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Abstract. Two separate experiments were done for seedling and adult resistance in
rice varieties against blast. Each experiment consists of 20 varieties and is evaluated under
artificial inoculation with blast. The result of the study confirmed that NERICA varieties
have shown low disease infection at the seedling stage whereas the varieties Chewaka
and Edget have shown adult plant resistance. Severe yield reduction and highly diseased
grain were obtained from Superica-1, which is highly susceptible at adult plant stage. In
contrast, the maximum grain yield was obtained from the Chewaka and Edget varieties,
these having a high level of adult resistance. Therefore, Chewaka and Edget are promising
candidates for utilization in yield and blast resistance in rice improvement.
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Introduction

Rice (Oryza sativa) is one of the most stable foods providing half of the
daily calories for the world’s population, including African countries [1, 3]. It is
the most important source of carbohydrates, vitamins, minerals, and protein for
the developing countries [4—7]. The crop has steadily increased in demand and
growing area over the last two decades; thus, it becomes evident that it is a
strategic commaodity in the food security planning policies of many developing
countries [8].

In Ethiopia, rice is one of the new target commodities, whose promotion is
emphasized and that has played a significant role in the food security of the
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country [9]. The country has an extensive and suitable ecology for rice production
along with the possibility of growing in water-logged areas, where other crops
cannot grow. However, the national average yield of rice does not go beyond 2.8
t ha, which is 37.8% below the world average yield [10,11]. There are many
constraints affecting rice productivity in Ethiopia. Actual productivity and yield
stability are highly influenced by biotic factors, including broad and grass weeds
and a number of pathogens.

Rice blast is the most devastating pathogen, which causes a significant
reduction in grain yield and seed quality [12]. Infection of the blast can occur in
any developmental stage of rice, symptoms of the pathogen being mainly found
on leave, node, neck, and panicle. Early blast infection can kill seedlings, while
and infection occurring at young plant stages results in leaf blast, neck blast, and
panicle blast. The blast causes about 10-20% of yield loss in moderately
susceptible varieties, but in severe cases the loss may go up to 80% [13].

To overcome yield loss due to blast pathogen, making use of host resistance
and chemicals are the main strategies applied worldwide, including Ethiopia. The
application of fungicides is one of the control measures aimed at minimizing yield
loss due to blast disease [14, 15]. However, in developing countries, farmers
could not use chemicals prior to the occurrence of the disease. The use of a
chemical substance is neither practical nor environmentally friendly [16, 17]. The
development of cultivars resistant to blast is considered to be the most effective
strategy for protecting rice; this is the cheapest and most effective way of
controlling rice blast in the fields of resource-poor farmers [18, 19].
Unfortunately, achieving effective and long-lasting blast resistance is restricted
because of breakdowns in resistance due to the occurrence of virulent races [20,
21]. Therefore, considerable effort has been made in developing and identifying
blast-resistant varieties with the aim of making low-cost blast management
procedures available to farmers.

Materials and methods
Inoculum preparation

Isolates were collected from an infected rice variety and then cut into small
pieces, containing both the infected and the healthy tissue. Sterilization was done
for cut isolates using hypochlorite solution and tap water to eradicate
contamination. The cut portions were relocated to oatmeal agar medium and
incubated at 25 °C in a moist chamber for 10 days. Ten days after incubation, the
surfaces of the isolated colonies were rubbed gently with a paintbrush. The
isolated colonies were exposed under fluorescent light for three to four days to
reduce sporulation time. The surface of the Petri-dish containing blast isolates
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was rubbed again with the paintbrush to prepare the conidial suspensions. The
conidial suspensions were filtered through filter paper and adjusted to 105
conidia/ml concentration.

Evaluation of seedling resistance

Twenty rice cultivars were individually planted in the seedling plastic pots
containing forest soil and were placed in the lath house. The fertilizer was applied
at the rate of 3 gram/pot in the form of Nitrogen at planting, and 2 grams were
applied 5 days after inoculation. When the plants had fully expanded primary
leaves, they were inoculated with leaf blast adjusted at the conidial suspension of
10° conidia/ml concentration. The inoculated plants were placed in shade until the
growth of the lesion started. Reactions of the inoculated plants were evaluated by
the visual observation of the type and severity of the lesions present on leaves
and in accordance with the diagrammatic scale described by Urashima and Kato
[22]. On each plastic pot, the leaf of each five grown seedlings was evaluated.

