Screening and Evaluation of Powdery Mildew Resistance in a Diverse set of     Linseed (Linum usitatissimum L.) Germplasm

ABSTRACT
Aims: The study was conducted to evaluate 356 linseed (Linum usitatissimum L.) germplasm accessions for resistance to powdery mildew under natural field conditions during the Rabi seasons of 2022-23 and 2023-24.	Comment by shital dhawan: italic
Study design: 
Place and Duration of Study: The field experiment was carried out in the experimental plot of AICRP on Linseed, Regional Research and Technology Transfer Station (RRTTS), Odisha University of Agriculture and Technology (OUAT), Keonjhar, situated under North Central Plateau Zone (NCPZ) of Odisha. 
Methodology: The germplasm lines were screened for reaction to powdery mildew disease under natural field condition during Rabi-2022-23 and Rabi-2023-24. The disease severity was assessed using 0-5 scale, where genotypes with scores below 2 were classified as resistant. 
Results: The results revealed a significant range of resistance, with 21 genotypes categorized as immune, 37 as resistant, and 36 as moderately resistant. Conversely, 144 genotypes were highly susceptible. Resistant genotypes, including promising lines like EC-41890 and BAU-1892, exhibited high yield potential, indicating their suitability as donor parents for future breeding programs.
Conclusion: Environmental factors such as temperature and humidity significantly influenced disease expression, highlighting the need for artificial inoculation in future validation studies. The findings emphasize the potential for integrating genetic resistance into linseed breeding programs, addressing a critical biotic constraint to enhance sustainable production.
Keywords: Linseed, Powdery mildew, Resistance, Susceptibility, Disease severity index
1. INTRODUCTION
Linseed (Linum usitatissimum L.) is known as 'Flaxseed', an annual dicotyledonous plant which belongs to the family Linaceae and grown during rabi season crop as either oil crop or a fibre (Mohanty et al., 2024; Majhi and Mohanty, 2023). This is a diploid species with varying chromosomes number (2n = 15, 16, 18, 30, 36, 60, 72) (Saroha et al., 2022).  It is one of the oldest cultivated and the 6th largest oilseed crop in the world (Kumari et al., 2018). The crop is native to west Asia and the Mediterranean. It has been suggested that ﬂax was domesticated from pre-ceramic Neolithic times about 10,000 years ago ﬁrst for its seeds and 1,000 years after for its ﬁbres (Allaby et al., 2005;                        Fu and Allaby, 2010; Xie et al., 2018). It holds significant agricultural importance because of its composition about 40% oil, 28% starch, and 21% protein, along with a considerable quantity of unsaturated fatty acids, particularly omega-3 alpha-linolenic acid, which ranges from 36% to 57%. This high omega-3 content has transformed interest in linseed within the functional food market (Majhi et al., 2023; Saharan et al., 2021). Russia is the world's largest producer of flax and India is 5th in production (FAO, 2022). India during 2022-23, it occupies an area of 2.35 lakh ha with a production and productivity of about 1.56 lakh tones and 667 kg/ha, respectively. The major linseed growing states in India are Madhya Pradesh (0.36 lakh tons), Rajasthan (0.11 lakh tons) (ICAR-IIOR, 2022-23).	Comment by shital dhawan: italic
	Despite considerable increase in productivity and production, a wide gap exists between potential yield and the yield realized at farmer’s field which is largely because of a number of biotic stresses, to which linseed crop is exposed (Chattopadhyay et al., 2009). The cost of chemicals farmer rarely practice such control measures and the usage of such fungicide will negatively affect environment and especially human health. Therefore the most effective way to control foliar disease is the use of resistant varieties. Genetic resistance is a priority for flax breeders because fungicides can be hazardous, costly, and associated with environmental concerns. Linseed is adversely affected by different diseases. Out of different fungal diseases of linseed, most important pathogens are Alternaria lini (blight), Fusarium spp. (wilt), Botrytis cinereal (gray mould) and