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Line × Tester Analysis for Identifying Turcicum Leaf Blight (TLB) Resistant Maize Genotypes and Developing Superior Hybrids
Abstract
Maize (Zea mays L.) is globally recognized as the "queen of cereals" and is essential for food, livestock feed, and industrial raw material. Despite its importance, maize is vulnerable to numerous pathogens, with Turcicum Leaf Blight (TLB), caused by Exserohilum turcicum, posing a major global threat. This disease can result in severe yield losses, documented between 25% and 90% in various regions of India. Exploiting host plant resistance is recognized as the most effective and sustainable strategy for management, necessitating the evaluation of germplasm and identification of resistant genotypes through breeding techniques like line × tester analysis. The present study, conducted in Rabi 2024 at MRU, Hyderabad, utilized 5 lines and 10 testers to generate 50 F₁ crosses. The genotypes were subjected to artificial inoculation using the whorl drop method at 32 DAS to ensure consistent exposure to Exserohilum turcicum. Disease severity was recorded on a standard 1-9 scale at three crucial stages: tasseling, 20 days after tasseling, and maturity, followed by the calculation of the Per cent Disease Index (PDI). Evaluation revealed a marked decline in foliar disease resistance over time. While all 50 F₁ hybrids were classified as resistant (R) at tasseling, only 38% remained resistant by physiological maturity, with others shifting to intermediate or susceptible ratings. The inbred lines JLML-01888 and JLML-94333, along with testers JLSN-34 and JLSN-73, demonstrated the most stable and durable resistance across all stages, suggesting they harbor strong resistance genes or quantitative resistance loci (QTL). This temporal decline in resistance underscores the necessity of multi-stage screening to accurately capture hybrid performance. The identified resistant parental lines are critical germplasm for future breeding efforts focused on incorporating durable, multi-gene resistance to enhance stability.
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1. Introduction
Maize (Zea mays L.) stands as the world's premier crop, originating in Mexico and Central America, and is widely celebrated as the "queen of cereals" due to its exceptional genetic yield potential and broad adaptability across diverse environmental conditions (Dowswell et al. 1996). It plays a strategically important role globally, serving as a primary source of food, livestock feed (accounting for 70% in developed countries), and raw material for a multitude of industries, including starch, oil, and alcoholic beverages. Nutritionally, maize is rich, containing approximately 10% protein, 4% oil, and 70% carbohydrates, along with significant vitamins. India is a substantial contributor to global maize production, cultivating 9.90 million hectares and yielding 33.00 million metric tons annually (USDA/FAS 2022).
Despite its critical economic and nutritional importance, maize crops are vulnerable to numerous diseases. It is susceptible to over 60 diseases, with 16 identified as major threats (Payak and Sharma, 1980). Among these, Turcicum leaf blight, also known as Northern corn leaf blight and caused by Exserohilum turcicum, is a disease of global significance (Carlos, 1997). Turcicum leaf blight manifests as long, elliptical, grayish-green or tan leaf lesions, initially appearing on lower leaves and spreading throughout the plant, with the pathogen surviving in plant debris and spreading via airborne conidia. This disease has been reported to cause over 50% yield loss in the USA and severe yield losses ranging from 25% to 90% in various regions of India depending on its severity (Chenulu and Hora, 1962; Jha, 1993).
The importance of studying Turcicum leaf blight and developing resistant varieties cannot be overstated. Turcicum leaf blight can lead to the premature death of blighted leaves at early growth stages, reducing their value as fodder (Payak and Renfro, 1968). While chemical management is possible, the most effective, economical, and environmentally friendly strategy is to exploit host plant resistance. Identifying resistant genotypes and subsequently using them as parental lines to develop high-yielding hybrids is crucial for significantly enhancing maize productivity and addressing the growing demand for grains. Thus, evaluating existing germplasm and leveraging breeding techniques like line × tester analysis to identify Turcicum leaf blight resistant genotypes and superior inbreds is paramount for developing suitable, resilient hybrids.
2. Materials and Methods
The material for the present study comprised of 5 lines and 10 testers in a line × tester design resulting in 50 crosses. The present study was carried out in Rabi 2024 at the experimental farm of MRU, Hyderabad and their details are presented in the table below. The statistical analysis included ANOVA, estimation of heritability, genetic advance, combining ability, and heterosis using R-studio software packages.
Table 1. Details of the Lines and Testers used in the crossing programme
	S.No
	Lines
	S.No.
	Testers
	S.No.
	Testers

