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Abstract

The study investigated the application of eco-engineering approach for rice yellow mottle disease management
caused by Rice yellow mottle virus in rain-fed lowland rice fields at Edozhigi and Makurdi, Nigeria between 2012
and 2015 cropping seasons. The experiment was laid out in Randomized Complete Block Design (RCBD) with
fourteen rice genotypes obtained from AfricaRiceCenter, Cotonou and National Cereals Research Institute, Badeggi.
The Lady’s finger (Abelmoschus esculentum L.) was introduced on bounds to effect ecological modification in 2013
and 2015, whereas the conventional cropping system for rice without cultural modification was adopted for
reference in 2012. The results indicated that RYMV incidence at 32 and 60 days after transplanting (DAT) was the
highest in 2012 with the susceptible checks (FKR 28 and Sahelika) recording higher values in the range of 43.54 —
48.03% across the two locations. Other rice yellow mottle disease indices such as plant height reduction (cm) and
spikelets sterility (%) were also highest among the susceptible checks in 2012 when conventional cropping system
was adopted across the two locations. The average mean yield of 2.26 t/ha obtained in 2012 was signifacnlty (P =
0.01) lower than respective mean yields (t/ha) of 3.01 and 3.09 obtained in 2013 and 2015 when the eco-engineering
approach was adopted. The introduction of nectar-rich lady finger on rice bunds contributed to ecological
modification which was apparent in wider range of insect presence in the field, and reduction of RYMV incidence
by 50% at both locations. The present work has established for the first time in Nigeria the use of eco-engineering
approach of planting nectar-rich plants to effect habitant manipulation and reduce spread and incidence of RYMV in
natural field condition. The practice is therefore been recommended as a short/medium-term management approach
for RYMV in disease endemic field locations.
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Introduction rice  varieties under upland  production

Virus diseases are among major challenges
facing rice cultivation across the world (Kouassi
et al., 2005; Sarra, 2005), with the Rice yellow
mottle virus (RYMV) being the most
economically important virus disease of rice in
Africa (Pinto et al., 1999; Traoreet al., 2006;
Sere et al., 2013). The disease has become one
of the major limiting factors to rice production
for lowland and irrigated ecosystems (Abo et al.,
1998; Saluadeeenet al., 2008a); although it also
occurs sporadically in highly susceptible exotic

ecosystems (Awoderuet al., 1987; Abo et al.,
2002). Only a few suitable sources of RYMV
resistance are available (Pinto et al., 1999), with
earlier reports of resistance in the African
traditional rice subspecies, Oryza glaberrima
cultivars Tog 5307, Tog 5681, Tog5672,
Tog5675, Tog7991 and Tog5674 (Ndijiondjop et
al., 1999; Traoreet al., 2006; Orjuela et al., 2013;
Pidon et al.,, 2017). However, some resistance
breaking isolates of RYMV have emerged in
some countries of Africa (Fargette et al., 2002;
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Hebrard et al., 2006; Traore et al., 2006).RYMV
was first reported in 1970 (Bakker, 1974), and
since then, the virus has spread to different
countries of West, Central, and East Africa
(Kouassi et al., 2005). Incidence and severity of
RYMYV appeared to depend on the rice varieties
and environment (Awoderu et al., 1987) as well
as time of infection (Onwughalu et al., 2010).
Yield reduction due to RYMYV infection may be
10-100% (Calvart et al., 2003; Kouassiet al.,
2005) of which both host and virus variants are
key factors (N’Guessan et al., 2001). Typical
symptoms include yellow mottle discoloration of
leaves, stunted growth and reduced tillering as
well as poor panicle exertion (Bakker, 1974;
Awoderu, 1991; Onwughalu et al., 2017).
Transmission in the field is mainly by
Chrysomelid beetles, but can also be by wind or
mammals such as cows, rats or donkeys (Bakker,
1974; Sarra and Peters, 2003; Sarra et al., 2004).
Experimentally, RYMV is transmitted efficiently
through  mechanical inoculation.  Abiotic
transmission through soil and irrigation water has
also been established (Abo et al., 2000; Sarra,
2005). Several studies demonstrated that RYMV
was not transmitted through rice seeds (Bakker,
1974; Fauquat and Thouvenel, 1977; Konate et
al., 2001; Abo et al., 2004). Natural host range of
the virus includes a few wild rice species (O.
barthii A. Chev. and Roehr.) and other members
of the Poaceae Echinochloacolona
L,IschaemumrugosumSalisb and Panicumrepens
L. (Konate et al., 1997).

