


EVALUATION OF INBRED LINES FOR YIELD AND RESISTANCE TO POST-FLOWERING STALK ROT DISEASE IN MAIZE (Zea mays L.)


ABSTRACT	Comment by HP: The abstract is largely descriptive and lacks a clear articulation of the research gap addressed by the study.
Statistical criteria used to declare superiority or resistance (e.g., significance levels or tests) are not mentioned.
The rationale behind selecting 62 inbred lines is not clearly justified.
Conclusions focus mainly on two lines, without briefly summarizing the overall performance trends of the evaluated germplasm.

Post-Flowering Stalk Rot (PFSR) is a devastating disease of maize caused by a complex of fungal pathogens, predominantly Macrophomina phaseolina in India, especially under prolonged dry conditions. Developing high yielding and PFSR-resistant inbred lines offers a sustainable and cost-effective strategy for disease management. In the present study, sixty-two maize inbred lines were evaluated for resistance and yield performance under artificially inoculated and uninoculated environments using a randomized block design with three replications at the Maize Research Center, Hyderabad, during the 2020 kharif season. Disease severity was rated on a 1–9 scale through stem-splitting assessment. Among the evaluated lines, PFSR-90 and PFSR-95 exhibited strong resistance coupled with superior grain yield over the check DHM-117, while PFSR-95 showed superior yield performance across both the environments. These resistant inbred lines serve as valuable genetic resources for breeding high yielding and PFSR resistant maize hybrids, contributing to sustainable maize production under stress-prone environments.
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INTRODUCTION	Comment by HP: The introduction is relatively lengthy and includes extensive general disease descriptions that could be condensed.
Prior studies are cited descriptively without critically identifying their limitations.
The applied or breeding significance of the study is not clearly emphasized.
Justification for focusing primarily on Macrophomina phaseolina among the PFSR complex is not sufficiently argued.

Maize (Zea mays L.) ranks as the third most extensively cultivated cereal crop worldwide, playing a pivotal role in ensuring global food and nutritional security. It thrives successfully across temperate, tropical and subtropical regions (Souki et al., 2011). However, with the intensification of agriculture and changing environmental conditions, plant diseases have emerged as a major constraint affecting crop productivity and profitability. Maize is susceptible to a broad spectrum of pathogens, including fungi, bacteria, viruses and nematodes, which collectively threaten both grain yield and quality, thereby endangering global food safety (Tiru et al., 2021). Among these, fungal pathogens pose the most formidable challenge, not only reducing productivity but also contaminating grains with mycotoxins, which are hazardous to human and animal health when consumed through contaminated food or feed. One of the most destructive fungal diseases of maize is Post-Flowering Stalk Rot (PFSR), which has attained global significance due to its widespread occurrence and devastating impact on yield.
PFSR is caused by a complex of pathogens, including three fungi viz., Cephalosporium acremonium, Macrophomina phaseolina and Fusarium verticillioides and a bacterium, Erwinia carotovora var. zeae (Shankar Lingam and Venkatesh, 2005). These soil-inhabiting pathogens primarily invade through the root and crown regions, leading to the onset of disease symptoms such as leaf drooping, wilting and premature drying. As the infection progresses, affected stalks become discoloured, turning from brown to grey and the internal pith tissues decompose, rendering the stalks weak and susceptible to lodging, especially under windy or stormy conditions. This structural damage severely affects both grain yield and quality while simultaneously increasing production costs.
In India, where PFSR is considered endemic, the disease poses a serious production threat, with incidence levels reaching up to 70% and yield losses estimated at around 51% (Shekhar et al., 2010). Considerable variation exists among agro-climatic zones concerning the pathogenicity, genetic diversity, reproductive behavior and toxin production of PFSR associated pathogens (Danielsen et al., 1998; Chandra Nayaka et al., 2008; Venturini et al., 2013 and Qiu et al., 2015). These variations are largely influenced by geographical location, seasonal conditions and cropping patterns (Kavas et al., 2022). The disease is prevalent across most maize-growing regions of India, particularly in rainfed zones such as Jammu and Kashmir, Punjab, Haryana, Delhi, Rajasthan, Madhya Pradesh, Uttar Pradesh, Bihar, West Bengal, Andhra Pradesh, Telangana, Tamil Nadu, and Karnataka (Kaur and Mohan, 2012). During the Kharif (rainy) season, Macrophomina phaseolina (Tassi) Goid is the predominant causal organism, whereas under irrigated conditions, Fusarium verticillioides is more prevalent. 
Macrophomina phaseolina is among the most economically significant pathogens, with a wide host range exceeding 500 plant species. It survives in the soil as microsclerotia and infected crop residues act as the primary source of inoculum. The pathogen thrives under high soil temperatures and low moisture conditions and can persist in dry soil for over ten months (Khan, 2017). Given its soil-borne nature, chemical management using fungicides remains ineffective, economically burdensome and environmentally unsustainable. Recent research efforts have focused on biological control strategies as eco-friendly alternatives to mitigate PFSR (Wu et al., 2015; Lu et al., 2020 and Jambhulkar et al., 2022). Nevertheless, breeding for resistant germplasm continues to be the most effective and sustainable approach to minimize yield losses associated with this disease.
Hence, the present study aimed to identify maize inbred lines exhibiting resistance to Macrophomina phaseolina and superior grain yield performance under both artificial inoculated and uninoculated conditions. The identified resistant and superior yielding inbred lines will serve as valuable resources for developing durable PFSR resistant and high yielding maize hybrids in future breeding programs.
MATERIAL AND METHODS	Comment by HP: Soil physical and chemical properties were not reported, despite their strong influence on PFSR development.
The rationale for choosing three replications was not statistically justified.
Key environmental parameters (temperature, humidity) during the cropping season were not documented.
Assumptions underlying ANOVA (e.g., homogeneity of variance) were not addressed.
Use of a single inoculation technique without comparison limits methodological robustness.