	01.
	JLML-01888
	01.
	JLSN-03
	06.
	JLSN-66

	02.
	JLML-05444
	02.
	JLSN-22
	07.
	JLSN-72

	03.
	JLML-94333
	03.
	JLSN-25
	08.
	JLSN-73

	04.
	JLML-97555
	04.
	JLSN-31
	09.
	JLSN-80

	05.
	JLML-01666
	05.
	JLSN-34
	10.
	JLSN-81



For screening of germplasm against turcicum leaf blight resistance, artificial inoculation was preferred over natural infection as it ensures that the plants are properly exposed to right amount of inoculum for cause of the disease. The steps followed in screening of maize genotypes are given below.
2.1 Screening Plot
Screening for Turcicum leaf blight was carried out at MRU, Hyderabad. Each entry is planted in one row of 1.6 meters length, adopting a spacing of 60 x 20 cm for screening against Exserohilum turcicum.  For screening of germplasm against turcicum leaf blight resistance, artificial inoculation was preferred over natural infection as it ensures that the plants are properly exposed to right amount of inoculum for cause of the disease.
2.2 Collection of bacteria
Exserohilum turcicum inoculum was collected from the Department of Plant Pathology at Agricultural College, for artificial disease inoculation.
2.3 Mass multiplication
The mass multiplication of the pathogen Exserohilum turcicum was done on sterilized sorghum grain culture (Joshi et al., 1969)
· About an inch layer of sorghum grains (nearly 40 to 45 g) was dispensed in a conical flask (500 ml) and soaked in water for about 3-4 hours and excess water was drained off after soaking.
· The flask containing sorghum grains was autoclaved twice, seeded with fungus under aseptic condition and kept for incubation at 25- 27 0C.
· The flasks were shaken once in 2-3 days to facilitate uniform growth of the pathogen on grains.
· After incubation of about a fortnight the material was ready for inoculation.
· The above impregnated sorghum grains were allowed for drying by spreading them on a clean paper sheet in shade at room temp.
· After drying, prepared a fine powder of these grains with the help of mixer- grinder and put a pinch of this powder in the leaf whorl.
2.4 Artificial disease inoculation
Three weeks old culture of Exserohilum turcicum multiplied on sorghum grains was powdered and inoculated into the whorls of test plants at 32 DAS following whorl drop method of inoculation (Frederiksen and Franklin, 1978) and was followed by water spray so as to maintain humidity for infection. The inoculation was done in the evening time between 5 and 6 pm.
2.5 Disease Score
Turcicum leaf blight severity was recorded on five plants in each entry at the time of tasseling, twenty days after tasseling and at maturity using 1-9 disease rating scale (Mitiku et al., 2014) presented in the Table 2.
2.6 Per cent Disease Index (PDI)
Based on disease severity data, per cent disease index (PDI) was calculated from the formula given by Wheeler (1969).
PDI (%) = 

Table 2. Disease scoring scale (1-9) for Turcicum leaf blight
	Rating scale
	Degree of infection (per cent DLA*)
	PDI**
	Disease reaction

	1.0
	Nil to very slight infection (≤10%).
	≤11.11
	
Resistant (R)
Score: ≤ 3.0 DLA : ≤ 30%

	2.0
	Slight infection, a few lesions scattered on two lower leaves (10.1-20%).
	22.22
	

	3.0
	Light infection, moderate number of lesions scattered on four lower leaves (20.1-30%).
	33.33
	

	
	
	
	PDI: ≤ 33.33

	4.0
	Light infection, moderate number of lesions scattered on lower leaves, a few lesions scattered on middle leaves below the ear (30.1-40%).
	
44.44
	Moderately resistant (MR) Score: 3.1–5.0
DLA : 30 –50%

	
	
	
	

	5.0
	Moderate infection, abundant number of lesions scattered on lower leaves, moderate number of lesions scattered on middle leaves below the ear (40.1-50%).
	
