

Length Polymorphism) markers. The resulting dendrogram exhibited clear grouping of 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 among Allium species (Fig. 1.7). 
 

Fig. 1.7 Dendrogram showing genetic relationship among Allium 
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1.2 Genetic improvement of red onion 

1.2.1 Collection, evaluation, conservation and documentation of red onion 

germplasm 

The evaluation of onion germplasm was conducted during three seasons viz., late-kharif 

with 170 accessions, rabi with 192 accessions, and kharif with 165 accessions, including 

suitable checks. All the onion accessions were characterized with 24 important traits. A 

total of 642 red onion germplasm seeds have been preserved in mid-term storage at ICAR- 

DOGR. 

In late-kharif 2021-22, 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, except for Acc. 

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%) storage losses after four months of storage followed by 1283 (22.32%) and 1246 

(24.62%) compared to check (45.06%) (Table 1.8). 

Table 1.8 The best performing red onion accessions during late-kharif  2021-22 
 

Entries MY  

(t/ha) 

MB 

(%) 

ABW 

(g) 

Doubles 

(%) 

Bolter 

(%) 

TSS 

(%) 

DTH 

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 14.99 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 

Bhima Shakti (C) 32.93 78.30 85.13 15.82 4.98 11.89 122.00 

Bhima Super (C) 28.65 81.50 66.39 2.38 14.02 11.25 119.33 

Phule Samarth (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) 4.38 12.53 10.80 12.21 9.23 0.80 6.74 

(MY:  Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total 

Soluble Solid; DTH: Days to Harvest) 

Among the bolting-free group during the late-kharif season, DOGR-1168 (LG-107-3) 

(29.29 t/ha), Bhima Shakti (LG-107-3) (28.49 t/ha) and Bhima Kiran (LG-107-3 (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-1133 

showed minimum storage loss (38.12%) followed by Bhima Kiran (LG-107-3) (39.74%), 

Bhima Shakti (LG-107-3) (45.26%) and DOGR-1168 (LG-107-3) (49.31%) after four 

months of storage compared to check (53.71%) (Table 1.9). 
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Table 1.9 The best performing red onion LG group accessions during late-kharif  
 

Entries MY  
(t/ha) 

MB 
(%) 

ABW 
(g) 

Double 
(%) 

Bolter 
(%) 

TSS 
(%) 

DTH E:P 

DOGR-1168 (LG-107-3) 29.29 87.59 63.61 3.27 7.63 13.05 117.6 1.19 

Bhima Shakti (LG-107-3) 28.49 86.80 63.11 3.39 8.84 12.60 121.0 1.13 

Bhima Kiran (LG-107-3) 28.13 91.30 60.07 1.70 5.45 12.57 119.6 1.13 

Bhima Super (LG-107-3) 26.67 82.51 56.91 1.14 15.60 12.19 117.3 1.11 

Bhima Red (LG-107-3) 26.35 84.83 60.26 1.38 12.65 12.59 120.0 1.13 

Red Genepool-1(LG-107-3) 25.96 78.37 60.79 2.61 18.37 11.99 118.6 1.12 

Bhima Raj (LG-107-3) 24.71 83.77 51.43 1.13 13.55 12.45 115.0 1.13 

Bhima Super (C) 25.61 83.62 58.06 2.78 12.50 12.65 118.6 1.11 

Bhima Shakti (C) 25.47 89.83 58.13 2.52 5.71 12.72 117.3 1.10 

Phule Samarth (C) 21.14 74.05 54.33 1.97 22.17 12.65 117.0 1.12 

CV (%) 9.39 4.02 7.75 18.05 22.81 3.94 2.77 - 

LSD (P=0.05) 2.10 5.66 7.71 4.06 4.97 0.84 5.55 - 

(MY: Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total Soluble 

Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio) 

During rabi 2021-22, accessions 1321, 1309, 1297, 1280, and 1627 achieved MY 

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

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

bulbs and bolters, except for accession 1280 (9.93%). Among these accessions, 1309 and 

1280 had the minimum harvesting time (90 days) compared to check (101 days). The Acc. 

1343 exhibited minimum loss (21.51%) followed by 1297 at 23.02% and 1217 at 24.41% 

after four months, outperforming the check (42.93%) (Table 1.10). 

Table 1.10 The best performing red onion accessions during rabi 2021-22 
 

Entries MY  
(t/ha) 

MB 

(%) 

ABW 
(g) 

Doubles 

(%) 

Bolter 

(%) 

TSS 

(%) 

DTH E:P 

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 1.31 

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 

Bhima Shakti (C) 27.75 95.86 47.49 0.00 0.00 11.92 101.6 1.24 

BLR (C) 26.66 95.12 51.72 0.00 0.00 12.35 104.0 1.26 

Bhima Kiran (C) 25.99 95.25 44.60 0.00 0.00 12.53 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 0.91 12.57 - 

(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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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 

harvesting (108 days) followed by 1616 and 1829 (110 days) as compared to check (111.33 

days) 

Table 1.11 The best performing red onion accessions during kharif  2022 
 

Entries MY  

(t/ha) 

MB 

(%) 

ABW 

(g) 

Double 

(%) 

Bolters 

(%) 

TSS 

(%) 

DTH E:P 

1634 33.67 80.12 101.00 0.00 0.00 11.10 108.0 1.12 

1616 32.72 81.51 112.45 11.76 0.91 12.48 110.0 1.08 

1829 27.98 87.93 89.87 8.85 0.00 11.91 110.0 1.14 

1832 23.30 72.30 90.55 6.96 0.00 11.94 110.0 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 11.65 112.0 1.09 

1624 20.92 70.22 91.07 21.99 0.00 12.39 110.0 1.12 

B. Super (C) 22.50 83.06 102.43 7.50 0.00 12.47 111.3 1.10 

BDR (C) 20.33 62.44 99.41 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:  Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total 

Soluble Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio) 

1.2.2 Breeding of improved red onion varieties for  table purpose 

A comprehensive assessment of advanced breeding lines, comprising 35 lines during late- 

kharif season, 34 lines during the rabi season, and 37 lines during kharif season was 

conducted. These lines were evaluated along with checks for a total of 24 agro- 

morphological traits. 

Evaluation of advance breeding lines 

In late-kharif 2021-22, a total of thirty-five lines were evaluated, DOGR-1608, DOGR- 

1614, DOGR-1610, DOGR-1610, DOGR-1613, and DOGR-1607 achieved superior MY 

(> 30 t/ha) as compared to check variety Bhima Shakti (26.63 t/ha). They also showed dark 

red, globe and medium sized bulbs (58-70 g), >81% marketable bulbs (Table 1.12). A line 

DOGR-1610 was free from doubles while DOGR-1608, DOGR-1610 (119 days) recorded 

minimum days to harvesting followed by DOGR-1607 (120 days). DOGR-1414 exhibited 

the lowest storage loss (31.79%) after four months of storage followed by DOGR-1203- 

DR (35.72%) and DOGR-1607 (35.88%) whereas, the check variety Bhima Shakti 

recorded a higher storage loss (45.06%). 
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Table 1.12 The best performing advance breeding lines during late-kharif  2021-22 
 

Entries MY  

(t/ha) 

MB 

(%) 

ABW 

(g) 

Double 

(%) 

Bolter 

(%) 

TSS 

(%) 

DTH E:P 

DOGR-1608 33.27 86.44 66.41 2.51 9.67 11.65 119.0 1.08 

DOGR-1614 32.95 97.05 59.67 0.42 2.11 11.55 122.0 1.16 

DOGR-1610 32.93 82.68 70.57 0.00 14.23 11.16 119.0 1.17 

DOGR-1613 31.73 81.27 67.76 7.62 9.97 11.55 122.6 1.15 

DOGR-1607 30.51 82.15 58.79 7.53 9.46 11.89 120.0 1.10 

DOGR-1043-DR 29.60 83.70 61.24 9.43 6.22 11.97 120.6 1.12 

DOGR-1014-GDR 28.87 77.36 62.36 4.54 18.10 11.42 119.0 1.11 

Bhima Shakti (C) 26.63 87.18 67.10 3.44 7.86 11.72 119.6 1.10 

Bhima Super (C) 25.61 83.62 58.06 2.78 12.50 12.65 118.6 1.11 

Phule Samarth (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 4.14 2.05 - 

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

(MY:  Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total 

Soluble Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio) 

During rabi 2021-22, DOGR-1048-Sel (31.70 t/ha), KH-M-1 (31.21 t/ha), KH-M-2 (30.18 

t/ha), DOGR-1614 (29.42 t/ha) and DOGR-1611 (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 colour, globe-shaped bulbs of medium size (50- 

57 g), high marketable bulbs (>97%) and were free from double bulbs and bolters, except 

for KH-M-1 which had a double bulb percentage of 0.69%. Furthermore, DOGR-1172-DR 

and DOGR-1203-DR exhibited the minimum storage loss after four months of storage 

(33.13%) followed by DOGR-1044-Sel (33.92%) and KH-M-3 (34.47%), outperforming 

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

Table 1.13 The best performing advance breeding lines during rabi 2021-22 
 

Entries MY  
(t/ha) 

MB 
(%) 

ABW 
(g) 

Doubles 
(%) 

Bolters 
(%) 

TSS 
(%) 

DTH E:P 

DOGR-1048-Sel. 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-1014-GDR 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 

Bhima Kiran (C) 20.98 96.60 39.16 0.00 0.00 13.75 106.33 1.22 

CV (%) 9.71 2.87 11.35 22.89 23.80 5.92 4.14 - 

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

(MY:  Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total 

Soluble Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio) 

During kharif 2022, DOGR-1014-GDR (33.56 t/ha), DOGR-1414 (24.76 t/ha), and DOGR- 

1172-DR (23.94 t/ha) exhibited superior performance compared to check variety Bhima 

Super (19.96 t/ha). They also showed better desirable characteristics such as dark red 

colour, globe-shaped bulbs and >81% marketable bulbs. Additionally, all these lines were 

free from bolters (Table 1.14). 
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Table 1.14 The best performing advance breeding lines during kharif  2022 
 

Entries MY  
(t/ha) 

MB 

(%) 
ABW 

(g) 
Double 

(%) 

Bolter 

(%) 

TSS 

(%) 
DTH E:P 

DOGR-1014-GDR 33.56 91.18 93.42 3.57 0.00 11.79 113.00 1.10 

DOGR-1414 24.76 81.36 89.35 14.81 0.00 11.87 111.33 1.13 

DOGR-1172-DR 23.94 93.80 93.68 5.28 0.00 12.55 112.00 1.10 

KH-M-2 22.91 74.94 90.31 17.64 0.00 12.69 112.33 1.11 

DOGR-1639 22.84 85.08 96.06 7.68 0.41 11.87 111.67 1.12 

RGP-4 22.30 77.93 89.95 13.96 0.56 12.20 112.33 1.07 

RGP-2 21.87 79.20 92.91 16.94 0.00 12.51 112.00 1.09 

Bhima Super (C) 19.96 84.01 89.71 9.50 0.00 12.11 112.67 1.09 

Bhima Red (C) 19.73 78.00 86.14 14.05 0.00 11.68 113.33 1.14 

BDR (C) 18.59 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: Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total Soluble 

Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio) 

1.2.3 Evaluation of initial  breeding lines 

During late-kharif, rabi and kharif season, a total of fifty-one breeding lines including 

checks were assessed. In late-kharif 2021-22, lines LK-07-C2/LR-1, DOGR-1043-GLR, 

LK-07-C2/DR-3, LK-07-C2/LR-4, and RGP-1-LK-Sel exhibited MY (>32 t/ha), compared 

to check variety Bhima Super (28.65 t/ha). These lines featured medium-sized bulbs (67- 

83 g) with a red, globe shape and >73% of marketable bulbs. The line DOGR-1043-GLR 

recorded the minimum days to harvest (115 days), followed by LK-07-C2/LR-4 (116 days) 

and RGP-1-LK-Sel (118 days). In storage, line LK-07-C2/LR-2 recorded the lowest loss 

(34.21%) followed by DOGR-1043-GLR (35.44%) and LK-07-C2/DR-2 (37.07%) 

compared to check (45.79%) after four months of storage (Table 1.15). 

Table 1.15 The best performing initial  breeding lines during late-kharif  2021-22 
 

Entries MY  

(t/ha) 

MB 

(%) 

ABW 

(g) 

Doubles 

(%) 

Bolters 

(%) 

TSS 

(%) 

DTH E:P 

LK-07-C2/LR-1 42.13 88.33 74.35 0.00 11.67 12.40 119.00 1.20 

DOGR-1043-GLR 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 

RGP-1-LK-Sel. 32.34 73.08 74.52 4.29 22.19 12.01 118.67 1.13 

DOGR-REC-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 

Bhima Super (C) 28.65 81.50 66.39 2.38 14.02 11.25 119.33 1.16 

Bhima Shakti (C) 26.63 87.18 77.10 3.44 7.86 11.72 119.67 1.10 

Phule Samarth (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 4.87 1.51 - 

LSD (P=0.05) 3.14 11.45 11.12 11.46 11.94 0.94 2.83 - 

(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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During rabi 2021-22, LK-07-C2/LR-1 (34.29 t/ha) and Red Genepool-3 (32.24 t/ha) 

exhibited better performance compared to check variety Bhima Shakti (27.73 t/ha). These 

lines featured dark red, globe-shaped bulbs of medium size (56-59 g) and achieved >94% 

marketable bulbs. A line Red Genepool-1 demonstrated the lowest storage loss (30.40%) 

after four months followed by DOGR-1043-GLR (30.44%) and DOGR-670-Sel (33.28%), 

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

Table 1.16 The best performing initial  breeding lines during rabi 2021-22 
 

Entries MY  
(t/ha) 

MB 

(%) 

ABW 
(g) 

Doubles 

(%) 

Bolters 

(%) 

TSS 

(%) 

DTH E:P 

LK-07-C2/LR-1 34.29 94.90 59.69 0.00 0.00 12.47 102.67 1.27 

Red Genepool-3 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 

RGP-1-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 

RGP-1-Rb-Sel. 29.89 95.30 54.80 0.27 0.00 11.89 91.00 1.34 

RGP-2-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 

Bhima Shakti (C) 27.73 94.63 50.96 0.00 0.00 11.80 102.67 1.24 

Bhima Kiran (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 4.80 8.74 0.89 1.22 1.08 11.88 - 

(MY:  Marketable Yield; MB: Marketable Bulbs; ABW: Average Bulb Weight; TSS: Total 

Soluble Solid; DTH: Days to Harvest; E:P: Equatorial: Polar ratio) 

During kharif 2022, Red Comp-1 (Kh-12) (27.88 t/ha), R-LK-M-II (26.90 t/ha), and R-LK- 

M-III (26.87 t/ha) showed better performance compared to check variety Bhima Super 

(22.50 t/ha). These varieties showed superior characters like dark red, globe-shaped bulbs 

of large size (81-86 g) and >79% marketable bulbs. The lines Red Comp-1 (Kh-12) and R- 

LK-M-III were both free from bolters (Table 1.17). 