Management approaches based on prevention of
infection by eliminating or decreasing the
number of infection sources is paramount for
virus disease management. Insect-vectorslike
beetles (Coccinelideae; Chrysomelideae) and
long/short-horned grasshoppers play significant
role in RYMV transmission in the field (Abo et
al., 2002; Nwilene et al., 2009). Begum et al.
(2006) opined that habitat manipulation is
important for enhancing biological control of
arthropod pests with proper identification of
selective food plants that benefit only natural
enemies to avoid inadvertently exacerbating pest
damage. The eco-engineering approach is an
insect-pest management technique based on
habitat manipulation with nectar-rich plants on
bounds around rice fields to enhance insect bio-
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control. The technique has evolved in the past
decade as management option for some serious
pests and diseases often encountered in rice fields
(Gurret al., 2004). For instance, the brown
planthopper (BPH), Nilaparvatalugens (S.), a
serious insect pest of rice especially in tropical
Asia (Cabauatan et al., 2009), was linked to
transmission of Rice ragged stunt virus (RRSV)
and Rice grassy stunt virus (RGSV) (Hibino,
1989; Hibino, 1996); and which was successfully
managed in Vietnam and other Asian countries
through ecological engineering. (Chien, 2011;
Islam et al., 2012; IRRI, 2013; Lu et al., 2015).
According to Way et al. (1994), naturally
occurring biological control with indigenous
predators, parasitoids and insect pathogens is
critical to rice insect management. In ecological
engineering fields, parasitoid and natural enemy
densities increased, and farmers also reduced
their insecticide inputs by about 50% without any
negative impact on yield (Chien, 2011). The
mired bug, Cyrthorhinus, an important predator
of planthopper eggs, reportedly was significantly
higher in ecological engineering fields (Chien,
2011). Umaru et al. (2014) also reported lower
infestation of the African Rice Gall Midge
(AfRGM) on rice field at Edozhigi in Central
agro-ecological zone of Nigeria due to attraction
of certain parasitoids by galls of Paspalum
scrobiculatum L. Ecological engineering has
therefore emerged as a paradigm for considering
pest management approaches that are based on
cultural practices informed by ecological
knowledge rather than on high technology
approaches such as synthetic and genetically
engineered crops (Gurr et al., 2004). Unless
destroyed by chemicals, predacious spiders are
abundant in rice fields, and attack all stages of
rice insects; for example, the wolf spider,
Pardosapseudoannulate, is an important predator
of brown planthopper, with one spider eating up
to 45 hoppers per day (Heinrich, 2007). Since no
conventional control measure for RYMV is
available in Africa, the development of resistant
varieties, and adoption of good cultural practices
are usually recommended. The present study is
part of cultural management approaches for
enhanced virus disease management, therefore
the objective was to determine the contribution of
ecological engineering approach in the
management of RYMV in hot spot areas in
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Nigeria.

Materials and Methods

The experiment was conducted at Edozhigi
(Latitude 09°05'N and longitude 05°50'E), Niger
State and Makurdi (Latitude 07°44'N and
longitude 08°45'E), Benue State of Nigeria in the
cropping seasons of 2012, 2013 and 2015. The
2014 season was omitted due to logistic
challenge in terms of funds. The eco-engineering
cropping practice was used in 2013 and 2015;
whereas the conventional practices without
habitat manipulation was carried out in 2012 for
a reference. The rice genotypes used included
four Near Isogenic Lines (NILs) — NILs 2, 130,
16 and 54, five checks (Gigante, Sahelika, IR 47,
IR 64, and FKR 28), three lowland NERICA
varieties (NERICA-L 34, 42, 49) and, two
conventional farmers’ choice varieties — FAROS
44 and 52. Gigante was used as a resistant check
(RCK) whereas FRK 28, IR 64 IR 47 and
Sahelika were included as susceptible checks
(SCK). Rice genotypes were obtained from the
genetic resource units of AfricaRiceCenter,
Cotonou and National Cereals Research Institute,
Badeggi in 2012.

