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ABSTRACT

A study was conducted in a green house of National Crop Resource Research Institute, Uganda to determine the
reaction for resistanceto rice yellow mottle virus (RYMV) in nine rice genotypes. Four were interspecific (N-1, N-4,
N-6 and Naric 1) and five intraspecific (two locals K5 and K85, and three introduced WAC 116, WAC117 and
Gigante). The screening of these parental materials for resistance to RYMV was done by artificial inoculation with a
virulent isolate from Iganga. For among the materials tested, none was found to be immune. The results revealed
four patterns of reaction to RYMV among the cultivars: three resistant (WAC 116, WAC 117 and Naricl), four
moderately resistant (Nerica 6, Nerica 4, Nerica 1 and Gigante) and two susceptible (K85 and K5). In the current
study, Gigante was recorded to have the severity of RYMV symptoms. Furthermore, lines WAC 116, WAC 117 and
Naricl were identified as sources of resistance to RYMV, and therefore candidates for use as parents to improve
resistance in susceptible preferred local rice varieties.
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INTRODUCTION

Breeding for resistance against diseases suchcasyRilow mottle virus disease is becoming an irtgrdrpart of
many improvement programs [14]. In such programplaat breeder focuses part of his effort on salacand
development of resistant plant lines [17]. The pimlity of identifying resistant lines is dependemon the
availability of an effective screening methodolagyd an environment favorable to artificially creagtithe disease
[15]. Screening for disease resistance is oftenedamder controlled conditions in a screen houserevieth
inoculated and non-inoculated plants are protefteh undesirable infection [12]. Artificial inocuian of test
genotypes is necessary to obtain a more uniformadis pressure than would occur under natural ¢onslif12].
Screening for resistance to RYMV typically uses hatcal inoculation [11], though [13] reported thatential for
using insect vectors. It was reported that desgpiae differences, both methods screen the varigtidse same
way and can be used effectively [13].

The rice improvement programme of National Cropsdreces Research Institute -Uganda has recentbdinted
new materials including interspecific and intrasfied¢o broaden the genetic base of germplasm @ dbuntry.
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However, the reaction of most of these materialeetp rice constraints (biotic and abiotic) needé¢odetermined
in order to fully utilize these genotypes in brewgdprograms. Previous studies by [8] , and [7] sz the response
of some lowland and upland rice varieties to RYMgedise and identified some sources of resistanckyding
Gigante as resistant and Nerica 8, Nerica 11 andc&lk8 as moderately resistant. To further broattés
resistance, the current study aimed to screen fapneferred local varieties (intraspecific) and newproved
varieties (interspecific) for resistance to RYMV.

MATERIALS AND METHODS
Genetic Plant Material
Nine genotypes were evaluated for reaction to RYMféction. Detailed descriptions of those materiate
presented in Table 1 below. Also included was tirotype, Gigante, used as resistant check and iNtivars
(IR64 and SUPA) added as checks for susceptibility.

Table 1. Characteristics of rice genotypes used the screening

Genotype Pedigree Origin
WAC 116 - lowland IRIS 251- 42131 Africa Rice
WAC 117- lowlanc IRIS 251- 42157 Africa Rice
Naric 1 - upland IRAT 257 IITA Nigeria
Nerical - upland WAB 450-|-B-P-38-HB Africa Rice
Nerica 4- uplanc WAB 45(-I1-B-P-91-HB Africa Rice
Nerica 6 - upland WAB 450-1-B-P-160-HB Africa Rice
K5 — lowland Unknown Local- Uganda
K85 — lowland Unknown Local- Uganda
Gigante — lowland (R ck)  Local accession from Mobaqjue  Africa Rice
IR64 - lowland (S ck) IR 18348-36-3-3 IRRI
SUPA -lowland (S ck) Unknown Local- Uganda

(Sck)=Susceptible check, (R ck) = Resistant check

Site

The research was conducted under an artificialrenment in a green house at the National Crops lRess
Research Institute (NaCRRI) at Namulonge. This Bebe Station is located at 0° 32" N and 32° 37inEhe
bimodal rainfall region of central Uganda. It isat elevation of 1150 meters above sea level wittawerage
rainfall of 12200mm/year.