55.55
	PDI: 33.34-55.55

	6.0
	Heavy infection, abundant number of lesions scattered on lower leaves, moderate infection on middle leaves and a few lesions on two leaves above the ear (50.1-60%)
	
	Moderately

	
	
	66.66
	susceptible (MS)
Score: 5.1-7.0

	
	
	
	DLA : 50.1 – 70%

	
	Heavy infection, abundant number of lesions scattered on lower and middle leaves and moderate number of lesions on two to four leaves above the ear (60.1-70%).
	
	

	7.0
	
	
	PDI: 55.56-77.77

	
	
	77.77
	

	8.0
	Very heavy infection, lesions abundant scattered on lower and middle leaves and spreading up to the flag leaf (70.1-80%).
	
88.88
	Susceptible (S) Score: >7.0

	
	
	
	DLA : >70%

	9.0
	Very heavy infection, lesions abundant scattered on almost all the leaves, plant prematurely dried and killed (>80%).
	
99.99
	PDI: >77.77


DLA*- Disease leaf area	PDI**- Per cent disease index



3. Results
3.1 Hybrid Performance
At tasseling, all 50 hybrids were rated resistant, indicating negligible early infection. Differences emerged with plant maturity. By 20 days after tasseling, 25 hybrids (50%) remained resistant, 18 (36%) were moderately resistant, and 7 (14%) were moderately susceptible. At maturity, only 19 hybrids (38%) retained resistance, while 24 (48%) were moderately resistant and 7 (14%) moderately susceptible (Table 4).
Several hybrids maintained consistent resistance throughout, including JLML-01888×JLSN-22, JLML-01888×JLSN-34, JLML-01888×JLSN-80, JLML-01888×JLSN-81, JLML-01666×JLSN-25, JLML-01666×JLSN-31, JLML-01666×JLSN-34, JLML-01666×JLSN-66, JLML-01666×JLSN-73, and JLML-01666×JLSN-81. In contrast, hybrids such as JLML-01888×JLSN-73 and JLML-05444×JLSN-25 showed rapid decline, shifting from resistance to moderate susceptibility by mid-season and maturity (Table 3).
3.2 Performance of Inbred Parents
Among inbreds, JLML-01888 and JLML-94333 demonstrated strong and durable resistance across all stages. JLML-05444 and JLML-97555 were resistant during tasseling but declined to moderately resistant by grain filling. JLML-01666 exhibited only moderate resistance throughout, indicating relatively weak genetic protection (Table 3).
3.3 Tester Line Performance
Tester lines showed varied responses. JLSN-34 and JLSN-73 remained resistant at all stages, while JLSN-25 was the poorest performer, declining from moderate susceptibility at tasseling to full susceptibility at maturity. JLSN-81 showed resistance initially but deteriorated during intermediate stages. The remaining testers generally maintained moderate resistance, with JLSN-80 shifting from resistant to moderately resistant.
4. Discussion
The study revealed a clear decline in resistance of most maize genotypes as plants matured, consistent with disease progression patterns reported in earlier studies (Almeida et al., 2019; Martins et al., 2019). By maturity, only 38% of hybrids remained resistant, underscoring the need for multi-stage screening rather than evaluations restricted to tasseling.
Genetic stability varied widely among genotypes. Hybrids such as JLML-01888×JLSN-22 and JLML-01666×JLSN-81 maintained robust resistance, likely due to favourable parental contributions and the presence of durable quantitative resistance loci (QRL). Inbred parents JLML-01888 and JLML-94333 also exhibited stable resistance, suggesting the presence of broad-spectrum QTLs or major resistance genes. Among testers, JLSN-34 and JLSN-73 emerged as strong sources of resistance, in contrast to JLSN-25, which consistently showed susceptibility.
These results highlight the importance of both additive and non-additive genetic effects in governing Turcicum leaf blight resistance (Kumar et al., 2025). Strong general combining ability (GCA) observed in resistant parents indicates additive gene contributions, while variation in hybrid performance points to specific combining ability effects.
Durable resistance in top-performing hybrids is likely attributable to quantitative disease resistance (QDR), characterized by small-effect genes with partial but long-lasting protection (Shi et al., 2025). In contrast, weaker genotypes may rely on major resistance genes that are effective at early stages but break down under increasing disease pressure. Recent genomic studies (Zhu et al., 2024) have demonstrated the involvement of shared polygenic regions in resistance to multiple foliar pathogens, emphasizing the potential of pyramiding QDR alleles in hybrid development.
5. Conclusion
Screening for Turcicum leaf blight resistance revealed that while all hybrids were resistant at tasseling, only 38% retained resistance at maturity. This indicates a loss of foliar resistance during grain filling, likely due to pathogen buildup or the breakdown of incomplete resistance. Hybrids involving parents such as JLML-01888, JLML-94333, JLSN-34, and JLSN-73 maintained stable resistance, highlighting their potential for breeding durable disease-resistant hybrids. The findings underscore the need for evaluating disease resistance across multiple stages and selecting parent lines with stable general combining ability for resistance traits.











