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Maize (Zea mays L.), the second principal cereal crop in Nepal, faces severe yield constraints due
to biotic stressors, notably banded leaf and sheath blight (BLSB), a fungal pathogen incited by
Rhizoctonia solani f. sp. sasakii. This disease manifests devastating yield losses, quantified between
11% to potentially 100% failure under optimal environmental conditions. Host resistance
constitutes a cornerstone of integrated disease management (IDM) strategies to ensure agricultural
sustainability. In this study, 120 maize genotypes were subjected to artificial inoculation under
controlled epiphytotic conditions at the National Maize Research Program (NMRP), Chitwan, to
delineate genetic resources conferring resistance to BLSB. Inoculation was administered at the
knee-high stage, followed by systematic evaluation of disease incidence percentage (PDI), percent
disease severity (PDS), Area Under Disease Progress Curve (AUDPC) and grain yield. Twenty
genotypes demonstrated superior resistance profiles, exhibiting mean PDI (40%), PDS (19%), and
AUDPC (468), alongside a mean grain yield of 3.91 t/ha. Linear regression analysis elucidated that
AUDPC accounted for 97% of the phenotypic variance in grain yield (R?> = 0.97), underscoring a
significant inverse correlation. These genotypes represent novel genetic reservoirs for introgression
into elite cultivars, advancing the development of BLSB-resistant maize hybrids to mitigate yield
losses in Nepal’s agroecosystems.
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Introduction

Regarding both area and production, maize ranks as the
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(Exserohilum turcicum Pass), southern leaf blight

second most significant crop in Nepal, following rice
(Subedi et al., 2018; Sharma, 2023). It serves as the main
food crop for most of the mountain communities and as a
source of animal feed for the livestock sector in the terai
area of Nepal (KC et al., 2015; Tiwari et al., 2024). Maize
occupied an area of 9,85,565 ha, yielding a production of
31,06,397 mt and achieving a productivity rate of 3.15 mt
per ha (MoALD, 2022). Numerous biotic and abiotic
factors are common in the maize cultivation area of Nepal,
which obstructs maize farmers (Paudyal et al., 2001). Yield
reduction caused by different diseases is a significant
worry for researchers and cultivators at all levels.
Numerous maize diseases have been documented in Nepal
throughout the years. In the terai area of Nepal, the primary
diseases affecting maize include northern leaf blight

(Bipolaris maydis Nisik and Miyabe), and banded leaf and
sheath blight (Rhizoctonia solani kiihn). Significant
disease found in hills and elevated regions include gray leaf
spot (Cercospora zeae maydis Tehon and Daniels),
northern leaf blight, banded leaf and sheath blight,
common rust (Puccinia solani Schw), brown spot
(Physoderma maydis Miyabe), leptosphaeria leaf blight
(Leptosphaeria sp.), downy mildew (Peronosclerospora
sp.), and head smut (Sphacelotheca reiliana) (Subedi,
2015).

Banded leaf and sheath blight (BLSB) is induced by
Rhizoctonia solani f. sp. sasakii (teleomorph: Corticium
sasakii syn. Thanatephorus cucumeris) is becoming more
severe and widespread in various environments, emerging
as a significant disease affecting maize across the nation
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(Paudyal et al., 2001). In Nepal, it was first reported in
Rampur, Chitwan in 1977 and primarily located in the
inner Terai region. The pathogen affects a broad range of
hosts and leads to seed decay, damping-off, root rot, stem
cankers, leaf diseases, and fruit decay across different host
plants. Owing to the existence of an anastomosis group
within the genus Rhizoctonia, it has the potential to affect
various crops across diverse geographical conditions. The
pathogen produces no spores; however, it generates
sclerotia that develop into mycelium and lead to disease
(Subedi, 2015). The illness is transmitted through the soil,
beginning at the roots and extending to the ears when the
environmental conditions are suitable. The disease leads to
grain yield losses varying between 11% and 40%, with
losses up to 100% in certain warm and humid areas where
conditions favor the pathogen (Hooda et al., 2017).
Rhizoctonia solani AG1-1A produces sclerotia that survive
in soil/plant debris for years, thrives across rotations, and
thrives in high humidity and temperatures, creating ideal
microclimates for fungal growth (Rai and Singh, 2018).
The pathogen can infect the plant during all growth phases,
from the seedling stage to the crop's maturity. Control of
the illness is crucial due to the harmful characteristics of
the microorganism.