A total of sixty-five maize genotypes, including three standard checks viz., DHM-117 (yield check), KAVERI-50 (susceptible check) and JCY-2-7 (resistant check) were screened for PFSR resistance using the toothpick inoculation method (Anon., 1983; 2012) in combination with a disease-sick plot technique. The genotypes were simultaneously evaluated for grain yield per plant (g) under both artificially inoculated and uninoculated conditions following a Randomized Block Design (RBD) with three replications at the Maize Research Center (MRC), Rajendranagar, Hyderabad (27.2046°N, 77.4977°E) during the kharif 2020 season. Each entry was sown in 3-meter rows with a spacing of 60 cm × 20 cm between rows and plants, respectively. All recommended agronomic practices were meticulously followed to ensure optimal crop growth and reliable disease expression. The fungal isolates of Macrophomina phaseolina used for artificial inoculation were procured from the Plant Pathology Division, Agricultural Research Institute, Rajendranagar, Hyderabad.

Toothpick Inoculation Method
Isolates of Macrophomina phaseolina were cultured on Potato Dextrose Agar (PDA) medium and incubated for 10 days to obtain a vigorous stock culture of the pathogen. Round wooden toothpicks, approximately 6 cm in length, were thoroughly sterilized by boiling in distilled water for one hour to eliminate resins, gums and other inhibitory substances, this  process is repeated three times to ensure complete purification. The sterilized toothpicks were then air-dried on sterile blotter paper.
Dried toothpicks were bundled in groups of ten and transferred into sterile test tubes, each containing 100 ml of honey-peptone medium (prepared by dissolving 1 g peptone, 5 ml honey and 94 ml distilled water). The toothpicks were positioned upright, allowing 1–1.5 cm of their tips to remain submerged in the medium for uniform moisture absorption. The tubes were subsequently incubated at 28°C for seven days, facilitating the full colonization of toothpicks by fungal mycelia.
For field inoculation, the colonized toothpicks were inserted into the second internode (first elongated node) of individual maize plants at the tassel emergence stage. A 2 cm hole was created in the stalk at a 45℃ angle using a sterilized needle fitted with a wooden handle, into which the inoculated toothpick was carefully placed. 
RESULTS AND DISCUSSION	Comment by HP: Results are largely presented descriptively through tables with limited quantitative interpretation.
Correlation analysis between disease severity and yield reduction is absent.
Some tables are extensive and fragmented, reducing clarity.
Yield stability across environments was not statistically assessed.