Table 1.17 The best performing initial  breeding lines during kharif  2022 
 

Entries MY  
(t/ha) 

MB 
(%) 

ABW 
(g) 

Doubles 
(%) 

Bolters 
(%) 

TSS 
(%) 

DTH E:P 

Red Comp-1 (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 2.87 12.28 112.33 1.12 

R-LK-M-III  26.87 84.78 85.74 5.51 0.00 11.88 111.67 1.09 

R-Rb-M-II  25.21 77.61 78.36 6.57 0.98 12.44 112.33 1.13 

Red Genepool-7 24.72 82.33 89.00 10.18 0.00 13.24 111.00 1.22 

DOGR-650-Sel. 24.55 82.79 85.21 9.07 0.00 11.89 111.67 1.19 

Red Genepool-1 23.34 65.03 82.99 23.23 0.00 11.91 112.00 1.14 

Bhima Super (C) 22.50 83.06 102.43 7.50 0.00 12.47 111.33 1.10 

Bhima Red (C) 17.75 62.49 75.82 18.57 0.00 12.32 112.00 1.12 

Bhima Dark Red (C) 17.15 58.57 78.24 14.82 2.31 12.17 112.33 1.13 

CV (%) 8.53 12.09 13.69 17.74 24.91 4.89 1.28 - 

LSD (P=0.05) 2.77 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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Onion lines under AINRPOG 

During 2022-23 AINRPOG trials, three red onion lines, namely DOGR-1757, DOGR- 

1758, and DOGR-1773, were introduced as IET (Initial Evaluation Trials). Additionally, 

DOGR-1606, DOGR-1654, and DOGR-1657 were being assessed as AVT-I (Advanced 

Varietal Trial-I) during the same period. 

1.2.4 Unique genetic stock in onion 

ICAR-DOGR had registered four distinct genetic stocks of common/multiplier onion with 

ICAR-NBPGR, New Delhi and obtained registration number for all the accessions. The 

onion genetic stock Acc-1666 (IC0645764) had registered with Reg. No. INGR22082 for 

waterlogging tolerance. Similarly, Acc-1656 (IC0645763) was also registered for drought 

tolerance with the Reg. No. INGR22083. The onion line DOGR-1168 exhibits unique 

characteristics such as bolting tolerance during late-kharif and rabi seasons. Moreover, the 

multiplier onion line DOGR-1523-Agg possesses dark red bulbs, early maturation and 

uniform bulblets numbering 5-6. This line is capable of multiplication through bulblets 

during both kharif and rabi seasons (Fig. 1.8). 
 

DOGR-1656 DOGR-1666 DOGR-1168 DOGR-1523-Agg. 

Fig. 1.8 Unique genetic stock of onion 

1.2.5 Development of F1 hybrids in red onion 

1.2.5.1 Evaluation of F1 hybrids developed through male sterile lines 

A total of sixty F1 hybrids, along with their respective parents and checks were assessed 

during late-kharif 2021-22 (Table: 1.18). 
Table 1.18 The best performing F1 hybrids during late-kharif  2021-22 

 

Entries MY  
(t/ha) 

MB 

(%) 

ABW 
(g) 

Doubles 

(%) 

Bolters 

(%) 

TSS 

(%) 

DTH E:P SH 

MS111A × 1608 56.89 100.00 85.33 0.00 0.00 10.90 119 1.20 72.76 

MS111A × 1613 45.13 91.19 80.00 0.00 0.00 11.40 119 1.10 37.05 

MS1600A × RGP-4 44.83 100.00 67.25 0.00 0.00 10.80 124 1.10 36.14 

MS111A × RGP-3 41.67 100.00 62.50 0.00 0.00 10.20 116 1.09 26.54 

MS1600A × 1607 39.25 85.48 67.29 14.52 0.00 10.88 119 1.07 19.19 

MS1600A × 1606 36.82 85.53 80.26 12.95 1.52 11.77 122 1.06 - 

MS1600A × KH-M-2 35.60 100.00 66.75 0.00 0.00 13.30 119 1.10 - 

Bhima Shakti (C) 32.93 78.30 85.13 15.82 4.98 11.89 122 1.11 - 

Orient (BSS-133) (C) 31.73 92.13 61.69 7.02 0.00 11.95 126 1.13 - 

Bhima Super (C) 29.52 92.14 66.78 2.69 4.58 12.04 126 1.12 - 

CV (%) 10.64 11.26 11.51 25.48 30.09 4.00 4 - - 

LSD (P=0.05) 4.67 10.48 11.74 12.48 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 F1 hybrids, namely, MS111A × 1608, MS111A × 1613, MS1600A × 

RGP-4, MS111A × RGP-3 and MS1600A × 1607 displayed heterosis from 19-72% for MY 

compared to check Bhima Shakti (32.93 t/ha). These hybrids showed uniform bulbs and 
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were free from double bulbs and bolters, with the exception of MS1600A ×1607, which 

recorded the incidence of 14.52% doubles. The F1 hybrid MS111A × RGP-3 exhibited 

earliness to harvest (116 days) followed by MS111A × 1608 and MS111A × 1613 (119 

days). In terms of storage, the hybrid MS111A × 1657 recorded the lowest storage loss 

after four months (31.52%), followed by MS222A × 1629 (32.94%) and MS111A×571-LR 

(34.05%) compared to check (45.06%). 

During rabi 2021-22, a total of 93 F1 hybrids, along with their respective parental lines and 

checks were evaluated. Among them, five F1 hybrids, namely MS111A × RGP-1, MS1600A 

× 1657, MS111A × RGP-3, MS222A × 1608 and MS111A × 1630 exhibited heterosis of 

over 45% for MY compared to check Bhima Shakti (28.68 t/ha). These hybrids featured 

uniform bulbs and were free from double bulbs and bolters. The F1 hybrid MS111A × RGP- 

3 required minimum time to harvest (90 days) followed by MS111A×RGP-1 and MS1600A 

× 1657 (97 days) in contrast to the check variety Bhima Shakti (104 days). In terms of 

storage, the F1 hybrid MS1600A × 1608 recorded the lowest storage loss after four months 

(19.70%) followed by MS65A×1604 (37.08%) and MS1600A×RGP-3 (37.09%) compared 

to check (53.14%) (Table 1.19). 

Table 1.19 The best performing F1 hybrids during rabi 2021-22 
 

Entries MY  

(t/ha) 

MB 

(%) 

ABW 

(g) 

Doubles 

(%) 

Bolters 

(%) 

TSS 

(%) 

DTH E:P SH 

MS111A × RGP-1 52.00 100.00 87.00 0.00 0.00 11.24 97 1.26 81.32 

MS1600A × 1657 51.33 100.00 96.25 0.00 0.00 11.68 97.00 1.23 78.99 

MS111A × RGP-3 48.97 100.00 73.46 0.00 0.00 12.04 90.00 1.34 70.77 

MS222A × 1608 45.21 100.00 72.33 0.00 0.00 11.68 104.00 1.24 57.63 

MS111A × 1630 41.87 100.00 69.78 0.00 0.00 11.68 104.00 1.30 45.98 

MS111A × 1608 40.00 100.00 60.00 0.00 0.00 11.60 90.00 1.35 - 

MS1600A × 546-DR 38.97 90.37 76.00 9.63 0.00 12.36 104.00 1.24 - 

Bhima Shakti (C) 28.68 97.35 48.57 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 - 

Bhima Kiran (C) 25.67 96.57 44.35 0.00 0.00 11.84 97.00 1.25 - 

Orient (BSS-133) (C) 25.30 99.59 51.80 0.00 0.00 11.89 99.33 1.28 - 

CV (%) 11.29 3.61 12.41 11.19 2.53 4.92 6.16 - - 

LSD (P=0.05) 4.94 5.67 10.05 1.89 0.00 0.94 10.17 - - 

(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) 

During kharif 2022, a total of 22 F1 hybrids, along with their respective parental lines and 

checks were evaluated. The hybrids MS111A × 1605, MS222A × 1605, MS111A × RGP- 

2 and MS111A × 1608 exhibited over 20% heterosis for MY compared to check Bhima 

Dark Red (25.35 t/ha). These hybrids achieved >77% marketable bulbs and were free from 

double bulbs and bolters, except for MS222A × 1605 (12.39%) and MS111A × RGP-2 

(3.57%) which exhibited double bulbs. The F1 hybrid MS111A × 1605 recorded minimum 

days to harvest (105 days) followed by MS111A × 1608 (109 days) and MS222A × 1605 

(110 days) compared to check (113 days) (Table: 1.20). 



ICAR-DOGR ANNUAL REPORT 2022 

Page 20 of 155 

 

 

 

Table 1.20 The best performing F1 hybrids during kharif  2022 
 

Entries MY  

(t/ha) 

MB 

(%) 

ABW 

(g) 

Doubles 

(%) 

Bolters 

(%) 

TSS 

(%) 

DTH E:P SH 

MS111A × 1605 42.27 80.00 78.40 0.00 0.00 12.91 105.00 1.04 66.75 

MS222A × 1605 35.12 77.71 93.33 12.39 0.00 12.27 110.00 1.07 38.54 

MS111A × RGP-2 31.77 87.39 73.39 3.57 0.00 11.88 111.33 1.04 25.33 

MS111A × 1608 30.53 83.42 66.22 0.00 0.00 12.10 109.33 1.08 20.43 

MS111A × 1630 29.76 80.34 81.41 0.00 0.00 11.83 109.00 1.08 17.40 

MS111A × 1612 28.87 91.07 58.17 0.00 0.00 11.73 107.00 1.08 - 

MS111A × KH-M-1 28.44 86.12 67.39 0.00 0.00 11.90 109.00 1.13 - 

Bhima Dark Red (C) 25.35 80.35 64.79 6.41 0.00 12.88 110.00 1.09 - 

Bhima Super (C) 24.39 87.50 78.84 7.41 0.00 12.32 113.00 1.12 - 

Bhima Red (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 5.29 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 ratio; SH: Standard Heterosis over best check) 

In addition to this, a total of 110 F1 hybrids of red onion were generated through the crossing 

of five MS lines (MS 48A, MS 65A, MS 111A, MS 222A, and MS 1600A) with selected 

22 elite lines as pollinators, namely 546-DR, 571-LR, KH-M-1, KH-M-2, RGP-1, RGP-2, 

RGP-3, RGP-4, RGP-5, 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 of nine synthetic crosses derived from selected six elite lines is 

also currently underway. 

F1 Hybrids under AINRPOG 

During 2022-23 period, two red onion F1 hybrids, namely DOGR Hy-56 and DOGR Hy- 

155, were introduced in AINRPOG trials as Initial Evaluation Trials (IET). However, 

DOGR Hy-156 and DOGR Hy-172 are currently undergoing evaluation as Advanced 

Varietal Trial-I (AVT -I) during the same period. 

1.2.5.2 Development of male sterile lines and inbreds in red onion 

Purification and multiplication of five red onion male sterile lines were continued with the 

selected bulbs. A total of five combinations in BC2 stage and three combinations in BC3 

stage for transfer of male sterility in the different varietal background of DOGR varieties. 

There are 96 inbreds in I1, 22 inbreds in I2 and 20 inbreds in I3 stage developed from single 

bulb of selected parents 

1.2.6 Improving  short-day onion through introgression of genes from long day 

onion. 

The introgression breeding program was initiated at ICAR-DOGR 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 ICAR-DOGR and ICAR-CITH. 

The selected bulbs from each cross were then sent back to ICAR-CITH for seed production. 

Currently, eighteen populations in sixth generation are being evaluated under short day 

conditions. The prominent populations include A-1 × H-8, A-1 × M-13, Q-17 × K-11, and 

U-21 × 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 

1.3.1 Garlic  germplasm maintenance at ICAR -DOGR 

ICAR-DOGR is a National Active Germplasm Site for Garlic and other Allium species. 

The following table (Table 3.1) illustrates garlic accessions which are preserved at ICAR- 

DOGR. The maintenance and breeding activities at ICAR-DOGR involve around 1,111 

garlic lines, including germplasm, landraces, and varieties. Presently, four high-yielding 

entries, namely DOGR-404, DOGR-793, DOGR-48, DOGR-746, DOGR-G-1-19 (PB-5- 

Gy-Mut), and DOGR-G-2-19 (PB-EMS-1) are being evaluated in the AINRPOG garlic 

varietal trial (Table: 1.21). 

Table 1.21 Garlic  germplasm collection at ICAR -DOGR, Pune 
 

Particulars Accessions Particulars Accessions 

Germplasm 483 Elite lines 62 

Core collection 42 Mutated lines 470 

Kharif suitable lines 11 Varieties under maintenance 37 

Entries under AINRPOG 6   

1.3.2 Evaluation of high yielding garlic lines during rabi 2021-22 

In germplasm evaluation, the entire collection of garlic genotypes was evaluated for 

thirteen morphological traits. Regarding varietal development activities, a total of ten elite 

lines, namely 48-W, 788, 793, 493, 513, 569, 746, 709, GS-1, and GS-10 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, GS-1, and GS-10 exhibited significantly 

higher MY (>8t/ha) compared variety Bhima Purple (Table: 1.22). 

Table 1.22 Performance of elite garlic lines for  yield and contributing  traits 
 

Entry  MY  
(q/ha) 

SBW 
(g) 

W50C 
(g) 

TSS 
(°Brix)  

TSL 
(%) 

SMB BSC 

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 

GS-1 86.42 16.90 50.00 42.83 21.23 OB P 

GS-10 100.81 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% 15.11 09.21 08.87 03.43 10.21 - - 

(MY: Marketable Yield; SBW: Single Bulb Weight; W50C: Weight of 50 Cloves; TSS: Total 

Soluble Solids; TSL: Total Storage Losses; SMB: Shape of bulb; BSC: Bulb skin colour; P: Purple; 

W: White; OB: Oblong, TE: Terpedo) 
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1.3.3 Evaluation of garlic lines for  red colour clove skin 

Elite garlic lines were evaluated for MY and other morphological traits. The lines 444 

showed large clove size (weighing 11-13 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 

high average bulb size. Line 419 recorded the highest TSS (47 °Brix). However, lines 224 

and 63 achieved the highest marketable yield (>8 t/ha) compared to check variety Godavari 

(7 t/ha). 

Table 1.23 Performance of red colour garlic lines for  yield and related traits 
 

Entry  MY  
(q/ha) 

SBW 
(g) 

NOC W50C 
(g) 

SMB BSC CC TSS 
(°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 

Phule Baswant 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:  Marketable Yield; SBW: Single bulb weight; NOC: Average number of cloves per bulb; W50C: Weight 

of 50 cloves; BSC: Bulb skin colour; CC: Clove colour; TE: Terpedo; OB: Oblong; P: Purple) 

1.3.4 Evaluation of garlic lines for  kharif  season suitability  

Twelve garlic lines were evaluated for their suitability in the kharif season as well as for 

agro-morphological traits. Among all genotypes, line 555 yielded highest marketable yield 

followed G-282 and Bhima Purple. The TSS was ranged from 33.90 to 44.70 °Brix (Table: 

1.24). 