The use of host resistance, especially via creating
resistant cultivars, signifies an eco-friendly method for
securing enduring agricultural resilience (Sharma and
Joshi, 2021). Nevertheless, constraints on durability and
irregular access to such resistance highlight the importance
of implementing integrated disease management (IDM)
strategies. Resistant varieties play a key role in IDM,
working alongside agronomic practices like crop rotation
and field sanitation to limit pathogen growth by reducing
inoculum levels in agricultural systems. Evaluating maize
germplasm in regulated environments allows for the
detection of genotypes with inherent resistance
characteristics. These resilient strains serve as the
foundation for breeding programs, providing farmers with
a cost-effective substitute to chemical fungicides and
encouraging environmental responsibility. Moreover,
these genotypes accelerate hybrid creation, enabling faster
introduction of suitable cultivars to areas with high disease
prevalence (Sharma et al., 2024). This research assessed
120 maize genotypes for resistance to BLSB under
controlled epiphytotic conditions to explore genetic
diversity, identify resistant germplasm for future elite
variety creation, evaluate important genetic resources, and
aid in mapping resistance genes.

Materials and Methods

Experimental Site and Meteorological Information

The assessment of the genotypes in relation to the
disease took place at the research site of the National Maize
Research Program (NMRP) in Chitwan from May 2021 to
August 2021. This location is situated at coordinates 27°
34" 60" North, 84° 30" 60" East and is positioned 197
meters above sea level. It experiences a sub-tropical
climate with elevated humidity throughout the year.

Isolation and Mass Production of the Pathogen
Field visits were conducted in maize cultivation zones
in Rampur, Chitwan district in April 2019. Leaves showing

clear symptoms of infection were gathered and brought to
the Plant Pathology lab at AFU. Leaves were manipulated
to examine the distinctive mycelium of the pathogen using
a compound microscope. The pathogen was isolated
according to the methodology outlined by Akhtar et al.
(2009). The gathered samples were sliced into multiple
segments using a clean blade approximately 5 mm long,
ensuring that part of the green section remained in each
segment, and were rinsed with tap water. The plant sections
were submerged in a 1% Sodium hypochlorite (NaOCI)
solution for 1 minute, then rinsed with distilled water three
times. Next, the leaf fragments were positioned between
two layers of sterilized blotting paper to eliminate
moisture. Plant materials were placed in water agar (WA)
media to promote the growth of hyphae, then incubated at
25°C for 2-3 days. A white cotton-like growth appeared in
the incubated sample, and hyphal growth was observed
under a light microscope to confirm the pathogen.

The purification and preservation of the pathogen were
achieved using the hyphal tip technique, which entails the
aseptic cutting of the tip from actively growing mycelium
and its subsequent transfer. To accomplish this, pieces of
hyphal growth from the tips were excised using a cork
borer and introduced into a fresh potato dextrose agar
(PDA) slant in aseptic conditions. The inoculated PDA
slants were maintained in a biological oxygen demand
(BOD) incubator at 25 + 1 °C to facilitate adequate
mycelial development of the pathogen, and after five days
of incubation, the PDA slants exhibiting abundant mycelial
growth of the pathogen were stored as pure cultures of the
pathogen at 7°C in the refrigerator.

The protocol for mass multiplication was derived from
the method utilized by Ahuja and Payak (1978). Barley
grains were rinsed three times with tap water. It was
subsequently immersed in water for 24 hours, then a 2%
sucrose solution was added, and 40 g was transferred to a
250 ml Erlenmeyer flask after excess water was removed.
Subsequently, they underwent autoclaving at a pressure of
15 psi for a duration of 30 minutes. The 3-day-old pathogen
growth from PDA was blended in sterile water and
inoculated with 5 ml in every flask, then incubated at 27°C
for 10 days in a laminar airflow environment. It was sealed
tightly to prevent contamination. After 10 days, the
pathogen's mycelial growth was observed, completely
covering the flask.