The experiment was laid out in a Randomized
Complete Block Design (RCBD) with four
replicates. The plot size was 3m x 2m with
planting distance of 25cm x 25cm, giving a total
of 96 stands per plot. Distance between blocks
was 100cm; hence, maintaining an experimental
area of 656.75m” Seedlings were raised in the
nursery and later transplanted at 21 days after
planting (DAP). The Eco-engineering crop used
was Lady’s finger (Abelmoschus esculentum L.),
which was direct-seeded on the bounds at 45cm x
45cm  spacing before rice seedlings were
transplanted to the plots. Manual practices for
land preparation, ploughing and harrowing were
carried out, without using chemicals (insecticides
or herbicides) in experimental plots for insect or
weed control throughout the period of the
experiment. Basal application of N: P: K
15:15:15 fertilizer (200 kg/ha) at transplanting
was carried out, followed by urea fertilizer
application (100 kg/ha) at 21 DAP and panicle
initiation stage (NCRI, 2008). Manual hand-
weeding was also done at two weekly intervals.

47

The assessment for RYMV incidence and
severity was done at two weekly intervals based
on Standard Evaluation Scale (SES) of score 1 —
9 (IRRI, 1996). In the scale, 1- 3 = no symptoms,
leaves green but with sparse dots or streaks and
less than 5% height reduction, 5 = green leaves or
pale green with mottling symptoms, 6 — 25%
height reduction and flowering slightly delayed:;
7 = pale yellow or yellow leaves, 26 — 75% of
height reduction and flowering delayed, 9 =
leaves yellow or orange and more than 75%
height reduction, no flowering and some plant
dead. Disease incidence was estimated using the
formula; I = [Xi/Xt] 100 where, | = incidence of
RYMV (%), Xi = mean number of infected tillers
per pots/stand, Xt = mean number of tillers per
pot/stand). The disease severity was determined
according to (Salaudeen et al., 2008b) as follows:
S =[t)/(9T)] 100, where S= severity of RYMV
(%), t = total number of infected tillers; T = total
number of plants’ tillers assessed, whereas 9 =
constant (i.e. the highest score on the severity
scale).The indirect antigen-coated plate (ACP)
enzyme-linked immunosorbent assay (ELISA) as
documented by Afolabi et al. (2009) was applied.
The ELISA test and serotypes diversity
characterizations were carryout at the Plant
Pathology Laboratory of Africa Rice Center
(AfricaRice), Cotonou, Benin Republic. Virus
concentrations in infected plant leaves were
indexed with reference to a standard optical
density (OD, 405nm) reading of the positive
control.

Yield (t/ha) was determined by weighing the
guantity of paddy rice produced at harvest per
plot, using electronic weighing scale (up to 5 kg
weight), and then calculating the vyield per
hectare. The spikelets sterility (%) per plant at
harvest was calculated by determining the
percentage of weight of empty spikelets per plot
to the weight of filled grains per plot at harvest.
Plant height (cm) was measured with metre rule
at maturity, and collected data were subjected to
statistical analysis using Cropstat 7.2 edition
2007 (IRRI, 2007), and then mean separation
was done using the Student-Neuman-Keul’s Test
(SNK) at 5% probability level.

Results and Discussion

The serological analysis indicated that the
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RYMYV isolates from the two locations belonged
to sero-groups 1 and 2 (S1 and S2) (Table 1). The
isolate from Makurdi (Benue State) was
classified as S1, whereas the isolates from
Edozhigi (Niger State) belonged to S2 (Table 1).
Identification and characterization of two
serotypes of RYMV in Edozhigi, Niger State and
Makurdi, Benue State both in the southern guinea
savanna of Nigeria suggests that the zone might
be the center of virus strain evolution in Nigeria.
Salaudeenet al. (2008c) had also reported
presence of two serotypes of RYMV within the
same State of Kaduna.The RYMV incidence at
60 days after transplanting (DAT) was highest in
2012 with the susceptible checks (FKR 28 and
Sahelika) recording highest values (43.54 — 48.03
%) across the two locations of Edozhigi and
Makurdi (Table 2). The other disease indices
such as plant height (cm) reduction and spikelets
sterility (%) were also highest among the
susceptible checks in 2012 across the locations
when the eco-engineering approach was not
adopted (Table 2 and 3). At Makurdi, the result
showed that plant height (cm) increased
significantly (P = 0.01) for the checks with
introduction of eco-engineering approach in 2013
and 2015 (Table 3). Plant height (cm) reduction
is a key RYMV severity index (Onwughalu et al.,
2017); although, Awoderu (1991) had reported
that virus diseases in plant population result from
interplay between virus, host and environment.

