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Abstract

Rice (Oryzae sativa L.) is one of the most important cereal food security crops for an ever-increasing population
globally. However, brown spot reduced its production and productivity. This study was conducted to screen rice resistant
lowland rice pipelines under natural infestation. A total of 49 lines were screened for their resistance against brown spot
in the field with a simple lattice design including two susceptible and two resistant varieties. Sixteen genotypes showed
highly resistant reactions for Bipolaris oryzae, and six of them including susceptible checks were highly susceptible. Thus,
Scrid037-4-2-2-5-2 (8693 kg/ha), Shaga (8184.50 kg/ha), scrid019-1-1-1-1-2 (7345.50 kg/ha), Fengdao 23 (7126.7 kg/
ha), and FOFIFA 167 (6895.60 kg/ha) genotypes were highly resistant, gave maximum yield and recommended in the
management of Bipolaris oryzae, and finally used as sources of resistance for further breeding programs. However,
inherent resistance genes of the above lines and the pathogen genetic characteristics should also be identified.
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Introduction

Rice (Oryza sativa L.) is an important staple food crop for the people
of this planet (Martin, 2015). It is also a vital food security commodity
in Ethiopia, and its growth has brought about major changes in
farmers’ livelihoods, creating job opportunities for a large number of
people across different parts of the country (Alemu and Thompson,
2020). In Fogera plain of Amhara region, rice plays an important role
in abating the problem of food insecurity of the farming community
and is consumed as enjera, tela, and bread (Tadesse et al., 2018). The
global rice production forecast has also been raised by 10.4 million
tons, putting it 2.1 percent higher than the previous year’s estimate of
502.8 million tons (FAO, 2021).

However, biotic, abiotic (salinity, water stress, temperature, soil
nutrient imbalance, etc), technical, and socioeconomic factors alone,
or in combination, restrict rice adoption to improved technologies and
create hurdles to obtain higher potential yields (Laha et al., 2017; Fahad
et al., 2019). The presence of diseases, insects, and weeds infestation
and lack of resistant rice varieties have been decreased the yield of
rice and its quality in Ethiopia (Nigussie and Alemu, 2011; Laha et al.,
2017). In rice production, diseases caused by fungi such as rice blast,
brown spot, and sheath rot are major drawbacks and result in losses in
the quantity and quality of the harvested products [1].

Bipolaris oryzae (Breda de Haan) Shoemaker is the second
economically important disease next to blast (IRRI, 2009; Zeleke et al.,
2019). Brown spot is soil, seed, and air born (Martin, 2015; Laha et
al,, 2017) disease which causes both quantitative and qualitative losses
(IRRL, 2013; Lahaetal., 2017; Hosagoudar etal., 2019; Yosep et al., 2020).
Rice brown spot causes losses of rice yield due to poor germination of
seeds, infection of leaves, and reduction of leaf area for photosynthesis
(Martin, 2015). It has been reported to have a widespread distribution
in all rice-growing areas of the world (Aryal et al., 2016). Temperature
(24-30 °C) and relative humidity (more than 90%) have a significant
role for the disease development (Imran et al., 2020) [2].

In the rice protection of Ethiopia, studies to determine the status of
rice diseases revealed that blast, brown spot, sheath rot, sheath blight,
rice yellow mottle virus, and sheath brown spot were important in this
order. The result of these studies reported that brown spot prevalence,
incidence, and severity were 34%, 40.25 %, and 8.57 %, respectively

(Zeleke et al., 2019). In addition, fungicides and varieties were screened
for brown spot disease in the upland rice ecosystem (Yaregal and
Alemu, 2016; Zeleke et al., 2019).

A yield reduction caused by brown spot has been reported from
6-90% in Asia (Yosep et al., 2020) and 50-90% was recorded in Bengal
(India), and its outbreak in 1942 resulted in the death of two million
people (Aryal et al., 2016; Laha et al., 2017). Depending on the nature
of the disease, stage of plant growth at infection, variety tolerance,
management, and weather conditions, the estimated losses can vary
from 1-100% (Yaregal and Alemu, 2016). Based on the survey result
done, the brown spot is the second most yield reducer next to blast
amongst rice diseases today in Ethiopia (Yaregal and Alemu, 2016;
Zeleke et al,, 2019), and its severity was 14.4% in Fogera plain (Yalew
etal, 2019) [3].

Amongst many specific methods of brown spot management, use of
host plant resistance, proper crop nutrition, avoidance of water stress,
planting disease-free seeds, and fungicidal spray are some preferable
options (Laha et al., 2017). Plant resistance is the most effective and
desirable disease control method in terms of economics and ensuring
a safe environment (Hosagoudar et al., 2019). There are considerable
differences in susceptibility to brown spot among rice varieties, and it
needs to evaluate proven varieties and genotypes for their reaction to
the disease in the various agroecological zones of rice (Hosagoudar et
al., 2019).