Table 3. Screening against Turcicum leaf blight caused by Exserohilum turcicum in maize (Zea mays L.)
	S. No.
	Crosses
	Disease score
	PDI
	Disease reaction
	Disease score
	PDI
	Disease reaction
	Disease score
	PDI
	Disease reaction

	
	
	Tasseling stage
	20 Days after Tasseling 
	Maturity stage

	1
	JLML-01888XJLSN-03
	2
	2.2
	R
	4
	8.9
	MR
	4
	8.9
	MR

	2
	JLML-01888XJLSN-22
	2
	2.2
	R
	2
	2.2
	R
	3
	6.7
	R

	3
	JLML-01888XJLSN-25
	2
	2.2
	R
	4
	8.9
	MR
	4
	8.9
	MR

	4
	JLML-01888XJLSN-31
	4
	4.4
	R
	4
	8.9
	MR
	4
	8.9
	MR

	5
	JLML-01888XJLSN-34
	2
	2.2
	R
	3
	4.4
	R
	3
	6.7
	R

	6
	JLML-01888XJLSN-66
	2
	2.2
	R
	3
	6.7
	R
	5
	11.1
	MR

	7
	JLML-01888XJLSN-72
	3
	3.3
	R
	5
	11.1
	MR
	5
	11.1
	MR

	8
	JLML-01888XJLSN-73
	3
	4.4
	R
	6
	13.3
	MS
	6
	13.3
	MS

	9
	JLML-01888XJLSN-80
	1
	1.1
	R
	1
	2.2
	R
	2
	4.4
	R

	10
	JLML-01888XJLSN-81
	2
	2.2
	R
	2
	4.4
	R
	2
	4.4
	R

	11
	JLML-05444XJLSN-03
	2
	2.2
	R
	2
	4.4
	R
	2
	4.4
	R

	12
	JLML-05444XJLSN-22
	4
	4.4
	R
	5
	11.1
	MR
	5
	11.1
	MR

	13
	JLML-05444XJLSN-25
	3
	3.3
	R
	6
	13.3
	MS
	7
	15.6
	MS

	14
	JLML-05444XJLSN-31
	4
	4.4
	R
	7
	15.6
	MS
	7
	15.6
	MS

	15
	JLML-05444XJLSN-34
	3
	3.3
	R
	6
	13.3
	MS
	5
	10
	MS

	16
	JLML-05444XJLSN-66
	4
	4.4
	R
	7
	15.6
	MS
	7
	15.6
	MS

	17
	JLML-05444XJLSN-72
	2
	2.2
	R
	3
	6.7
	R
	3
	7.8
	R

	18
	JLML-05444XJLSN-73
	2
	2.2
	R
	3
	6.7
	R
	3
	7.8
	R

	19
	JLML-05444XJLSN-80
	3
	3.3
	R
	4
	8.9
	MR
	4
	10
	MR

	20
	JLML-05444XJLSN-81
	2
	2.2
	R
	4
	8.9
	MR
	4
	10
	MR

	21
	JLML-94333XJLSN-03
	2
	4.4
	R
	4
	8.9
	MR
	3.5
	7.8
	MR

	22
	JLML-94333XJLSN-22
	1
	2.2
	R
	3
	6.7
	MR
	3.5
	7.8
	MR

	23
	JLML-9433XJLSN-25
	1
	2.2
	R
	2
	2.2
	R
	1.5
	3.3
	R

	24
	JLML-94333XJLSN-31
	1
	2.2
	R
	2
	4.4
	R
	2.5
	7.8
	MR

	25
	JLML-94333XJLSN-34
	2
	4.4
	R
	4
	8.9
	MR
	2
	4.4
	R

	26
	JLML-94333XJLSN-66