Table 4 showed Disease incidence reduced
progressively from 2012 with the best result of
zero incidence being recorded among the NILs,
FARO 44 and NERICA-L 49 at Edozhigi in
2015. The disease incidences of 24.06 % and
21.95 % were recorded at Edozhigi and Makurdi
in 2012 respectively, which showed consistent
significant reduction (P = 0.01) across the
locations in 2013 and 2015 (Table 4). The
introduction of nectar-rich lady finger on rice
bounds might have contributed to ecological
modification, which resulted to reduction of
RYMYV incidence by 50% at both locations. The
result indicated that continuous application of
eco-engineering management approach in the
field condition could lower RYMYV incidence on
rice genotypes. Plant vyield (t/ha) fluctuated
between 1.83 t/ha for FARO 44 and 2.25 t/ha for
NIL 54 at Edozhigi and 2.04 t/ha for NERICA-L
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42 and 2.87 t/ha for IR 64 at Makurdi in 2012
(Table 5). Previous studies have shown that
fluctuations in yield and yield losses depended on
susceptibility of rice variety to RYMV, plant age
and environmental factors (Kouassi et al., 2005;
Onwughalu et al., 2010). The average yield (t/ha)
was found to be lower in 2012 than in 2013 and
2015, when the eco-engineering approach was
adopted. In China, hybrid rice fields surrounded
by Sesame and nectar rich flowering plants had
higher yields, and significantly higher densities
of arthropod parasitoids and predators (Heong,
2009). The introduction of high nectar plant like
the lady’s finger appeared to have contributed to
ecological modification which was apparent in a
wider range of insect presence in the field (Table
6); and the crop, Abelmoschus esculentum L. is
among crops listed for production of nectars and
attractive to Apis and insect pollinators (USDA,
2015). Seasonal occurrence of RYMV and its
insect-vectors in the study areas has been
reported (Abo et al., 2002; Onwughalu et al.,
2009). Chien (2011) reported that density of
natural enemies and parasitoids increased as
indication of biological control ecosystem
services restoration in ecological engineering
fields; and that the mired bug, an important
predator of planthopper eggs embedded in the
rice sheath tissues also increased. The result of
Table 6 showed that insect diversity increased in
2013 and 2015; and spiders, ants and bees were
among the insects collected from the fields in
2013 and 2015 when the eco-engineering
approach was adopted. The application of eco-
engineering approach in RYMV management
might have played out by distracting insect-
vectors, which are major factors in the virus
transmission in the field. In addition, lower
RYMV incidences reported in 2013 and 2015
when the eco-engineering management approach
was adopted might also be a result of loss of
virus incubation period and infectivity potentials
of insect-vectors due to time spent on trap crops.
Some major insect vectors like Chnootribasimilis
were observed on leaves of the eco-engineering
crop (Abelmoschus esculantum L.) in the fields.
Some known RYMV vectors encountered
included Chnootribasimilis, Oxyahyla and Long-
horned grasshoppers (Conocephaluslongipennis)
across the years; however, the average number of
insect-vectors collected per sweep was higher in
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2012 when the cultural management approach
was not adopted. The RYMYV insect-vectors were
also observed on leaves of the Okra planted on
bunds around the fields. Non-vector population
also appeared to be higher during the years of
cultural management approach in 2013 and
2015.Unless destroyed by chemicals, predacious
spiders are abundant in the field and attack all
stages of rice insects (George et al., 2010). The
higher diversity of insects as observed in the
fields in 2013 and 2015 (Table 6) when the eco-
engineering approach was adoptedmay also be an
important factor in yield variations recorded,
which were better than the mean yield in 2012.
Increased levels of brown plant hoppers (BPH)
occasionally accompanied substantial losses of
rice crops by the virus diseases (Cabauatan et al.,
2009); and more than 485,000 ha of rice
production area in Southern Vietnam were
severely affected by viral diseases seemingly
spread by BPH from 2005 to 2006, resulting in
the loss of 828,000 tons of rice valued at US$120
million (Du et al., 2007).