Now days, development of brown spot management options in
Ethiopian rice production are the top priorities. Since the introduction
and expansion of rice are recent, during the Derg regime in 1991(Alemu
etal.,, 2018), the research system did not bring an expected improvement
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in brown spot management. The primary step is the development of
resistant genotypes, and this study founded a base to address brown
spot problems in the rice-producing areas. Therefore, this study was
aimed to screen and develop brown spot disease resistant lowland rice
genotypes/pipelines under rain fed conditions [4].

Materials and Methods

Description of the study area

The field experiment was conducted at Fogera National Rice
Research and Training Center (FNRRTC) experimental site, in Fogera
district, Amhara region of Ethiopia (Figure 1). The center is located
at about 610 km from Addis Ababa and 55 km from Bahir Dar to the
north. Geographically the experimental site is positioned at a latitude
of 11° 54’ 26.4"" and longitude of 37° 41' 08.2"" with an altitude of 1804
meter above sea level and it receives an average annual rainfall of 1230
mm. The mean minimum and maximum temperatures of the area are
12 and 28 °C, respectively. The ecology and type of rice cultivation
practiced in Fogera plain is categorized as rain-fed lowland rice culture.
The soil is brown clay (vertisol) rich in underground water (Getahun,
2015) and is depleted because of monocropping.

Experimental materials and design

The experiment was conducted in an anaerobic rice ecosystem
under rain-fed conditions. The treatments were arranged in a simple
lattice design. The plot size was 2 meters by 1.2 meters (2.4 m*) and
the block size was 17.4 m x 1.2 m (20.88 m?). The net plot size was
2m x 0.8m (1.6m?) and four harvestable rows were available in each
genotype. Each block was partitioned into seven plots and 49 genotypes
were arranged in two replications. Whereas the total experimental area
was 23.8m x 17.4m (414.12m?). A spacing of 0.5 meters was used
between plots and blocks, while the spacing between replications was
one meter.

In the experiment, forty (40) lowland genotypes and nine lowland
released varieties were evaluated; of which, two were resistant varieties
(Wanzaye and Shaga) as well as the other two were susceptible
varieties (Gumara and X-Jigina). X-Jigina variety was used as spreader
row and sown by drilling in 20cm interval. Randomization was held
independently for each block by which treatments were assigned
completely at random as described by Gomez and Gomez (1984).

Figure 1: Map of experimental site.

Experimental procedures

The experiment was done in the 2020/2021 cropping season. The
genotypes were planted at earlier identified hot spot area by assigning
treatments randomly to each plot. A relatively susceptible variety,
X-Jigina was sown as a disease spreader row to disseminate airborne
spores by wind since the pathogen can spread from plant to plant in the
field or from field to field (Martin, 2015). The seed rate for each genotype
was 80kg/ha; 13g/plot and sown by drilling method. The recommended
fertilizer rates used were 121kg/ha for NPS and 350 kg/ha for urea. On
the other hand, ten plants of each genotype were randomly selected
from the middle two rows of each plot, tagged by red threads, and later
used for disease data collection. Other crop management practices such
as land preparation, weeding, and time of fertilizer application were
done according to research recommendations.

Data collection

Disease data collection: All sampled plants symptom of Bipolaris
oryzae were scored for disease severity and incidence which includes
leaf, sheath, and panicle (Magar, 2015; Martin, 2015; Pantha et al.,
2017). Data collection was carried out at seven days’ intervals after
the appearance of the disease symptom in which tagged plants within
each plot were visually evaluated for percent foliar infection (severity)
(Pantha et al., 2017). Typical symptoms considered are; small, oval, or
circular and dark brown leaf spots, while larger lesions usually have the
same color on the edges but have a pale, usually grayish center. Most
spots have a light-yellow halo around the outer edge (IRRI, 2013) [5].

Disease data were recorded five times in the growing season
following the Standard Evaluation System (SES) of IRRI (2013). The
0-9 severity rating scale developed by IRRI (2013) was adopted. The
disease parameters considered were disease severity, apparent infection
rate (r-value), Brown spot Severity Index (BSI), and Area under Disease
Progress Curve (AUDPC).

Disease incidence: It is the percentage of diseased plants or
parts in the sample or population of plants. It can be the proportion
or percentage of diseased leaves in a plant, diseased stalks, or tiller
or diseased seedlings in a field. It was calculated using the following
formula.

Disease incidence (%) = Number of infected plants per plot x 100 (1)
Total number of plants assessed

Disease severity: it is the percentage of relevant host tissues or
organs covered by symptoms or lesions or damaged by the disease.
Severity results from the number and size of the lesions. It was
computed using the formula below (Yalew et al., 2020).