Experimental  Design, Used and
Agronomic Practices

One hundred and twenty maize genotypes supplied by
NMRP, Rampur were utilized in the research under
artificial epiphytotic conditions. There may not always be
ideal inoculum potential and favorable environmental
conditions in an area each year for the best disease
progression. Thus, artificial epiphytotic conditions were
established to guarantee proper disease progression. The
genotypes are displayed in Table 1. Genotypes were
assessed through a rod row design featuring a spacing of
75 cm. Two rows were utilized for one genotype,
containing 12 plants in each row. The length of each row
was 3 m, and the distance between rows was kept at 20 cm.
The research farm's soil was sandy loam, and before
preparing the land, farmyard manure was mixed in at a rate
of 8 tons per hectare. In the last stage of land preparation,
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Furadan (3%) was applied at a rate of 2 kg a.i./ha to
safeguard the maize seedlings from insects and pests.
Chemical fertilizers were utilized at a rate of 120:60:40 kg
NPK/ha using urea, diammonium phosphate (DAP), and
muriate of potash (MOP). A half dose of nitrogen along
with a full dose of phosphorous and potash was used as a
basal application. The leftover half dose of nitrogen was
applied in two divisions, with the first application during
earthing up and the second one at flowering time. Weeding
was performed when the plants reached knee height and
prior to tasseling, followed by successive earthing up.
Thinning was performed 15 days after sowing to ensure
ideal plant density in the area. Irrigation was supplied at
essential phases of growth and development, specifically
during the knee high stage and the tasseling stage.

Table 1. List of maize genotypes for screening

Artificial Inoculation of the Pathogen

Four grains were positioned between the leaf sheath
and stalk of the 32-day-old plant at the knee-high stage.
Elevated humidity was sustained by misting water to
promote the disease's progression. After a week, the plant's
leaves and sheaths exhibited a distinctive symptom of
concentric bands and rings that appear discolored,
appearing brown, tan, or grey.

Disease and Yield Assessment

Prior to inoculation, ten plants from each plot were
randomly chosen and labeled. Initially, data was collected
after 5 days of foliar spray, and further data were gathered
at 10-day intervals. The 1-9 scale developed by Ahuja and
Payak (1983), as illustrated in Table 2, was used to evaluate
the rating scale.

E.N. Genotypes E.N. Genotypes E.N. Genotypes
1 SO3TL YQ-AB-01 41 Rampur-3 81 TAKFA S9536

2 SO1SIYQ 42 ACROSS-9331 82 AFAUFRIA-0031

3 SO01SIWQ-1 43 05SADVI 83 S97TLYHGAYB

4 S99TLYQ-B 44 07SADVI 84 SIN-IBP-UTYF

5 S99TL YQ-A 45 S0128 85 Phro PhuttabatS031
6 SO3TLYQ-ABO02 46 P501SRCO/P502SRCO 86 Terai Pool Yellow
7 S99TLYQ-HGAB 47 TLBRSO7F16 87 Celayoo HGA/Celayoo HGB
8 SO0TLYQ-B 48 ZM-401 88 Rampur SO3FQ -02
9 CORRALJOS992SIWQ | 49 Syanja Rato Makai 89 Rampur S13FQ-02
10 S99TLYQ-HGB 50 ZM-627 90 Rampur S13F-10
11 POZARICA9531 51 Jutpani Rato 91 Rampur S13F04