Table 1.24 Evaluation of kharif  garlic elite lines for  yield and related traits 

Entry  DTH MY  
(q/ha) 

PD 
(mm) 

ED 
(mm) 

SBW NOC W50C 
(g) 

BS BSC CC TSS 
(°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 4.40 6.80 25.00 TE P P 34.50 

282 136 28.76 23.41 28.94 4.70 7.40 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 

G-41 136 20.41 22.95 23.44 7.70 8.40 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 to Harvest; 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 Kharif were planted in rabi to evaluate the growth pattern and 

yield. A total of 16 traits have been recorded in rabi season (Table 1.25) as like in kharif. 

The average value of all the growth parameters have been increased during rabi including 

marketable yield. 

Table 1.25 Characterization of kharif garlic elite lines during rabi season for yield and 

related traits 
 

Entry  MY  
(q/ha) 

PD 
(mm) 

ED 
(mm) 

SBW (g) NOC W50C 
(g) 

BS BSC CC TSS 
(°Brix)  

27-P 95.91 23.72 38.78 12.80 17.40 30.50 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 36.50 TE W W 44.42 

100 53.55 24.45 37.04 11.60 16.90 33.50 OB W W 43.84 

23 48.70 23.94 38.57 18.02 18.60 57.70 OB P P 42.07 

282 69.83 25.74 41.14 17.62 16.90 52.00 TE P P 43.31 

296 33.88 23.89 37.43 13.12 14.80 47.00 TE P P 43.27 

555 52.55 25.03 38.20 13.37 15.20 42.50 OB P P 44.2 

G-282 49.00 21.57 38.70 25.22 19.60 55.50 OB W W 42.5 

G-41 84.55 28.89 42.12 21.27 19.80 54.00 TE W W 44.06 

G-324 71.95 24.45 37.97 15.92 15.50 42.00 TE W W 45.94 

BP 75.78 26.60 39.61 11.70 15.20 53.50 TE P P 44.74 

(MY:  Marketable Yield; PD: 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; TSS: Total Soluble Solids, TE: Terpedo; OB: Oblong; P: 

Purple; W: White) 

1.3.5 Mutation  breeding in garlic 

In mutation breeding, garlic bulbs were subjected to gamma radiation, colchicine and EMS 

treatments on Bhima Purple, Bhima Omkar, G-41 and G-282. Out of these lines, 26 lines 

were selected based on criteria such as yield, bulb size, and storability. These chosen lines 

will  undergo further assessment to determine their MY and evaluate their impact on other 

contributing traits (Table: 1.26). 

Table 1.26 Performance of garlic mutation lines 
 

Entry  PH (cm) LP LL  (cm) LW  (cm) PL (cm) PW (mm) FA DM TY 

(q/ha) 

BP-4GY-M-2 48.58 8.3 27.61 1.32 8.3 7.04 Erect 144 85.91 

BP-5GY-M-2 53.35 8.8 32.66 1.43 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 31.42 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 9.5 33.74 1.26 8.13 7.21 Erect 144 70.63 

Continuedé 
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Entry  SL 

(%) 

PD (mm) ED 
(mm) 

SBW 
(g) 

NOC W50C (g) BS BSC 
&CC  

TSS 
(°Brix)  

BP-4GY-M-2 12.27 28.02 38.85 12.85 14.1 47 TE P 44.48 

BP-5GY-M-2 21.89 32.21 42.58 18.5 14.6 62.5 TE P 44.10 

BP-6GY-M-2 13.08 29.72 39.49 14.3 14 54 TE P 44.36 

BO-3GY-M-2 12.82 30.29 40.15 17.55 15.7 46 TE W 43.28 

BO-4GY-M-2 11 29.86 38.23 16.55 15.4 52 TE W 44.68 

BO-5GY-M-2 18.14 29.65 36.90 13.5 14.7 44 TE W 43.62 

(BP: Bhima Purple; BO: Bhima Omkar; PH: Plant Height; LP: Number of Leaves per Plant; LL: 4th Leaf 

Length; LW: 4th Leaf width; PL: Pseudostem Length; PW: Pseudostem width; FA: Foliage Attitude; E: Erect; 

DM: Days to Maturity; TY: Total Yield; SL: Storage Losses PD: 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) 

1.3.6 Development of virus free garlic planting material 

A standardized protocol was developed to effectively eradicate prominent garlic-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 RT-PCR analysis revealed that a few accessions showed minimal presence 

of allexi virus-B (Fig. 1.9). Those accessions could be the potential material for virus free 

garlic production. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.9 Absolute quantification of garlic virus Gar-V-B and Garlic Common Latent Virus 

in garlic core accessions 
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1.4 Biotechnological approaches for  improvement of onion and garlic 

1.4.1 In  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 1.27 Details of haploid induction in onion through gynogenesis 
 

Cultivars No. of haploids 

Bhima Shweta 8 

Bhima Super 18 

Bhima Dark Red 24 

Bhima Raj 13 

Bhima Shakti 4 

1.4.2 Profiling  cuticular  wax biosynthesis pathway genes in glossy mutants 

The M2 glossy mutant phenotype bulbs were harvested and subsequently planted 

individually. M2 plants were selfed and the subsequent M3 generation was found to be 

glossy. F1 plants derived from the cross between M2 and WT exhibited the waxy phenotype. 

However, when F1 plants were backcrossed with M3 glossy mutant, the subsequent BC1F1 

population segregated in a 1:1 ratio (waxy: glossy). Hence, the inheritance of the mutant's 

glossy phenotype was determined to be recessive and single locus (Table 1.28). 

Table 1.28 Segregation pattern of glossy mutant lines 
 

Population Total no. of 

plants 

Phenotype 

Waxy WT Glossy mutant 

M2 4 0 4 

M3 15 0 15 

F1 17 17 0 

BC1F1 21 11 10* 

WT 34 34 0 

*Chi square analysis was performed in BC1F1 population. Calculated p value is 0.83. The difference was 

statistically non-significant 

RNA sequencing of 6-weeks-old leaves of wild-type onion and its glossy mutant was 

performed in duplicate using the Illumina 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 generated. A total of 596 

annotated unigenes were found to be differentially expressed between wild-type and glossy 

mutant, with 295 upregulated and 301 downregulated genes in glossy mutant. In the glossy 

mutant, out of 301 downregulated unigenes, 4 critical genes related to wax biosynthesis 

pathway i.e. AcMAH1, AcWSD1, AcCER1 and AcCER26 were significantly downregulated 

(Table: 1.29). Differentially expressed gene analysis of RNA-seq data had shown 1.74, 

2.72, 2.12 and 2.59-fold down-regulation of ECR26, ECR1, WSD1 and MAH1 genes, 

respectively. To validate the RNA-seq results, expression levels of these genes were 

evaluated by semi-quantitative PCR, which also showed down-regulation of these genes in 

the glossy mutant. Semi-quantitative PCR analysis had also shown 1.17, 2.19, 1.61 and 

1.95-fold down-regulation of ECR26, ECR1, WSD1 and MAH1 genes, respectively. The 

results of the semi-quantitative PCR were consistent with those of the RNA-seq analysis 

(Fig. 1.10). 
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Fig. 1.10 Validation of 4 downregulated genes of cuticular wax biosynthesis pathway by 

semi-quantitative RT-PCR. W1 and W2: Waxy, whereas M1 and M2 Glossy Mutant 

Table 1.29 Differentially expressed unigenes associated with cuticular wax 

biosynthesis 
 

Sl. 

No. 

Unigene ID SwissProt 

annotation 

COG class 

annotation 

Log2 fold change 

Semi-qRT PCR RNA-seq 

Waxy 

WT 

Glossy 

mutant 

Waxy 

WT 

Glossy 

mutant 

1 g304621 Protein 

ECERIFERUM 26 

Lipid transport and 

metabolism 
1 -1.17 1 -1.74 

2 g367838 Protein 

ECERIFERUM 1 

Lipid transport and 

metabolism 
1 -2.19 1 -2.72 

3 g50966 O-acyltransferase 

WSD1 

Lipid transport and 

metabolism 
1 -1.61 1 -2.12 

4 g259833 alkane hydroxylase 

MAH1 

Lipid transport and 

metabolism 
1 -1.95 1 -2.59 

1.4.3 Identification and characterization of waterlogging responsive genes in 

contrasting onion genotypes using RNA seq. technology 

To understand the molecular mechanism regulating waterlogging stress tolerance in onion 

crop transcriptome sequencing using RNA seq. technology was done in leaf tissue to water- 

logging tolerant (Acc.1666) and sensitive (W-344) genotype. Differential gene expression 

analysis revealed 1629 genes were up regulated and 3271 genes were down regulated in 

Acc. 1666 while in W-344, 2134 genes showed up regulated and 1909 genes were down 

regulated under waterlogging stress. These DEGs regulate several key biological 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 post-translational modification, energy production, 

and carbohydrate metabolism- related pathways under waterlogging conditions. The higher 

number of waterlogging tolerance-related genes like group VII  ERFs such as RAP2-12 and 

RAP2-3 that play a crucial role in developing waterlogging tolerance, were found to be 

exclusively up-regulated 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. 1.11 Differential gene expression analysis in contrasting onion genotypes under 

waterlogging stress 

1.5 Breeding for  abiotic stress tolerance in Allium species 

1.5.1 Genetic architecture of waterlogging and drought tolerance in onion 

The mapping population was developed by crossing water-logging tolerant (Acc.1666) and 

susceptible line (Acc. 1639) in red onion and also in white onion (W-355 tolerant and W- 

085). The F1 plants were raised in kharif 2022 for the bulb production and these bulbs were 

planted in Rabi-2022 for the back cross and F2 population development. The drought 

tolerant line Acc. 1656 and drought susceptible line Acc. 1627 were crossed in the Rabi-21 

to develop F1 population. The F1 plants were raised in kharif 2022 for the bulb production 

and screening for drought tolerance. These bulbs were planted in Rabi-2022 for the back 

cross and F2 population development. 

1.5.2 Cloning and characterization of UV- Resistance 8 (UVR8) gene in onion 

The high doses of UV-B radiation can cause damage to plant macromolecules by disrupting 

DNA, triggering the accumulation of reactive oxygen species, and impeding photosynthesis. 

To enhance tolerance to UV-B stress, the UV-B receptor UV RESISTANCE LOCUS 8 

(UVR8) plays a crucial role in promoting the production of flavonoids. Thus, it becomes 

essential to characterize UVR8 at the molecular level to comprehend its function in UV-B 

stress response. In this present study, the molecular characterization of the UVR8 gene in the 

short-day onion (Allium cepa L.) was conducted to better grasp its significance in response 

to UV-B exposure. A 555 bp fragment of the single copy UVR8 gene 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 into E. coli strain DH5Ŭ, and the transformed 

colonies were verified through colony analysis, restriction digestion, and sequencing. Upon 

confirmation of the sequence, the gene was further cloned into the binary vector 

pCambia1300. The transformed colonies of E. coli were validated through colony PCR and 

restriction digestion using BamHI and KpnI. Through a triparental mating technique, the 

recombinant plasmid was transferred into Agrobacterium strain LBA4404, utilizing the 

helper strain pRK2013 and E. coli harbouring the recombinant plasmid (Fig. 1.12). The 

Agrobacterium containing the recombinant plasmid will  be utilized for the transformation of 

onion plants to proceed with further characterization. 
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Fig. 1.12 Agarose gel (1.5%) electrophoresis of the cDNA showing PCR amplification of 

UVR8 gene, L - 1Kb plus ladder, 1 - 6 - UVR 8 gene was amplified 

 

1.5.3 Genome wide identification of simple sequence repeats in onion 

The genome sequence of Allium cepa was downloaded from GenBank assembly under 

accession number GCA_905187595. Perl scripts from MISA were used to perform SSR 

identification with the default parameters (http://pgrc.ipk-gatersleben.de/misa/). The 

identification criteria were as follows: tri-nucleotide repeat motifs with six repeats, tetra- 

nucleotide, penta- and hexa-nucleotide repeat motifs with five repeats. Compound SSRs 

were defined as those with a < 100-nt interval between two repeat motifs. 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). Tri-nucleotide 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 Chromosome-wide distribution  of microsatellites in onion genome 
 

SSR Motif  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 25.47 23.95 24.07 

Total SSR 8727 11510 7885 6913 6348 8036 5579 4483 

http://pgrc.ipk-gatersleben.de/misa/)
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Fig. 1.13 Distribution of tri-nucleotide repeat motif in onion genome 

1.6 Development of onion hybrids for  quality  and yielding traits 

1.6.1 Characterization of Alliums for  genetic improvement 

In the genus Allium, atp6 gene transferability was assessed which was transferred across 

the species. The allelic frequency ranges from 0.011 to 0.811, with the highest allelic 

frequency at 800 bp loci and the lowest at 500 and 490 bp loci with the PIC is 0.101. The 

results of the diversity analysis revealed that 95 genotypes were divided into 12 groups, in 

which A. cepa and A. sativum grouped together, whereas other species grouped separately. 

The results reveal that the closest species based on atp6 gene transferability, which is a 

candidate gene for male sterility restoration in alliums. Furthermore, the finding could aid 

in the future studies of male fertility restorer alleleôs evolution, spread and introgression 

among Allium crops (Fig. 1.14). 
 

Fig. 1.14 Transferability of atp6 gene with variable amplicons among the Allium species 

Intron Length Polymorphic (ILP) markers derived from exon-flanking introns have been 

demonstrated to be accurate co-dominant markers in eukaryotes via the use of this 

polymorphism potential. In the present study, the genetic diversity among 95 accessions of 
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Alliums from the 13 species was revealed by ILP markers via UPGMA method, and 

population structure was also studied. Twenty-two ILP markers generated 75 loci with an 

average of 25.4 amplicons per loci. The Polymorphic Information content (PIC) ranges 

from 0.02 ï 0.99, which is the lowest to highest polymorphic marker. The clustering pattern 

revealed the population, which were grouped into three major clusters, such as major cluster 

I grouped by semi-domesticated and wild species, major cluster II consist of cultivated 

Allium species (onion, garlic and bunching onions) and major cluster III was out grouped 

which consisted of genotypes belong to Allium hookeri. The population structure studied 

also revealed the highest ȹK at 3, which inferred that the population was grouped into 3 

genetic groups, which were correlated to the UPGMA clustering. From the finding of the 

diversity and phylogenetic relationship among the Allium species could be employed in 

further breeding programs for genetic improvement through inter-specific hybridization, to 

introgress the desirable traits from semi domesticated to the cultivated species. The 

Interspecific hybrid three populations developed from Allium cepa and Allium fistulosum 

grouped separately (Fig. 1.15). 
 

Fig. 1.15 Genetic diversity of Allium spp. using ILP markers through UPGMA method 

Onion genetic resources characterization was done by using the most recently produced 

polymorphic DNA-based 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 

amplification of ILP markers revealed a total of 18 loci, three of which are monomorphic. 

There were total of 647 bands obtained, with an average of 9.01 bands per genotype. 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 verified the clear division 



ICAR-DOGR ANNUAL REPORT 2022 

Page 31 of 155 

 

 

 

of the genotypes investigated into analogous clusters, similar to UPGMA analysis. Further 

the study revealed that, the genotypes collected have a wide range of diversity, and that 

molecular markers can be used to for characterization and to describe the level and pattern 

of genetic diversity in short-day onion for selection of diverse parental lines for 

hybridization, genetic improvement and breeding. The morphological features of the male 

gametophytes of Chives (Allium schoenoprasum L.) 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 be sub-ovoid shapes, with long 

regulate and striated sexine. The elemental composition and distribution were unveiled by 

FESEM based Energy Dispersive X-ray Spectroscopy (EDS) spectra. The micrograph of 

anther sample enumerated the C, O, K, P, N, Fe, Mn, Cu, and Mg minerals, and C, O, N, 

Fe, P, K, Zn, Mn, Cl, Ca, and Na minerals in the pollen grain. These insights could aid in 

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

gametophytes. 
 