Disease severity (%) = Area of infected sample plants x 100 2)
The total area of plant leaves observed

Brown spot severity index (BSI): Disease severity was recorded
on pre-tagged ten individual plants and the numerical values were
then used to calculate the percent infection. The severity grades must
be converted into Percentage Severity Index (PSI) for ease of analysis
according to the formula by Wheeler (1969). The formula used was:

Brown spot Severity Index (BSI) = sum of all disease ratings x 100 (3)
Total number of rating x Maximum disease grade
Apparent infection rate (r-value)

The disease progress rate was calculated using the appropriate
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model for each treatment. The apparent infection rate, expressed
in disease units per day, was calculated from disease severity data
transformed to logistic model. It was used to assess the first and the
last infection periods for each genotype with age. The transformed
values were regress over time (as days after sowing) (Campbell and
Madden, 1990). The rate at which rice brown spot increased (r-value)
was estimated using the following formula proposed by Van der Plank
(1963):

r-value = log x2- x1 x 2.303 (4)

t1-t2

Where, t1 and t2 are the initial and final days of assessment x1 and
x2 are the disease severity on the initial and final days of assessment.

Area under disease progress curve (AUDPC)

The effects of disease severity on rice genotypes along a period can
be evaluated using the AUDPC. AUDPC gives a quantitative measure
of disease development and intensity, and it helps to categorize
genotypes under different levels of resistance (Arup et al., 2009). The
disease severity on rice variety was integrated into an area under
disease progress curve (AUDPC). Disease scoring was done by using
a standard disease rating scale of 0 to 9 (IRRI, 2013). It needs to have
repeated disease assessments to calculate the area under the disease-
progress curve (AUDPC) and it enables to summarize the progress of
disease severity along a time. It was calculated for each plot from BSI
according to (Campbell and Madden, 1990).

n-1
AUDPC = Si=1 (Y i+1 +Yi) 0.5 (Ti+1 - Ti) (5)
Where Yi = brown leaf spot disease severity on the ith date
Ti = date on which the disease was scored
n = numbers of dates on which disease was scored

The mean AUDPC value was used to categorize genotypes as
resistant and susceptible as described (Pantha et al., 2017).

Relative yield loss (%): The relative loss in yield of each treatment
was determined as the percentage of that of protected plots of the
experiment. Yield loss was calculated based on the formula below
(Yosep et al., 2020):

RYL (%) = Yp - Yt x 100 (6)
Yp

Where, RYL = relative yield loss in percent, Yp = yield from the
maximum protected plots and Yt = yield from other plots.

Crop parameters

Data on all agronomic, morphological, and grain quality traits were
collected based on a standard evaluation system established for rice-
on-rice descriptors of IRRI (2013) and Bioversity International et al.
(2007).

Phenotypic acceptability (PAcp): The score was done through
visual observation to know the overall acceptability of the variety in the
plot. The scale, excellent=1, good=3, fair=>5, poor=7 and unacceptable=9
was used (IRRI, 2013).

Panicle length (cm): An average of five representative plants
length of the main axis of the panicle was measured from the panicle
base to the tip with the standard of semi-dwarf (lowland: less than 110

cm), intermediate (lowland: 110-130cm) and tall (lowland: more than
130 cm). The stage of measurement is during the ripening stage.

1000-grain weight (g): Random sample of 1000 well-developed,
whole grains, dried to 13% moisture content were weighed by precision
sensitive balance for each genotype and taken in gram.

Grain yield (kg/ha): The grain harvested from four harvestable
rows of each plot was weighted by sensitive balance. The final grain
yield was adjusted at 14% moisture level by using the following formula
(Paudel, 1995).

Adjusted grain yield = (100 — MC) x plot yield (kg) x 10000m? (7)
(100 — 14) x net plot area
Where MC= moisture content of grain in percentage

Harvest index (%): It is the percentage of the grain yield from the
biological yield or biomass yield. It is calculated as follows:

Harvest index (%) = Grain yield (g/plot) x 100 (8)
Biomass yield (g/plot)

Climate data: The 2020 cropping season climate data such as
minimum and maximum temperature and annual rainfall were
recorded on monthly basis. The weather condition had a significant
effect on the occurrence and severity of rice brown spot. The rainfall
distribution of the experimental site fluctuated and the onset of it was
early (May). The maximum amount of rainfall was recorded during June
(483.7 mm), July (471.2 mm) and August (453.8 mm), respectively. The
presence of high rainfall early in sowing time harmed the productivity
of rice. It was also ceased early in the middle of September and as a
result of this supplementary irrigation was applied.