Conclusion

The present work has established for the first
time in Nigeria the use of eco-engineering
approach of planting nectar-rich plants to effect
habitant manipulation and reduce spread and
incidence of RYMV in natural field condition.
The introduction of nectar-rich lady finger on
rice bunds contributed to ecological modification
which was apparent in wider range of insect
presence in the field, and reduction of RYMV
incidence by more than 50% at both study areas.
This practice is therefore recommended as
short/medium-term management approach for
RYMYV in disease endemic locations in Nigeria.
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Serological analysis and characterization of RYMYV isolates collected from the two locations of
Makurdi and Edozhigi

OD (405nm, 3hrs) using Monoclonal antibodies (Mabs)

Location/RYMV lsolate Mabs A Mabs G Mabs D Serological group
Makurdi (Isolate 1) 0.605" 3.210" 0.458" S1
Edozhigi (Isolate 1) 0.566 3.213° 0.469 S2

Note: OD < 0.31 < 0.6 = 1 (negative); OD <0.61<1.2 = 2 (positive); OD < 1.21 < 1.8 = 3 (positive); OD < 1.81 = 4 (positive).

If, Mabs A (+ve) and Mab D (-ve) = S1, Mab A (+ve) and Mab G (+ve) = S1, Mabs A (-ve) and Mabs D (+ve) = S2, Mab A (-
ve) and Mabs G (+ve) = S2

Table 2. Main effect of rice genotypes, location and year on yield (t/ha), spikelets sterility (%) and disease
incidence (%) for the field experiment

Treatment Parameters

Yield Spikelets sterility  Disease incidence (%) at 32  Disease incidence (%) at 60

(t/ha) (%) DAT DAT
Rice
genotypes
NIL 16 2.76 13.71 5.45 4.26
NIL 54 3.07 18.04 2.30 5.35
NIL 130 2.96 10.39 12.54 7.24
NIL 2 2.81 16.46 7.79 4.03
NERICA-L 49 2.54 14.69 11.19 12.99
FARO 44 2.85 13.28 17.85 19.27
FARO 52 2.89 12.33 19.00 21.73
NERICA-L 42 2.65 16.13 25.77 26.32
NERICA-L 34 2.71 12.58 8.94 16.24
IR 47 2.71 12.40 20.27 22.98
IR 64 2.78 13.51 28.40 30.41
Sahelika 2.84 18.96 25.07 35.39
FKR 28 (SCK) 2.84 17.25 36.04 37.70
Gigante (RCK) 2.59 7.82 2.89 2.39
LSD (P=0.05)  0.322™ 3.124™ 7.249" 8.089™
Year
2012 2.26 18.14 20.55 23.00
2013 3.01 12.96 15.12 18.46
2015 3.09 11.23 12.21 11.32
LSD (P=0.05)  0.149” 1.446" 3.356" 3.745™
Location
Edozhigi 2.19 13.95 17.42 19.28
Makurdi 3.38 14.27 14.51 15.90
LSD(P=0.05) 0.122" 1.181"° 2.740" 3.058"

** = Highly significant (P = 0.01); LSD = Fisher’s Least Significant Difference; I1 = inoculated at tillering stage; 12 =
inoculated at booting stage; 10 = un-inoculated control entries; SCK =
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Susceptible Check; RCK

= Resistant Check
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Table 3. Plant Height (cm) at Maturity for the Rice Genotypes Evaluated under Natural Field Infection of RYMV at Edozhigi, Niger State and
Makurdi, Benue State

Plant Height (cm) Plant™ at Edozhigi Plant Height (cm) Plant™ at Makurdi

Rice Genotypes 2012 2013 2015 2012 2013 2015

NIL 16 65.05° 83.31 71.53% 73.95 86.08“ 81.94%
NIL 54 67.15% 84.47 79.06°%¢ 70.10 88.44% 84.28%
NIL 130 65.15°% 83.97 74.31° 63.40 90.31° 79.69°
NIL 2 64.05°% 91.72 74.81° 70.55 89.33% 82.75%
NERICA-L 49 81.00% 87.25 83.220« 80.15 83.75¢ 84.81%
FARO 44 77.05% 86.58 67.03¢ 79.10 89.00% 89.94%
FARO 52 78.30%° 86.06 88.61%° 75.95 88.25% 90.80%
NERICA-L 42 70.45°« 84.83 77.53%cd 71.55 88.05% 82.59%
NERICA-L 34 55.10° 89.42 73.00% 73.60 94,647 89.25%
IR 47 63.15% 82.14 85,112 76.45 95,53 91.86%
IR 64 70.00° 83.81 83.227%d 72.80 100.78° 96.97°
Sahelika 67.10%% 93.03 92.22% 76.30 99.19% 91.03%
FKR 28 (SCK) 71.30p™ 80.33 93.89° 66.10 102.19° 97.36°
Gigante (RCK) 86.35° 88.36 72.31% 76.25 89.44% 90.53*
Grand Mean 70.09 73.30 79.70 73.30 91.79 88.13

