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ABSTRACT: The lowland rice genotypes grown in Uganda were introduced in the 1970s. These geno-
types (now landraces) are threatened by multiple biotic stresses namely; Rice Yellow Mottle Virus
(RYMYV) disease, Bacterial Leaf Streak(BLS). Bacterial Leaf Blight (BLB), and Rice Blast (BL). There
are currently no rice lines with multiple resistance to these stresses although attempts have been made to
develop them through hybridization involving cultivated, local and introduced lines and four varieties
with tolerance to RYMYV have been released. The use of potential resistance donor such as the traditional
African cultivated rice, Oryza glaberrima, could be an alternative approach to furnish multiple resistance
to the cultivated rice. The rice germplasm developed from a cross of an Oryza glaberrima from Niger
Delta and Milyang23, a high-yielding Korean rice variety were evaluated for multiple resistance in
Uganda as a Korea-Africa Food & Agriculture Cooperation Initiative (KAFACT)-Alliance for a Green
Revolution in Africa (AGRA) joint cooperative project, “Enhancement of High Yielding Rice Germ-
plasm in African Countries through Anther Culture Breeding”. Milyang23 was back crossed 4 times
with Oryza. glaberrima and fixed through anther culture in Korea. An evaluation of 50 lines generated
showed that up to 98%, 92%, 88% and 88% of the test plants showed resistance to the RYMYV, BLS,
BLB and BL diseases, respectively. There was no symptoms of the four diseases in 74% of the genotypes
tested. The plants that showed symptoms of the three diseases had scores of not more than 3on a1 to 9
scale. This preliminary finding demonstrates that these generations of rice lines could help solving the
current problem of susceptibility to multiple diseases.

Key words: germplasm, anther culture, hybridization, rice yellow mottle virus, bacterial leaf sreak, bacterial
leaf blight, rice blast
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ice has attained a status of a major food crop and an

import commodity traded at various levels of its value
chain in Uganda. However, self sufficiency in its produc-
tion has not yet been achieved. The government of Uganda
responded to this need gap by devoting funds to support
upland rice research and production. These effort resulted
in the release of 11 high yielding rain-fed upland varieties
between year 2002 and 2014 (Lamo et al., 2010; Lamo et
al., 2014). However, there was limited interventions in the
development of lowland rice varieties during the same
period. The lowland rice is ground in bunded flooded
fields for some part of the growing season. These produc-
tion areas are more fertile than the upland conditions and
have opportunity to provide stable yields due to ease of
irrigating the crop. In Uganda, rice is cultivated under
three production systems: upland (71% of cultivated rice
area), rain-fed lowland (25%) and irrigated wetland (4%),
with each system contributing 40%, 42% and 18% of rice
production in Uganda (MAFAP, 2013). The lowland and
irrigated areas have the potential to bridge demand gap
currently standing at 20% (240,000MT) of domestic rice
demand of the country which is around 300,000MT. More
so a cropping intensity of 1.2 have been demonstrated with
landraces namely K85, K5 and K23 in the lowland and
irrigated production areas.

Currently the huge potential for producing rice under
lowland conditions is being undermined by several biotic
stresses namely rice yellow mottle virus (RYMYV), African
rice gall midge(ARGM), Bacterial leaf streak (BLS), Bac-
terial leaf blight (BLB) and rice blast (BL). For instance,
the RYMV occurs both in lowland and upland conditions
but affects mainly lowland indica species of rice (Traore et
al., 2009) because of lack of resistance (Ochola and Tus-
sime, 2011). This problem is threatening the lowland rice
industry considering that lowland rice genotypes grown in
Uganda were introduced as early as the 1970s and yields
from these traditional rice varieties in the lowland ecology
are declining further. There is an urgent need to replace
these varieties with better adapted genotypes. Currently
there are no rice lines with multiple resistance to these
stresses at the moment although attempts have been made
to develop them through hybridization involving culti-
vated, local and introduced lines. Recently, however, a few
lowland varieties that are tolerant to rice were released.
These varieties are tolerant to RYMV. The use of tradi-
tional landraces including Oryza glaberrima is an alterna-
tive approach to furnish multiple resistance to the
cultivated rices in Africa. A breeding population from a
cross of an African cultivated rice (Oryza glaberrima from
Niger Delta) and Milyang 23, a Tongil-type Korean rice
variety was developed for combining high-yielding and

resistance to multiple biotic stresses in Korea. The African
landraces are known to harbor genes for resistance to vari-
ous biotic and abiotic stresses.