Inoculum used

Inoculum of RYMV was collected from two main riceogving areas in Uganda that represent “hot-spats” f
RYMV disease according to survey reports [10]. Ehesere Iganga in Eastern Uganda, and Lira in Namthe
Uganda. The virulence of these isolates was coefiriny mechanically inoculating the susceptible ¢gres,
SUPA, K5 and K85 with the two isolates (Iganga &ird isolates).

To prepare the inoculum one gram of infected lessiie was first crushed in a drop of doubly- dedilwater using
sterile mortars and pestles until 80% of the lessue material was macerated. The resultant leedaxvas diluted
10 times by additing10 ml of doubly- distilled waténoculations commenced 14 days after transpigntising a
mixture of carborundum powder to aid the infecti®he inoculation was performed by rubbing the migtanto the
leaves from the base to the top using pieces d¢bratool. Since test inoculations conducted in kb study [8]
and the current study confirmed the isolate froamiga to be more virulent than that from Lira, feidate was thus
used in all subsequent trials, and maintained omplgbts.

Evaluation of the reaction of rice cultivars to thelganga-isolate of RYMV

The genotypes evaluated were raised in 10 litestigldouckets in a split-plot design with three regtions. The
inoculation was considered as the main-plot andvdmgety as the sub-plot. The accessions IR 64, AdRd

Gigante were included to assess the disease peesisdrdegree of resistance. After germination ¢eellings were
thinned to two plants per pot. Plants were alspkeg with NPK 17-17-17 at a rate of 2 gm/pot toiavconfusion
between the yellowing associated with disease dpwebnt and that due to malnutrition. Inoculatiortesdt plants
was done 14 days post-emergence, and repeatedemielater to ensure success. Non-inoculated pleetts used
as controls.
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Data collection

Disease scoring

Plants were inspected for any symptoms of RYMV atge and scored at one, two, three and four weftdss a
inoculation. Scoring was done on individual planising a 1- 9 standard scale [3]. In this scale:

1= No symptoms observed.

3= Leaves green, but with sparse dots or streakiless than 5% reduction of height.

5= Leaves green or pale green with mottling, 6%-2&dght reduction, flowering slightly delayed.

7= Leaves pale yellow or yellow, 26-75% height redhn, flowering delayed.

9= Leaves yellow or orange, more than 75% heigiitcton, no flowering or some plants dead.

To asses severity of the disease, a modified stmleloped by Zouzost al. (2008). Values from 1 to 1.5 were
given a score of 1 = highly resistant, 1.6 - 4.5evassigned a score of 3 = resistant, 4.6 - 6.®2weted as 5 =
moderately resistant, 6.6 - 8.5 as 7 = susceptile 8.6 - 9 as 9 = highly susceptible.

Components of the yield

Data on important agronomic traits was collectdudsTncluded the plant height (measured from thessoface to
the tip of the shoot in cm), the number of tillees plant (recorded for each hill) and the 100G@Isgeight (in gm).
These data were used to assess both inoculategoardoculated seedlings of each variety, and thesmpact of
the disease on growth of the rice. In each casenmalues were calculated and the impact of theadis was
assessed using the following formula:

Impact (%) = (Ni-I) X100/Ni18]

Where
Ni = mean values on the seedlings not inoculated
I= mean values on the seedlings inoculated

Data analysis

Data were subjected to analysis of variance (ANOViAIng GenStat software (14th edition) to obtaie thean
squares and differences in the mean disease sevEné mean severity scores across four weeks weed to
evaluate the reaction of the materials to RYMV.

RESULTS

Reactions of rice varieties to inoculation

Results on reaction of rice genotypes againsty@ti®w mottle virus (RYMV) disease showed a highklgnificant
difference (P< 0.001) for resistance to RYMV among the genotypesoss 4 weeks (Table 2). All the nine
genotypes tested showed symptoms of rice yellowtleneirus after inoculation, expressing differertéls of
susceptibility and resistance.