Resistance for leaf blast at adult stage

Twenty rice varieties were grown for the assessment of leaf and panicle blast
resistance under field conditions. The investigations were carried out at the main
station of Bako Agriculture Research Center, Ethiopia, during the main seasons
of the 2016-2018 period. Randomized complete block design with three
replications was used for the experiments. The fertilizers were applied at the rate
of 100 kg/ha in the form of phosphorus, and 100 kgha Nitrogen were applied:
half at planting and the other half 5 days after inoculation. A seed of each
genotype was sown in a plot size of 2.5 m in length, with 6 rows and 20 cm apart.
A seed rate of 20 g per plot was used for each variety. A susceptible variety,
Superica-1, was used as an infector row for both experiments. Inoculation was
done at maximum tillering stage for leaf blast evaluation, and heading for panicle
blast was adjusted at the conidial suspension of 10° conidia/ml concentration.
Disease assessment started from the occurrence of the disease and continued for
six observations within seven-day intervals for both leaf and panicle blast. Ten
plants were randomly selected from each plot and tagged. Disease rating was
done for both pathogens on the tagged plant, based on the standard evaluation
system for rice [23].

The area under the disease progress curve (AUDPC) is a better indicator of
disease expression over time and is used to determine the levels of resistance of
rice varieties to blast in field, leaf, and panicle. Blast severity data were converted
to areas under disease progress curves (AUDPC) according to the formula
described by Shaner and Finney [24-26].
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where a = total number of observation days, ti= day | (time) expressed as number
of days after sowing, tg+1) — ti = time (days) between two disease observation
dates, and yi = blast severity at i observation.

Data analysis

Data were subjected to statistical analysis using SAS statistical software
(version 9.3) to determine the level of significant difference between varieties.
The mean separation was done using LSD (0.05) to facilitate the comparison of
all pairs of treatment means. The simple linear association between variables like
panicle severity, leaf severity, percentage of deteriorated/infected grain, adult
plant severity, and seedling stage severity was determined for 20 rice test
materials.

Results
Evaluation of resistance at seedling stage

Based on seedling evaluation, the varieties tested against Magnaporthe
oryzae were grouped into three categories based on a 0-5 scale as described by
Mackill and Bonman [27], i.e. resistant, moderately resistant, and susceptible.
The resistant group consists of 6 varieties, which are: Nerica-3, Nerica-12,
Nerica-14, Nerica-15, Nerica-18, and Eram-194; this group was found with few
types of lesions on some plants. The second group is that of moderate resistance
and consists of eleven varieties as follows: Getachew, FOFIFA-3737, FOFIFA-
3730, Andassa, Tana, Hidassie, Suparica-1, Nerica-4, Nerica-13, Chewaka, and
Edget. The third group (susceptible) consists of three varieties: Kokit, FOFIFA-
4129, and X-Jigna. This group consists of large-sized and a high number of
lesions and is characterized by the rapid reproduction of the pathogen
(Table 1).
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Table 1. Type of reaction and infection of rice varieties at seedling stage against
Pyricularia oryzae in glass house

Varieties i-rll-lyepc?[igz ;D;Efi 8:: Varieties i-r:%:epciigz :(—a)ell?:tei cc;r]:
Suparica-1 3 MR Nerica-14 2 R
Edget 3 MR Andassa 3 MR
Nerica-3 2 R Nerica-12 3 R
Nerica-4 3 MR Getachew 3 MR
Nerica-15 2 R Nerica-13 3 MR
Nerica-18 2 R FOFIFA-4129 4 S
Tana 3 MR Eram-194 2 R
Hidassie 3 MR FOFIFA-3737 3 MR
X-Jegna 4 S Chewaka 3 MR
FOFIFA-3730 3 MR Kokit 4 S

Notes: infection types were measured based on a scale of 0.0 to 5.0 (Mackill and Bonman, 1992)
R = resistant, MR = moderately resistant, and S = susceptible

Evaluation of resistance for leaf and panicle at adult stage

Analysis of variance for final leaf and panicle blast severity score (FSC)
showed a significant difference in the studied rice cultivars (Table 2). The mean
comparison of leaf blast severity (LBS) showed that the Edget and Chewaka
varieties had the lowest values with 1.8 and 2.0 rating score, respectively, while,
Nerica-3(5), Nerica-4(5), Nerica-14 (5), and Nerica-15(5) had the highest leaf
blast severity score (Table 2). Mean comparison of panicle blast severity (PBS)
showed that Edget and Chewaka yielded low severity scores with 3.0 and 3.4
score, respectively, while the highest (> 7) severity scores were obtained for
Nerica-14, Nerica-15, Nerica-4, Nerica-3, and Fofifa-3037 (Table 2).

The ANOVA obtained from the estimated areas under disease progress
curves (AUDPC) for both leaf and panicle blast significantly varied in the studied
rice varieties (Table 2). The highest estimated AUDPC value for leaf blast was
recorded for Nerica-14 (533.3), followed by Nerica-15 (523.0) and Superica-1
(520.0), while the lowest values were obtained for Edget (266.6) and Chewaka
(380.0). Similarly, the maximum mean value of AUDPC from panicle blast was
obtained for Nerica-14 (1861.9) and Superica-1 (1823.8), whereas the lowest
values were obtained for Edget (895.2) and Chewaka (955.2) (Table 2).