12 RAMPURS10F22 52 BLSBRS07F-10 92 Rampur S13F06

13 KSYN-F10 53 ACROSS 9942/ ACROSS 9944 | 93 Rampur S13F01

14 MANAKAMANA-3 54 KSYN-10 94 Rampur S13F08

15 RPOP-F2 55 KC Hybrid 95 RPOPYQ-12

16 RAMPURSO03F08 56 Suping Local 96 RPOPYQ-02

17 RAMPURSI13F1 57 Manakamana-1 97 RPOPYQ-14

18 RAMPUR-1 58 Ganesh-1 98 RPOPYQ-06

19 KLY-POP 59 BGBY POP 99 RPOPYQ-04

20 RAMPURS10F20 60 Sitala 100 RPOPYQ-08

21 ACROSS-99402 61 ACROSS-0031 101  RPOPYQ-10

22 POOL-16 62 Cotasla 0024 102 SO0TLYQ-A

23 POOL-27 63 GLSY 103  SO0TLWQ-B

24 597-TEY 64 ACROSS0011-11 104 SOO0TLYQ-AB

25 SO3TEY-SEQ 65 HGA/HG-AB 105  SO01SIWQ-2

26 SO3TEY-PO-BM 66 BLSBRSO07F12 106  S99TLYQ-AB

27 POP-44601 67 Across-2402 107  Poshilo Makai-1

28 SO3TEY-LN 68 HG-AB 108  OBTANPA (W

29 POP45/PO0OL17 69 Khumal Yellow/Pooll7 109  SO07TLWQ-AB

30 02SADVI 70 HG-B 110 2SG29YQ

31 Rampur S13F30 71 Rampur S13 F06 111 ZM-621/Pool-15
32 Rampurs03F04 72 Rampur S13 F24 112 ZM-423

33 Rampur-2 73 Rampur S03 F02 113  EEYCI

34 Rampur-10 74 Rampur S13 F26 114  RC/Pool-17

35 Rampur-4 (W) 75 Pozarica 9627 (RE) 115  ACROSS-99402
36 Rampur S13F28 76 RPOP-3 116  P15QC7SRCI

37 Rampur S10 F18 77 RPOP-4 117 POP-445/POP-446
38 Rampur #42 78 Upahar 118  SO3TEY-SEQ

39 Rampur #43 79 Arun-3 119  Earlymid Katamani
40 Rampur #2 80 Narayani 120  SO3TEY/SEBAFAUT
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Table 2. Rating scale for disease of banded leaf and sheath blight in maize.

Rating scale Degree of infection

1 Single leaf sheath present; several small, non-joining lesions observed

2 Two sheaths; lesions extensive and merging.

3 Up to four sheaths, lesions many and always coalescent.

4 As in scale 3 + rind discolored with small lesions.

5 All sheaths except two internodes below the ear.

6 Up to one internode below the ear shoot; rind discoloration on many internodes with large
depressed lesions

7 Up to internode bearing the ear shoot but shank not affected.

8 On the ear; husk leaves exhibit bleaching, banding, and clumping among themselves as well as
with silk fibers; significant fungal growth is present between and on kernel rows; kernel formation
is normal, albeit lacking luster; ear size is below average; some plants have died prematurely.

9 Along with scale 8, there is a reduction in stalk size; ear dimensions are diminished; wet rot and
disarray of the ear occur; kernel development is either absent or minimal; premature death of plants
is frequent; and there is excessive production of sclerotia on husk leaves, kernels, ear tips, or silk.

Disease Incidence Percentage (PDI)
It was calculated by using the formula of Wheeler
(1969).

PDI % — No.of infected plants % 100
™ Total no of observed plants

Percent disease severity (PDS)
It was calculated by using the formula of Wheeler
(1969).

(SNR)

PDS% = —+7"——=X
% NPO X MRS

100

SNR: Sum of all numerical ratings
NPO: No.of plants observed
MRS: maximum reading of scale (i..9)

Area under Disease Progress Curve (AUDPC)
It was calculated using the formula given by Campbell
and Madden (1990).

n-1

47,
AUDPC = Z (yl Zy‘“) (tivr — &)
i=1

where “t” is the time of each reading, “y” is the percent
disease severity at each reading, and “n” is the number of
readings.

Grain Yield (GY)
The estimation was made using the formula provided
by Tandzi and Mutengwa (2020).

, _ FEW (kg /plot) x (100 — HMC) x S x 10000
- (100 — DMC) x NPA x 1000

In this case,

FEW= Fresh ear weight, HMC= Moisture content at
harvest, DMC= Desired moisture content i.e., 12.5%, S =
Shelling coefficient i.e., 0.8 and NPA= Net plot area in m?

Statistical Data Analysis

The experiment was conducted in field conditions
utilizing a two-row rod design. The results of the
experiment were recorded and stored in Microsoft Excel.
Several packages were employed to perform multivariate
analysis in R (4.0.2). By employing the FactoMineR and
factoextra packages, Ward's methods for cluster analysis
and regression analysis were performed.