SNK (P = 0.05) 3.0517" NS 3.833" NS 2.3727 3.304"

** = Highly significant (P = 0.01); NS = Non significant; SNK = Student-Neuman-Keul’s Test; SCK = Susceptible Check; RCK = Resistant Check

54



Table 4. Disease Incidence at 60 DAT for the Rice Genotypes Evaluated under Natural Field Infection of RYMV at Edozhigi, Niger State and

Onwughalu et al. (2019)

BADEGGI JOURNAL OF AGRICULTURAL RESEARCH AND ENVIRONMENT, 2019, 01(01), 45-57

Makurdi, Benue State

Disease Incidence (%) at 60 DAT at Edozhigi

Disease Incidence (%) at 60 DAT at Makurdi

Rice Genotypes 2012 2013 2015 2012 2013 2015
NIL 16 5.8% 6.79°% 0.00 6.16° 3.67° 3.08°
NIL 54 8.58° 11.34Pcde 4.76 3.45° 2.77° 1.19°
NIL 130 13.65% 5.95% 5.30 8.99° 3.30° 6.26b°
NIL 2 0.00" 9.80°% 0.00 3.03° 8.73" 2.59°
NERICA-L 49 23.32bedef 10.55%% 0.00 24,328 13.38% 6.37b°
FARO 44 29,750 25 57800t 0.00 31.15%® 17.82% 11.33%°
FARO 52 31.50°% 26.48%cde 13.00 25.50%¢ 16.23%® 17.69%¢
NERICA-L 42 31.78%ck 32.23%%¢ 21.38 24.28%° 24.59% 23.67%
NERICA-L 34 18.49¢¢f 31.32% 4.17 18.49 21.35%® 3.67°
IR 47 36.93%c 30,752 15.00 32.68% 10.23° 12.27%¢
IR 64 39.67%¢ 40.34° 28.55 38.17% 21.84% 13.85%¢
Sahelika 48.03° 36.36% 32.97 44.24? 25.69% 25.05°
FKR 28 (SCK) 45,02 39.03 36.44 45.02° 37.25° 23.41%
Gigante (RCK) 4.29" 1.56° 3.33 1.786° 1.813° 1.58°
Grand Mean 24.06 22.01 11.78 21.95 14.91 10.86
SNK (P = 0.05) 5.388" 7.752" NS 5.143" 5.335" 5.605"

** = Highly significant (P = 0.01); * = Significant (P = 0.05); NS = Non significant; SNK = Student-Neuman-Keul’s Test; SCK = Susceptible Check; RCK = Resistant Check
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Table 5. Plant Yield (t/ha) for the Rice Genotypes Evaluated under Natural Field Infection of RYMV at Edozhigi, Niger State and Makurdi, Benue

State
Plant Yield (t/ha) at Edozhigi Plant Yield (t/ha) at Makurdi

Rice Genotypes 2012 2013 2015 2012 2013 2015
NIL 16 2.08% 2.57° 1.63° 2.80 3.40° 4.10
NIL 54 2.25°% 2.41° 2.75°% 2.60 4.78° 3.63
NIL 130 2.19%® 2.17° 2.65° 2.74 3.67¢¢ 4.35
NIL 2 2.05%c 2.43 2.11% 2.60 4.07" 3.58
NERICA-L 49 2.04%d 1.69° 2.44% 2.09 3.34° 3.65
FARO 44 1.83¢ 2.42° 1.89% 2.74 3.40° 4.85
FARO 52 2.13%¢ 253 2.53% 2.35 3.92¢ 3.86
NERICA-L 42 2.07% 2.35° 1.96% 2.04 3.40° 4.07
NERICA-L 34 1.86% 2.25°% 1.70° 2.16 3.69% 458
IR 47 2.00% 2.26° 2.50%® 2.15 3.23° 4.10
IR 64 2.09%cd 2.07° 2.32% 2.87 3.28° 4.06
Sahelika 2.05% 2.23° 2.52%® 2.70 4.12% 3.45
FKR 28 (SCK) 1.87% 2.24° 2.34% 2.51 4.38" 3.69
Gigante (RCK) 1.92° 2.33° 2.33% 2.56 3.53% 2.88
Grand Mean 2.03 2.28 2.26 2.49 3.73 3.92
SNK (P = 0.05) 0.087" 0.113” 0.187" NS 0.113" NS