Table 2.Mean squares for RYMV severity scores of eleven ricgenotypes (8 parents plus 3 checks) over four vkseafter atrtificial
inoculation in screen house

Sov df. Week1l Week?2 Week 3 Week 4
Rep 2 0.6 0.47 0.18 0.10
Genotype 10 3.95% 8.72%** 10.82%**  1B2***
Errot 20 0.1¢ 0.1¢€ 0.12 0.1C

*** Ggnificant at P < 0.001

In general, distinctive symptoms of RYMV were oh&sl by the second week after inoculation. The spmst
observed included sparse and elongated yellow spuittled green or pale leaves, and pale yellovipweor
orange leaves. At 3-4 weeks post-inoculation mesbtypes had attained maximum disease scores (FaBased
on the severity of their symptoms and in the medifscale for RYMV disease scoring [18], the genesyl/AC
116, WAC 117 and Naric 1 displayed better resigatian did the resistant check, and were ratedtaesi
Interspecific lines N-6, N-4 and N-1 were modenatelsistant and N-6 showed better resistance tlththd check.
Compared to the susceptible checks, the localspeeific lines K5 and K85 were more highly susddptithan
SUPA, but slightly better than IR64.
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Table 3. Mean squares of scores for RYMV severityf eleven rice genotypes (8 parents plus 3 checks)er four weeks after artificial
inoculation in screen house

Weeks

Genotype Week1l Week2 Week3 Week4 Reactionto RY
Parents
WAC116 1.00a 1.00a 2.58a 3.17a R
WAC 117 1.08a 1.58a 2.83a 3.33a R
Naric 1 1.08¢ 1.67¢ 3.08¢ 3.42al R
N-6 1.42ab 1.67a 3.17a 3.92b MR
N-4 1.33ab 3.00b 4.33b 4.67c MR
N-1 1.82t 2.92t 425k 4.83( MR
K85 3.67c 5.25cd 7.17¢c 7.50d S
K5 3.58¢c 5.33cd 7.00c 7.58d S
Res. Check
Gigante 1.58ab 3.33b 3.83b 4.58c MR
Susc. Checks
SUPA 3.17c 4.75¢ 6.75¢c 7.17d S
IR 64 3.75¢ 5.58d 7.25¢C 8.33e HS
Grand mean 2.1 3.28 4.8 5.3
LSD 5% 0.6 0.72 0.6 0.5
CV% 17.2 12.9 7.4 5.8

Means in the same column followed by same letters do not differ significantly at P = 0.05

Effect of RYMV infection on yield components

The mean squares for the effect of RYMV diseaseriom performance are presented in Table 4. Theltsesu
revealed highly significantly differences (P<0.00i)the means (non-inoculated plus inoculated)hef teasured
variables. Similarly, the effect of RYMV inoculatioon yield components differed from inoculated tonn
inoculated genotypes at P < 0.01. However, no figgmt interactions of genotype and inoculatioresatvere
observed (P > 0.05).

Table 4. Mean squares for infection of eleven ricgenotypes with RYMV and effect on yield componentduring the season A 2012 at the
National Crops Resources Research Institute (NaCRRINamulonge

SOV d.f. Plant height # tillers 1000 grain weight
Inoculation (Main —plot) 1 674.56** 286.46** 91¢e*
Main-plot error 2 1.23 1.25 0.23
Genotype (Sub-plot) 10 1747.24%*  341.80** 113.68*
Genotype.ing 1C 31.87™ 11.3¢™ 1.6C™
Sub-plot error 40 15.80 12.75 2.79

** and *** Sgnificant at 0.01 and 0.001 probability levels, respectively

Table 5. Effect of RYMV disease on the componentd the yield for 11 rice genotypes after artificialinfection under screen-house
condition during the season A 2012 at the Nation&rops Resources Research Institute (NaCRRI)-Namulae

Impact
Mean score  Resistanc Height Tiller # 1000 Grain Weight

Varieties at 4 wks group reduction%  reduction% reduction%
WAC116 3.17a R 2.0 4.84 4.3
WAC 117 3.33a R 25 5.9 4.0
Naric 1 3.42ab R 25 16.3 5.2
N-6 3.92b MR 3.0 12.8 4.6
N-4 4.67c MR 3.7 273 9.2
N-1 4.83c MR 29 23.6 8.2
K85 7.50d S 15.8 17.9 14.3
K5 7.58d HS 17.8 25.7 20.9
Res. check
Gig 4.58c MR 6.8 9.7 10.0
Susc. Checks
SUPA 7.17d S 12.0 30.6 15.6
IR 64 8.33e HS 20.3 28.0 14.8