The maximum temperature was recorded in November (29.2
°C), October (28.06 °C), September (27.67 °C) and August (25.56 °C)
cropping months of the plant growth stages and it was ideal for the
occurrence, development, and spread of brown spot. The pathogen
conidial growth and germination is formed between the temperature
range 18-30°C and high relative humidity > 85% (Sunder et al., 2014;
Aryal et al., 2016; Pantha et al., 2017).

Data analysis

Analysis of variance: Field data obtained from the experiment
were subjected to analysis of variance (ANOVA) and means were
separated and compared using Fischer’s least significant difference (F
- LSD) test at a 5% probability level (Nneke, 2011). The data collected
from the field was arranged using Microsoft excel 2016 and data on
disease severity were transformed using logistic transformation before
statistical analysis. Finally, it is analyzed by Statistical Analysis Software
(SAS) version 9.4 at 5% least significance level. A simple correlation was
made for estimated disease parameters (final percent severity index,
AUDPC, and apparent infection rate) and agronomic parameters (days
to maturity, number of plants per meter, number of filled grains per
panicle, number of unfilled grains per panicle, thousand-grain weight,
grain yield, dry biomass yield, and harvest index).

Cluster analysis

In cluster analysis, 49 genotypes were grouped into four clusters for
all agronomic and epidemiological characters (Figure 2). The cluster
analysis was done based on the distance of genotypes for agronomic an
epidemiological parameter (Pantha et al., 2017).
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Figure 2: Rainfall, maximum and minimum temperature of the study area, 2020.

Results and Discussion

Resistance level of genotypes and AUDPC value

The tested lowland rice genotypes showed a highly significant
variation (P < 0.0001) in mean values of AUDPC. All genotypes were
grouped into five categories of resistance. Of 49 genotypes screened,
16, 12 and 11 of them were highly resistant (mean value: <50), resistant
(mean value: 51-180) and moderately resistant (mean AUDPC
value: 180-259), respectively. Whereas the other four (IR 72768-8-1-
1, IR 75518-18-1-2-B, scrid014-1-1-1-1 and SCRID091-20-2-2-4-4
were susceptible (mean AUDPC value: 260-340) and genotypes
viz Gumara, SCRID091-20-3-1-3-4, Lunyuki, IR76999-52-1-3-2,
SCRID091-18-1-5-4-4 and X-jigna were highly susceptible (mean
AUDPC value: >340) for B. oryzae.

Based on mean AUDPC value, Aryal et al. (2016) had similarly
grouped 20 rice genotypes into five resistant categories namely; highly
resistant (mean AUDPC value: 0-200), resistant (mean AUDPC
value: 201-400), moderately resistant (mean AUDPC value: 401-600),
susceptible (mean AUDPC value: 601-800) and highly susceptible
(mean AUDPC value: 801-1000). Dhungana et al. (2020) had also
grouped 20 genotypes into five mean AUDPC value resistant categories
using the range of mean values from 0-50 (highly resistant), 51-100
(resistant), 101-150 (moderately resistant), 151-200 (susceptible) and
>200 (highly susceptible). Furthermore, from 244 rice germplasm
screened for a brown spot by Hosagoudar et al. (2019), three were
resistant, 70 were moderately resistant, 137 were moderately susceptible,
27 were susceptible and six of them were highly susceptible. As to the
findings of Yosep et al. (2020), amongst 24 genotypes six genotypes
were moderately resistant, four genotypes were moderately susceptible
and 14 genotypes were susceptible to brown spot.

Brown spot severity index

The result showed that the tested genotypes had a variable
response and a highly significant difference (p < 0.0001) concerning
epidemiological parameters considered. Analyzed disease data revealed
that the percent disease index of all genotypes ranged between 0 and
87.75%. The highest disease severity index (87.75%) was recorded on
the susceptible variety named ‘X-Jigna’, followed by Lunyuki (36.55%),
IR76999-52-1-3-2 (33.65%), SCRID091-18-1-5-4-4 (32.95%) and
SCRID091-20-3-1-3-4 (30.6%).

tested, Edirne, Suitou Chuukanbohon
scrid019-1-1-1-1-2, Scrid037-4-2-2-5-2,

Of 49 genotypes
Nou 11, FOFIFA 167,

SCRID090-177-2-4-3-4, Yungeng 45, Songgeng9, IR 83372-B-B-
115-4, FOFIFA 172, Wanzaye, Erib, Abay, Shaga and Hiber showed
zero % severity index. Idget (16.45%), Osmancik-97 (13.5%), IR
83377-B-B-93-3 (13.4%), Tunca (12.6%), Samgangbyeo (12.55%), IR
83222-F11-66 (12%), SCRID090-60-1-1-2-4 (11.7%), Saegyejinmi
(10.45%), Fogera 2 (9.4%), IR 83249- F9-29 (8.25%), P-28 (7.9%) and
WAS 161-B-6-B-1 (NERICA-L-36) (6%) were resistant. Similarly, the
susceptible genotypes SCRID091-20-2-2-4-4, scrid014-1-1-1-1, IR
75518-18-1-2-B, and IR 72768-8-1-1 showed the severity index score
25%, 24.8%, 24.35% and 20.25%, respectively, while severity index of
Lunyuki (36.55%), SCRID091-18-1-5-4-4 (32.95%), IR76999-52-1-3-2
(33.65%), SCRID091-20-3-1-3-4 (30.6%), Gumara (20.5%) an X-jigna
(87.85%) was higher than others.