Fig. 1.16 Micro analysis of male gametophytes, striated anther, with pollen grains, pollen 

clump, and pollen with long regulate and striated sexine 

 

The Bunching onion (Allium fistulosum L.) species collections were assessed for 

identification of male-sterile trait among the germplasm. As a resultant identified a male 

sterile line, phenotypically and which was confirmed by the orf725 gene and orf501 gene- 

specific markers conferred linkage for male sterility cytoplasm of S and normal (N) 

cytoplasm. The manifestation of the male-sterile trait in Bunching onion genotypes could 

be attributed to the ms genes expression. Phenotypically male-sterile plants produce 

flowers, does produce pollen grains they were lacking in the anthers. The anthers are 

slightly green at an immature stage, and yellowish trans-lucent at the mature stage, without 

pollen grains spores inside the anther sac, matured anthers were shrivelled, empty and fused 

anther sacs (Fig. 1.16). Soon, the male-sterile line will be used as parental material in 

hybridization for heterosis breeding to boost Bunching onion. 

1.6.2 Genetic improvement of onion for  exploitation of heterosis 

The study aimed to identify the male-fertility restoration locus (Ms) among 72 breeding 

lines of onion (Allium cepa L.) by genotyping, which is crucial in the development of F1 

hybrid onions using cytoplasmic-genic male sterility (CGMS) system. Thus, two markers 

were used to identify the Ms locus, the simple PCR marker namely jnurf20 is dominant 

nature cover across the breeding lines genetic backgrounds, whereas the PsaO gene-specific 
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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 

different genetic backgrounds of onion breeding lines. However, these molecular markers 

are highly useful in the marker-assisted selection of Ms locus. Thus, this study reveals the 

amplification of validated markers among the breeding lines used, the study essential to 

advance the marker-assisted breeding for the development of F1 hybrid onions in near 

future. Fifty hybrids were developed and evaluated for agronomical traits during 2021 -22 

using male sterile lines available at DOGR namely ms125 × L39, 125 × L150, 125 × 

L153, 125 × L154, 125 × Y103, 125 × L156, 125 × B.D.R, 125 × B. Shakti, 125 × B. 

Kiran, 125 × B. Super, ms126 × L39, 126 × L150, 126 × L153, 126 × L154, 126 × Y103, 

126 × L156, 126 × B.D.R, 126 × B. Shakti, 126 × B. Kiran, 126 × B. Super, ms111 × 

L39, 111 × L150, 111 × L153, 1`11 × L154, 111 × Y103, 111 × L156, 111 × B.D.R, 111 

× B. Shakti, 111 × B. Kiran, 111 × B. Super, ms222 × L39, 222 × L150, 222 × L153, 222 

× L154, 222 × Y103, 222 × L156, 222 × B.D.R, 222 × B. Shakti, 222 × B. Kiran, 222 × 

B. Super, ms160 × L39, 160 × L150, 160 × L153, 160 × L154, 160 × Y103m, 160 × L156, 

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

Fig. 1.17 Marker assisted selection of Ms locus among breeding lines 
a) jnurf 20 marker genotyping for Dominant locus (Ms), b) PsaO gene markers genotypes for 

dominant (Ms)and recessive (ms) locus, O' GeneRuler 1kb plus DNA ladder used for comparison 

of amplicon fragments 
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Externally  Funded Project: ICAR -National Fellow 

1.7 Haploid induction in onion through genome elimination 

1.7.1 Multiplication  of Seeds expressing GFP tailswap construct 

T1 bulbs of 6 events of transgenic plants expressing GFP tailswap construct were planted 

in Kharif 2021 season. T1 plants of all the events were analysed segregation analysis. All 

the events were segregated as per mendelian fashion. The bulbs of heterozygous and 

homozygous lines were planted in Rabi 2021 season and T2 seeds were harvested at the end 

of Rabi season. The details of seeds collected from each event is enlisted in the following 

Table: 1.31. 

Table 1.31 T2 Seed harvested from transgenic plants expressing GFP tailswap 

construct 
S. No.  Transgenic 

event ID 

No. of seeds from 

Homozygous plants 

No. of seeds from 

Heterozygous plants 

1 GFP 1 80 24 

2 GFP 2 174 49 

3 GFP 3 151 82 

4 GFP 4 79 18 

5 GFP 5 189 41 

6 GFP 6 45 6 

1.7.2 Segregation analysis of T1 seeds expressing AcCENH3 RNAi 

T0 bulbs of 5 events of transgenic plants expressing AcCENH3 RNAi construct were 

planted in Rabi 2021. TAIL  PCR analysis was done for all the events and sites of insertion 

were mapped. The flowers of T0 bulbs (Event #1, #2 and #5) were selfed to get T1 seeds. 

Event #3 and Event #5 did not blossom. These T1 seeds were planted in kharif 2022 and 

analysed for the zygosity level by PCR analysis (Fig. 1.18, Table 1.32). T1 plants had shown 

distorted segregation. 

Table 1.32 Segregation analysis of AcCENH3 RNAi  T1 plants 
 

Sl. 
No. 

Transgenic 

event ID 

No. of seeds 

sown 

No. of seeds 

germinated 

Homozygous Heterozygous Azygous 

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 Representative image of segregation analysis of T1 transgenic plants 
PCR analysis of T1 transgenic plants to analyze segregation of AcCENH3 RNAi T1 population 

[1: 1 KB plus ladder, 2: B. super, 3: RNAi2-1, 4: RNAi2-2, 5: RNAi2-3, 6: RNAi2-4, 7: RNAi2-5, 8: RNAi2- 

6, 9: RNAi2-7, 10: RNAi2-8, 11: RNAi2-9, 12: RNAi2-10, 13: RNAi2-11, 14: RNAi2-12, 15: RNAi2-13, 

16: RNAi2-14, 17: RNAi2-15, 18: RNAi2-16, 19: RNAi2-17, 20: RNAi2-18, 21: RNAi2-19, 22: RNAi2-20, 

23: RNAi2-21, 24: RNAi2-22, 25,26: RNAi2-23, 24] 
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1.7.3 Agrobacterium-mediated transformation of CRISPR/cas9 construct in 

onion for haploid induction 

Agrobacterium strain LBA4404 harboring binary vectors pCAMBIA1305.1- 

misAcCENH3-AcCENH3 sgRNA and pCAMBIA1305.1-AcCENH3 dual target sgRNA 

were used independently for Agrobacterium-mediated transformation of 8-weeks-old 

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 µg/L 

Hygromycin B containing selection media. The survived calli were transferred to shooting 

media containing 50 µg/L and 30 µg/L Hygromycin B. So far, 15 batches were transformed, 

5 batches are in shooting stage (Fig. 1.19), 7 batches are in different selection stages and 3 

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 1.33 Details of calli in different  stages of transformation co-cultivated by 

AcCENH3-sgRNA constructs 
 

Co-cultivation No. of calli 

Resting Selection I Selection 

II  

Selection 

III  

Shooting 

50 

Shooting 

30 

pC1305.1 - 

misAcCENH3- 

AcCENH3 sgRNA 

168 146 98 78 39 16 

pC1305.1- 

AcCENH3 dual 

target sgRNA 

133 105 61 40 21 11 

 

Fig. 1.19 Putative transgenic calli expressing AcCENH3 sgRNA on shooting medium 
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Externally  Funded Project: DST-SERB 

1.8 Development of cytoplasmic male sterile lines in onion (Allium cepa 

L.) through targeted mutagenesis of AcMSH1 gene 

1.8.1 Agrobacterium-mediated transformation of pRGEB31-AcMSH1 target 

constructs in onion 

CRISPR/cas9 binary vectors pRGEB31-AcMSH1 exon2 target and pRGEB31-AcMSH1 

exon3 target were cloned, transformed interpedently into Agrobacterium strain LBA4404 

and used for Agrobacterium-mediated transformation of 8-weeks-old 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 µg/L 

Hygromycin B containing selection media. The survived calli were transferred to shooting 

media containing 50 µg/L and 30 µg/L Hygromycin B. So far, 11 batches were transformed, 

1 batch of each construct is in shooting 50 and shooting 30 stage, shooting stage (Fig. 1.20), 

7 batches are in selection stage and 2 batches are in resting stage. The details of number of 

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 co-cultivated by 

AcMSH1-CRISPR/cas9 constructs 
 

 No. of calli 

Resting Selection 

I 

Selection 

II  

Selection 

III  

Shooting 

50 

Shooting 

30 

pRGEB31-AcMSH1 exon2 

target 

133 105 62 48 21 18 

pRGEB31-AcMSH1 exon3 

target 

149 112 74 53 37 16 

 

Fig. 1.20 Putative transgenic calli expressing AcMSH1 CRISPR/cas9 construct on 

shooting medium 

1.8.2 Localization of AcMSH1 protein 

The quantitative immunoassay was performed for detection of localization of AcMSH1 

protein in cell organelles. Intact chloroplast, intact mitochondria, their fractions and total 

protein was isolated from shoot tissues of onion cv. B. Super. An indirect assay was 

performed in 96-well ELISA plate coated with AcMSH1 protein as an antigen by coating 2 

µg protein in 3 replicates. ELISA results revealed that the highest level of AcMSH1 protein 
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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 

that AcMSH1 protein is localized in mitochondria and chloroplast organelles. 
 

Fig. 1.21 Localization of AcMSH1 protein in mitochondria and chloroplast 
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2. Crop Production 

2.1 Development of Improved Nutrient  Management Practices for  Onion 

and Garlic 

2.1.1 Effect of continuous use of inorganic fertilizers and manures on onion 

production and soil fertility status 

Permanent manurial experiment was initiated during rabi 2013-14 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 

2015-16. Field experiment was conducted to study the effect fertilizer treatments on onion 

production, soil fertility status and faunal diversity under soybean/maize (kharif) - onion 

(rabi) cropping system. Inclusion of maize as preceding crop and application of 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 

onion yield in soybean block in comparison to maize block. Addition of mineral fertilizers 

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 

organic carbon and soil available N compared to mineral fertilizer alone applied treatments 

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 

maintained in all the fertilizer treatments. Lower yield recorded in soybean block was due 

to high incidence of Stemphyllium incidence. Similar trend was recorded during the last 

four years. 
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Fig. 2.1 Effect of long-term application of mineral fertilizers and organic manures on 

onion bulb yield 
(100% RDF-150:50:50:50 NPKS kg/ha + 20 t FYM/ha; 75% RDF-150:50:50:50 NPKS kg/ha + 

5 tFYM/ha) 
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Faunal diversity of insect pests and their natural enemies in different onion-based 

agroecosystem (both organic and inorganic fields) 

Observations on pest and natural enemy population were recorded on 30, 45, 60 and 90 

DAT in both organic and inorganic trials. Visual inspection for thrips population was done 

in a sample size of Quadrat of 1 m2 area from each plot. Aerial insects were caught using 

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, 

irrespective of the treatments. With respect to the maximum number of individuals caught, 

order Thysanoptera dominated under both trials with 672 in organic, whereas 574 in 

inorganic treatment. However, the activity of onion thrips was first recorded on 25th January 

(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 17th 

February (45 DAP). Later, the population declined to 2.7 and 2.0 thrips/plant respectively 

on organic and inorganic 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 agro-ecosystem. 

2.1.2 Effect of organic farming on onion production compared to conventional 

farming 

The field experiment was conducted to study the effect of organic farming on onion 

production and nutritional quality in comparison to conventional farming. The experiment 

was laid out in split plot design with 14 replications. The mail plot consisted of six organic 

and inorganic fertilizer treatments and sub-plots 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 54.7-56.4% 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 10.3-16.9% 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 

manures. The plant protection measures did not show any effect on total storage losses. N, 

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 

conventional treatments. Thrips population was the highest in plots received organic plant 

protection measures. 



ICAR-DOGR ANNUAL REPORT 2022 

Page 39 of 155 

 

 

      

0.0 

10.0 

 

 

 

   

 

 

Fig. 2.2 Effect of organic farming practices on onion bulb yield 
(1: OM1, Organic module 1, 2: OM2, Organic module 2, 3: OM3, Organic module 3, 4: OM4, 

Organic module 4, 5: INM, Integrated nutrient management, 6: Mineral, Mineral fertilizers). 
 

Fig. 2.3 Effect of organic farming practices on total storage losses of onion 
(1: OM1, Organic module 1, 2: OM2, Organic module 2, 3: OM3, Organic module 3, 4: OM4, 

Organic module 4, 5: INM, Integrated nutrient management, 6: Mineral, Mineral fertilizers) 

2.1.3 Effect of nitrogen fertilizer and irrigation  regimes on plant growth, yield 

and storage quality of onion 

The field experiment was conducted to study the effect of nitrogen fertilizers and irrigation 

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 dose). Twenty percent nitrogen fertilizer was applied as a basal at 
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transplanting and remaining N dose was applied in three equal splits as top dressing at 15, 

30 and 45 days after transplanting to all the treatments. The results showed that 100% (110 

kg/ha) and 150% N (165 kg/ha) application through drip and sprinkler increased onion 

yield significantly compared to 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 solids compared to the control plot and 50% N applied treatments 

(Fig. 2.4). 100% and 150% applied treatments through sprinkler irrigation 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 applied treatments in all three irrigation methods (Fig. 2.5). This result indicated 

that balanced application of N as per crop requirement may have reduced the total storage 

losses. This study needs to be repeated for confirmation. 
 

