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Seedling Resistance of wheat (Triticum aestivum L.) varieties to virulent races of Puccinia graminis f. sp. tritici



ABSTRACT
The present study (2024–25) was conducted at the Regional Wheat Rust Research Station, Mahabaleshwar, to evaluate the reaction of twenty-three wheat varieties against stem rust disease under controlled glasshouse conditions. Disease response was assessed using Peterson’s Scale, which classified the genotypes into six reaction categories based on their interaction with different stem rust pathotypes. Among the tested varieties, NIAW 1415 and NIAW 3624 exhibited a high level of resistance, showing effective defense against most stem rust pathotypes. Seven varieties viz., NIAW 4028, NIAW 34, NI 5643, NIAW 917, NI 917, Jay and NIAW 3170, demonstrated moderate resistance, suggesting their potential for stable performance under disease pressure. In contrast, five varieties viz., NI 345, NI 9947, Niphad-4, N 5439 and NIAW 301 were highly susceptible, indicating their vulnerability to stem rust epidemics. The remaining nine varieties displayed mixed reactions, with varying susceptibility across stem rust pathotypes. Overall, the findings emphasize the importance of promoting resistant and moderately resistant varieties for cultivation and highlight their potential utility in breeding programs aimed at developing new stem rust resistant wheat varieties.
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1. INTRODUCTION
One of the most extensively cultivated and consumed food crops worldwide is wheat (Triticum aestivum L.). Wheat belongs to genus Triticum of the family Poaceae. China, India, Russia, the United States, France, Canada, Germany, Pakistan, and Australia are the main producers of wheat. After China, India is the world's second-largest producer of wheat. During 2023-24 wheat was globally recorded 792.9 million tons production (Anonymous, 2025b). In India it was cultivated on 31.83-million-hectare areas with 113.29 million tons production and 3559 kg/ha productivity (Anonymous 2025a). Three wheat types are extensively grown and commonly found across India, viz., T. dicoccum (emmer wheat), T. durum (macaroni or durum wheat) and T. aestivum L. (bread wheat). Among the foods that use wheat as a main ingredient are doughnuts, pies, bread, muesli, cakes, pastries, rolls, cookies, muffins, beer and vodka (Loughman et al., 2005). Minerals such as Mg, Cu, Zn, P and Fe, vitamins (riboflavin, niacine, thiamine and alpha-tocopherol), proteins and carbohydrates are its other healthy components (Khalid et al., 2023).
Puccinia triticina, also known as brown rust, Puccinia striiformis f. sp. tritici, sometimes known as yellow rust, and Puccinia graminis f. sp. tritici, also known as stem or black rust, are the three rust species that have been known to infect wheat. These are common and regarded as the most dangerous wheat pathogens in the world (Dean et al., 2012). Stem rust becomes most destructive under favorable conditions, and may cause up to total yield losses uptoup to 100% to the susceptible varieties (Roelfs, 1985).
[bookmark: _GoBack]Roelfs et al. (1992) showed that, Although although stem rust symptoms are most commonly seen on stems, they can also be seen on leaves, sheaths, glumes, awns, and even seeds from the booting stage to three weeks before to harvest. Wet leaves from rain or dew, hot days (25–30°C), and mild nights (15–20°C) are all favorable for stem rust. Like the other spore stages, urediniospores and aeciospores need free water to germinate. For infections, stomata serve a purpose. Approximately 7 million hectares in Central and Peninsular India are under risk from wheat stem rust (Bharadwaj et al. 2019). Nagarajan and Joshi (1975) reported rust epidemics in India. It was first conveyed in the central province in 1786, and then again in 1805, 1827, 1828-29, and 1831-32. In 1843, rust was discovered for the first time in India's primary wheat region, which is situated within and around Delhi.
Whereas yellow rust is significant for northern India (particularly the mountainous region), stem or black rust is significant for central and peninsular India. Nonetheless, leaf rust is an issue in every area of the nation that grows wheat. The primary goal of the Indian wheat program is host resistance, or the creation of resistant cultivars (Sharma et al., 2001). Stem rust is more common in central and peninsular India, but less common in the northern hill and plain zones. The annual production of wheat, however, could be seriously threatened by the rise or introduction of a new race, particularly under the pretext of a changing climate. An efficient, long-lasting, and ecologically safe method of managing this disease is the development and use of stem rust-resistant wheat cultivars in conjunction with knowledge of the pathogen's diversity and spread (Prasad et al., 2020). Breeding wheat resistant to rust requires constant surveillance of the pathogen's distribution and diversity. The Puccinia species that cause wheat rusts are extremely active and constantly changing, producing new isolates from time to time through somatic recombination, importation, mutation, or selection (Patpour et al., 2016). Because these diseases are constantly changing, resistant strains become vulnerable quickly. In order to effectively manage stem rust, it is necessary to continuously breed for rust resistance, including anticipatory breeding, look for new sources of resistance, and monitor pathogen diversity, structure, and distribution (Abebe et al., 2012). Considering everything mentioned above, it was necessary to evaluate commonly grown varieties for their resistance to stem rust in India.