Analysis Of Variance in Randomized Block Design
	           The analysis of variance (ANOVA) for grain yield (g) under uninoculated conditions and for disease score revealed highly significant differences, indicating the presence of substantial genetic variability among the evaluated maize genotypes (Table 1).
Table 1. ANOVA of 65 maize genotypes
	Source of Variation
	DF
	Grain yield per plant (g) under uninoculated environment
	Disease Score
	Grain yield per plant (g) under inoculated environment

	Treatments
	64
	610.70 *
	8.43*
	653.30 

	Replications
	2
	14.10*
	0.055
	18.25*

	Error
	128
	28.36
	0.16
	28.28



· Indicates significance at 5% level  DF=degrees of freedom














Scoring Procedure followed to record PFSR disease
1. Disease assessment was conducted at harvest by splitting the stalks longitudinally to observe internal discolouration.
2. Each inoculated plant was individually scored using the 1–9 scale (Payak and Sharma, 1985) (Table 2).
3. A minimum of 5 plants per row were inoculated and scored.
The mean disease score for each plot was computed from individual plant scores
During field inspection, a few inoculated inbred lines initially appeared green and vigorous, but upon splitting the stalks, extended internal infections were observed. In certain inbred lines, the entire plants were lodged or broken, reflecting severe disease progression. This variation in symptom expression may be attributed to differences in maturity duration, stalk architecture or internodal length among the inbred lines. Screening of representative maize inbred lines for PFSR disease are presented in Plate1. 
Disease Reaction to Post-Flowering Stalk Rot 
Among 65 maize genotypes Screened for PFSR disease, 62 inbred lines exhibited varying degrees of resistance to PFSR under artificial epiphytotic conditions. Out of these, 33 inbred lines including MGC-9, MGC-47, MGC-52, MGC-63, MGC-93, MGC-90, MGC-39, MGC-114, MGC-137, MGC-72, MGC-81, MGC-82, PFSR-51, PFSR-150, PFSR-46, PFSR-275, PFSR-46, PFSR-275, PFSR-256, PFSR-129, PFSR-157, PFSR-49, GP-35, GP-99, GP-27, GP-111, GP-221, GP-265, BML-30F, BML-11, BML-32-2, BML-20, BML-10, LM-13, and LM-14 were classified as moderately resistant.

Table 2. Disease Scoring for PFSR in Maize
	Score
	Description of Discolouration/ Damage
	Disease Reaction 

	1
	Up to 25% discolouration of the inoculated node
	Highly Resistant (HR)

	2
	26–50% discolouration of the inoculated node
	Highly Resistant (HR)

	3
	51–75% discolouration of the inoculated node
	Resistant (R)

	4
	76–100% discolouration of the inoculated node
	Resistant (R)

	5
	Less than 50% discolouration of the adjacent node
	Moderately Resistant (MR)

	6
	More than 50% discolouration of the adjacent node
	Moderately Resistant (MR)

	7
	Discolouration extending to more than three nodes
	Susceptible (S)

	8
	Discolouration extending to more than four nodes
	Susceptible (S)

	9
	Discolouration of five nodes or plant broken/lodged due to disease
	Susceptible (S)
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Meanwhile, 25 inbred lines viz., MGC-30, MGC-32, MGC-40, MGC-68, MGC-46, MGC-49, MGC-13, MGC-125, MGC-130, MGC-109, MGC-103, MGC-161, MGC-144, PFSR-32, PFSR-68, GP-215, GP-170, GP-16, GP-88, BML-51, BML-2, BML-13, Z-63-45, CM-105, and 5125 exhibited a moderately susceptible reaction.
Prominently, four inbred lines MGC-15, PFSR-90, PFSR-151, and PFSR-95 exhibited resistant reactions, indicating their potential as promising sources for PFSR resistance in breeding programs. Among the standard checks, KAVERI-50 displayed a susceptible response, whereas JCY-2-7 confirmed its resistant status (Table 3). 
Grain yield per plant of inbred lines under uninoculated and inoculated environments
A total of sixty two maize inbred lines were assessed for grain yield (g) per plant under both uninoculated and inoculated conditions. Under uninoculated conditions, grain yield ranged from 52 g (MGC-109) to 110 g (PFSR-95), with an overall mean yield of 79.5 g per plant. The highest yield was recorded by PFSR-95, reflecting its superior genetic potential under normal conditions. In contrast, under inoculated conditions, the inbred lines exhibited a mean yield of 56.7 g per plant, ranging from 20 g (Z-63-45) to 95 g (PFSR-95), highlighting a considerable decline in yield due to disease pressure.
The comparision of grain yield performance of maize inbred lines under both environments (Fig. 1) revealed that PFSR-95 maintained yield level on par to the check hybrid DHM-117 under uninoculated conditions. While, under inoculated conditions, PFSR-95 and PFSR-90 showed superior yield over the check DHM-117 showing their resilience under biotic stress.