Fig. 2.4 Effect of Nitrogen fertilizers and irrigation methods on onion yield 
(1: 0 NPKS, No NPKS fertilizers applied, 2: 0 N, No nitrogen fertilizer applied, 3: 50%, 55 kg N/ha, 

4: 100% N, 110 kg N/ha, and 5: 150% N, 165 kg N/ha) 
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Fig. 2.5 Effect of Nitrogen fertilizers and irrigation methods on onion yield 
(1: 0 NPKS, No NPKS fertilizers applied, 2: 0 N, No nitrogen fertilizer applied, 3: 50%, 55 kg N/ha, 

4: 100% N, 110 kg N/ha, and 5: 150% N, 165 kg 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 water-logging stress in four 

onion genotypes (W 355, Acc. 1630, Acc. 1666, and Bhima Dark Red). Seedlings were 

transplanted on raised bed of 6 sqm by maintaining a spacing of 10x15cm. Water-logging 

treatment was imposed on seedlings 45 days after transplanting for continuous 20 days by 

flooding. Field was irrigated through sprinkler system. In addition to this, about 200 mm 

rainfall was received during the stress 30 to 80 days after transplanting. Foliar application 

of water-soluble fertilizer increased plant growth and yield of onion genotypes, Bhima Dark 

Red and Acc. 1666 significantly compared to the other genotypes under water-logged 

condition. The tolerant genotypes Acc. 1666 and Bhima Dark Red showed higher survival 

percentage (>90%), good plant stand, higher chlorophyll content, better cellular membrane 

stability. These two genotypes produced more B grade bulbs (bulb size 30-60 mm diameter) 

under water-logging condition with less than 30% change in bulb weight compared 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 ICAR-CIRCOT nano-sulphur 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 Nano sulphur foliar application @ 5 ml/litre, 3. 15 

NS: ICAR-CIRCOT Nano-sulphur @ 15 kg/ha, 4. 23 NS: ICAR-CIRCOT Nano-sulphur 

@ 23 kg/ha, 5. 30 NS: ICAR-CIRCOT Nano-sulphur @ 30 kg/ha, 5. 30 ES: Bentonite 

sulphur (90%) @ 30 kg/ha, and Factor B consisted of two FYM treatments (1. No FYM: 0 

Farm yard manure, 2. With FYM: Farm yard manure @ 5 t/ha). The results showed that 

the plots received ICAR-CIRCOT nano-sulphur alone increased marketable yield by 8- 

12% compared to the control plot, whereas bentonite sulphur alone increased onion yield 

by 23% (Fig 2.6). However, combined application of ICAR-CIRCOT Nano-sulphur and 

FYM increased onion by 3.8-8.3%, whereas, bentonite sulphur application increased onion 
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yield by 3.6%. In case of garlic, ICAR-CIRCOT Nano-sulphur and bentonite sulphur 

increased yield significantly compared to the control. Without FYM, ICAR-CIRCOT nano- 

sulphur application increased garlic yield by 10.8-16.3% and bentonite sulphur increased 

garlic yield by 5.7% compared to the control (Fig. 2.7). Combined application of farm yard 

manure and Nano-sulphur showed lesser yield increase in both onion and garlic. In garlic, 

application of ICAR-CIRCOT Nano-sulphur 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. 
 

Fig. 2.6 Effect of ICAR-CIRCOT Nano-Sulphur application on onion yield 

(1:0 S, No sulphur, 2: NS (0.5%), ICAR-CIRCOT Nano sulphur foliar @ 5 ml/litre, 3: 15 NS, 

ICAR-CIRCOT Nano-sulphur @ 15kg/ha, 4: 23 NS, ICAR-CIRCOT Nano-sulphur @ 23kg/ha, 5: 

30 NS, CIRCOT Nano-sulphur @30 kg/ha, 6: 30 ES, Bentonite sulphur (90%) @30 kg/ha) 
 

Fig. 2.7 Effect of ICAR-CIRCOT nano-sulphur application on garlic yield 

(1:0 S, No sulphur, 2: NS (0.5%), ICAR-CIRCOT Nano-sulphur foliar application @ 5 ml/litre, 3: 

15 NS, ICAR-CIRCOT Nano-sulphur @ 15 kg/ha, 4: 23 NS, ICAR-CIRCOT Nano-sulphur @ 23 

kg/ha, 5: 30 NS, ICAR-CIRCOT Nano-sulphur @ 30 kg/ha, 6: 30 ES, Bentonite sulphur (90%) @ 

30 kg/ha) 
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2.3 Abiotic  Stress Management in Onion and Garlic  

2.3.1 Impact of plant growth promoting microbes on 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 during kharif 2022 where the seedlings of 

onion variety Bhima Dark Red and genotype Acc. 1666 were inoculated with the well- 

known plant growth promoting microbial strains including Azotobacter spp, Azospirillum 

spp, Piriformospora indica, Phosphorus 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 water-logging 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 water-logged condition. However, it was found that microbial treatments 

help the plant to maintain the growth and bulb yield under waterlogged condition. Seedling 

inoculated with Azotobacter spp. performed superiorly under control and stress regime in 

both the genotypes based on the crop phenotypic growth and bulb yield performance (22- 

25 t/ha under waterlogging stress). The study thus concludes that Azotobacter spp plays 

significant role in onion crop under waterlogging stress (Fig. 2.8). 
 

Fig. 2.8 Effect of microbial treatments on onion bulb yield under water-logging stress 

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

logging stress 

Plant growth regulators (PGRs) play a significant role in plant developmental process and 

modulating plant replies to various abiotic constraints including waterlogging stress. A 

field experiment was conducted to evaluate the effect of different plant growth regulators 

namely, Putrescine (50, 100, 200 ppm), Spermine (50, 100, 200 ppm), Gibberellic acid (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 water-logging condition in 

tanks. Different physiological, biochemical and yield contributing traits were evaluated 

from both controlled and treated samples. Foliar spray of Melatonin @ 50 ppm improves 

onion crop growth and bulb yield under both control and waterlogging stress compared 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 Effect of plant growth regulators on onion bulb yield under water-logging stress 

2.3.3 Effect of high temperature stress on onion crop growth and yield 

A pot experiment was conducted to evaluate the effect of high temperature stress on 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, 30, 35, 38, 40, 42, 45  for 24 hours. A set of control 

plants were kept under normal growth condition (temperature 26 ± 1 ) in open field. No 

significant difference was recorded for the plantôs morphological traits like plant height, 

leaf area, leaf senescence and chlorophyll content when plants were exposed to temperature 

of 26, 30 & 350C compared to control plants. However, as the temperature increases beyond 

350C 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 

increases. Plants exposed to 42 recorded with wilting symptoms and poor plant growth 

during recovery time but get 50-60% recovered after stress period. However, plants 

exposed to 450C failed to recover after stress period. Thus, it can be concluded that 42  

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 diseases-pests of onion-garlic 

3.1.1. Collection, isolation, and identification of fungal pathogens and bio- 

agents 

The samples of diseases (Anthracnose, Purple blotch, Stemphylium blight, White rot, 

Damping off, Basal rot, and post-harvest pathogens) were collected from the ICAR- 

DOGR field and from adjoining places (Fig. 3.1). Pathogens were isolated, and cultures 

identified from Colletotrichum spp., Fusarium spp., Alternaria spp., Stemphylium spp. 

etc., based on morphological characters and are maintained. In addition to that, bio - 

agents including Trichoderma spp., were also isolated. 

 

Fig. 3.1 Experimental field at ICAR-DOGR, Pune 

 

3.1.2. Evaluation of Trichoderma species/isolates on crop growth of onion 

and disease management of onion under field condition during rabi 2021- 

22 and kharif -2022 

Crop growth 

The effect of Trichoderma spp./isolates (11 isolates) on onion crop growth was studied. 

Observations on growth parameters were recorded. Results reveal that enhanced growth 

among Trichoderma spp./isolate T-166 treatment and plant height up to 8% and 

pseudostem diameter up to 5% were recorded in rabi onion. However, in kharif onion, 

Trichoderma spp./isolates treated plants showed enhanced plant height (ranging from 

0-7%) and pseudostem diameter (range, 2-18%) over control. 

Effect on diseases 

Eleven Trichoderma spp./isolates were evaluated against Stemphylium pathogens 

during rabi 2022. Eight isolates inhibited Stemphylium disease from 8-33% over 

control. The maximum (33%) inhibition recorded in Trichoderma isolate NRCG-8. 

Similarly, during kharif 2022, all the isolates inhibited anthracnose, twister and 

Stemphylium diseases. Again, the maximum inhibition of anthracnose (44%), twister 

(50%), and Stemphylium (40%) were recorded with Trichoderma isolate, NRCG-8. 



ICAR-DOGR ANNUAL REPORT 2022 

Page 46 of 155 

 

 

 

 

 

Fig. 3.2 Typical symptoms of onion Anthracnose 

 

Bulb yield 

Among the 11 Trichoderma spp evaluated, all isolates enhanced the yield by 2-27%. 

The maximum (27%) increase was supported by Trichoderma T-166 (21 t/ha) over 

control (16.7 t/ha) in rabi 2022. Whereas, during kharif, among the 11 Trichoderma 

spp./isolates evaluated, ten isolates enhanced the yield ranging from 4 -29%. The 

maximum (29%) increase was recorded in Trichoderma T-8R (22 t/ha) treated plots 

over control (17 t/ha). 

Molecular characterization 

The molecular characterization of 11 Trichoderma isolates were performed using PCR and 

using sequencing of internal transcribed spacer (ITS) and translation elongation factor 1 

alpha (TEF) based primers. PCR products were purified and sequenced. Phylogenetic tree 

was constructed with MEGA 11 software program using the Neighbor-Joining distance 

algorithm method (Fig. 3.3). 
 

Fig. 3.3 Phylogenetic tree of partial ITS/Tef1 gene sequences by maximum likelihood 
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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), farmersô practice (FP), 

and absolute control (AC) were evaluated during rabi-2022. All the modules inhibited 

the Stemphylium disease, ranging from 10-30% 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 supported 24% and 13% 

higher yield over control (21 t/ha) and FP (23 t/ha) during the rabi 2022. Again, during 

kharif 2022, the pattern was the same, where M1 (19 t/ha) registered 27% higher yield 

over control (15 t/ha). 

3.1.4. Evaluation of Amritpani based organic formulations 

Effect on diseases 

Four Amritpani-based organic formulations (DOGROF1, DOGROF2, DOGROF3, and 

DOGROF4) were evaluated against major onion diseases in rabi 2022. The maximum 

(36%) Stemphylium inhibition was recorded in the treatment, DOGROF3 ( Bajra flour, 

Calotropis leaves, Karanj leaves, Ginger powder, Turmeric powder, Hing powder to 

Water), followed by DOGROF4 (27%). A maximum of 73 PDI (Stemphylium) was 

recorded, with control being a minimum with DOGROF3 (47 PDI). Similar trends 

were recorded during the kharif 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, in kharif 2022, DOGROF3 treatment produced a maximum 28% 

higher yield (16.40 t/ha) followed by DOGROF1 than the control (12.80 t/ha). 

3.1.5. Evaluation of onion germplasm for  diseases 

Eighteen white onion germplasm along with checks were evaluated against 

Stemphylium disease in rabi 2022. All  the germplasm received disease ranging from 

13-23 PDI. Six germplasm namely, WHTB-9I-LT-15-SMC-M7, WHTS-7G-GT-15-SC- 

M7, W-337, W-448, WHTB-10J-T-15-SMC-M7, WHT-23A-3 received <15 PDI, rest 

received higher PDI. Among 19 red germplasms evaluated, all recorded Stemphylium 

disease ranging from 9-20 PDI. Among them, 11 germplasm viz., DOGR-Hy-6, 1819, 

DOGR-Hy-8, 1613, DOGR-Hy-56, 1621, 1628, 1649, 1622, 1774, 1618 received <15 PDI. 

Eighteen white onion germplasm evaluated against anthracnose disease, all germplasm 

received higher disease ranging from 56 -100 PDI, and eight germplasm could not 

survive till the end. Further, 15 red onion germplasm along with checks evaluated, all 

germplasm received higher anthracnose disease ranging from 44-100 PDI (Fig.3.4). 
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Fig. 3.4 Twister disease in germplasm at ICAR-DOGR, Pune 

3.2. Biotechnological approaches for  biotic stress management 

3.2.1. Identification and expression analysis of stress related miRNA in onion 

(Allium cepa) 

MicroRNA (miRNA) is one of the key 

components in the regulation of gene 

expression. miRNAs are 20ï24 nucleotide- 

long, endogenous non-coding RNAs that 

regulate their target gene expression. 

miRNAs reportedly involved in regulating 

important processes in plant development, 

disease and stress response, hormone 

signalling etc. With the availability of 

computational tools and genomic 

resources, miRNAs from numerous plants 

are identified. In onion, limited numbers of 

miRNAs were identified due to the non-availability of genome sequence and limited 

genomic resources. We identified the 119 miRNA and their target genes from the onion 

genome (PRJEB29505). Expression of target genes in purple blotch infection, drought and 

waterlogging stress was studied using previous RNAseq. The information generated in the 

present investigation will be a foundation for elucidating the miRNA mediated gene 

regulation in onion in response to disease and stress conditions. PatMaN (Pattern Matching 

in Nucleotide databases) tool was used to identify the homologous miRNA sequences to 

the miRNA in onion genome sequences. To provide transcriptional evidence of the role of 

miRNA genes in biotic and abiotic stress in onion, RNAseq data generated in our previous 

experiment for biotic stress, drought and waterlogging was used. The BAM scale was used 

to get normalized quantifications of the expression of miRNA genes from RNAseq data 

(Pongor et al., 2020), and transcript level quantification was expressed in FPKM. Out of 

119 miRNA genes, 73 showed expression different stress conditions in onion. Out of these 

73 miRNA genes, 14 were showed a consistent expression level of up or down regulation 

in disease, waterlogging and drought stress conditions. The miRNA genes, including Ace- 

MIR408a, Ace-MIR2275b, Ace-MIR168c, Ace-MIR166c and Ace-MIR69a, showed 

variation in expression in response to A. porri infection (Fig. 3.5). The miRNA genes like 

Ace-MIR168a, Ace-MIR159a, Ace-MIR827a, Ace-MIR398b, Ace-MIR398c and Ace- 

MIR393a were found to be differentially expressed in drought stress in onion genotypes. 

In waterlogging stress, the following miRNA genes, Ace-MIR2275b, Ace-MIR168b, Ace- 

MIR168c, and Ace-MIR69a, showed differential expression in onion. 

https://www.ebi.ac.uk/ena/browser/view/PRJEB29505
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3.2.2. Chitosan-Nano conjugate promotes growth and Stemphylium Leaf 

Blight resistance in onion 

Nano natural polymers are becoming increasingly popular for managing pathogens since 

they offer a potentially safe alternative to chemical pesticides and fungicides. Among these 

nano-polymers, chitosan nanoparticles (CNPs) have attracted considerable interest for use 

as biomaterial-based agrochemicals due to their unique qualities, such as non-toxicity, low 

cost, biodegradability, high permeability through biological membranes, and broad 

antifungal activities against numerous phytopathogenic fungi. Experiments were conducted 

to test the effect of chitosan nanoparticles on growth and resistance to Stemphylium Leaf 

Blight in onions by seed treatment, foliar spray and the combination of seed treatment and 

foliar spray. In addition, the effect of treatments on vegetative, reproductive growth and 

yield of onion was studied. 

3.2.3. Effect of chitosan on onion seed germination, growth of onion and yield 

The chitosan treated onion seeds showed better germination and vigour than untreated 

seeds. Three treatments were used (seed treatment, foliar spray and seed treatment + foliar 

spray) in the field and pot experiment along with the control. It was observed that seed + 

spray treatment showed better growth parameters like plant height, leaf length, leaf width, 

pseudo stem length and width. Similarly, onion bulb yield was also higher in all chitosan 

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 Germination and vigour of the onion seedlings A. 15 days and B. 35 days 

3.2.4. Chitosan priming  enhanced resistance against Stemphylium Leaf Blight  

The disease severity index was measured, and it was found that the severity of SLB was 

20% lower in seed + spray treatment as compared to that of control. Lower disease severity 

in chitosan treated plants suggests that chitosan nanoparticles can boost the defence 

response in onion plants. Percent Disease Index (PDI) were recorded at 30, 45, 60, and 75 

days after transplantation (Fig. 3.7). The PDI found reduced in those treatments where 

chitosan was used as seed + spray treatment in the field compared to untreated plants and 

other treatments (seed treatment, foliar spray). The highest PDI (28.6%) were recorded in 

the control plants and the lowest PDI (20.8%) were recorded in the treatment where seeds 

were treated with 1% chitosan combined with foliar spray. 
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Fig. 3.7 Disease severity after chitosan treatment in field condition 

3.2.5. Biochemical and 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 

content were found to be higher in chitosan treated plants. Similarly, pathogenesis related 

protein (PR1 and PR4) gene expression levels were also found to be higher in chitosan 

treated plants. It suggests that chitosan nanoparticles induce systemic resistance in onions 

against SLB. The results suggest that a combination of seed treatment and foliar spray can 

be used to control the SLB of onion with growth promotion (Fig. 3.8). 
 