	1
	2.2
	R
	1.5
	3.3
	R
	1.5
	3.3
	R

	27
	JLML-94333XJLSN-72
	1
	2.2
	R
	1
	2.2
	R
	1.5
	3.3
	R

	28
	JLML-94333XJLSN-73
	2
	4.4
	R
	4
	8.9
	MR
	3.5
	8.9
	MR

	29
	JLML-94333XJLSN-80
	2.5
	5.6
	R
	4
	6.7
	R
	3.5
	7.8
	MR

	30
	JLML-94333XJLSN-81
	1
	2.2
	R
	3
	6.7
	R
	5
	11.1
	MR

	31
	JLML-97555XJLSN-03
	1
	2.2
	R
	3
	6.7
	R
	3
	6.7
	R

	32
	JLML-97555XJLSN-22
	3
	6.7
	R
	4
	8.9
	MR
	3.5
	7.8
	MR

	33
	JLML-97555XJLSN-25
	3
	6.7
	R
	4
	8.9
	MR
	3.5
	8.9
	MR

	34
	JLML-97555XJLSN-31
	3
	6.7
	R
	3
	6.7
	R
	3.5
	7.8
	MR

	35
	JLML-97555XJLSN-34
	1
	2.2
	R
	1
	2.2
	R
	1.5
	2.2
	R

	36
	JLML-97555XJLSN-66
	3
	6.7
	R
	3
	6.7
	R
	3.5
	7.8
	MR

	37
	JLML-97555XJLSN-72
	2
	4.4
	R
	4
	8.9
	MR
	4.5
	10
	MR

	
38
	JLML-97555XJLSN-73
	2
	4.4
	R
	3
	6.7
	R
	3.5
	7.8
	MR

	39
	JLML-97555XJLSN-80
	3
	6.7
	R
	4
	8.9
	MR
	4
	8.9
	MR

	40
	JLML-97555XJLSN-81
	2
	4.4
	R
	4
	8.9
	MR
	4.5
	10
	MR

	41
	JLML-01666XJLSN-03
	4
	8.9
	R
	6
	13.3
	MS
	7
	15.6
	MS

	42
	JLML-01666XJLSN-22
	6
	11.1
	R
	6
	11.1
	MS
	6.5
	14.4
	MS

	43
	JLML-01666XJLSN-25
	2
	4.4
	R
	2
	5.6
	R
	2.5
	5.6
	R

	44
	JLML-01666XJLSN-31
	1
	2.2
	R
	2
	4.4
	R
	2.5
	5.6
	R

	45
	JLML-01666XJLSN-34
	3
	6.7
	R
	3
	6.7
	R
	3
	6.7
	R

	46
	JLML-01666XJLSN-66
	2
	4.4
	R
	3
	6.7
	R
	3
	6.7
	R

	47
	JLML-01666XJLSN-72
	3
	6.7
	R
	4
	10
	MR
	4.5
	10
	MR

	48
	JLML-01666XJLSN-73
	3
	6.7
	R
	3
	6.7
	R
	3
	6.7
	R

	49
	JLML-01666XJLSN-80
	3
	6.7
	R
	3
	7.8
	MR
	3
	7.8
	MR

	50
	JLML-01666XJLSN-81
	1
	2.2
	R
	2
	4.4
	R
	2.5
	5.6
	R

	 
	Lines
	
	
	
	
	
	
	
	
	

	51
	JLML-01888
	1.5
	3.3
	R
	2
	4.4
	R
	2
	4.4
	R

	52
	JLML-05444
	2
	4.4
	MR
	4
	8.9
	MR
	3.5
	7.5
	MR

	53
	JLML-94333
	2
	4.4
	R
	2
	5.5
	R
	3
	6.7
	R

	54
	JLML-97555
	3
	6.7
	R
	4
	8.9
	MR
	4.5
	10
	MR

	55
	JLML-01666
	4
	8.9
	MR
	5
	11.1
	MR
	6
	13.3
	MR

	 
	Testers
	
	
	