The results of this experiment were in line with Mwendo et al.
(2017) and Dariush et al. (2020) report. Of 100 germplasm screened
by Mwendo et al. (2017), the reaction of 52 (52%) lines were grouped
as resistant, 27 (27%) lines as moderately resistant, 18 lines (18%) as
highly resistant, and 3 (3%) lines including the check as susceptible.
Moreover, the results of Dariush et al. (2020) indicated that the
response of 95 genotypes for brown spot had shown resistant,
moderately resistant, and moderately susceptible reactions. Among
95 genotypes tested, 13 (13.68%) exhibited resistant (R) responses, 42
(44.21%) moderately resistant (MR), and 40 (42.10%) were found to be
moderately susceptible (MS).

Apparent infection rate of bipolaris oryzae (r-value)

The disease progress was slightly varied initially (tillering stage)
among tested genotypes and increased gradually (flowering stage) over
time, to which the variation was highly significant (P < 0.0001). The
highest apparent infection rate (r-value) was recorded on susceptible
check (X-Jigna) (0.14) variety and other tested genotypes such as
IR76999-52-1-3-2 (0.12), SCRID091-20-3-1-3-4 (0.11) and Lunyuki
(0.11). The other susceptible check (Gumara) r- value was 0.09. Fifteen
highly resistant lines had zero r-values and 11 resistant screened lines
showed an apparent infection rate of 0.06 to 0.09. While the disease
progress rate of 13 moderately resistant and 4 susceptible was from 0.08
to 0.1 and 0.1 to 0.11. The resistant checks apparent infection rate was
also zero (Wanzaye and Shaga).

Apparent infection rates of all the tested genotypes ranged between
0 and 0.14, which is in agreement with findings (range: 0-0.1) reported
by Dariush et al. (2020). Dariush et al. (2020) has been reported the
range of r-value between 0 to 0.1 (moderately resistant: 0.019 to
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0.02, moderately susceptible: >0.025 to <0.038, susceptible: 0.05 to
0.11). Similarly, results reported by Dhungana et al. (2020) further
substantiated findings of the present study in Ethiopia. In general,
genotypes categorized as highly resistant and moderately resistant
had the lowest disease infection rate, whereas susceptible and highly
susceptible lines had infected highly over time.

Relative yield loss

The findings revealed that the genotypes showed highly significant
variation in grain yield loss. The variability in yield under disease-free
and diseased conditions ranged from 5.85% to 85.66%. The lowest
yield loss was mostly exhibited from genotypes suffering the lowest
disease severity (0%), which were Scrid037-4-2-2-5-2 (0%), Shaga
(5.85%), Scrid019-1-1-1-1-2 (15%), Yungeng 45 (23.66%), Suitou
Chuukanbohon Nou 11 (24.99%), and SCRID090-177-2-4-3-4 (25.3%)
[5].

The highest yield loss was calculated from the highly susceptible
genotypes such as Lunyuki, SCRID091-20-3-1-3-4 (58.68%), X-Jigina
(56.37%), and Gumara (54.6%) as well as from susceptible genotypes,
IR 72768-8-1-1 (60.21%) and scrid014-1-1-1-1 (52.23%). The highest
yield loss was not only recorded from genotypes that were highly
susceptible and susceptible. For instance, resistant genotypes, Fogera
2 (73.57%) and IR 83222-F11-66 (65.4%) and moderately resistant
genotypes like Namcheobyeo (85.66%), IR 83222-F11-167 (61.4%), and
YUNLU NO0.33 (59.59%) showed high relative grain yield loss. Yield
loss is not only determined by brown spot severity but also by tolerance
of the genotypes to brown spot . Hence, this probably resulted from the
variation in yield genetic potential.

Similarly, Yosep et al. (2020) has been screened 24 genotypes against
brown spot disease. They reported that the highest yield loss (>45%)
was obtained from highly severed genotypes (>30%, severity) (SBD-
02, HK-07, WIN-21, HK-06, SBD-04, NGR-21, and MANU-04) which
were classified as susceptible. Two moderately resistant genotypes had
also high yield loss (>20%), approaching those of moderately susceptible
genotype MGR-04 (MS-9) and susceptible genotype ADN-05 (S-2).
Furthermore, a susceptible genotype (B13784C-MR-2-2-8-4-1-1-3-3)
showed a much lower yield loss (11.48%) which was similar to
moderately resistant genotypes. Finally, Yosep et al. (2020) came to the
same conclusion, stating that the magnitude of yield loss increase was
not proportional to increasing disease severity, implying that genotypes
have different yield loss responses to brown spot disease [6].