2. MATERIAL AND METHODS
2.1 Material
The materials used during the course of the present investigation are described below.
2.1.1 Experimental site
All in vivo experiments were carried out at the Regional Wheat Rust Research Station, Mahabaleshwar.
2.1.2 Source of seed
	Seeds of released wheat varieties required for seedling resistance test were obtained from the Wheat Rust Mycologist, Regional Wheat Rust Research Station, Mahabaleshwar, Dist. Satara, Maharashtra. 

2.1.3 Inoculum of virulent pathotypes of stem rust 
	Inoculum of virulent pathotypes of stem rust, viz., 11, 11-A, 15-1, 34, 40-A, 40-1, 42-B, 117-3, 117-5, 117-6, 122, 184 and 295 were procured from the Wheat Rust Mycologist, Regional Wheat Rust Research Station, Mahabaleshwar, Dist. Satara, Maharashtra.
2.1.4 Aluminium bread pans and iron marker
For growing seedlings in the seedling resistance test, aluminium bread pans/trays measuring 35 cm x 25 cm x 9 cm were used. An iron marker was employed to create rows of holes in the soil-compost mixture filled in the pans.
2.1.5 Glassware and miscellaneous material
	Various materials such as petri plates, needles, hand sprayers, measuring tape, marking pens, sticky labels, pencils, syringes, polythene bags, cages with gunny curtains, etc. were used as per requirement throughout the course of the investigation.

2.2 Methodology
The current field studies entitled “Investigations into stem rust of wheat incited by Puccinia graminis f. sp. tritici” were conducted during Rabi season of the year 2024–2025 at Regional Wheat Rust Research Station, Mahabaleshwar. The details of materials used and methodology employed for the screening of 23 entries in the present investigation are described here under. The materials used and methodology followed for the present investigations are as follows:
Varieties evaluated:
1. NI 345 		      2. Kenphad 25 	                3. NI 747-19 	                 4. NIAW 4028
5. NI 9947                            6. N 5439 		                7. N 5749 		     8. NIAW 34
9. NI 5643 		     10. Niphad-4 	                11. NIAW 3170               12. Kenphad-39 
13. Jay                                14. NIDW 1149                          15. N 146                         16. NIAW 3624
17. NIDW 295	                  18. NIAW 1994          	    19. NIAW 301	         20.NI 917           
 21. NIAW 917                    22. NIAW 1415                             23. NIDW 15