Diverse sources of resistance to BLB, BLS and LB have
been identified and reported by a number of researchers in
Uganda (Habarurema, et al., 2013, Lussewa et al., 2012,
Lado et al., 2011). However, majority of these studies have
been conducted using the germplasm of Philippines, West
Africa, Colombia, and China. Considering that limited
sources of resistance that have been identified in African
germplasm in light of the importance of rice and its diverse
biotic constraints, exploring new sources of resistance
would be essential. The purpose of this study was therefore
to screen wide-cross progenies derived from a cross of
Oryza glaberrima and a Korean tongil-type variety for
resistance to RYMV, BLB, BLS and LB for use in breed-
ing program of Uganda.

MATERIALS AND METHODS

Plant material

The germplasm screened were the double-haploid lines
of an advanced backcross population derived from a cross
of an African cultivated rice (Oryza glaberrima from
Niger Delta) and Milyang23. Oryza glaberrima was the
resistant donor and was used as the male parent in the
cross. Milyang23 was the recurrent parent for the back-
crosses. Anther culture was conducted in the BC,F; and
fifty double-haploid lines were generated through anther
culture in Korea.

Experimental site and design

The screening was carried out at the National Crops
Resources Research Institute (NaCRRI) Namulonge in
Uganda (032.62661°, 00.52924°, 1,122 meters above sea
level) during 2013-2014 season. Namulonge has a bimodal
type of rainfall with an annual mean of 1,300mm, where
the first rain season starts from April and ends in July and
the second season from September to December. The site
also has a tropical wet and a mild dry climate with slightly
humid conditions of average 65%. Temperatures rarely
rise beyond 28?, while the minimum is about 15?. It expe-
riences a less than 70% relative humidity.

A total of 50 lines including one parental line was used
in the evaluation. The lines were planted in 5 by 10 alpha
lattice design. The trial was planted on the 12 February
2014. The plot size was two rows, 3m long with 0.2m
inter-row spacing and 0.2m intra-row spacing. K85, a rice
variety susceptible to all major rice diseases in the country
was grown all around the trial plot two months before the
planting date. Fertilizer was applied at rate of 30N (DAP)
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Table 1. Scale used for RYMV severity in the rice field.

Scale

Description and level of resistance

1 No visible symptoms, Resistant (R)

3 Green leaves with sparse dots of streaks and < 5% of height reduction, Medium resistant (MR)

5 Green leaves or pale green leaf with mottling and 6-25% height reduction; flowering slightly delayed, Medium susceptible (MS)

7 Leaves pale yellow to yellow, with 26 - 75% height reduction; flowering delayed, Susceptible (S)

9 Leaves turn yellow or orange, > 75% height reduction; no flowering or some plants dead. Highly susceptible (HS)

Source: Standard Evaluation System of Rice (IRRI, 1988)

A modified scale developed by Zouzou et al. (2008) was used to classify the mean scores for disease severity. Values between 1 and 1.5
were given a score of 1 = highly resistant, 1.6-4.5 were assigned a score of 3 = resistant, 4.6-6.5 were rated as 5 = moderately resistant, 6.6-

8.5 as 7 = susceptible, and 8.6-9 as 9 = highly susceptible.

at the time of transplanting and 30N (Urea) at 40 days after
transplanting. Standard weeding methods was followed.
Flood irrigation was applied until maximum tillering (35d
after sowing), three times a week, to maintain field capac-
ity till the grain filling stage.

Inoculation with RYMY isolates

Inoculum of RYMV was collected from Namulonge in
Uganda that represent “hot-spots” for RYMV disease
based on earlier work (Munganyinka et al., 2012) The vir-
ulence of these isolates was confirmed by mechanical
inoculation of the susceptible genotypes, SUPA and K85
with these two isolates. In order to prepare the inoculum,
one gram of infected leaf tissue was first crushed in a drop
of double distilled water using sterile mortars and pestles
until 80% of the leaf tissue were macerated. The resultant
leaf extract was diluted 10 times by addition of 10 ml of
double distilled water. Thereafter, inoculation was
achieved by rubbing test plants at 14 days post-emergence
(when most plants had achieved a 3-leaf stage) from the
leaf-base to the tip with fingers moistened with prepared
inoculum. Non-inoculated plants were used as the control.
The inoculation was repeated after a week to avoid any
escapes.