** = Highly significant (P = 0.01); * = Significant (P = 0.05); NS = Non significant; SNK = Student-Neuman-Keul’s Test; SCK = Susceptible Check; RCK = Resistant Check
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Table 6.Record of insect population intercepted in the experimental fields at Edozhigi and Makurdi in 2012, 2013 and 2015 seasons with the cropping regime within 200 meter square

Year Insect intercepted Insect vectors of Ave. number of Ave. number of Crops observed (200
RYMV collected RYMV insect RYMV insect mPof experimental
vectors/sweep at vectors/sweep at plots)
Edozhigi Makurdi
2012  Epilachuasimilis Thumb var. assimilisMals; ChnootribasimilisThunberg; Nomiasp; C.similis, O. 7 4 Rice, Maize, Cassava,
MicrocosmuslaetusDej.; CollinrissenegalensisDej.; Asperviaarmigera; hyla& C. Cowpea, Sugarcane, and
CryptocepthalusanchoragoSuffr& C. bitasciatus F.; Stem borer — Sesamiacalamistis; longipennis) Soybean

Diopsis sp.; Short-horned grasshopper (Oxya sp.); Long-horned grasshoppers
(Conocephaluslongipennis); Orseoliaoriyzivora, Harris and Gagne; Brown
planthoppers; Green planthoppers.

2013  Pseudophonoctonusformosus, Dist.; Scotinophora sp. (fibulata, Germ); C.similis, O. 6 3 Rice, Okra, Soybean,
Chnootribasimilis Thunberg; Epilachuasimilis Thumb, var. assimilis,Mals; hyla& C. Sesame, Maize, Cowpea,
Pseudagrilussplendidus, C. & G.; Microcosmuslaetus, Dej.; Asperviaarmigera; Nomia longipennis) and Cassava,

sp.; Short-horned grasshopper (Oxya sp.); Long-horned grasshoppers
(Conocephaluslongipennis); Stem borer — Sesamiacalamistis; Flea beetle —
(Podagricaunifornia), Podagricajosudti; Locris sp. — L. rubins& L. rubral;
Cryptocepthalusanchorago, Suffr& C. bitasciatus, F.; Dorycoriaparoninus, Wester;
Apis sp.; Ichthyurusarrowl, Gestro; Halictus sp., (Apidae); Allodape sp. (Apidae);
Diopsis sp.; Spiders; Campoonotus (tanaemyrmex) acrapimensis, M (Black ants);
Orseoliaoriyzivora, Harris and Gagne; Green planthoppers.

2015  Ichthyurusarrowl, Gestro,; Apis sp.; Spiders; Campoonotus (tanaemyrmex) C.similis, O. 5 4 Rice, Sugarcane, Okra,
acrapimensis, M (Black ants); Pseudophonoctonusformosus, Dist.; Nomia sp.; hyla& C. Sesame, sunflower,
Chnootribasimilis Thunberg; Epilachuasimilis Thumb, var. assimilis,Mals; longipennis) soybean, cassava, and
Pseudagrilussplendidus, C. & G.; Microcosmuslaetus, Dej.; Collinrissenegalensis,Dej.; cowpea

Asperviaarmigera; Short-horned grasshopper (Oxya sp.); Long-horned grasshoppers
(Conocephaluslongipennis); Stem borer — Sesamiacalamistis; Flea beetle —
(Podagricaunifornia), Podagricajosudti; Locris sp. — L. rubins& L. rubral;
Cryptocepthalusanchorago, Suffr& C. bitasciatus, F.; Diopsis sp.; Dorycoriaparoninus,
Wester; Orseoliaoriyzivora, Harris and Gagne; Green planthoppers; White leafhopper
(Cofana sp.).
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