The analysis of variance for grain yield showed significant (P < 0.05)
differences among the varieties (Table 2). The highest grain yield was obtained
for Chewaka (4213.3 kg ha?), followed by the Edget (2625.3 kg hal) variety,
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both varieties showing high levels of adult resistance to both leaf and panicle
blast. In contrast, low yield was obtained for Nerica-14 (202.7 kg ha?), followed
by Superica-1-1 (606.0 kg ha'), which were susceptible to both pathogens and
highly susceptible to panicle blast (Table 2).

Table 2. Infection type (leaf blast), panicle blast severity, area under the disease progress
curve (AUDPC), leaf and panicle blast, and grain yield for rice varieties in field
conditions

Avrea under progress
ot curve (AUpDPgC) FLBS re;;c))srfse FPBS re?p%stfse Grain
Varieties . (1-5 t0 leaf (1-9 t0 panicle yield
leaf blast panicle blast scale) blast scale) blast (Kg/ha)
Nerica-14 533.3a 1861.9a 5.0a S 7.8a S 202.7fe
Superica-1 520.0a 1823.8ba  4.9ba S 6.6bac S 660.0dfe
Xchegna 516.3a 1819.0ba  4.7ba S 7.0ba S 1172.0dfe
Nerica-15 523.0a 1795.2ba 5.0a S 7.5a S 272.0fe
Nerica-3 506.6ba  1790.5ba 5.0a S 7.3ba S 1233.3dfe
Andassa 514.3a 1781.0ba  4.6bac S 7.0ba S 1792.0dc
Tana 500.0ba  1780.9ba  4.5bac S 6.6bac S 1441.3dce
FOFIFA-3037 505.6ba 1776.2ba 4.8ba S 7.2ba S 1316.0dfe
Nerica-4 521.0a 1771.4ba 5.0a S 7.4ba S 682.7dfe
Nerica-12 506.6ba  1757.2ba  4.8ba S 6.6bac S 827.3dfe
FOFIFA-3737  500.0ba  1757.1ba  4.9ba S 6.3bac S 931dfe
Getachew 5003.0ba 1733.3ba  4.6bac S 6.3bac S 920.3dfe
Hiddasie 502.0ba 1704.8bac  3.6bdc MR 5.0bc MR 1000.0dfe
Nerica-18 473.3bac  1604.8bac  4.3bac S 6.0bac S 102.7f
Nerica-13 466.6bac  1585.7bac  4.7bac S 5.0bc MR 340.0fe

Koki 440.0bac  1571.4bac  3.8bhdc MR 4.4hbc MR 1753.3dc

Eram-194 446.6bac  1571.4bac  4.7bac S 6.2bac S 1108.0dfe
FOFIFA-4129  440.0bac  1557.1bac  4.0bdc R 6.5bac S 801.3dfe
Chewaka 380.0dc 955.2d 2.0d R 3.4d R 4213.0a
Edget 266.6d 895.2d 1.8d R 3.0d R 2625.3bc
Lsd 118 361 1.08 1.6 1279.5
cv 15.1 13.2 14.3 12.2 15
F-test 0.01 0.001 0.01 0.004 0.002

Notes: Means followed by the same letter within the column are not significantly different at 5%
probability level. LSD = least significant difference, CV = coefficient of variation, P = probability,
** = highly significant (p < 0.01), * = significant (p < 0 .05), ns = non-significant, FLBS = final
leaf blast severity, FPBS = final panicle blast severity, R = resistant, MR = moderately resistant,
and S = susceptible.
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Rice grain deterioration due to panicle blast

Results of the study revealed that the grains of Chewaka and Edget were less
deteriorated compared with Nerica and other tested varieties (Fig. 1).
Significantly lowest percentage of infected/deteriorated grains was obtained for
Chewaka (20.4%) and Edget (21%), whereas the highest percentage of infected
grains was recorded for NERICA varieties (Fig. 1).
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Figure 1. Percentage of infected grains for 20 rice varieties due to panicle blast

Analysis of correlation coefficient

The simple linear association between variables, such as severity scale due
to leaf blast at seedling and adult plant stage, area under disease progress curve
for leaf and panicle blast, or percentage of deteriorated grain due to panicle blast,
were determined for 20 rice cultivars (figures 2-5). The percentage of affected
(diseased) grains was significant and was found in positive correlation with the
final severity score of panicle blast (r = 0.64, P < 0.05) (Figure 2). The final
severity score of leaf blast had a negative and non-significant association with
severity score at seedling stage (r =-0.38, P <0.05) (Figure 3). Panicle severities
were negative and highly significantly correlated with diseased grain (r = -0.77,
P < 0.01). The estimated AUDPC from leaf blast had a positive and highly
significant correlation with AUDPC calculated for panicle blast (r = 0.908,
P <0.01) (Figure 5).
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Figure 2. Correlation between the percentage of diseased/infected grain and panicle
blast for 20 rice varieties (significant by student’s t-test at 5% probability)
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rice varieties (non-significant by student’s t-test at 5% probability)
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Discussion