Grain yield and yield-related components

The analysis of variance revealed significant variation (p <
0.0001) in agronomic and grain quality parameters measured such
as grain yield, thousand-grain weight, number of filled and unfilled
grains, and harvest index of the tested lowland rice genotypes. The
plant height was varied significantly among the rice pipelines and
ranged from 72 cm (WAS 161-B-6-B-1 (NERICA-L-36)) to 149.5 cm.
SCRID091-18-1-5-4-4 genotype showed the maximum plant height
(149.5 cm) and panicle length (26.0cm) [7]. There was also a highly
significant variation in panicle length among genotypes evaluated; the
minimum measurement recorded was for genotype “P-28” (17.80cm).
Considering days to maturity, the genotype named Edirne (122 days)
was recorded as the earliest mature followed by SCRID090-177-2-4-3-4
(138 days) and Wanzaye (138 days) [8].

The highest numbers (157.40, 146.60, and 142.90) of grains per
panicle were recorded on genotypes Yungeng 44, Yungeng 45, and
Fengdao 23”, respectively, whereas the lowest numbers of unfilled grain

per panicle were, in order, found in cultivars Idiget (3.20), Songgeng
9 (3.10) and FOFIFA 167 (2.90). However, the highest numbers of
unfilled grains per panicle were obtained in Lunyuki genotypes (26.60),
Gumara (24.30), and Erib (20.30). the maximum grain yield obtained
was from genotypes Scrid037-4-2-2-5-2 (8693 kg/ha), Shaga (8184.50
kg/ha), scrid019-1-1-1-1-2 (7345.50 kg/ha), and Fengdao 23 (7126.70
kg/ha) [9].

On the other hand, the minimum grain yield was recorded for
Namcheobyeo, Lunyuki, and WAS 161-B-6-B-1 (NERICA-L-36)
with a weight of 1246.50 kg/ha, 1412.5 kg/ha, and 2296.70 kg/ha,
respectively. The susceptible varieties, X-Jigna (3792.70 kg/ha) and
Gumara (3946.60 kg/ha) produced minimum grain yield. Genotypes
with the highest grain yield had the lowest disease severity and vice
versa but not always true because moderately resistant genotypes such
as YUNLU NO0.33 gave minimum grain yield (3512.5 kg/ha). Pantha et
al. (2017) reported that genotypes Sabitri and Radha-4 with the highest
grain yield had the least disease severity, whereas genotype Sankharika
had the least grain yield due to the highest final disease severity [10].

B. oryzae has a direct effect on the grain quality character (grain
weight and grain number). Pantha et al. (2017) described as B. oryzae
causes a decline in yield by increasing the number of empty grains,
reducing the number of grains per panicle and grain weight [11]. The
variation in grain weight was also highly significant (p <0.0001). The
highest grain weight was measured in Gumara, Hiber, and Ediget
varieties with the weight of 39.00, and 38.10 grams per 1000 seed,
respectively, whereas the lowest weight resulted from Abay (25.25g),
Edirne (20.20g), and IR 83377-B-B-93-3 (16.35g) genotypes. Moreover,
IR 83377-B-B-93-3 and Yungeng 44 gave the maximum harvest
index, while the lowest index was produced by Lunyuki (13.73%),
Namcheobyeo (12.65%), and Wanzaye (11.66%) lines. The analysis
of variance for grain yield and thousand-grain weight carried out by
Magar (2015) confirmed the results of this experiment since there was
a highly significant difference in grain yield and thousand-grain weight
among 14 rice varieties [12].

Grain yield (maximum: 5420 kg/ha and minimum: 2340kg/ha) and
tested grain weight (highest: 18.18gm and lowest: 9.397gm) was also
varied significantly (P <0.0001) among twelve rice cultivars tested by
Aryal et al. (2016). According to Dariush et al. (2020) filled grains per
panicle, unfilled grain per panicle, and thousand-grain weight were
ranged from 8.68 to 74.10, 7.13 to 64.45, and 16.7 to 30.6, respectively.
Thousand-grain weight (ranged from 16.35 to 38.1) obtained in the
present study was almost similar to what was reported by Dariush et
al. (2020), whereas there was variation in the number of filled grain
per panicle (78.9 to 157.4) and unfilled grain per panicle (2.9 to 26.2).
Furthermore, 20 rice genotypes evaluated by Pantha et al. (2017) and
Dhungana et al. (2020) were similarly varied significantly in yield and
yield attributes (thousand-grain yield and grain yield) [13].

