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ABSTRACT

Experiments were conducted at Edozhigi in the Southern Guinea Savanna zone of Nigeria between
2004 — 2007 on the use of P. scrobiculatum to enhance the biological control mechanism of Africa
gall midge (AfRGM) by two naturally occurring parasitoids in six rice varieties. Both P. scrobiculatum
as a lowland rice weed and rice as a crop have the same parasitoids range. The six varieties were
FARO 51, FARO 52, FARO 37, TOS 14519, BW 348 — 1 and a local variety all having varying levels of
tolerance to AfRGM. These varieties as treatments were laid out in a randomized complete block
design with three replicates and each was surrounded with one — metre band of P. scrobiculatum
except the local variety as control. All the varieties were scored for gall midge infestation at 42 DAT
and 63 DAT (days after transplanting) and all the galls were dissected to assess the presence of
parasitoids. Results indicated that the presence of galls of P. scrobiculatum had moderating
influence on the incidence of gall midge signifying that P. scrobiculatum galls were able to attract
parasitoids to lower the AfRGM infestation. A fact of particular importance is that FARO 37 which is a

known highly susceptible rice variety consistently maintained low levels of AFRGM.
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INTRODUCTION

The African rice gall midge (AfRGM), is an important pest
of rice in low land systems in Africa. It has been reported
in several countries like Burkina Faso (Bonzi, 1980)
Dakouo et al.,1988), Nigeria (Ukwungwu et al.,1989;
Ukwungwu and Joshi 1992), Umeh et al., 1991; Harris et
al., 1999, Nwilene et al., 2006), Sierra Leone (Taylor et
al., 1995) and also exist in other sub — Saharan African
countries (Alam et al., 1985).

The damage is due to the larva penetrating into the
rice stem at vegetative growth stages which makes the
stem to grow into tubular form called “Silver shoots” or
Onion leaves’ which does not bear panicles that produce
grains (Umeh and Joshi, 1993); William et al, 1999;

Bouchard et al, 1992). The spread and severity of
African rice gall midge attacks in rice fields are becoming
more and more frequent since the outbreak in 1986
(Ukwungwu et al., 1989) in which over 50,000 hectares of
rice fields were affected in South east of Nigeria. Yield
losses of 20 to 80% due to AfRGM have been recorded
from endemic areas on farmer’s fields and also on
research fields (Dakouo et al., 1988, Nacro, et al., 1996,
Williams et al., 1999; Nwilene, et al, 2006). The resource
poor farmers cannot afford the economic yield losses that
make low lands rice cultivation unsustainable (Dakouo et
al., 1988).
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There is urgent need to prevent these serious loses
and ensure sustainable rice production.

Since the beginning of the several outbreaks in West
Africa, concerted research efforts have led to significant
achievements in identifying sources of resistance and two
main natural enemies of rice. Though there is no variety
with stable resistance to AfRGM identified yet, some
varieties are known to exhibit high level of tolerance to
the pest like FARO 51, (Cisadane) FARO 52, BW 348 — 1
and TOS 14519 (Ukwungwu et al., 1997; Gana et al.,
2000; Ukwungwu, 1986 and Ukwungwu and Alam 1991).
Two natural enemies that attack AfRGM are
ployembryonic endoparasitoid Platygaster displosisae

Risbec (Hymenoptera; Platygasteridae) and solitary
extoparasitoid (Aprostocetus Procerae Risbec.
(Hymenoptera; Eulophidae (Wiliams et al, 1999.

Incidentally these parasitoids have also been identified
on the gall midge of a common weed of low land rice,
which is Koda millet (Paspalum scrobiculatum) called
Paspalum gall midge (Orseolia bonzii Harris. There is
need to study his overlap of these parasitoids of the gall
midge of rice and the gall midge of P. scrobiculatum to
explore the possibilities of enhancing the biological
control of the gall midge of rice since P. scrobiculatum is
easily available in low lands and can be manipulated
around rice stands.

The objective of this study was to enhance biological
control of the AfRGM in these tolerant varieties by
introducing P. scrobiculatum into rice for possible
attraction of the parasitoids to reduce the severity of
AfRGM on rice.

MATERIALS AND METHODS
Experimental location

Four field experiments were conducted at the low land
rice research fields of the National Cereals Research
Institute at Edozhigi (9°45'N, 6°07'E) in the Southern
Guinea Savana zone of Nigeria between 2004 and 2007
to reduce infestation of six tolerant rice varieties by
AfRGM using Koda Millet, P. scrobiculatum to attract
parasitoids of AfRGM.