Results and discussion

Confirmation of the Pathogen by Pathogenicity Test

Pathogenicity testing was performed to confirm the
virulence of Rhizoctonia solani AG1-1A isolates following
established protocols. Pure fungal cultures (isolated from
infected maize) were grown on sterilized sorghum grain
medium for 10 days at 28°C. For inoculation, 5-7
colonized grains were inserted into the whorl or uppermost
leaf sheath of 30-day-old susceptible maize seedlings.
Control plants received sterile grains. Humidity was
maintained for all plants by covering the plants with
plastics for 48 hours post-inoculation. Disease symptoms
were observed after 14 days. Koch’s postulates were
fulfilled by re-isolating the pathogen from symptomatic
tissues onto PDA (Piparava et al., 2024).

Cluster Analysis

Major maize genotypes were evaluated for their
performance against BLSB. Out of 120 genotypes
evaluated, 20 genotypes, namely, Terai pool Yellow,
BGBY POP, RPOPYQ-04, RPOPYQ-06, Khumal
Yellow/Pooll7, BLSBRS 07F12, RPOP-4, POOL-27,
POP-44601, RC/Pool-17, SO3TEY-LN, ZM-627, POP-
445/POP-446, AFAUFRIA-0031, S97TLYHGAYB,
Rampur  SO03F04, KC  Hybrid, S01SIWQ-2,
SO3TEY/SEBAFAUT, Rampur S13F01 were found to be
promising after performing cluster analysis as shown in
Figure 1.

Mean value of AUDPC was 468 for these genotypes
ranging from 167 to 911. Percent Disease Severity was 19
ranging from 4 to 33. PDI was 40 ranging from 17 to 54
and yield observed was 3.91 t/ha ranging from 1.67 t/ha to
5.83 t/ha as shown in Table 3.

2376



Phulara et al. / Turkish Journal of Agriculture - Food Science and Technology, 13(s1): 2373-2379, 2025

Table 3. Characteristics of the maize genotypes on the basis of percent disease incidence (PDI), percent disease severity
(PDS), area under disease progress curve (AUDPC) and yield against BLSB (Rhizoctonia solani f. sp. sasakii)

at Rampur, Chitwan, 2021

Characteristics | N*= 54 N=31 N=20 N=15
Percentage disease incidence (PDI)
Mean 80 87 40 63
Range 42-96 67-100 17-54 42-79
Percentage disease severity (PDS)
Mean 69 87 19 40
Range 53-90 78-94 4-33 0-52
Area under disease progress curve (AUDPC)
Mean 1447 1,926 468 986
Range 1,000-1,993 1,694-2,122 167911 694-1,228
Yield (t/ha)
Mean 1.50 0.61 3.91 1.82
Range 0.11-2.87 0.19-1.11 1.67-5.83 0.22-2.93

*N denotes number of genotypes.

Table 4. Percent disease incidence (PDI), percent disease severity (PDS) and area under disease progress curve (AUDPC) of BLSB
(Rhizoctonia solani f. sp. sasakii) and yield of promising genotypes of maize (Zea mays L.) at Rampur, Chitwan, 2021

EN Genotypes PDI PDS AUDPC Yield (t/ha)
72 Terai Pool 16.67 4.44 166.66 5.82
68 BGBY POP 18.83 5.55 172.22 5.26
99 RPOPYQ-04 22.83 5.55 233.33 5.15
98 RPOPYQ-06 28.16 11.11 333.33 4.9
69 Khumal Yellow 30.16 11.11 361.11 43
109 BLSBRS 07F12 31.33 13.33 366.66 4.21
10 RPOP-4 35.33 17.77 416.66 4.16
23 POOL-16 36.50 17.77 422.22 4.08
27 POP-44601 37.50 17.77 433.33 3.91
16 RC/Pool-17 38.50 18.88 472.22 3.75
28 SO3TEY-LN 43.50 20 500 3.75
50 ZM-627 45.83 20 500 3.74
117 POP-445/POP-446 47.83 20 511.11 3.625
82 AFAUFRIA-0031 49 21.11 544.44 3.625
83 S97TTLYHGAY 50 22.22 544.44 3.58
32 Rampur S03F04 51 22.22 544.44 3.52
55 KC Hybrid 54.16 27.77 594.44 3.28
105 S01SIWQ-2 54.16 30 655.55 3.15
120 SO03TEY/SEBAFAUT 54.16 31.11 683.33 2.66
93 Rampur S13F01 54.16 33.33 911.11 1.66