Table 3. Comparision of  Grain Yield performance of maize inbred lines under uninoculated and inoculated environments. 
	S.No
	Inbred lines
	Un-inoculated environment
	Inoculated environment

	
	
	Grain yield per plant (g)
	Disease score
	Disease reaction
	Grain yield per plant (g) 

	
	
	
	
	
	

	1
	MGC-9
	102
	4
	MR
	76

	2
	MGC-30
	72
	6.5
	MS
	50

	3
	MGC-32
	74
	5.3
	MS
	45

	4
	MGC-40
	65
	5.1
	MS
	40

	5
	MGC-47
	82
	4
	MR
	70

	6
	MGC-52
	92
	5
	MR
	73

	7
	MGC-68
	72
	5.5
	MS
	50

	8
	MGC-46
	65
	5.5
	MS
	40

	9
	MGC-49
	75
	6.3
	MS
	44

	10
	MGC-63
	90
	4.1
	MR
	75

	11
	MGC-13
	82
	5.2
	MS
	56

	12
	MGC-93
	105
	4.5
	MR
	78

	13
	MGC-90
	85
	4.2
	MR
	76

	14
	MGC-125
	78
	5.8
	MS
	35

	15
	MGC-39
	76
	4
	MR
	65

	16
	MGC-130
	56
	5.1
	MS
	48

	17
	MGC-109
	52
	6.3
	MS
	21


Table 3 (Contd.)
	S.No
	Inbred lines
	Un-inoculated environment
	Inoculated environment

	
	
	Grain yield per plant (g)
	Disease score
	Disease reaction
	Grain yield per plant (g) 

	
	
	
	
	
	

	35
	PFSR-157
	95
	4.2
	MR
	70

	36
	PFSR-32
	58
	6.6
	MS
	25

	37
	PFSR-49
	65
	4.2
	MR
	52

	38
	PFSR-95
	110
	2.6
	R
	95

	39
	PFSR-68
	68
	5.8
	MS
	40

	40
	GP-215
	66
	5.7
	MS
	28

	41
	GP-170
	77
	5.7
	MS
	40

	42
	GP-35
	76
	3.8
	MR
	68

	43
	GP-16
	57
	6.1
	MS
	32

	44
	GP-88
	82
	6.5
	MS
	43

	45
	GP-99
	84
	4
	MR
	65

	46
	GP-27
	81
	3.6
	MR
	66

	47
	GP-111
	77
	4.3
	MR
	52

	48
	GP-221
	75
	4.8
	MR
	61

	49
	GP-265
	105
	3.8
	MR
	71

	50
	BML-30F
	85
	4.5
	MR
	65

	51
	BML-11
	87
	3.6
	MR
	62

	52
	BML-51
	55
	5.5
	MS
	33


Table 3(Contd)
	S.No
	Inbred lines
	Un-inoculated environment
	Inoculated environment

	
	
	Grain yield per plant (g)
	Disease score
	Disease reaction
	Grain yield per plant (g) 

	
	
	
	
	
	

	53
	BML-32-2
	95
	3.1
	MR
	54

	54
	BML-20
	87
	4.1
	MR
	66

	55
	BML-10
	95
	3.3
	MR
	70

	56
	BML-2
	72
	5.5
	MS
	51

	57
	BML-13
	68
	5.5
	MS
	43

	58
	Z-63-45
	64
	5.5
	MS
	20

	59
	CM-105
	74
	6
	MS
	50

	60
	5125
	58
	5.1
	MS
	36

	61
	LM-13
	75
	3.2
	MR
	66

	62
	LM-14
	83
	4.2
	MR
	72

	 
	Checks
	 
	 
	 
	 

	 
	DHM 117 (Yield) 
	101
	3.2
	MR
	90

	 
	K50 (Susceptible)
	68
	7.3
	S
	45

	 
	JCY-2-7(Resistant)
	85
	2.4
	R
	74

	 
	Mean
	79
	4.6
	 
	57

	 
	S.Em
	1.8
	0.1
	 
	2.1
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Fig 1. Represents Comparision of grain yield performance of maize inbred lines under uninoculated and inoculated conditions 