The Seedling Resistance Test (SRT) was conducted under glasshouse conditions by using individual virulent pathotypes of stem rust viz., 11, 11-A, 15-1, 34, 40-A, 40-1, 42-B, 117-3, 117-5, 117-6, 122, 184 and 295. Aluminium pans or trays measuring 35 cm × 25 cm × 9 cm were used for growing seedlings. These trays were filled with a mixture of soil and compost and were marked into six rows, each was containing ten holes, by using an iron marker.
Seeds of the wheat varieties were sown in sequence according to their serial numbers, with every seventh hole in each row was sown with the universally susceptible variety of A 206, which was serving as serving as a check. The seedlings were maintained under spore-proof conditions in a seedling room and watered regularly.
Inoculation with spore suspensions of individual pathotypes was performed at the stage when the first leaf was fully expanded and before emergence of the second leaf. After inoculation, the trays were incubated in moist, humid chambers for 48 hours and then transferred to glasshouse benches for further development. 
23 released varieties were screened with 13 virulent races of stem rust and reaction of the varieties were checked against virulent races of stem rust and grouped according to Modified Cobb’s Scale (Peterson et al, 1948).


3. RESULTS AND DISCUSSION
	In present study, twenty-three varieties were evaluated against stem rust disease of wheat under the glasshouse condition during seasons 2024-25 at Regional Wheat Rust Research Station, Mahabaleshwar. The released wheat varieties screened were grouped into following six types as per the Peterson's Scale on the basis of reaction against stem rust pathotypes. 
 	Accordingly, the varieties were grouped into various disease reaction categories based on Peterson’s Scale and the results are presented in Table 1. Out of the 23 wheat genotypes tested against stem rust disease, two wheat varieties, viz., NIAW 1415 and NIAW 3624, were found resistant to the majority of stem rust pathotypes. Seven wheat varieties, viz., NIAW 4028, NIAW 34, NI 5643, NIAW 917, NI 917, Jay and NIAW 3170, were found moderately resistant to all the stem rust pathotypes.
However, five wheat varieties viz., NI 345, NI 9947, Niphad-4, N 5439 and NIAW 301 were found susceptible to stem rust. While the remaining nine wheat varieties viz., Kenphad 25, NI 747-19, N 5749, Kenphad-39, NIDW 1149, N 146, NIDW 295, NIAW 1994 and NIDW 15, exhibited mixed types of reaction to stem rust pathotypes. Thus, it is suggested to cultivate the moderately resistant to resistant varieties and these varieties can be utilized in future breeding programs to evolve a new resistant variety against stem rust disease.
These findings align with those of Mishra et al., (2011) who screened several major varieties such as NI 5439, NI 5643, NI 9406, NIAW 34, NI 146, NI 70, NIDW 295, NIDW 15, NIDW 5749 and NIDW 9. Among them, NIDW 15 was found to be resistant to maximum stem rust pathotypes, except for 117-c and 117-6. NIDW 295 and NIAW 34 were classified as moderately resistant to the majority of stem rust pathotypes.
The findings were also supported by Bhardwaj (2011), who reported that resistant genes were present in varieties such as NIAW 34, NIDW 295 and NIDW 15, which exhibited mixed type of resistance reactions to the stem rust pathotypes.
Similarly, Sharma et al., (2015) in their efforts to confer resistance against the new strain Ug99, found that the AUDPC values of varieties NIDW 295 is 101-200 and NIAW 1415 and NIAW 917 is 201-500. Additionally, the wheat varieties NIAW 295, NIAW 917, NIDW 1415 and NIAW 34 exhibited resistance to the UG99 race of stem rust. 
Furthermore, Prasad et al., (2023) reported that the wheat varieties NIAW 3170 and NIDW 1149 exhibited a mixed type of resistance to different races of the stem rust pathotypes. 
Sushir et al. (2024) conducted a seedling resistance test of wheat genotypes against selective pathotypes of stem and leaf rusts under glasshouse condition. He found that out of fourty six genotypes, seventeen wheat genotypes were resistant to stem rust disease of wheat.