Variability of genotypes

The genotype variations were highly significant for the brown spot
severity index, area under disease progress curve, and apparent infection
rate characters at 1% a level [14]. Moreover, except for thousand-grain
weight, genotypes were very significantly varied in days to maturity,
the number of filled and unfilled grains per panicle, grain yield, and
harvest index even at a 1% level of significance. Similarly, Dariush et al.
(2020) has reported comparable results involving 95 tested genotypes
for number of filled grains per panicle, number of unfilled grains per
panicle, hundred seed weight, number of productive tillers, brown
spot severity index, AUDPC, and r-value parameters. Furthermore,
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Mwendo et al. (2017) had also stated as there was a highly significant
variation for disease severity among 100 rice germplasm. There is
significant variation in sensitivity to brown spot among the 24 rice
types tested by Yosep et al. (2020), which could lead to a wide range of
yield losses caused by B. oryzae [15].

According to Dhungana et al. (2020), there was significant variation
across 20 genotypes, with Sarju-52 (4.32 t/ha) having the highest
grain yield and Sabitri (4.19t/ha), respectively. Based on Dhungana
et al. (2020) and Pantha et al. (2017) report, some genotypes, such as
Kathe Jhinuwa, Radha-4, and Sabitri, were superior in grain yield and
resistant to the brown spot. However, even though their production
was comparable to better yielders, genotypes like BI 0530-5-10-1-2 and
NR 1893 had a greater disease incidence and severity. Aryal et al. (2016)
highlighted the differences in grain production, disease incidence, and
severity between 12 varieties (Radha -4 and Kabeli were resistant to
brown spot, while Poonam, Mithila, and Sonam were sensitive to
brown spot) [16].

Cluster analysis

The maximum number of lowland rice genotypes were grouped in
cluster II, followed by cluster I, whereas clusters IIT and IV constituted
the lowest number of genotypes. Out of forty-nine genotypes tested,
42.86 %, 38.77%, 10.20% and 8.16% of genotypes were failed under
clusters IL, I, II1, and IV, respectively. The cluster analysis of genotypes
revealed that the range of days to heading and days to maturity were
ranged from 100.88 to 111 and from 143.24 to 150.7 days, respectively
[17]. The number of plants per meter in clusters was also ranged from
69.10 to 109.75, whereas the maximum and the minimum number of
filled grains per panicle in clusters were 121.08 and 99.72. In cluster I,
the number of unfilled grains was low (5.73) and the highest number
was recorded from cluster IV (12.6). On the other hand, the minimum
thousand-grain weight was recorded in cluster IV (29.24g), while the

maximum weight was obtained in cluster I (33.42g). The highest grain
yield was observed in cluster III (7555.45kg/ha) followed by cluster I
(5332.93 kg/ha) and II (5161.63 kg/ha). The harvest index was also high
in cluster I (43.75%) and III (41.89%) and the lowest was recorded in
cluster IV (25.06%) [18] (Figure 3).

Based on epidemiological parameters, cluster IV had the highest
brown spot severity index (18.14%), while cluster III had the lowest
severity index (4.48%). The progress of B. oryzae within time in
clusters varied and the apparent infection rate in clusters was ranged
from 0.02 (cluster III) to 0.08 (cluster IV). Furthermore, 49 genotypes
were clustered into four clusters in their mean AUDPC value and the
maximum and minimum values were showed in cluster II (231.77) and
cluster III (50.75). 75% of genotypes grouped under cluster III were
highly resistant. Pantha et al. (2017) had also grouped 20 genotypes
into four clusters (cluster I: six susceptible genotypes, cluster II: 11
moderately resistant genotypes, cluster III: two resistant genotypes,
and cluster IV: one highly susceptible genotype) based on AUDPC
values [19].

Correlation of epidemiological parameters along with
agronomic parameters

The correlation analysis revealed that the overall disease parameters
highly significantly as well as positively and negatively associated
with agronomic and grain quality characters. High plant population
in a certain area reduces soil nutrients and leads to plants stress and
early maturity [20]. In this regard, the number of plants per meter was
negatively correlated though it was not significantly varied with days to
maturity. Days to maturity was also showed a positive and significant
correlation with apparent infection rate. The association of the number
of plants per meter was negative and not significant with all parameters
except with grain and dry biomass yield [21].

Figure 3: Dendrogram of genotypes clusters based on agro-epidemiological traits.
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While the number of filled grains per panicle was negatively
correlated with brown spot severity index, area under disease progress
curve, and apparent infection rate but not significantly associated,
whereas grain yield, harvest index, thousand-grain yield, and dry
biomass yield positively interacted with filled grain per panicle. An
increase in the number of unfilled grains per panicle affected grain
yield, and harvest index negatively although it was positively associated
with other agronomic characters and disease parameters. However,
its association was significant with disease characters. The number
of filled grain per panicle and thousand-grain weight had a similarly
non-significant and negative correlation with AUDPC as reported by
Dariush et al. (2020) [22].