Fig. 3.8 Expression of PR1 and PR4 response to SLB infection in chitosan treated plants 

3.2.6. Zn -Nanoparticles against Fusarium causing basal rot  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 pathogen Fusarium causing basal rot of onion. These ZnO-NPs are 

synthesized in both chemical and biological methods were used in present study. Different 

concentrations like 10 ppm, 30 ppm, 50 ppm, 100ppm and 200ppm of ZnO and ZnO-NP 
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(both chemically and biologically synthesised) were added in the PDA medium while the 

medium was poured into Petri plates. A mycelial disc with having a diameter of 4 mm was 

cut from the ten-day-old fungus cultures and inoculated these petri plates. Incubated for 10 

days at 27 ± 1 ºC. A significant growth difference among the different concentrations was 

observed under in vitro conditions. In the PDA Petri plates, the results clearly show that as 

the concentrations of the ZnO-NP increased, the radial growth of the pathogen was 

decreased. The minimum radial growth was recorded at 200 ppm followed 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 in Thrips tabaci Lindeman 

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 structure of T. tabaci on onion hosts from different geographic 

locations across India by amplicon sequencing of mtCOI gene through next generation 

sequencing (NGS). The intra-species genetic variation in mtCOI gene of T. tabaci 

population in India investigated. A raw amplicon sequencing statistics was given (Fig. 

3.9). The highest numbers of reads were generated in sample from 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 score numerically expresses the accuracy of each nucleotide. Higher 

Q number signifies higher accuracy of data. 
 

Fig. 3.9 Locality wise percent reads with variations 

The high level of variations was found within mtCOI gene with respective localities in 

India. Locality wise percent variations have been calculated from total reads recorded. 

Among all localities, 307_Palampur represents highest nucleotide polymorphism followed 

by 306_Tamilnadu, 305_Maharashtra, 303_Haryana and 302_Gujrat. Compared to other 

localities, low level of mitochondrial genetic variation was observed in 304_Delhi isolates. 
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3.3. Epidemiology and bio-management 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 phenotypic factors that aids infection process 

Pathogenicity of anthracnose-twister was confirmed after inoculating the 40 days old onion 

seedlings (var. Bhima Super) with the fungal suspensions of Colletotrichum 

gloeosporioides with 100% disease incidence. The first symptom appeared three days after 

inoculation, initially  observed a slight neck elongation and on 4 DAI  observed the twisting 

of the leaves as well as the development of water-soaking sign with depressed lesions on 

the leaves. Gradually elongation of lesions occurred from 5 DAI, and the leaves showed 

sunken oval lesions on the leaf blades and depressed lesions on the leaf sheaths at the neck; 

later, these lesions developed with salmon/orange-coloured conidial mass on 6 DAI on 7 

DAI  lesions becoming necrotic or matured. These lesions contained clusters of acervuli of 

C. gloeosporioides (8 DAI). Further it leads to rotting of stem. Dieback and wilting 

symptoms were also observed, with final PDI of 54.32. The most extended neck (3.69 cm) 

and twisting of leave at the neck later these lesions developed with salmon/orange-coloured 

conidial mass from 6 DAI, and on 7 DAI lesions becoming necrotic or matured. These 

lesions contained clusters of acervuli of C. gloeosporioides (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- 

isolated from the diseased onion plants to satisfy Kochôs postulates. 
 

 

Fig. 3.10 Infection process of C. gloeosporioides on onion plants 
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3.3.2. Understanding the role of secondary metabolites of biocontrol agents 

against major fungal diseases of onion-garlic 

Extraction of secondary metabolites from Trichoderma spp. 

Eleven native in vitro-promoting traits viz., Indole acetic acid (IAA) Siderophores 

production, phosphorus, potassium and zinc solubalization were determined. IAA  content 

of different Trichoderma strains was varied from 23.52 to 45.65 µg/ml. T. asperullum and 

NRCG-8 strains produced the highest IAA  concentrations of 45.65 and 45.54 µg/ml were 

detected respectively, in culture filtrates. Siderophore production varied from 30.00 to 

40.45 % production. Maximum siderophore production was observed in T. asperullum 

(40.45%), NRCG-8 (39.40%) T. harzianum S-1 (39.40%) T. harziamun S-2 (38.51%) and 

T-354 (38.43%) that improved the plant growth, yield and storage quality of onion. T-18, 

T-166, T-292, and T. asperullum had the ability to produce phosphate solubalization zone 

of 3.59, 3.10, 2.15 and 1.40 cm remaining six strains viz., T. harzianum S-1, T. harziamun 

S-2, T. viride, T-4R, NRCG-8 and T-29 had no ability of phosphate solubalization (Fig. 

3.11). All  eleven strains could solubilize the zinc on the medium. T. harzianum S-1 showed 

maximum zinc solubalization zone of 5.6 cm followed by T. viride, T. harzianum S-2 andT- 

18 (Fig. 3.12). 
 

Fig. 3.11 Zinc solubalization ability of Trichoderma spp. 
 

 

Fig. 3.12 Phosphate solubalization ability of Trichoderma spp. 
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3.4. Bio-intensive IPM  strategies for  insect pests of onion and garlic 

3.4.1. Evaluation of entomopathogens against onion thrips  

The bioefficacy of three entomopathogenic fungi: Lecanicillium lecanii, Beauveria 

bassiana, Metarhizium anisopliae, and plant-origin insecticide, i.e., neem oil and their 1:1 

combination with neem oil were tested against onion thrips Thrips tabaci. Spinosad, a 

biological pesticide, is taken as a positive control. Results revealed that all three insect 

pathogens were effective against nymph and adult populations of onion thrips and 

significantly superior over untreated control. In the insect-pathogen treated plots, the adult 

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, L. lecanii was promising against onion thrips, followed by B. bassiana. 

The combination of neem oil and L. lecanii showed better efficacy against the thrips adults 

and nymphs, and that produced up to 41.2% population reduction, followed by the neem 

oil and B. bassiana combination. Spinosad was the most effective treatment against thrips 

adults and nymphs, which produced a population reduction of 79.1% and 88.6%, 

respectively. The order of efficacy of insect pathogens and their combinations was spinosad 
> neem oil plus L. lecanii > neem oil plus B. bassiana > neem oil plus M. anisopliae > 

neem oil >L. lecanii > B. bassiana >M. anisopliae (Fig.3.13). 
 

Fig. 3.13 Bio-efficacy of insect pathogens and biological pesticide against onion thrips 

3.4.2. Evaluation of reduced-risk  insecticides against onion thrips 

The bio-efficacy of two new-generation insecticides, namely Spiroteramat 150 OD and 

Spinetoram 11.7 SC, along with Profenofos 50EC, were tested against the onion thrips in 

the late-kharif season. (Fig. 3.14). 
 

Fig. 3.14 Bio-efficacy of reduced risk insecticide against onion thrips 
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Both the insecticides were effective against onion thrips, and their efficacy was on bar with 

Profenofos. Spirotetramat produced a 92% thrips population reduction over control, while 

Spinetoram and Profenofos treatment registered a 95% reduction 

3.4.3. Management of onion thrips  through seedling treatment 

Cyantraniliprole is a diamide insecticide (reduced-risk insecticide) with a novel mode of 

action against chewing and sucking pests. The upward translocation of Cyantraniliprole by 

xylem to new leaves was also reported and found effective against pests when applied as a 

seed treatment. A study was conducted to develop a seedling root dipping strategy for 

protecting transplanted onions from onion thrips in the main field. Treatment consisted of 

five doses of Cyantranilirprole (0.4, 0.8, 1.2, 1.6 and 2.4 ml/lit)  and Carbosulfan 2 ml/lit  as 

a positive control and untreated control. The newly uprooted onion seedlings were root 

dipped (cv. Bhima Kiran) in each concentration separately for 2 hrs and transplanted in the 

main field. The onion seedlings treated with insecticides were monitored for thrips 

infestation up to 35 days after transplanting, and the population was recorded. The results 

revealed that uprooted seedlings treated with Cyantraniliprole 10% OD at various doses 

recorded fewer thrips larvae compared to Carbosulfan-treated and untreated control; fewer 

adults compared to untreated control. The treatment concentration of 1.6 ml/lit recorded 

the least number of nymphs (11.1 thrips/plant) and adult thrips (14.9 thrips/plant). The 

mean number of thrips in Carbosulfan treatments was 14.3 thrips/plant (nymph) and 17.7 

thrips/plant (adult) (Fig. 3.15). 
 

Fig. 3.15 Effect of Cyantranilirpole seedling dipping on thrips in transplanted onion 
T1- Cyantranilirpole @ 0.4 ml/lit;  T2- Cyantranilirpole @ 0.8 ml/lit; T3- Cyantranilirpole @ 1.2 ml/lit; 

T4- Cyantranilirpole @ 1.6 ml/lit; T5- Cyantranilirpole @ 2.4 ml/lit; T6- Carbosulfan @ 2.0 ml/lit 

3.4.4. Evaluation of newer chemistry molecules against Thrips tabaci in seed 

crop 

Field experiment was conducted during rabi to evaluate the efficacy of newer insecticides 

viz., Chlorantraniliprole 18.5% SC (150 ml/ha), Spinosad 45% SC (160 ml/ha), 

Imidacloprid 17.8% SL (100 ml/ha), carbosulfan, Fipronil 5% SC (1000 ml/ha) and Neem 

oil 0.5% (5000 ml/ha) along with standard check Profenofos 50% EC (1000 ml/ha) against 

Thrips tabaci in onion seed crop at ICAR-Directorate of Onion and Garlic Research, Pune. 

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 onion thrips population than 

untreated check. Both, carbosulfan and Profenophos were found to be on par followed by 

Imidacloprid in seed crop. With regard to the seed yield, carbosulfan treated plants yielded 

maximum with 3.5 g/ plant. 
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3.5. Post harvest management of storage insect pests and diseases in onion 

and garlic 

3.5.1. Documentation of insect pests and fungal pathogens from stored onions 

Record of new insect pest from onion storage 

Carpophilus hemipterus is a minute beetle with short, truncate elytra that only partially 

cover the abdomen. The larvae are whitish or yellowish with a brown head, final length of 

5-7 mm. Species generally infest dried fruits (Fig. 3.5.1 a). The adults are brown, black- 

brown, or black, the antennae are 11-segmented, and the legs are yellow-red. The short 

elytra are generally yellow-brown, and the body is 2-4 mm in length. Elytra is dark brown, 

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 

kilometres in search of food. The eggs are laid on fresh or rotted onion bulbs. Infestation is 

generally carried from the field to storage. Mature larvae emerge from the bulb and pupate 

in the soil. Adults can live 6-12 months and deposit 500-1000 eggs. Adults and larvae occur 

in all seasons, and several generations are produced annually. Development from egg to 

adult takes 16-21 days at 27 °C and 12-15 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 gene cytochrome c oxidase subunit I (COI). LCO 1480 and 

HCO 1298 primers were used for the study. Amplicons were sequenced and identified as 

Carpophilus hemipterus. 
 

Grub Adult  Beetle 

Fig. 3.16 (a) Grub of Carpophilus hemipterus; (b) Adult beetle 

3.5.2. Isolation and identification of fungi from stored onion 

The onion bulbs harvested in the rabi season of 2021-22 were stored in the naturally 

ventilated onion storage structure. The stored onion bulbs were sorted periodically to get 

the rotted bulb samples. The fungal pathogens from the rotted bulb samples were isolated 

in the laboratory on potato dextrose agar medium. They were allowed to proliferate, 

followed by sub-culturing to obtain a pure culture. For identification of fungal isolated, the 

DNA was extracted, and the ITS region was amplified by PCR using primer pair ITS-1 

(TCCGTAGGTGAACCTGCGG) and ITS-4 (TCCTCCGCTTATTGATATGC). The 

amplified PCR product was then sequenced, and BLAST analysis was carried out. Among 

the five isolates, two are Aspergillus niger, and one each of Fusarium falciforme, 

Aspergillus welwitschiae and Aspergillus ochraceus were characterized (Fig. 3.17). 
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Fig. 3.17 Fungal isolates from stored onion 

3.5.3 Monitoring  of pesticide residues levels in onion bulbs from different 

parts of Maharashtra 

Pesticide residue levels in onion bulbs were analyzed from different onion producing areas 

of Maharashtra, namely Pune, Solapur, Nasik, Ahmednagar, Dhule, Jalgaon, Amravati and 

Akola. The surveyôs main objective is to understand the common pesticides/ agrochemicals 

used in onion-based agroecosystems and to monitor the pesticide residue levels in the bulbs 

(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 onion producing 

areas of Maharashtra 
 

District  Market/  village Detection of 

pesticide 

Residues 

(µg/kg) 

MRLs 

mg/kg 

Method 

Pune Alephata Market No Pesticide 

detected 

NA NA LC-MS/MS 

Manchar Market 

Farmer storage; 

(Shirur) 

DOGR, Pune 

Solapur Farmer storage 

(Karmala) 

No Pesticide 

detected 

NA NA LC-MS/MS 

Nashik Niphad Market Carbofuran 0.025 0.3 LC-MS/MS 

Lasalgaon Market No Pesticide 

detected 

NA NA LC-MS/MS 

Dhule Farmer storage; Dhule 

Jalgaon Farmer storage; 

Chalisgaon 

Chlorpyrifos 0.01 0.05 GC-MS/MS 

Ahmednagar Farmer storage; Nagar Carbofuran 0.008 0.3 LC-MS/MS 

Tisgaon Market No Pesticide 

detected 

NA NA LC-MS/MS 

Akola Farmer storage; Akola 

Types of pesticide used by farmer  during the onion cultivation:  

Insecticide: Profenofos***; Carbofuran**; Chlorpyrifos; Phorate; Cypermethrin; lambda- 

Cyhalothrin***; fipronil**; Carbosulfan; Fungicide: chlorothalonil; Sulphur; mancozeb***; 

pyraclostrobin 5% + mitiram 55%***; carbendazim; Herbicide: 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 (0.07-0.025 g/kg) and Chlorpyrifos (0.01 g/kg). Sub-MRL 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 

methods used in onion-producing villages and the consumption of onions pose no risks to 

human health. 
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3.5.4. Sequencing and characterization of the complete mitochondrial genome 

sequencing of the onion thrips (Thrips tabaci) 

Thrips is an important and major pest of the Onion crop. The complete mitochondrial 

genome of Onion thrips, Thrips tabaci was sequenced for first the time (Fig. 3.18). The 

circular genome of T. tabaci measured 12,033 base pairs (bp) in length. Twelve protein- 

coding genes (PCGs), two rRNA genes and twenty tRNA genes. With an average gene 

length of 321 bp, the maximum, and minimum gene length of 1521 bp and 57 bp of tRNA- 

S1 and Cox-1, respectively. The genes tRNA-Pro, tRNA-Tyr, ND-4. ND-4l and ND-5 are 

located on the light strand. However, all other genes are on the heavy strand. Among the 

12 PCGs, the ATP-8 were repeated once. Likewise, among tRNA, tRNA-Ser was repeated 

four times. 
 