Regression Analysis Between AUDPC On Yield of induced biochemical defense mechanisms provide

Promising Genotypes of Maize

The regression analysis of yield on AUDPC was
conducted. F-value of 628.08 (p<0.01) revealed that the
independent variable used in the model had a good
predictive power. R-squared value of 0.97 suggested that
AUDPC contributed to 97% of the total variation in yield.
The regression coefficient for AUDPC of -0.0051 implied
that a unit increase in AUDPC leads to a decrease in yield
by 0.00051 units. Put in other words, a 1000 unit increase
in AUDPC would result in 5.1 t/ha decrease in yield of
maize as shown in Table 5.

Sources of resistance can be found in existing varieties,
imported materials, local collection and wild relatives.
Some maize varieties viz., Jinjuok, Suweon-83, Suweon-
89, P-3055, P-3160, DK-689 and XCG-51were identified
as resistant varieties in Korea (Lee et al., 1989). Similarly,
in Nepal some level of resistance was reported in the maize
variety RML-76/ RL-105. Out of twenty-eight genotypes,
four genotypes viz., Pragati, KH-94, Proagro-4212,
MHI117 were identified as resistant (Asif and Mall, 2017).
The presence of effective pre-infection barriers and

resistance in inbred lines. A resistant line EV1417 has been
used in resistance breeding programs for developing
resistant lines (Meena et al., 2021). After testing for several
years in different locations of Nepal several genotypes viz.,
RML-8, RAMPUR S03F02, BLSBRSO07F12,
BLSBRS07F12, TLBRS07F14, Terai Pool Yellow, RML-
32/RML-17, RML-4/NML-2, BGBYPOP, Arun-1EV,
Pool-17, R pop-4, Synthetic B, Synthetic C, Synthetic A
and Across 9331 RE were identified for exhibiting
moderate resistant against BLSB (Rijal et al., 2013).

Conclusion

Out of 120 genotypes evaluated, 20 genotypes, namely,
Terai pool Yellow, BGBY POP, RPOPYQ-04, RPOPYQ-
06, Khumal Yellow/Pooll7, BLSBRS 07F12, RPOP-4,
POOL-27, POP-44601, RC/Pool-17, SO3TEY-LN, ZM-
627, POP-445/POP-446, AFAUFRIA-0031,
S97TLYHGAYB, Rampur SO03F04, KC Hybrid,
S01SIWQ-2, SO3TEY/SEBAFAUT, Rampur S13F01
were found to be promising. The mean disease severity,
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incidence, area under disease progress curve and yield of
those genotypes were 19%, 40%, 468 and 3.91 t/ha
respectively. The inheritance genetics of BLSB remains
rather unclear. Researchers have indicated that its
inheritance is both digenic and oligogenic. Consequently,
there is minimal advancement in resistance varieties when

compared to other maize diseases. The insights obtained
from this research will support the conservation and
application of invaluable resistant varieties of maize.
Nonetheless, the study is deficient in multi-site trials and
genetic-environment interactions, indicating potential
future directions for the research.

Figure 1. Dendrogram showing clustering on performance of genotypes of maize (Zea mays L.) against BLSB
(Rhizoctonia solani f. sp. sasakii) at Rampur, Chitwan, 2021. Promising genotypes are marked by blue.

Table 5. Regression analysis of AUDPC on yield of promising genotypes of maize (Zea mays L.) against BLSB
(Rhizoctonia solani f. sp. sasakii) at Rampur, Chitwan in 2021

Coefficients Standard error T stat P-value
Intercept 6.33 0.10 61.36 2.32e-22
AUDPC -0.0051 0.000207 -25.06 1.9¢-15
R square 0.97
F value oAk
Observation 20
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