Evaluation results of seedling resistance in rice varieties to Pyricularia
oryzae revealed that NERICA-3, NERICA-12, NERICA-14, NERICA-15,
NERICA-18, and Eram-194 showed low infection types (ITs “1”—2”) based on
a 0-5 scale as described by Mackill and Bonman [27]. These varieties yielded
small numbers of sporulation lesions and reduced spore reproduction, suggesting
that they may have complete resistance genes against blast. Complete resistance
minimizes the entrance of the pathogen through developing anti-pathogen by the
plant and reduces spore reproduction and sporulation lesions [28-29]. This
interaction is under a gene-for-gene control [30]. Getachew, FOFIFA 3737,
FOFIFA 3730, Andassa, Tana, Hidassie, Superica-1, Nerica-4, Nerica-13,
Chewaka, and Edget varieties showed moderate infection types, while Kokit,
FOFIFA 4129, and X-Jigna showed high infection types (susceptible reaction)
(ITs “4”—5”) against blast at seedling stage. Thus, these varieties showed low
levels of resistance at seedling stage.

The field evaluation for adult plants indicated that NERICA 3, NERICA 4,
NERICA 12, NERICA 14, NERICA 15, and NERICA 18 had low levels of
resistance to leaf and panicle blast, while Chewaka and Edget had the lowest
infection rate and AUDPC value for both types of blast, which showed a high
level of resistance to leaf and panicle blast. This indicates an increase in blast
severity corresponding with an increased area under the disease progress curve.
The Chewaka and Edget varieties showed a slow development of lesions, low
disease pressure, and fewer as well as smaller blast lesions, which reduce the
extent of pathogen reproduction in the compatible interaction. These suggestions
are in agreement with Bonman [31] and Elsa [32], who reported the nature of
partial resistance, the compatible lesion types but also the low level of disease
pressure and fewer and smaller blast lesions than with fully susceptible cultivars
and that spore production may be reduced.

These findings confirmed that Chewaka and Edget had moderate blast
infection at seedling stage compared with lower ones (2.8-3.0) at adult stage.
Some contend that seedling resistance is effective at all growth stages, while some
others argue that resistance is effective at adult or seedling growth stages only
[33]. Results of linear relationship imply that rice blast infection at seedling stage
is negative and is non-significantly correlated with adult stage (r = -0.38, P <
0.05). According to Qi [34], increase in resistance with increase in growth stage
might be due to: morphological and physiological differences in leaf tissues,
latent period-prolonging genes may not be expressed in seedling stage but are
better expressed in adult plant stage. Koizumi et al. [35] reported similar results.

Results of the study indicated differences in yield reduction among rice
cultivars that were dependent on leaf and panicle blast development. The highest
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yield reduction occurred in the variety Superica-1, which is highly susceptible to
both leaf and panicle blast, while Chewaka and Edget had high levels of adult
resistance to both leaf and panicle blast. Similarly, Sim et al. [36] and Charles
[37] reported that severe yield reduction was caused by severe leaf and panicle
blast, including neck rot, resulting in complete yield loss. Rice blast disease
severity for panicle was found positive and highly significantly correlated with
grain yield reduction. This indicates that panicle blast disease severity was
directly related to grain yield losses. The finding that an increase in leaf or panicle
blast disease severity corresponds with an increase in grain yield losses has also
been reported by Shim et al. [38] and Charles [37].

Severe infection of rice panicle by Pyricularia oryzae has also been
considered a major cause of reducing the grain quality of rice by reducing the
percentage of ripe spikelets and the percentage of fully mature grains [12, 36, 38].
This suggestion supports the current studies that grains of the varieties susceptible
to panicle blast, such as Nerica-14, Nerica-13, Nerica-15, and Nerica-18, were
highly affected due to panicle blast. The lowest percentage of diseased grain was
obtained for Chewaka and Edget. The relationship between panicle blast disease
severity and the percentage of diseased/affected grains indicated that an increase
in disease severity resulted in a simultaneous increase in the diseased/affected
grain. Panicle severities were positive and significantly correlated with diseased
grains.

Conclusions

In conclusion, the rice varieties Chewaka and Edget were recorded to have
superior grain yield, had effects on the reduction of disease development rate and
the lower number and size of blast spots on the leaves/panicle, and minimized
grain deterioration. Therefore, these two varieties are promising solutions, which
could be utilized in yield and blast resistance breeding programmes in western
Ethiopia.
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