Oidium lini (powdery mildew) (Mercer et al., 1991) or Leveillula taurica (Arshiya et al., 2017; Ajithkumar et al., 2017), Ascochyta linicola (foot rot), Melampsora lini (Rust), Rhizoctonia solani (Rhizoctonia seedling blight), Pythium megalacanthum (scorch), Septoria linicola (pasmo), Polyspora lini (browning or stem break) and Colletotrichum linicolum (anthracnose). Powdery mildew of flax (Linum usitatissumum L.) is caused by the obligate parasite Oidium lini. Powdery mildew can lead to significant yield losses by reducing photosynthetic capacity, weakening plant vigor, and affecting seed quality. This fungus infects all the aboveground flax organs including stems, leaves, flowers and capsules. Physiological races of the pathogen have not been identified because no differential host lines are available to date (Aly et al., 2000; Chattopadhyay et al., 2009). The importance of this disease has increased probably due to the appearance and rapid distribution of new races capable of attacking the previously resistant cultivars. Therefore, there is a need to develop varieties resistant to powdery mildew to stabilize the yield potentials of linseed varieties. 	Comment by shital dhawan: italic	Comment by shital dhawan: italic
	Therefore, this research work helps in developing varieties resistant powdery mildew diseases to stabilize the yield potentials of linseed varieties. The manipulation of inherent potentials of plants in the form of resistant varieties is a cheap, viable and environment friendly alternative to reduce losses from biotic stress. The disease thrives under cool and humid conditions and spreads rapidly, particularly in densely sown crops and susceptible cultivars (Kumar et al., 2013). Chemical control measures, though effective, are often unsustainable due to environmental concerns, development of pathogen resistance, and added production costs. Thus, developing and utilizing powdery mildew-resistant linseed genotypes is an eco-friendly and economically viable approach to disease management. Genetic resistance offers a durable solution and can be effectively harnessed through the identification and utilization of resistant sources present in diverse germplasm collections. Germplasm screening under natural or artificial epiphytotic conditions provides insights into the spectrum of resistance and can help breeders in selecting suitable parents for resistance breeding programs (Gupta et al., 2020). Evaluation of linseed germplasm for powdery mildew resistance is also essential to understand the genetic variability and resistance mechanisms, which are prerequisites for strategic genetic improvement. Given the importance of host-plant resistance and the need to broaden the genetic base of linseed cultivars, the present study aims to screen and evaluate a diverse set of linseed germplasm for resistance to powdery mildew under field conditions. This will facilitate the identification of resistant accessions that can be further exploited in breeding programs aimed at developing disease-resilient varieties.	Comment by shital dhawan: italic	Comment by shital dhawan: italic
2. MATERIALS AND METHOD 
2.1. Experimental site:
The experiment was carried during Rabi-2022-23 and Rabi-2023-24 under ICAR-All India Coordinated Research Project (AICRP) on Linseed at the experimental block of Regional Research and Technology Transfer Station (RRTTS), Odisha University of Agriculture and Technology (OUAT), Keonjhar, Odisha. The experimental site is located at latitude 21.632oN and longitude 85.323oE with altitude 521.53 m. This is located in the North Central Plateau Zone and experiences a hot, sub-humid climate, with summer temperatures averaging 35.2°C and winter temperatures around 13.38°C. The region receives average 1331.2 mm rainfall annually out of which about 7 per cent is received during Rabi season (October to January) and about 6% during summer (February to May). Monsoon generally breaks by the end of June and continues up to September. The meteorological data is presented in Table 1. 
Table 1. Weather parameters during crop growing period as per the data recorded by Gramin Krishi Mausam Sewa (GKMS), RRTTS, OUAT, Keonjhar
	Month
	Temperature (oC)
	R.H. (%)
	Rainfall (mm)

