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ABSTRACT
Research was conducted to find stem rust resistance in wheat (Triticum aestivum L.) common varieties in India (Maharashtra). Released wheat varieties were evaluated for their resistance to stem rust at adult plant stage in artificially epiphytotic condition in field, during year 2024-2025. The varieties were screened against a mixture of five dominant stem rust pathotypes, and disease reactions were categorized using Peterson’s Scale based on per cent rust infection. The results indicated that eight varieties viz., NIAW 4028, NIAW 34, Jay, NIDW 1149, NIAW 3624, NIAW 917, NIAW 1415, and NIDW 15 were resistant, while another eight varieties viz., Kenphad 25, NI 747-19, N 5749, NI 5643, NIAW 3170, Kenphad-39, N 146, and NI 917 exhibited moderate resistance. Five varieties viz., NI 345, NI 9947, Niphad-4, NIDW 295 and NIAW 1994 showed moderately susceptible reactions, and two varieties viz., N 5439 and NIAW 301 were susceptible. None of the entries showed complete immunity. Notably, twenty-one varieties recorded AUDPC values below 100, indicating effective resistance that can be exploited in breeding for durable stem rust resistance.
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1. INTRODUCTION
Wheat (Triticum aestivum L.)  is one of the most widely cultivated and consumed cereal crops across the globe and belongs to the genus Triticum of the family Poaceae. Major wheat producing countries include China, India, Russia, the United States, France, Canada, Germany, Pakistan, and Australia. Globally, wheat production during 2023–24 was estimated at 792.9 million tons, positioning it as a cornerstone of global food security. India ranks as the second largest producer after China, highlighting its significant contribution to worldwide wheat output. (Anonymous, 2025b). In India, wheat was cultivated on an area of 31.83 million hectares during 2023–24, with a total production of 113.29 million tons and an average productivity of 3,559 kg/ha. (Anonymous 2025a). Wheat is considered the most important cereal crop primarily because of its unique protein-associated chemical and physical properties. In addition, it is a rich source of essential nutrients, including minerals such as Mg, Cu, Zn, P, and Fe, vitamins such as riboflavin, niacin, thiamine, and α-tocopherol, along with carbohydrates and proteins, which collectively contribute to its high nutritional value. (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 is highly destructive under favourable environmental conditions and can cause yield losses of up to 100% in susceptible wheat varieties (Roelfs, 1985).
Roelfs et al. (1992) Although stem rust symptoms are most frequently observed on stems, they may also appear on leaves, sheaths, glumes, awns, and even seeds, from the booting stage up to three weeks prior to harvest. Disease development is favored by wet foliage caused by rain or dew, coupled with warm days (25–30 °C) and mild nights (15–20 °C). Similar to other spore stages, urediniospores and aeciospores require free water for germination, with stomata serving as the primary entry point for infection. In India, an estimated 7 million hectares in the Central and Peninsular regions are considered at risk from stem rust epidemics (Bharadwaj et al. 2019).  Nagarajan and Joshi (1975) reported rust epidemics in India. Stem rust was first reported in the Central Province in 1786, with subsequent occurrences documented in 1805, 1827, 1828–29, and 1831–32. In 1843, the disease was recorded for the first time in India’s primary wheat-growing region located in and around Delhi.
Yellow rust is predominantly important in northern India, particularly in the mountainous regions, while stem (black) rust is more prevalent in the central and peninsular wheat-growing zones. In contrast, leaf rust occurs across all wheat-producing regions of the country. Accordingly, the principal objective of the Indian wheat improvement program has been the incorporation of host resistance and the development of resistant cultivars to ensure sustainable management of rust diseases (Sharma et al., 2001). Stem rust occurs more frequently in central and peninsular India, whereas its incidence is relatively lower in the northern hill and plain zones. However, the emergence or introduction of new virulent races poses a serious threat to the country’s annual wheat production, particularly under the influence of changing climatic conditions. The most effective, durable, and environmentally sustainable strategy for managing this disease is the development and deployment of stem rust–resistant wheat cultivars, supported by continuous monitoring of pathogen diversity and distribution (Prasad et al., 2020). Breeding for rust resistance in wheat necessitates continuous surveillance of pathogen distribution and population diversity. The Puccinia species responsible for wheat rusts are highly dynamic and evolve rapidly, generating new isolates through mechanisms such as somatic recombination, mutation, selection, or introduction from external regions (Patpour et al., 2016). Because wheat rust pathogens are highly variable, resistant cultivars often become susceptible within a short period of time. Therefore, effective management of stem rust requires continuous breeding for resistance, including anticipatory breeding, identification of novel resistance sources, and regular monitoring of pathogen diversity, population structure, and distribution (Abebe et al., 2012). In view of the above considerations, it became imperative to evaluate commonly cultivated wheat varieties in India for their resistance to stem rust.
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 experiments were carried out at the Regional Wheat Rust Research Station, Mahabaleshwar.
2.1.2 Source of seed
	Seeds of wheat released wheat varieties required for adult plant resistance, 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, 40-A. 42- B, 117-6 were procured from the Wheat Rust Mycologist, Regional Wheat Rust Research Station, Mahabaleshwar, Dist. Satara, Maharashtra.
2.1.4 Fertilizers 
	Chemical fertilizers, viz., urea, single super phosphate and muriate of potash, were procured from the local market.
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
In this experiment, released wheat varieties were screened against the mixture of stem rust pathotypes viz., 11, 11-A, 40-A. 42- B, 117-6 at adult plant stage under artificial epiphytotic condition in field.  
Released wheat varieties were sown on flat beds measuring 3.6 m × 1.8 m, with a row spacing of 22.5 cm. A single row of 1.0 m length for each variety was planted. Each bed was surrounded by two rows of a varietal mixture known to be susceptible to stem rust, including varieties such as Pusa 4, A 206, Gulab and Vijay. These infector/spreader rows were artificially inoculated multiple times with a mixture of stem rust pathotypes to ensure uniform disease pressure.
To facilitate the rust development, high humidity conditions were maintained throughout the trial. Observations on the intensity of stem rust infection were recorded by using Peterson’s Scale, based on the percentage of rust infection observed on the plants.
1. AUDPC: Observations were recorded weekly soon after the appearance of rust pustules of leaf rust on the stem. Observations on per cent disease severity and infection types were recorded. Average Coefficient of Infection (ACI) was calculated by multiplying per cent severity and response value of infection type. Area Under Disease Progress Curve (AUDPC) was calculated by using mathematical tool AUDPC formula suggested by Wilcoxson et al., (1975): 
  	 	 	 	 	            k 
 	 	 	 	AUDPC= 1/2 ∑ {Si + S(i-1)} d    	 
 	 	 	 	 	 	i=1  
Where,                     
ith =   Number of successive observations recorded from 1 to k 
k =   Total number of observations recorded Si = ACI at ith observation. 
d = Duration (in days) between two successive observations.