Fig. 3.18 Complete mitochondrial genome of Thrips tabaci 

3.5.5. Record of a miniature  parasitoid wasp, Megaphragma amalphitanum 

The parasitoid wasp Megaphragma amalphitanum (Hymenoptera: Trichogrammatidae, 

subfamily Oligositinae) is one of the smallest known insects, whose size (250 ɛm adult 

length) is comparable with unicellular eukaryotes and even some bacteria. This parasitoid 

was revealed in association with Thrips tabaci, whose existence was realized through whole 

mt genome sequencing of thrips. The sequence obtained has been submitted to NCBI 

Genbank. The genus Megaphragma (tribe Oligositini) currently contains 15 species, all of 

which are egg parasitoids of Thysanoptera e.g; Genus Megaphragma is known to parasitize 

greenhouse thrips, Heliothrips haemorrhoidalis. A detailed study on the biology and 

rearing of this parasitoid is needed as this could act as a potential biological control agent 

to manage thrips. 
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Externally  Funded Project: SERB-DST 

3.6. Taping the potential of native stingless bee Tetragonula iridipennis 

Smith for  pollination enhancement and profitable  onion seed production 

3.6.1. Survey and documentation of native stingless bee species visiting onion 

Surveys were conducted for stingless bee activity in seed onions at a total of 9 locations in 

the Pune district, 7 locations in the Ahmednagar district, 17 locations in the Nashik district, 

11 locations in the Satara district, and 8 locations in the Nandurbar district of Maharashtra. 

The presence of stingless bees was recorded in 20 of the 52 survey locations. They were 

the dominating species in the districts of Pune and Ahmednagar. However, only a few 

locations in Nashik (Takli and Vinchir), one location each at Satara (Khed), and Pilipadi, 

Shravani, and Gansavangi (Nandurbar) recorded the species activity. Location-wise, the 

stingless bees that visited onion umbels have been collected and further taken into DNA 

barcoding for species identification. The 650bp cytochrome c oxidase I (COI) gene was 

amplified and sequenced. Cytochrome c oxidase I DNA barcode sequence of the species 

has been established. The sequences revealed the prevalence of five different species of 

stingless bees, including Tetragonula, Trigona, Oxytrigona, Scaura and Melipona, with a 

similarity range between 83 to 90% with the available nucleotide sequences. The 

morphometry of the stingless species T. iridipennis was 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 complete mitochondrial  genome of Tetragonula iridipennis 

The stingless bees (Hymenoptera: Apidae: Meliponini) are a predominant non-Apis 

pollinating species and are considered a viable substitute to tone down the pollination 

deficit in many horticultural ecosystems including onion. The Stingless bee Tetragonula 

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 time-consuming 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 of T. iridipennis (15,045 bp) was 

characterized using next-generation sequencing (NGS) (Fig. 3.19). The de novo assembly 

encodes 34 genes: 13 protein-coding genes, 19 transfer RNA (tRNAs), and two ribosomal 

RNA. The average gene length was 400 bp; the maximum and minimum length was 1530 

bp of cox1 and 57 bp of tRNA-S1, respectively. The nucleotide composition of T. iridipennis 

was biased towards A+T with 75.95% of the whole mitogenome. T. iridipennis 

mitogenome exhibited the highest gene rearrangement score (78), suggesting this species 

has an overactive evolutionary history. The newly sequenced T. iridipennis was closely 

related to the T. pagdeni and Lepidotrigona species. The complete mitochondrial genome 

of T. iridipennis provides valuable molecular information for future studies on Meliponini 

insect taxonomy and a framework to unveil more of their unknown diversity and conserve 

this species. 
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Fig. 3.19 Mitochondrial genome map of T. iridipennis 

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

onion 

Foraging behaviour of stingless bee 

The stingless bee, T. iridipennis hives, were obtained from private beekeeping and were 

relocated to an onion seed production plot (open-field) when the flowering approached 25% 

blooming. The parameters of foraging behaviour, including foraging time, visits per unit of 

time and, working behaviour (Top-worker or Side-worker), 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/5min) observed around 12.30 PM. After 3 P.M., the rate of bee 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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.20 Diurnal activity of stingless bee in onion 
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3.6.4. Assessment of pollination potential of stingless bees in onion 

To assess the potential of stingless bee pollination in onion, an experiment has been laid 

out (2021-22) under nylon cages (5 × 5 m cages) with four treatment regimes including T1- 

European been (Apis mellifera), T2-Native stingless bee (Tetragonula iridipenis); T3-Hand 

pollination and T4-Pollination exclusion (no pollinators activity). The desired layout for 

each regime was covered with nylon before umbel initiation to avoid the forage visitation 

of non-targeted bee species. The seed yield parameters, including total seed yield (kg/ha), 

per cent umbel set, an average number of seeds per umbel, seed weight/umbel (g) and test 

weight of seed (g), were also recorded in each pollination regime to assess the 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 pollinator-exclusion regimes. This shows that non-Apis stingless bees can 

be essential in onion pollination and seed development. 
 

Fig. 3.21 Onion Umbel set in different pollinators regimes 
 

Fig. 3.22 Onion seed yield parameters in different pollination regimes 

3.6.5. Determination of pollination efficiency index (PEI) of stingless bee in 

onion 

The pollination efficiency index (PEI) estimated based on total loos pollen grains in each 

A. mellifera worker bee and stingless bee T. iridipennis and their abundance revealed that 

pollen loads of two species varied significantly, with pollen loads on larger bodied A. 

mellifera being threefold higher in A. mellifera compared to stingless bee T. iridipennis. 
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4. Post-Harvest Technology 

4.1 Processing and value addition in onion and garlic 

4.1.1 Development of process protocols for  drying and rehydration  of red 

onion cultivars 

Biochemical quality evaluation of selected red onion cultivars 

Drying is complex heat and mass transfer phenomena in which former is aimed at 

producing a high-density, high-quality product that have improved shelf-life upon adequate 

packaging and resultant product can be rapidly reconstituted without substantial loss of 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 for drying and rehydration of red onions. The biochemical analysis (parameters: 

moisture content, TSS, total pyruvic acid (PA) content, total thiosulfinates (TT), 

antioxidant activity (ABTS- (2,2ô-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)), 

FRAP: Ferric Reducing Antioxidant Power Assay), total flavonoid content, total sugar, 

reducing sugar) of selected cultivars i.e., Bhima Dark Red, Bhima Raj, Bhima Super, and 

Bhima Red, is carried out before drying experiments for selection of the cultivars. 

 

Fig. 4..1: Selected red onion cultivars 

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

FRAP activity) 
 

Parameters Moisture 

content 

% wb 

PA 

(µmol/g 

FW) 

TT 

(umol/g 

FW) 

ABTS 

(TEAC 

µmol/ g 

FW) 

FRAP 

(TEAC 

µmol/ g 

FW) 

Bhima Dark Red 83.35±0.25 3.97±0.57 5.65±0.09 11.39±0.97 0.75±0.04 

Bhima Raj 84.65±0.15 2.55±1.09 3.02±0.6 8.09±1.22 0.75±0.02 

Bhima Super 86.15±0.35 3.99±0.22 5.83±0.45 9.44±1.08 0.8±0.03 

Bhima Red 85.45±0.23 3.47±0.65 3.53±0.64 9.4±0.47 0.81±0.03 

PA-Pyruvic Acid; TT- Total Thiosulphinate; FW- Fresh weight, ABTS- (2,2'-azino-bis (3- 

ethylbenzothiazoline-6-sulfonic acid)); FRAP- Ferric Reducing Antioxidant Power Assay 
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Table 4.2: Observed values of selected biochemical parameters (Phenols, flavonoids, 

sugar) 
 

Parameters Phenol GE Flavonoids Total Sugar Reducing 

 (mg/g FW) QE (mg/g 

FW) 

g/100g FW) Sugar 

(mg/g FW) 

Bhima Dark Red 0.33±0 0.15±0.01 10.44±0.8 4.08±0.11 

Bhima Raj 0.39±0 0.1±0.01 7.75±0.35 3.12±0.04 

Bhima Super 0.3±0 0.1±0 5.76±0.99 2.82±0.09 

Bhima Red 0.43±0.02 0.1±0 6.79±0.58 2.98±0.04 

GE-Galic Acid Equivalent; QE- Quercetin Equivalent; FW- Fresh Weight 

Optimization of pre-treatment and process parameters for drying and rehydration 

process for selected cultivars 

The process flow carried out for the drying experiments using various preservatives is 

shown in figure (Fig. 4.2). For preliminary experiments for the optimization of red onion 

slices (3 mm thick) dehydration process was carried out using hot air-drying method at 

50, 60 and 70°C. The onion slices (Bhima Super variety) were pretreated with 0.5, 1, 2% 

levels of NaCl and dried at 50, 60 and 70°C in hot air drier. After drying, the samples 

were stored in the poly propylene (PP) bags of 80 micrometer at ambient conditions. The 

sensory evaluation of the freshly dried samples showed that the samples pretreated with 

1 and 2% NaCl levels were better in terms of color, texture and appearance. During 

storage, samples dried at 70°C and with 1 and 2% NaCl pretreatments showed brownish 

appearance after 30 and 45 days of storage. The rise in reducing 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, use of NaCl pretreatment alone won't be able to 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 pre-treatments. 
 

Fig. 4.2: Process flow chart for dehydration of onion 
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4.1.2 Optimization of protocol for  extraction of onion seed oil 

The experiment was planned for the optimization of process for extraction onion seed oil 

using mechanical extraction, soxhlet extraction etc. for better yield and oil quality. The 

estimation of the total oil content in the seeds of different onion cultivars (Bhima Kiran, 

Bhima Light Red and Bhima Super) was carried out using soxhlet apparatus (Make: 

Pelican soc plus 4). The onion seeds were initially  dried to moisture content in a range of 

5.5-7% wb. Seeds were coarsely grounded (15 g each in 3 replicates) and oil extracted 

using soxhlet apparatus (Make: Pelican soc plus 4). Highest oil content was observed in 

Bhima Super seeds (17.5-18.3%). Bhima Kiran and Bhima Light Red seeds yielded 

around 15-17% oil content, The mechanical extraction at 80°C setting resulted in oil 

recovery of 12.5, 13.8 and 14.7 ml per 100 g seeds in Bhima Kiran, Bhima Light Red and 

Bhima Super variety respectively. 

4.2 Mechanization in onion and garlic 

4.2.1 Optimisation of aerodynamic characteristics for  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/m3) (kg/m3) (%) 

Bhima 52.7 ± 42.4 ± 43.3 ± 45.8 ± 45.2 ± 463 ± 814 ± 45.32 ± 

Shakti 3.6 3.5 2.8 2.9 3.6 17.3 9.6 6.1 

Bhima 49.3 ± 43.2 ± 42.8 ± 43.8 ± 44.3 ± 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: Geometric Mean Diameter; AMD: Arithematic Mean 

Diameter 

4.2.2 Selection of aerodynamic parameters 

The knowledge of airflow resistance and distribution pattern in a highly porous-bed 

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 0.04-1.0 m3/sq. m2 with a bed thickness of 4 

feet. Airflow  rate has the most critical role when flowing through any porous media and its 

behaviour varies with the different properties of media materials. To study the effect of 

entrance airflow rate on airflow resistance, the airflow rate varied from 0.4 to 1.0 

m3/s. m2 (0.40, 0.60, 0.80, and 1.0). The experiments are planned to optimize the 

aerodynamic characteristics for bulk onion storage with individual control air valves for 

each compartment (2.75-3.00 tonne/batch). 
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5. Extension 

5.1 Novel approaches for  transfer of onion and garlic technologies 

5.1.1 Development of Decision Support Systems for  onion cultivation  

óONDSSô: A decision support system for balanced nutrient management in onion 

The unbalanced use of fertilizers without considering soil health and the actual needs of 

crops is a significant factor contributing to low productivity. In order to tackle this issue, a 

decision support system called 'ONDSS' has been developed. It encompasses key features 

that assist farmers in making informed decisions regarding nutrition management, thereby 

promoting the balanced use of fertilizers according to the specific requirements of the 

crops. The decision-making process in the ONDSS is based on two main factors: the soil 

health report available to the farmer and the scientifically recommended nutrient dose 

derived from the general nutrient uptake pattern of the onion crop. By considering either of 

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, and the area of the crop. By utilizing this tool, farmers can ensure that they 

are applying the correct quantity of fertilizer tailored to their specific farming practices. In 

addition to nutrient management, the ONDSS also guides farmers in identifying and 

managing nutrient deficiencies. It includes a symptom-based 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. 

óODPAdviserô: A Decision Support System for disease and pest management in onion 

Pests and diseases pose significant threats to onion crops, often resulting in yield losses. 

Making timely decisions regarding pest and disease management is crucial in determining 

the fate of the crop. To assist farmers in making the right decisions to control these issues, 

a decision support system called 'ODPAdviser' has been developed specifically for disease 

and pest management in onions. The ODPAdviser system is designed to guide farmers 

through the process of identifying pests and diseases. It utilizes representative photographs 

of symptoms to aid in accurate identification. By comparing the symptoms observed in 

their crops with the visual references provided, farmers can determine the specific pests or 

diseases affecting their onion plants. Once the identification is established, the ODPAdviser 

system offers recommendations for management practices and chemical applications. 

These recommendations are based on scientifically proven methods and best practices for 

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 ODPAdviser system, farmers can take timely action to manage pests and diseases, thus 

minimizing the negative impact on their onion crops. 

óSmartOnionô: Decision support system for variety selection in onion 

In India, the adoption of improved onion varieties and recommended agricultural practices 

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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operations to improve yield. Based on the information provided by the farmer, the system 

processes the data and provides recommendations on the most suitable variety to cultivate. 

óOnion Crop advisorô mobile application for farmers 

"Onion Crop Advisor" mobile applicationða comprehensive tool designed and developed 

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 day-to-day operations. The mobile application offers a variety of 

features to support onion farmers. It provides text and video-based advisories, giving 

farmers valuable guidance and recommendations on various aspects of onion cultivation. 

These advisories cover topics ranging from seed sowing to harvesting and post-harvest 

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 one-stop resource for farmers, providing them with access to 

critical information, insights, and tools necessary for successful onion farming. 
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Fig 5.1 Onion Crop Advisor App 

 

5.1.2 Initiative  multimedia-based news bulletin 

A new initiative has been launched to disseminate agro-advisory, technological 

information, and news updates from the Directorate through a multimedia-based news 

bulletin. This bulletin is published on the Directorate's YouTube channel in Marathi (ĶūūƁŇū 

ŗ œśűń śŏūĻūő) and Hindi (ʕūĽ ĮŗūƁ œŜśŰŉ śŏūĻūő) 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 

has proven to be an effective platform for disseminating this information, as evidenced by 

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 

gained 1,011 subscribers, indicating a growing audience for the information being shared. 