	
	Max.
	Min.
	Max.
	Min.
	

	Rabi-2022-23

	December-2022
	27.6
	12.4
	72.0
	40.3
	0

	January-2023
	27.6
	13.0
	81.9
	47.7
	2.0

	February-2023
	30.5
	14.4
	74.3
	43.6
	0.0

	March-2023
	32.0
	18.4
	77.3
	40.2
	31.4

	April-2023
	35.1
	21.5
	63.4
	34.1
	31.8

	Rabi-2023-24

	December-2023
	24.74
	12.64
	80.55
	50.13
	38.60

	January-2024
	24.67
	12.21
	84.77
	55.10
	28.80

	February-2024
	28.38
	15.42
	79.66
	58.79
	9.80

	March-2024
	32.15
	18.44
	73.81
	45.68
	37.60

	April-2024
	37.23
	23.95
	52.90
	30.33
	6.40



2.2. Experimental Materials, Study Design and Crop Management
	The experimental materials comprised of 356 diverse set of germplasm including 6 checks. All the recommended package of practices were followed except spraying of plant protection chemical to allow maximum inoculation of powdery mildew diseases.

2.3. Methodology for Disease assessment:

	356 germplasm were screened against powdery mildew under natural conditions during Rabi 2022-23 and 2023-24 at Regional Research and Technology Transfer Station (RRTTS), OUAT, Keonjhar. All entries were assessed morphologically based on percentage of plants affected using 0-5 scale (Table 2). The assessment of the disease per plant was obtained by observing the intensity of lesions present on the leaves (ICAR-IIOR, 2022-23). The plants with disease rating <2 were considered as resistant and above 2 as susceptible (Dhirhi et al., 2017). 	Comment by shital dhawan: italic
Table 2. Powdery mildew disease screening Scale 
	Sl. No.
	Scale
	Disease intensity
	Disease Reaction
	Disease Reaction Code

	1.
	0
	Free from disease
	Immune (I)
	I

	2.
	1
	1.0 – 10.0 %
	Resistant (R)
	R

	3.
	2
	10.1 – 25 %
	Moderately Resistant (MR)
	MR

	4.
	3
	25.1 – 50.0 %
	Moderately Susceptible (MS)
	MS

	5.
	4
	50.1 – 75.0 %
	Susceptible (S)
	S

	6.
	5
	75.1 – 100 %
	Highly Susceptible (HS)
	HS


             
3. RESULTS AND DISCUSSION
                 In the present investigation 356 accessions were screened for identification of resistance sources against natural infection by powdery mildew diseases under field conditions during late Rabi season 2022-23 and 2023-24. All recommended package of practices was followed except spraying of plant protection chemical to allow maximum inoculation of powdery mildew diseases. The natural disease incidence was quite severe during the season due to conditions favourable for the development of the disease. Disease intensity on each accessions was scored as per the scale of 0-5 scale (ICAR-IIOR, 2022-23). Accessions were screened for their reaction against powdery mildew diseases and depending upon their genetic makeup of each accessions responded differentially to powdery mildew diseases. 
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Table 3. Categorization of Linseed germplasm based on the reaction to powdery mildew disease
	Sl. No.
	Scale
	Disease intensity
	Disease Reaction
	Germplasm Name
	No. of Germplasm

	1. 
	0
	Free from disease
	Immune (I)
	P-650, LCK-206, BAU-1892, OL-1-3, OL-93418-1, LC-1009, EC-41890, CHIPILIMA, OLC-34, ES-44, OL-2-7, LHCK-82O, LC-31, LCK-9733, OLC-21, OL-19-11, LCK-119, NL-129, OL-98-5-3, BHOLAGADIA, DHALADIHI
	21

	2. 
	1
	1.0 – 10.0 %
	Resistant (R)
	OLC-46, OLC-42, OL-98-10-4, RL-1011, OL-98-14-2, POLF, OL-98-1-4, POLF-34, OL-98-16-3, NL-97, OLC-36, PLC-42, OLC-42, T-393, LMH-43, OLC-17, RL-87, H-15, OLC-15, SPS-17-18-544, OL-98-17-5, OL-98-16-9, OL-98-2-3, OL-98-8-2, OLC-18, BAUL-4-4, OL-98-17-6, LCK-10-10, OLC-24, RRL-1, LMH-90-7, OLC-52, OLC-22, RL-771, OL-4, K-3, OL-57-5, OL-5K-4
	37

	3. 
	2
	10.1 – 25 %
	Moderately Resistant (MR)
	LSL93, OLC-11, OL-93-42-1, Jawahar, KDL-62, LC-185, PCA-9, ECA-11, OL-98-2-2, JC-16392, OL-18-4, OL-93-49-2, OL-98-16-5, OL-98-5-6, OLC-57, LHCK-176, OL-98-10-3, OL-98-16-6, LM-898, Germplasm-442, CI-1466, PCA-89, LIN-14, SHEELA, OLC-44, MEERA, OL-98-16-7, OL-98-9-4, NEELAM, EC-1392, OL-98-16-6, JRF-3, LHCK-144, LCM-1020, OLC-15, BEGUNIA
	36

	4. 
	3
	25.1 – 50.0 %
	Moderately Susceptible (MS)
	ACC NO-442, OLC-10, POLF-19, OL-93918-2, NIALI, OLC-20, OLC-51, JLT-27, BAU-4708, OL-98-2-4, OLC-65, OL-98-11-1, OL-98-15-3, OLC-47, RLC-33, EC-41562, LMH-12, RLC-6, RLA-71, LMH-16-5, OLC-7, OL-98-18-4, JRF-5, OL-98-1-1, OLC-4, OLC-49, OL-98-1-2, OLC-16, OL-7-7, OLC-27, RLC-27, OL-98-8-8, SLS-27, OL-98-3-3, OL-98-10-6, OLC-53, LHCK-10, LCH-3707, OL-98-10-5, RLC-3, 1052/RLC-27, LCK-85-23, OL-13K-7, BR-25, GS-205, LMS-9-2K, JSL-95, KARTIKA
	48