Augmentation of BLB, BL and BLS infection.

The experimental layouts, treatments and fertilizer appli-
cations used for blast and BLB trapping nurseries were
according to Sere et al. (2007). The standard fertilizer rate
of 30N (DAP) at the time of transplanting and 30N (Urea)
at 40 days was considered adequate to render the plant eas-
ily attacked by the BLB and BLS diseases.

Data Collection

Reaction of individual plants to RYMV was scored at
one, two, three and four weeks after the initial inoculation,
based on the intensity of visual foliar symptoms. The mean
disease severity scores in plant populations were obtained

Table 2. Scale used for scoring bacterial leaf blight disease
severity in the rice field.

Scale of Dispezrszilnltff;f Area Description
1 1-5 Resistant (R)
3 6-12 Medium resistant (MR)
5 13-25 Medium susceptible (MS)
7 26-50 Susceptible (S)
9 >50 Highly susceptible (HS)

Source: Standard Evaluation System of Rice (IRRI, 1988)

using the IRRI standard evaluation system for rice (IRRI,
2002) as detailed in Table 1.

Data on BLB and blast was collected from 10 plants per
line by taking disease scores at 42 days after transplanting
using scores scale based percentage blast disease incidence
(BDI) and % BLB disease lesion (BDL) following Stan-
dard Evaluation System of Rice (IRRI, 1988) with modifi-
cation by Onasannya et al (2007). These scoring scales for
rice blast and BLB are detailed in Table 2 and Table 3,
respectively. The disease scoring scale for BLS was simi-
lar to that of BL.

Statistical analysis

Using the % BDI and % BDL, The analysis of variance
for all data was performed using GLM in Genstat follow-
ing the linear model.

RESULTS AND DISCUSSIONS

The resistance reactions of the 50 double-haploid lines
which were produced by anther culture in the BC4F1
plants from a combination of Milyang23 x O.glaberrima
to RYMYV, BLB, BLS, and Bl revealed that RYMV and
Blast scores ranged from 1 to 5 while BLB ranged from 1
to 3 and BLS varied from 0 to 1. However, the distribution
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Table 3. Scale used for scoring rice blast disease severity in the rice field.

Scale Description
1 No lesion and small brown specks of pinpoint size or larger brown specks without sporulating center
5 Small roundish to slightly elongated, necrotic gray spots, about 1-2 mm in diameter, with a distinct brown margin. Lesions
are mostly found on the lower leaves
3 Lesion type is the same as in scale 2, but a significant number of lesions are on the upper leaves
4 Typical susceptible blast lesions, 3 mm or longer, infecting less than 2% of the leaf area
5 Typical blast lesions infecting 2-10% of the leaf area
6 Typical blast lesions infecting 11-25% of the leaf area
7 Typical blast lesions infecting 26-50% of the leaf area
8 Typical blast lesions infecting 51-75% of the leaf area and many leaves dead
9 More than 75% leaf area affected

Source: Modified Standard Evaluation System of Rice (IRRI, 1988)

Table 4. Resistance reaction of the fifty double-haploid lines
derived from a BC4F(Milyang23*5 /O. glaberrima) to
major diseases in Africa.

Di Lines Resistance reactions to diseases
IS6a%es tested RyMV"” BLS” BLBY  BLY

No. of Resistant 50 49 46 44 44
lines (%) 50 98) 92) (88) (88)

VRYMV: Rice Yellow Mottle Virus disease, 2 BLS: Bacterial Leaf
Streak, YBLB: Bacterial Leaf Blight, “BL: Rice Blast

of the scores were all skewed to the complete resistance,
showing that up to 98%, 92%, 88% and 88% of the 50
lines tested did not show any of the RYMYV, BLS, BLB and
BL diseases symptoms, respectively (Table 4).