In addition to the regular news bulletin episodes, a multimedia-based success story 

highlighting the uplifting of marginalized farmers through technological interventions 

under the SCSP Scheme was also published on the YouTube channel. This story serves as 

an inspiring example of how technological advancements can bring positive change to the 

lives of marginalized farmers. The use of multimedia platforms such as YouTube has been 

instrumental in effectively disseminating agro-advisory, technological information, and 

news updates from the Directorate. The growing viewership, subscribers, and 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 Multimedia-based News 

 

 

5.1.3 Dissemination of agro advisories through Whatsapp groups and other social 

media platforms 

WhatsApp, a popular social media platform, has been effectively utilized for the 

dissemination of technological information related to onion and garlic. To ensure targeted 

communication, specific onion-growing districts were identified, and block-wise 

WhatsApp groups were created to provide timely and location-specific crop production 

advisories. The advisory coverage extends to 18 districts, namely Pune, Nashik, 

Ahmednagar, Satara, Solapur, Osmanabad, Beed, Jalgaon, Aurangabad, Buldhana, Dhule, 

Parbhani, Ratnagiri, Nagpur, Jalna, Gondiya, Jalgaon, and Wardha. In these districts, a total 

of 80 major onion-growing blocks were selected, and farmers were included in the 

respective WhatsApp groups. Apart from WhatsApp, other social media platforms 

Instagram, Facebook, Twitter have also been employed to disseminate information. 

5.1.4 Value chain model of wild  Alliums 

A value chain model for wild Alliums, specifically 'Allium tuberosum,' 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 

1534 kg of wild alliums were supplied to these buyers, resulting in a revenue collection of 

` 159,653. The value chain model encompasses various stages, including cultivation, 
harvesting, post-harvest handling, packaging, branding and timely delivery to the buyers. 

By streamlining these processes and adhering to quality standards, the model ensures 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 wild alliums. 

Additionally, the successful execution of the value chain model has created opportunities 

for income generation and market expansion for this under-utilised 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 further refinement. This project aims at improving knowledge and skill of the farmers, 

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 during kharif (285), late-kharif (30) and rabi (40) seasons through 

institute project (30), SCSP (280), and MGMG (45). The progress under this project is as 

below. 

5.2.1 Demonstrations in kharif  season 

Onion varieties; Bhima Super and Bhima Dark Red were selected for kharif 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) 

were carried out in these districts. For demonstration purpose, mostly 2 kg onion seed was 

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. 

5.2.2 Demonstrations in late-kharif  season 

Onion varieties; Bhima Super and Bhima Light Red were selected for late-kharif 

demonstrations in Pune district of Maharashtra state. Total 30 late-kharif 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 ICAR-DOGR developed variety 

were provided for each demonstration by the Directorate. Farmers arranged the onion seed 

of local variety for comparison of the performance with Directorateôs onion varieties. 

5.2.3 Demonstrations in rabi season 

Onion varieties; Bhima Kiran and Bhima Light Red were selected for rabi demonstrations 

in Pune and Ahmednagar districts of Maharashtra state. Total 40 rabi demonstrations (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 ICAR-DOGR 

developed were 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. 

5.2.4 Performance of frontline  demonstrations 

The demonstrations in kharif season revealed that the germination percentage (98), average 

bulb weight (80 g) and yield (260 q/ha) of Bhima Super was the highest. Bhima Dark Red 

(255 q/ha) also yielded more than local variety (190 q/ha). In varietal demonstration trials; 

Bhima Super variety yielded more as compared to other varieties regardless of torrential 

downpour. Hence, ICAR- DOGR recommended planting of Bhima Super variety on raised 

beds under changing climatic conditions. The germination percentage (96), average bulb 

weight (85 g) and the yield (425 q/ha) of Bhima Light Red were the highest in late kharif 

demonstrations. Bhima Super (400 q/ha also yielded more than local variety (240 q/ha) in 

late kharif demonstrations. The demonstrations conducted in rabi in Maharashtra revealed 

that the germination percentage (94), average bulb weight (84 g) and marketable yield (350 

q/ha) of Bhima Light Red were the highest and Bhima Kiran (345 q/ha) also yielded more 

than local variety (280 q/ha). The varieties developed by ICAR-DOGR 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 Performance of frontline  demonstration trials 
 

Season Variety  Germination 

(%) 

Average Bulb 

Weight (g) 

Marketable 

yield (q/ha) 

Kharif Bhima Super 98 80 260 

Bhima Dark Red 96 75 255 

Local 80 65 190 

Late-kharif Bhima Super 94 82 400 

Bhima Light Red 96 85 425 

Local 76 72 240 

Rabi Bhima Light Red 94 84 350 

Bhima Kiran 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, twenty-two red onion germplasm and fifteen 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-I (2), in red onion AVT-I (6) and AVT-II (2) entries, in 

late kharif, white onion AVT-II  (2), red onion variety AVT-II  (2) and varietal performance 

AVT-II  (9) entries, in rabi, white onion AVT-I (2) and AVT-II  (2) and white onion Hi-TSS 

AVT-I (4), in red onion IET (5), AVT-I (6) and AVT-II  (2), in early maturity trial, AVT-I 

(2) entries were tested along with check. In long day rabi white onion AVT-I (2) and AVT- 

II  (2) and white onion Hi-TSS AVT-I (4), in red onion IET (5), AVT-I (6) and AVT-II  (4) 

entries were tested along with check. 

Onion Hybrid  

In short day AVT-I kharif, two red onion entries and in AVT-I late kharif, two red onion 

entries were tested along with check. In AVT-I short day and long day rabi, four red onion 

entries were tested along with check. 

Garlic  Varietal  Evaluation 

In rabi, short day and long day garlic, Pre IET (3), IET (3), AVT-I (9) and long day garlic, 

IET (3), AVT-I (9) entries were tested along with check. 

Crop Production 

In crop production different trials including fertilizer scheduling through drip irrigation for 

onion seed crop, effect of direct sowing by onion seed drill on onion production, weed 

management in onion seed crop, effect of 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 were conducted on survey and monitoring of major diseases and pests of onion and 

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 pests and mites of 

onion and garlic. 
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Fig 1. Locations of AINRPOG centers 
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D. Scheduled Caste Sub-Plan (SCSP) 
 

The main objective of this scheme is economic development of scheduled caste farmers by 

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 

Solapur of Maharashtra. During rabi season, 20 kg onion seed of Bhima Shakti distributed 

among 20 scheduled caste farmers of Shrigonda taluka of Ahmednagar district of 

Maharashtra. The fertilizers (77732 kg, 171 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) 

coordinated the training programmes. The following training programmes were organized 

under SCSP. 

¶ Training programme on ñAzadi ka Amrut Mahotsav: Onion Production 

Technologyò attended by 30 Farmers from Pune district during 15-17 March, 2022 

at ICAR-DOGR, Pune. 

¶ Training programme on ñAzadi ka Amrut Mahotsav: Onion Production 

Technologyò attended by 30 Farmers from Pune district during 22-24 March, 2022 

at ICAR-DOGR, Pune. 

¶ Training programme on ñAzadi ka Amrut Mahotsav: Onion Production 

Technologyò attended by 22 farmers from Pune district on 16 June, 2022 at ICAR- 

DOGR, Pune. 

¶ Training programme on ñScientific Cultivation of Onion and Garlicò attended by 

25 farmers from Ahmednagar district on 17 October, 2022 at ICAR-DOGR, Pune. 
 

 

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

Tribal  Sub-Plan Activities by ICAR -DOGR 

Tribal Sub-Plan (TSP) activities by ICAR-DOGR plays a vital role in food and nutritional 

security of tribal farmers. The systematic efforts were undertaken to improve the area and 

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

was given in conduct of field demonstrations of improved technologies at farmerôs fields 

through improved seed/ bulb distribution, knowledge dissemination, capacity building and 

entrepreneurship building. About 1110 tribal farmers were selected from 111 farmersô 

groups in Nandurbar district (Navapur, Akalkua and Dhadgoan talukas) and about 760 

tribal farmers were selected from 76 farmersô groups in Pune district (Khed and Ambegaon 

talukas) of Maharashtra under TSP Scheme. 

Field Demonstrations 

A total of 58 demonstrations in kharif and 85 demonstrations in rabi were conducted under 

TSP during 2021-22. The kits containing fertilizers, fungicides, insecticides, weedicides, 

spray pump etc. were distributed to each selected group of tribal farmers. Each 

demonstration was conducted on one-acre 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 organized under TSP 
 

Topic of Training  Sponsored Agency Date and Venue Participants 

Azadi ka Amrit Mahotsav: 

Commercial cultivation of 

onion and garlic 

ICAR-DOGR under 

TSP 

21-23 March, 2022 

ICAR-DOGR, Pune 

30 

Scientific cultivation of onion 

and garlic 

ICAR-DOGR under 

TSP 

24-26 March, 2022 

ICAR-DOGR, Pune 
27 

Quality seed production of 

onion and garlic 

ICAR-DOGR and 

KVK,  Nandurbar 

under TSP 

28-29 March, 2022 

Khandawara in 
Navapur, Nandurbar 

160 

Scientific cultivation of onion 

and garlic 

ICAR-DOGR and 

Agrimitra FPC 

under TSP 

30-31 May, 2022 

Purushottampur, 
Chunar, Mirzapur 
(UP) 

65 

Kharif onion production 

technology 

ICAR-DOGR under 

TSP 

22 June, 2022 
Bursewadi, Khed 
taluka of Pune 

54 

Scientific cultivation of kharif 

onion 

ICAR-DOGR under 

TSP 

23 June, 2022 

Gohe Khurd, 

Ambegaon, Pune 

55 

Cultivation of kharif onion in 
tribal belts of Nandurbar 

ICAR-DOGR under 
TSP 

27-28 July, 2022 

Khandwara, 
Navapur, Nandurbar 

145 
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Onion production technology ICAR-DOGR under 

TSP 

25-26 Aug, 2022 

ICAR-DOGR, Pune 

52 

Scientific cultivation of onion 
in Leh District of Ladakh 
Union Territory 

ICAR-DOGR and 
HMAARI - 
SKUAST-K, Leh 

20-21 Sept, 2022 
HMAARI -SKUAST- 
K, Leh 

78 

Kisan Diwas on Improved 

cultivation of onion 

ICAR-DOGR under 

TSP 

23 Dec, 2022 
ICAR-DOGR, Pune 

27 

 

Gohe Khurd, Ambegaon, Pune, 23.06.2022 Bursewadi, Khed, Pune, 22.06.2022 
 

HMAARI,  SKUAST-K, Leh, 21.09.2022 

Kisan Sangoshthi 

ICAR-DOGR, Pune organized Kisan Sangoshthi on commercial cultivation of onion 

in collaboration with GKRDF, Varanasi and Agrimitra FPC, Mirzapur in the premises 

of ICAR-IIVR, Varanasi on 29th September, 2022. About 400 farmers including 260 

women farmers from different parts of Mirzapur, Sonbhadra, Ghazipur, Varanasi, 

Chandauli, Kushinagar and Ballia districts of Uttar Pradesh and Singrauli district of 

Madhya Pradesh participated in the program. 
 

Kisan Sangoshthi in the premises of ICAR-IIVR, Varanasi on 29.09.2022 
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F. Distinctness,  Uniformity  and Stability  
 

ICAR-DOGR serves as the nodal centre for conducting the DUS test for onion and garlic. 

Within this project, institute is maintaining 65 onion varieties (55 rabi and 10 kharif) and 

30 garlic varieties. The long day onion and garlic varieties are being maintained at ICAR- 

CITH, Srinagar, while multiplier onion varieties at TNAU, Coimbatore. All the relevant 

data in accordance with the DUS test guidelines is documented for each of the maintained 

onion and garlic varieties under the DUS project. 

Evaluation of DUS onion varieties 

Rabi 

A total of fifty-five rabi onion varieties viz., 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-1, 

GWO-2, GWO-3, GJRO-11, HOS-4, Hissar-2, Hissar-3, Kalyanpur Red Round, N-2-4-1, 

NHRDF Red (L-28), NHRDF Red-2 (L-355), NHRDF Red-3 (L-625), NHRDF Fursungi (L- 

819), NHRDF Red-4 (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, Pusa White Round, PRO-6, Phursungi Local, RO-01, RO-59, RO-252, Sukhsagar, 

Talaja Red, Telagi Local, Kajara Red, VL Piaz-3 and Udaipur-102 along with one famer variety 

viz. 2881/4251 were cultivated in rabi 2021-22. The crop was harvested during 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 varieties viz., Agrifound Dark Red, Arka Kalyan, B-780, 

Bhima Raj, Bhima Red, Bhima Shubhra, Bhima Shweta, Bhima Super, Bhima Dark Red and 

Bhima Safed along with four farmers varieties viz. 22AROF-1, 22AROF-2, 22AROF-3 and 

22AROF-4 were planted in three replications. The crop was harvested in November 2022 

and a comprehensive record of all observations was diligently maintained in accordance 

with the guidelines outlined for the DUS test. 
 

Fig. 1. DUS testing of onion varieties 

Evaluation of DUS garlic varieties 

In rabi 2021-22, a comprehensive set of thirty garlic varieties viz., Bhima Omkar, Bhima 

Purple, Chunar Local-1, Chunar Local-2, DWDG-1, DWDG-2, G-1, G-41, G-50, G-282, G- 

323, G-386, G-404 (YP-10), GJG-5, GJG-6, GAG-7, GG-2, GG-3, GG-4, G-384 (YS-8), 

Godawari, Navapur Local, Ooty Local, Phule Baswant, Phule Nilima, 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 were harvested in March 2022, and careful 

observations were recorded in adherence to the guidelines specified for the DUS test. 
 

Fig. 2. DUS testing of garlic varieties 
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G. Agri -Business Incubation  
 

In order to support registered start-ups, an Agri-business centre has been established, 

equipped with workspaces for incubates and a processing laboratory for hands-on training. 

On the 13 June, 2022, an official inauguration ceremony was held for the Agri-Business 

Incubation (ABI)  centre. During the event, four Memorandums of Understanding (MoUs) 

were signed with the following companies, in the presence of all the members of the ABI 

advisory committee: 

(i) Farmers Smile Farmer Producer Company, located in Khed, Pune, aims to develop a 

supply chain for high-quality onions and onion seeds. 

(ii)  Vagheshwar Farmer Producer Company, also based in Khed, Pune, has expressed 

interest in adding value and processing onion and garlic crops. 

(iii)  Thinkpure Organic Produce Pvt. Ltd., situated in Akola, Maharashtra, 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 generated a total sum of  20,000/- from registration fees for 

incubation during the financial year 2022-23. 
 

 

A total of four meetings were conducted by the ABI  Advisory committee in the year 2022. 

These meetings took place on the following dates: 14 January, 31 March, 13 June, and 21 

November, 2022. The purpose of these meetings was to discuss various matters such as the 