	5. 
	4
	50.1 – 75.0 %
	Susceptible (S)
	LMH-78, OL-92-4-3, A 95-13, OLC-50, OL-98-4-2, BAU-6104, OL-98-9-4, OL-10-2, PKDL-10, OLC-3, BAULK-2, OL-98-3-2, OLC-12, PCA-2, Chambal, SLS-26, CI-1956, OLC-39, PKDL-8, OL-98-16-5, POLF-29, OL-98-7-2, OLC-40, BAULK-1, Germplasm-1396, TBNL-18, OLC-30, LW-36-3, R-7, LCK-37, LMH-77, LIN-12, LCP-147, LHCH-88062, OL-93-14-3, OLC-60, OL-98-16-4, RLC-71, SPS-72-23-10, LCK-33-1, NML-4, OLC-26, PCA-12, OL-98-4-1, RMH-16-5, OL-98-17-4, OLC-47, OLC-63, LCK-96-27, OL-93418-02, JLT-32, OL-98-3 , RLC-41, MAYURBHANJ LOCAL, CHIPILIMA-3, OLC-1, OLC-111, OL-2-4, RLC-28, LCK-216, ML-926, EC-98026, OL-12K-7, OL-13K-7, DALIMAPUR, T-397, ARPITA, INDIRA ALSI-32
	68

	6. 
	5
	75.1 – 100 %
	Highly Susceptible (HS)
	RLC-2, OL-98-15-4, OL-98-12-2, LCK-153, OL-98-16-1, LCK-213, OLC-54, OL-22-1, LCK-14, OLC-35, OL-2-3, PADMINI, JRF-4, PCA-18, ES-1531, T-397, OL-98-2-3, NL-142, Germplasm-5610, RLC-44, LMH-91-24, OL-3-1, LC-1049, Germplasm-133, OLC-29, OL-98-8-2, OL-92-16-3, OL-98-1-4, LMS-11-98, OL-98-16-2, LC-2279-4, NDL-8805, POLF-15, KL-49-47, TRF-1, OLC-6, OLC-55, OLC-59, OLC-61, OL-3-23, OL-98-8-4, OL-98-8-5, OL-98-18-1, OL-98-12-3, LCK-241, JLP-11, OL-98-7-5, OL-98-16-3, OL-25, OL-98-2-6, R-17, STP-5, ML-48, PLP-1, OL-98-11-2, ML, OL-98-8-6, OL-98-11-4, SUBHADRA, ACC No-1396, OLC-14, EC-41563, NL-9, RLC-29, OLC-64, LCK-9816, NDL-2004-5, LCK-9814, OL-98-4-4, OLC-13, GS-234, H-43, LCK-7002, OL-98-12-1, NEELA, OLC-29, OL-98-5-1, LMS-3-19, OL-98-4-5, OL-98-6-1, PCA-8, OLC-28, BAU-8, OL-98-16-8, OL-92, OLC-56, OL-3-2, OLC-2, RLC-1, KANPUR, LCK-9436, PCA-16, OLC-88, KIRAN, LC-54, PCA-13, OL-2-5, 98-3-1, OL-98-15-1, OL-98-15-6, PCA-7, ML, OL-98-5-2, LCK-8901, OL-4-1 OL-98-8-1 LC-1038 LMS-05-38 OLC-5 LS-23-23 POLF-22 GARIMA, A.2002 1216/JRF-5, LH-2 OLC-38 BAU-2K-20 LIN-2 LMH-42 OL-98-11-2 OLC-19 NL-105 OLC-43 LC-18 LC-1030 LIN-99289 OLC-32 OL-98-2-1 OLC-41 LCK-8132 LMS-63-6 OL-13-4 OL-13-8 OL-13K-9 OL-13K-3 OL-16-1-6 OL-10K-1 B. Ramachandrapur GS-203 A-98 Bhatia NPRR-492 GS-428 A-199 A-429A A-116
	146





Powdery mildew score ranged from 0 (immune) to 5 (highly susceptible), 21 genotypes found highly resistant, 38 genotypes showed resistant, 36 genotypes comes under moderately resistant, 48 genotypes shows moderately susceptible, 68 genotypes shows susceptible and 145 genotypes showed highly susceptible (Table 3). Despite being high susceptible, some test entries produced good yield and showed tolerance to powdery mildew disease. The germplasm lines (EC-41890, BAU-1892 and OL-93418-1) shows high yield and highly resistant to powdery mildew. Highly resistant genotype could be utilized as donar parent for powdery mildew resistance breeding programme.                                              
 

[image: G:\PHOTO PDI.png]Fig. 1. Plotted graph of Ranged Percentage Disease Index (PDI) along with total number of germplasm used for the study
                                                                                                                 