The thousand-grain weight showed a negative correlation with the
area under disease progress curve but had a non-significant association
with days to maturity, number of plants per meter, dry biomass yield,
number of filled grain per panicle, number of unfilled grains per
panicle, thousand-grain weight, grain yield, harvest index, brown spot
severity index and apparent infection rate. This analysis focused on the
interaction between grain yield and epidemiological parameters. The
rice grain yield was not only affected as the brown spot severity enhanced
and the disease was progressed over time but also the association was
highly significant with all characters. As to the report of Dhungana et al.
(2020), grain yield was also negatively correlated with mean AUDPC by
14.77%. The rice dry biomass yield was not also correlated significantly
with disease severity, area under disease progress curve, and apparent
infection rate even if it was positive except for harvest index. Moreover,
a negative and significant association showed between the rice harvest
index and disease characters of B. oryzae [23].

The incidence of brown spot was negatively correlated with
number of plants per meter, dry biomass yield, grain yield, and harvest
index, but it was highly significant with grain yield, number of unfilled
grains per panicle, and harvest index. The brown spot severity index,
area under disease progress curve and apparent infection rate were
positively and very significantly increased by brown spot incidence.
The maturity time (days to maturity) of rice was also enhanced when
the brown spot incidence increased.

The brown spot severity index was highly positively and
significantly correlated with area under disease progress curve and
apparent infection rate. The correlation between apparent infection
rate and the disease progress curve was also positive and significantly
associated. The above results of this study were not similar to Dariush
et al. (2020) report since the association between the number of plants
per meter and AUDPC was positive, while the number of unfilled
grains per panicle and AUDPC was negative in association and vice
versa. Aryal et al. (2016), Pantha et al. (2017), Dariush et al. (2020), and
Dhungana et al. (2020) were also reported as there was a significant
negative relationship between the disease progress curve and grain
yield in conformity with the above results [24].

Regression analysis

The was significant (P <0.0014) negative linear relationship
between mean AUDPC value and rice grain yield. The coefficient of
determination revealed that about 10.10% variation in grain yield was
due to mean AUDPC. The temperature ranged from 25.56°C to 30°C
combined to brown spot severity resulted in the reduction of grain
yield. Duveiller et al. (2005) also confirmed that high temperature
associated with disease severity in the field reduced 1000 grain weight
and grain yield [25] (Figure 4).

Figure 4: Estimated linear relationship between mean AUDPC and grain yield of
49 rice genotypes.

Conclusion and Recommendations
Conclusion

In conclusion, the development of host resistance in the
management of rice brown spot (Bipolaris oryzae) is highly valuable.
Thus, the development of resistant genotypes via screening against
the pathogen was achieved in this experiment. Amongst 49 genotypes
evaluated, about 15 genotypes were highly resistant and 11 were
resistant on the assessment of brown spot severity index and mean
area under disease progress curve. Based on varied resistance levels,
15 genotypes were developed as highly resistant. These genotypes
were superior in grain yield and the grain yield obtained from highly
susceptible and susceptible genotypes including were too low.

However, grain yield is not limited only by disease severity but
also by the genetic potential of the crop. The progress of B. oryzae with
time was low for highly resistant genotypes and their disease severity
index and apparent infection rate were zero. Hence, the identified
highly resistant genotypes are helpful for brown spot management and
for designing other improved varieties through breeding programs in
the future. All in all, the development of resistant rice varieties against
brown spot will also be enabled to manage the pathogen in an anaerobic
ecosystem of rice production and used as a source of host resistance in
further breeding research works.

Recommendations

Brown spot management is truly achieved through detailed
characterization of B. oryzae and design of the best control strategy. It
is known that host-plant resistance is an ideal method of management
since it is economical and environmentally friendly. Genotypes with
highly resistant and high grain yield in combination with other good
characters tested can be recommended for the management of brown
spot. Therefore, Scrid037-4-2-2-5-2 (8693kg/ha), Shaga (8184.50kg/
ha), scrid019-1-1-1-1-2 (7345.50kg/ha), Fengdao 23 (7126.7kg/ha)
and FOFIFA 167 (6895.60 kg/ha genotypes are recommended in the
management of B. oryzae and as source of parent lines for further
breeding programs. The pathogen characteristics of rice diseases
should also be investigated similarly because diseases management is
achieved through the primary characterization of a specific pathogen.
The development of resistant genotypes should also be supported with
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artificial inoculation and molecular tools to develop management
strategies.
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