Further analysis involving mean severity revealed that
all the genotypes were highly resistant to BLS, while 41
plants (82%) were highly resistant falling to a scale of 1.0—
1.5 and 9 plants (18%) resistant to BLB (Figure 1). Results
of the reaction of the genotypes to RYMV revealed that 45
plants (90%) was highly resistant with 1.0-1.5 resistance
scale, 3 plants (6%) falling to 1.6-4.5 scales and 2 plants
(4%) were moderately resistant with 4.6-6.5 scale. Reac-
tion of the genotypes to rice blast revealed that 46%(23
plants) was highly resistant, 42%(21 plants) (resistant) and
12% (moderately resistant) as detailed in Table 2. There
was no symptoms of the four diseases in 74%(37 plants) of
the 50 lines tested. The plants that showed symptoms of
the three diseases had scores of not more that 3 ona 1 to 9
scale.

The backgrounds of the two parental lines, Milyang23
and Oryza glaberrima, from which the 50 genotypes were
generated are as follows; The recurrent parent in the back-
crossing, Milyang23 is a high yielding Indica-type variety
with the productivities of 6.32? 6.13 tons/ha in milled rice

100

)
=3

@Blast  RIRYMV BLB mBLS

Percentage
o
2

&=
=

20

=l
46-65
(Moderately
resistant)

Disease rating

CaZu\ e
1.0-1.5 (Highly
resistant)

8.6-9.0 (Highly
susceptible)

16-45
(Resistant)

6.6-8.5
(Susceptible)

Fig. 1. Resistance reactions of the fifty double-haploid lines

derived from a BC4F, (Milyang23*5 /O. glaberrima) for
each of the four diseases, RYMV, BLS, BLB and BL
according to the five resistance ratings from the highly
resistant to the highly susceptible

and it has a good grain quality with a 19.5% of low amy-
lose content. but it is susceptible to plant hoppers. O. gla-
berrima is landraces in the West Africa which have
multiple resistance to several biotic and abiotic stresses
including rice yellow mottle virus and the African rice gall
midge as well as unfavorable soil and temperature condi-
tions. In Uganda, O. glaberrima is known to show multiple
biotic stresses of rice. O. glaberrima formed the backbone
of the development of the famous NERICA rice varieties
through interspecific hybridization and anther culture.

In this study, we tried to develop the high-yielding Mily-
ang 23 type rice varieties which have the resistances to
major diseases and insect pest of Africa such as RYMYV,
BLB, and BL etc by using O. glabrrima germplam resis-
tant donors. Backcrosses and anther culture was adopted to
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speed up the production of the genetically fixed lines in the
BC,F; plants, and they were screened for the resistances to
major diseases in Uganda.

As results, the distribution of the disease scores was
skewed to the resistance reaction indicating that the geno-
types are generally resistant to RYMYV, BLB, BLS and BL.
There was high number of genotypes with low levels of
scores of disease suggesting that there was adequate vari-
ability to warrant selection. In the case of RYMYV, this find-
ing is contrary to observations by Lado et al (2011) who
found that all germplasm available in Uganda showed
symptoms of RYMV. Furthermore, Kouassi (2005)
reported that rice plants infected within 20 days after plant-
ing exhibit most of the typical RYMV symptoms, may
stop growing, and eventually die. The populations used in
the current study were different, therefore new sources of
resistance for use as immediate resistant donors have been
could be available. Similarly, Lussewa at al. (2012) found
that most rice cultivated in Uganda showed symptoms of
BLB. This new sourse of resistance could be helpful in
solving the problem of BLB in the country.

Currently, rice blast and bacterial leaf streak are devas-
tating rice diseases in Uganda. Results of this study that up
t0 92% and 88% of the lines did not show any symptom of
the two diseases respectively, suggests that the new popu-
lations are a new source of resistance to rice blast and bac-
terial leaf streak.

This new source of resistance could be useful for setting
the basis of rice breeding in Uganda. The prelimnary find-
ing of this research that 74% of the germplasm were resis-
tant to the four diseases suggests that these new lines could
be used for improving rice in Uganda.

However, the results reported here are preliminary and
are from an on-station trial. Tests in other agroecological
zones to evaluate the effect of environment on prevalence
of the diseases are needed in order to identify genotypes
with stable performance in the whole country. Further
these sets of genotypes need to be screened further using
by innoculation using representative ioslate of the four dis-
eases, RYMV, BLB, BLS and BL.
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