3. RESULTS AND DISCUSSION
In the present study, twenty-three wheat genotypes were evaluated against stem rust disease of wheat under artificially created epiphytotic condition in the field against a mixture of pathotypes of stem rust during the Rabi season 2024-25 at the Regional Wheat Rust Research Station, Mahabaleshwar.
The released wheat varieties were screened against five stem rust pathotypes and were grouped into five different types and observations on intensity of stem rust were noted as per Peterson's Scale according to the per cent rust infection and the results are summarized in     Table 1.
Screening of twenty-three released wheat varieties with a mixture of dominant stem rust pathotypes revealed that eight wheat varieties viz., NIAW 4028, NIAW 34, Jay, NIDW 1149, NIAW 3624, NIAW 917, NIAW 1415 and NIDW 15 were found resistant to stem rust whereas, eight wheat varieties, viz., Kenphad 25, NI 747-19, N 5749, NI 5643, NIAW 3170, Kenphad-39, N 146 and NI 917 were found moderately resistant to stem rust. While five wheat varieties viz., NI 345, NI 9947, Niphad-4, NIDW 295 and NIAW 1994 had shown a moderately susceptible reaction to stem rust. Meanwhile, two wheat varieties, N 5439 and NIAW 301, demonstrated a susceptible reaction to stem rust.
Results revealed that, out of 23 wheat varieties none of the variety was found immune to stem rust while, 21 wheat varieties expressed values of "AUDPC" less than 100 against stem rust whereas, 02 wheat varieties expressed values of "AUDPC" between 101 to 200 against stem rust. These wheat varieties had considerable amount of resistance against stem rust under study. The above results are presented in Table 2. 
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. 
Table No 1.  Adult plant resistance test of released wheat varieties against stem rust under field conditions.
	Sr. No. 
	Wheat variety
	Stem rust reaction

	1
	NI 345 
	TMS

	2
	Kenphad 25 
	TMR

	3
	NI 747-19 
	TMR

	4
	NIAW 4028 (Phule Anurag)
	R

	5
	NI 9947 (Kadava)
	10MS

	6
	N 5439 
	10S

	7
	N 5749 
	TMR

	8
	NIAW 34 
	R

	9
	NI 5643 
	TMR

	10
	Niphad-4 
	10MS

	11
	NIAW 3170 (Phule Satwik)
	TMR

	12
	Kenphad-39 
	TMR

	13
	Jay 
	R

	14
	NIDW 1149
	R

	15
	N 146 
	TMR

	16
	NIAW 3624 (Phule Anupam)
	R

	17
	NIDW 295 (Godavari)
	TMS

	18
	NIAW 1994 (Samadhan)
	10MS

	19
	NIAW 301 (Trimbak)
	10S

	20
	NI 917 
	TMR

	21
	NIAW 917 (Tapovan)
	R

	22
	NIAW 1415 (Netravali)
	R

	23
	NIDW 15 (Panchvati)
	R



Table 2. Wheat varieties showing AUDPC value of stem rust.
	AUDPC value
	Wheat varieties

	Stem Rust

	0
	Nil

	1-100
	NI 345, Kenphad 25, NI 747-19, NIAW 4028 (Phule Anurag), NI 9947 (Kadava),    N 5749, NIAW 34, NI 5643, Niphad-4, NIAW 3170 (Phule Satwik), Kenphad-39, Jay, NIDW 1149, N 146, NIAW 3624 (Phule Anupam), NIDW 295 (Godavari), NIAW 1994 (Samadhan), NI 917, NIAW 917 (Tapovan), NIAW 1415 (Netravali), NIDW 15 (Panchvati)  
(21)

	101-200
	N 5439, NIAW 301 (Trimbak)
(02)



4. CONCLUSION
The screening of 23 wheat varieties in seedling resistance revealed that two varieties, NIAW 1415 and NIAW 3624, were resistant to most stem rust pathotypes. Under artificial epiphytotic conditions, 23 wheat genotypes showed varied resistance to stem rust. Eight were resistant, eight moderately resistant, five moderately susceptible, and two susceptible. No genotype was immune. AUDPC values supported field observations, 21 varieties had values less than 100 (indicating strong resistance), while two ranged between 101–200 highlighting the importance of partial resistance in managing stem rust and minimizing epidemic risks.
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