Table 1. Seedling Resistance Test of released wheat varieties against stem rust. 
	Sr. No. 
	Wheat variety
	Stem Rust Pathotypes

	
	
	11
	11-A
	15-1
	34
	40-A
	42-B
	117-3
	117-5
	117-6
	122
	184
	295
	40-1

	1
	NI 345
		S
	S
	S
	MS
	S
	S
	MS
	S
	S
	S
	MS
	S
	S

	2
	Kenphad 25
	MS
	MR
	R
	R
	MS
	MR
	MR
	R
	MR
	R
	R
	R
	MR

	3
	NI 747-19
	MS
	MS
	MR
	R
	MS
	MR
	MR
	R
	MR
	MR
	R
	MR
	R
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	NIAW 4028
	MR
	MR
	R
	R
	MR
	R
	R
	R
	MR
	R
	R
	R
	R

	5
	NI 9947
	S
	S
	MS
	S
	S
	S
	MS
	S
	S
	S
	S
	S
	S

	6
	N 5439
	S
	S
	S
	MS
	S
	S
	MS
	MS
	S
	S
	MR
	S
	S

	[bookmark: _Hlk200979127]7
	N 5749
	MS
	MS
	MR
	R
	MR
	MR
	R
	R
	MR
	MR
	R
	R
	R

	8
	NIAW 34
	MR
	R
	R
	R
	MR
	R
	R
	R
	MR
	MR
	R
	R
	R

	9
	NI 5643
	MR
	MR
	R
	R
	MR
	R
	R
	R
	MR
	MR
	R
	MR
	R

	10
	Niphad-4
	MS
	MS
	MR
	S
	MS
	MS
	MR
	MR
	MR
	MS
	S
	S
	S

	11
	NIAW 3170
	MR
	MR
	R
	R
	R
	MR
	R
	R
	MR
	R
	R
	R
	R

	12
	Kenphad-39
	MR
	MS
	MR
	R
	R
	MS
	R
	R
	MS
	R
	R
	R
	R

	13
	Jay
	MR
	R
	MR
	R
	R
	MR
	R
	R
	MS
	R
	R
	R
	R

	14
	NIDW 1149
	MS
	R
	MR
	R
	R
	MS
	R
	R
	MS
	R
	R
	R
	R

	15
	N 146
	MS
	R
	MR
	MR
	R
	MR
	R
	R
	MS
	MR
	R
	R
	R

	16
	NIAW 3624
	MR
	R
	R
	R
	MR
	R
	R
	R
	MR
	R
	R
	R
	R

	17
	NIDW 295
	MS
	MS
	MR
	MS
	MS
	S
	MS
	MS
	MS
	MS
	MR
	MR
	R

	18
	NIAW 1994
	MS
	MS
	MR
	R
	MS
	MR
	R
	MS
	MR
	R
	R
	MR
	R

	19
	NIAW 301
	S
	MS
	MS
	MS
	S
	S
	MS
	S
	S
	S
	MS
	MR
	MS

	20
	NI 917
	MR
	MR
	R
	R
	MR
	R
	R
	R
	MS
	MR
	R
	MR
	R

	21
	NIAW 917
	MR
	R
	R
	MR
	MR
	R
	R
	R
	R
	R
	R
	R
	R

	22
	NIAW 1415
	R
	R
	R
	R
	MR
	R
	R
	R
	R
	R
	R
	R
	R

	23
	NIDW 15
	MR
	MS
	MR
	R
	R
	R
	R
	R
	MR
	R
	R
	R
	R



4. CONCLUSION
A glasshouse study was conducted to evaluate 23 wheat varieties for their reaction against the stem rust pathotypes by using Peterson’s Scale. Among them, NIAW 1415 and NIAW 3624 varieties were identified as resistant varieties to most of the stem rust pathotypes. Seven wheat varieties, viz., NIAW 4028, NIAW 34, NI 5643, NIAW 917, NI 917, NIAW 3170 and Jay were found moderately resistant varieties showing good stability across the pathotypes. The five wheat varieties viz., NI 345, NI 9947, Niphad-4, N 5439 and NIAW 301, were found susceptible to the disease while, the remaining nine wheat varieties were showing mix type of reaction, indicating a variable response depending on the type of pathotype.
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