The consistent performance and resistant reaction of PFSR-95 and PFSR-90 under inoculated conditions underscore their potential as promising parental sources in maize breeding programs aimed at improving yield and disease resistance under pathogen-stressed environments.
Similarly Reddy et al. (2012) evaluated thirteen maize inbred lines for PFSR resistance and identified two (CM-211 and BPPTI-38) as resistant to the disease. Similarly, Banoth et al. (2021) screened 95 maize genotypes for PFSR at the Maize Research Centre, Hyderabad, using the toothpick inoculation method. Among these, 21 genotypes were classified as moderately resistant, 28 as moderately susceptible, 25 as susceptible and the remaining 21 as resistant to PFSR. Subedi et al. (2021) assessed 30 maize genotypes for both yield performance and resistance to PFSR, identifying RML-95/RML-96, Across-9942/Across-9944, ZM-401, Rampur34, RamS03F08 and TLBRS07F16 as promising sources of resistance. Significantly, ZM-401 and Rampur34 exhibited both high resistance and superior grain yield. 
In another study, Jat et al. (2017) observed significant variation in the disease development index (1–9 scale) among 80 maize genotypes, identifying QPM PMSQ 5 and L QPMH 115 as highly resistant, 50 as resistant, 13 as moderately resistant, 10 as moderately susceptible, 3 as susceptible and 2 as highly susceptible. Khokhar and Sharma (2014) also identified PFSR-resistant maize germplasm by evaluating 189 lines, of which 12 were found to be extremely resistant, 73 were resistant and 29 lines showed moderately resistant. More recently, Yadav et al. (2022) screened 150 maize germplasm lines using the toothpick method and reported eight genotypes (AH1625, BAU-MH-18-2, GGMH-114, GK 3207, CMH-12-686, CAH 1511, ADH 1619, and FQH-148) as highly resistant with disease scores ranging from 1.0 to 2.0. Among these, GGMH-114, GK 3207 and CMH-12-686 were notable for combining high resistance with superior grain yield performance.	Comment by HP: The discussion largely reiterates results rather than providing mechanistic interpretations.
Potential physiological or genetic bases of resistance were not explored.
Comparisons with previous studies lack critical depth.
Study limitations and environmental specificity were not adequately discussed.

CONCLUSION	Comment by HP: Conclusions are narrowly focused on two inbred lines without summarizing broader trends.
Future research directions are not explicitly stated.
Scientific conclusions and breeding recommendations are not clearly differentiated.

In the present study, the disease scoring for post-flowering stalk rot (PFSR) revealed that the majority of maize inbred lines exhibited a moderately resistant reaction. Significantly, four inbred lines MGC-15, PFSR-90, PFSR-151 and PFSR-95 showed resistance to PFSR under inoculated conditions. The comparision of grain yield performance under both environments indicate that the inbred line PFSR-95 showed on par yield to the check DHM-117 under uninoculated conditions. The inbred lines PFSR-90 and PFSR-95 showed superior yield over the check DHM-117 under inoculated condition. Therefore these two inbred lines PFSR-95 and PFSR-90 can be effectively utilized in future breeding programs to enhance the PFSR resistance and improve the grain yield in maize.
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Plate 1, Screening of PSR in maize inbred lines using tooth pick method





image2.png
Grain Yield under Uninoculated and Inoculated Conditions (with Check DHM 117)

100

8 8 2

(6) 3ueid 120 pja uiein

~o— Uninoculated Yield (g/plant]
—o— Inoculated Yield (g/plant)

X Check DHM 117

20

LT WHA 384D
sl
£T-W1
sz1s
SOTWD
SYEOZ
£T-TWE
e
0T IWE
0z-IWe
z-ze- 08
15Ing
el
J0E- WA
5929
12249
TITd0
LedD
66d)
8849
9T-d9
s€d
0LT-dD
STZ-dD
89-4Sdd
96-4Sdd
6v-¥Sdd
ZE-HSdd
LST-4S4d
62THSHd
95Z-HSd
SLTUSHd
9y-¥Sdd
TST-HS4d
0ST-HSd.
15-US4d
06-453d
78-29W
18-29W
2LDon
PHT-20W

1 LeT-don

ST-29W
T9T09W
YIT-D9W
£0T-D9W
60T-29W
OETD0W
BEDON
STT-D9W
06-29W
£6-09W
£LD0W
£9D0N
6v29W
920N
890N
25D9W
L29W
07-29W
2€D0N
0E-D9W
6290

Inbred Lines