From the Fig. 1, we have found that 48 number of germplasm are resistant which will be used for the breeding process. The results are based on screening under natural field conditions. Environmental factors such as humidity, temperature or light can influence development of the diseases possibly explaining these differences in scores. So, the resistant genotypes need to be evaluated under artificial conditions to confirm the resistance before using them in breeding programme. The success of breeding programme is primarily depend on genetic variation availability in the breeding material. In spite of several diverse linseed accessions having been collected, only a few will be chosen for cultivar development programme. The germplasm is the prime source for resistance to diseases and insect pest. Plant breeders need to explore the nature of disease resistance and identify additional resistance genes from new sources. Therefore, this research work helps in developing varieties resistant to powdery mildew to stabilize the yield potentials of linseed varieties. 
	This study evaluated powdery mildew resistance in linseed germplasm, revealing significant genetic variability that can be harnessed for breeding. The germplasm exhibited a wide range of disease reactions under natural field conditions, categorized from immune to highly susceptible. Notably, 21 lines were immune (0% infection) those are (EC-41890, OL-1-3, P-650, LCK-206, BAU-1892, OL-93418-1, LC-1009, Chipilima, OLC-34, ES-44, OL-2-7, LHCK-82, OLC-31, LCK-9733, OLC-21, OL-19-11, LCK-119, NL-129, OL-98-5-3, Bholagadia, Dhaladihi) and 37 were resistant (1–10% infection), offering potential donor material for resistance breeding. While 145 lines were highly susceptible (Table 3), some demonstrated good yield, indicating partial tolerance mechanisms. The variability observed highlights the influence of environmental factors, such as humidity and temperature, on disease development. Finding analogous to these were reported by Ajithkumar et al. (2020). In the categorization of linseed germplasm based on reaction to powdery mildew, different germplasm lines exhibit varying degrees of disease resistance, which can be attributed to their genetic makeup, environmental interactions, and possibly their physiological responses to the pathogen. Similar conclusion was drawn by Dhirhi et al. (2017) in their investigation.  This emphasizes the need for further validation of resistant genotypes under controlled conditions to confirm stability and ensure their effective use in breeding programs. Resistant and moderately resistant lines identified in this study are crucial for developing powdery mildew-resistant and high-yielding linseed varieties, addressing a major biotic constraint in linseed production.
	This study, while significant, has some limitations. The reliance on natural field conditions introduced variability in disease expression due to environmental factors like humidity, temperature, and rainfall, which may have influenced the assessment of resistance. Additionally, the lack of artificial inoculation under controlled conditions limits the ability to confirm the stability of resistance across different environments. The genetic basis of resistance was not explored, leaving the specific genes or quantitative trait loci (QTLs) associated with powdery mildew resistance unidentified. The study also focused solely on powdery mildew, neglecting the potential for resistance to other major diseases affecting linseed. Furthermore, while some high-yielding genotypes showed tolerance to the disease despite high susceptibility, the mechanisms behind this tolerance were not examined, leaving a gap in understanding yield–resistance interactions.
4.  CONCLUSION AND FUTURE PROSPECTS 
               The study successfully identified genetic sources of resistance to powdery mildew in a diverse set of 356 linseed germplasm. Out of these, 21 genotypes were immune, and 37 were resistant, demonstrating significant potential for use in resistance breeding programs. The wide variability in disease reactions, influenced by environmental conditions, underscores the importance of screening under both natural and controlled conditions. Despite the high susceptibility observed in some lines, a few maintained good yield, indicating potential tolerance mechanisms that could complement resistance traits. The identification of immune and resistant genotypes provides valuable material for breeding durable, disease-resistant varieties, offering an eco-friendly and cost-effective solution to mitigate yield losses due to powdery mildew. These findings contribute to enhancing linseed productivity and ensuring sustainability in its cultivation. Future studies should address these limitations by incorporating artificial inoculation in controlled environments to validate and standardize resistance. The use of molecular tools such as genome-wide association studies (GWAS) and marker-assisted selection can help identify specific resistance genes and integrate them into breeding programs. Expanding the screening to include other critical diseases like Alternaria blight and Fusarium wilt can aid in developing broad-spectrum resistant varieties. Moreover, integrating disease resistance with high-yield traits should be prioritized to address potential trade-offs between resistance and productivity. Finally, enriching the genetic base by including diverse germplasm from different geographical regions can enhance the robustness and adaptability of linseed varieties to biotic and abiotic stresses.	Comment by shital dhawan: italic	Comment by shital dhawan: italic
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