Means in the same column followed by same letters do not differ significantly at P<0.05

Results presented in table 5 show the diseaset effegield components. Results showed that RMY\édétibn
reduced plant height between 2.0 to 20.3% deperatingenotype whereas tiller number per plant vafiech 4.84
to 30.6 % and 1000 grain weight varied from 4.@00% (Table 5). All the resistant (R) and moddyatesistant
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(MR) genotypes showed a small reduction of 100thgreeight compared to the resistant check. Ofstireptible
varieties, K5 lost 20.9% of its 1000 grain weightcontrast to the two susceptible checks: IR4 ddBA which
lost 15.6% and 14.8%, respectively (Table 5)

Significant correlation was found between diseaseesty and % reduction in plant height (b = 3.45*iller
number (b = 3.47***) and 1000 grain weight (b =&§ (Table 6).

Table 6 Mean squares from analysis of variance faiegression of reduction in plant height, number ofillers and 1000 grain weight on

RYMYV disease severity
Plant height  Tiller number 1000 grain
SOV df reduction reduction weight reduction

Regressio 1 453.74*** 455.27%** 271.50**
Residual 9 4.01 44.02 5.03
Total 10
“b” 345 3.47 2.68
R? 0.93 0.53 0.86
S.E 2.00 6.63 2.24

*x %% ggnificant at 0.01, 0.001 probability levels respectively
DISCUSSION

None of the varieties tested was immune to infeckip RYMV. All the genotypes developed the typisginptoms
at 2-4 weeks post-inoculation which confirmed tlmilence of the RYMV isolate used and the reliapibf the
mechanical inoculation method. Similar results wesgorted [7; 18] in materials tested in their #sd Similarly,
[6] reported that rice plants infected within 2@/slafter planting exhibited most of the typical RYMymptoms.

On the basis of the symptoms developed, genotypes wassified into four classes: three (3) wesistant (i.e.,
WAC 116, WAC 117 and Naricl), four (4) moderatedgistant (N-6, N-4, N-1 and Gigante) and two susickp
(K85 and K5). These results showed that the intreifip lines (ndica species) were highly susceptible. Similar
results were reported by other authors [1; 7; 18; Wwho indicated thaOryza sativa indica were sensitive to
RYMV. A work carried out in Uganda [9] also supmothe present study and identified lines WAC116 and
WAC117 suitable donors for durable resistance. Hewnhore our results showed that Gigante is modgrate
resistance which is contrary to the results regloffd and [2] that Gigante is resistant and highgistant
respectively. This contradictory result could bepleined either by differences in aggressivenessvdmt the
isolates used, but mostly by the breakdown of t@sit®e in Gigante because RYMV is characterized tgrge
number of variants which are able to break theetakiresistance in time and space [4; 5].

The effect of RYMV disease on yield componentsed#fi among varieties, as evidenced by a highlyifgignt
regression of disease score on % reduction in heidbr number, and grain weight. This effectswzot evident in
the genotype x inoculation interaction in ANOVA,dinating that inherent genotype differences obstute
differential effect of the disease in ANOVA, evdrotigh the effect was strongly indicated in the esgion. These
results are similar to the findings [18], in whilcl stated that the behavior of the tested varietiast homogeneous
in relation to the disease, but varies by variety ¢he parameter selected. Analysis of the relatignrevealed
negative corrections with RYMV infection.

CONCLUSION

The highly farmer preferred rice varieties were tiyosusceptible to rice yellow mottle virus. Theragression of
resistance in these varieties would improve thiyiehe identified sources of resistance to RYMMtis study are
recommended to be used as parents for the intsigresf genes for resistance into susceptible preddocal rice
varieties. Furthermore, the breakdown of resistamc&igante suggests the high genetic diversitRgMV strains.
Thus gene pyramiding could help in breeding foistagce to RYMV disease.
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