	
	
	
	
	
	

	56
	JLSN-03
	2
	6.7
	MR
	3
	6.7
	MR
	3
	8.9
	MR

	57
	JLSN-22
	4
	8.9
	MR
	4
	8.9
	MR
	4
	8.9
	MR

	58
	JLSN-25
	5
	11.1
	MS
	6
	13.3
	MS
	8
	17.7
	S

	59
	JLSN-31
	5
	11.1
	MR
	5
	11.1
	MR
	5
	11.1
	MR

	60
	JLSN-34
	2
	4.4
	R
	2
	4.4
	R
	2.5
	5.6
	R

	61
	JLSN-66
	3
	6.7
	MR
	3
	6.7
	MR
	5
	11.1
	MR

	62
	JLSN-72
	4
	8.9
	MR
	4
	8.9
	MR
	4
	8.9
	MR

	63
	JLSN-73
	2
	4.4
	R
	2
	5.5
	R
	3
	6.7
	R

	64
	JLSN-80
	3
	6.7
	R
	4
	8.5
	MR
	4.5
	10
	MR

	65
	JLSN-81
	4
	4.4
	R
	7
	14.5
	MS
	7
	15.6
	MR











Table 4. Categorization of maize genotypes based on their response to Exserohilum turcicum under artificial epiphytotic conditions
	Group
	Score
	Type
	Number
	Name of Genotypes

	Resistant (R)
	<3
	Hybrids
	21
	JLML-9433XJLSN-25, JLML-94333XJLSN-66, JLML-94333XJLSN-72, JLML-97555XJLSN-34, JLML-01888XJLSN-80, JLML-01888XJLSN-81, JLML-05444XJLSN-03, JLML-94333XJLSN-34, JLML-94333XJLSN-31, JLML-01666XJLSN-25, JLML-01666XJLSN-31, JLML-01666XJLSN-81, JLML-01888XJLSN-22, JLML-01888XJLSN-34, JLML-05444XJLSN-72, JLML-05444XJLSN-73, JLML-97555XJLSN-03, JLML-01666XJLSN-34, JLML-01666XJLSN-66, JLML-01666XJLSN-73, JLML-01666XJLSN-80

	
	
	Lines
	5
	JLML-01888, JLML-94333

	
	
	Testers
	3
	JLSN-34, JLSN-03, JLSN-73

	Moderately resistant (MR) 
	3.1-5
	Hybrids
	23
	JLML-94333XJLSN-03, JLML-94333XJLSN-22, JLML-94333XJLSN-73, JLML-94333XJLSN-80, JLML-97555XJLSN-22, JLML-97555XJLSN-25, JLML-97555XJLSN-31, JLML-97555XJLSN-66, JLML-97555XJLSN-73, JLML-01888XJLSN-03, JLML-01888XJLSN-25, JLML-01888XJLSN-31, JLML-05444XJLSN-80, JLML-05444XJLSN-81, JLML-97555XJLSN-80, JLML-97555XJLSN-72, JLML-97555XJLSN-81, JLML-01666XJLSN-72, JLML-01888XJLSN-66, JLML-01888XJLSN-72, JLML-05444XJLSN-22, JLML-05444XJLSN-34, JLML-94333XJLSN-81

	
	
	Lines
	2
	JLML-05444, JLML-97555

	
	
	Testers
	5
	JLSN-72, JLSN-22, JLSN-80, JLSN-31, JLSN-66

	Moderately susceptible (MS)
	5.1-7
	Hybrids
	6
	JLML-01888XJLSN-73, JLML-01666XJLSN-22, JLML-05444XJLSN-25, JLML-05444XJLSN-31, JLML-05444XJLSN-66, JLML-01666XJLSN-03

	
	
	Lines
	1
	JLML-01666

	
	
	Testers
	1
	JLSN-81

	Susceptible (S) 
	>7
	Testers
	1
	JLSN-25
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