Experimental Design and Layout

The varieties were FARO 51 (Cisadane), FARO 52
(WITA 4), FARO 37 (ITA 306), TOS 14519, BW 348-1
and a local variety. These varieties were laid out in a
randomized complete block design with three replicates
in gross experimental plot which measured 35m x 17m.
Smaller plots which measured 5m x 5m and separated by
1m alley way were measured out. One metre band of P.
scrobiculatum was transplanted surrounding each variety
before transplanting rice except local variety as control.

Agronomic Practices

Planting was carried out at a spacing of 20 cm x 20 cm
using three-week old seedlings. Fertilizer application was
done basally with a dose of 40kg NPK/ha before
transplanting and later top — dressed after three weeks
with a dosage of 40kg NPK/ha. Hand weeding was
carried out at three and six weeks after transplanting.

Data Collection and Analysis

Data collected included percentage of tillers infested by
gall midge recorded from randomly selected 20 hills of
each genotype at 42 DAT and 63 DAT, i.e.

No.of tillers with galls

% tiller infestation = :
total number of tiller

These percentages were related to the Standard
Evaluation System (SES) for rice (IRRI, 1996) as shown
below. All the galls were dissected and the

0 = No damage, Highly Resistant

(HR)

I < = Resistant (R)

1-5 = Moderately Resistant (MR)

6-10 = Moderately Susceptible (MS)

11-25 = Susceptible (S)

Above 25 = Highly Susceptible (HS)
Numbers of parasitoids found were recorded.

Agronomic data collected were days to 5% flowering,
plant height at harvest, number of panicles per meter
square and grain yield in kg/ha. All data were subjected
to analysis of variance, using SAS (1991) and mean
separation was done using Student — Newman — Keuls
(SNK) procedure.

RESULTS

The results showed that there were significant differences
(P<0.05) among the rice genotypes in their reactions to
gall midge infestation at 42 DAT (Table 1). The local
variety, with no P. scrobiculatum infestation consistently
gave highest percentage gall midge infestation differing
significantly (P<0.05). It also rated susceptible(S)
according to Standard Evaluation System for rice (SES)
as against its normal status of being moderately resistant
(MR) or highly resistant (HR). The lowest percentage gall
midge infestation were observed among TOS 14519 and
BW 348-1 throughout and rated either moderately
susceptible (MS) or susceptible (S) as against their status
of being highly resistant (HR) with one instance of being
moderately resistant (MR) (Table 1). FARO 37 did not
exhibit its potential of being highly susceptible (HS) giving
percentage that was lower than those of FARO 51
and FARO 52 with ratings as either susceptible (S) or
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Table 1. Reaction of selected rice varieties to percentage gall midge infestation at 42 DAT under P.

scrobiculatum infestation at Edozhigi, Nigeria

Percentage galls per variety

Treatments 2004 2005 2006 2007
FARO 51 (Cisadane) 14.5a(S) 16.8a(S) 16.5a(S) 7.6b(MS)
FARO 52 (WITA 4) 16.0a(S) 17.1a(S) 16.2a(S) 13.6a(S)
FARO 37 (ITA 306 12.3a(S) 9.3b(MS) 11.3ab(S) 7.0b(MS)
TOS 14519 7.6b(MS) 6.6b(MS) 6.8b(MS) 1.6b(MR)
BW 348-1 11.3ab(S) 5.0b(MS) 6.3b(MS) 8.6b(MS)
Local Variety (Control) 18.0a(S) 19.8a(S) 19.0a(S) 15.4ab(S)
Mean 12.6 11.7 12.2 8.6
S.E. (+) 1.2 1.6 1.4 1.2
C.V.(%) 16.6 24.5 21.1 25.4

Means within the same column followed by the same letters are not significantly different (P=0.05)

from one another using SNK

Table 2. Reaction of selected tolerant rice varieties to percentage gall midge infestation at 63 DAT
under P. scrobiculatum infestation at Edozhigi, Nigeria

Percentage galls per variety

Treatments 2004 2005 2006 2007
FARO 51 (Cisadane) 17.3a(S) 15.6a(S) 15.8a(S) 8.4ab(MS)
FARO 52 (WITA 4) 16.3a(S) 9.0bc(MS) 14.5a(S) 9.6a(MS)
FARO 37 (ITA 306 13.1ab(S) 6.2bc(MS) 9.9ab(MS) 6.2bc(MS)
TOS 14519 8.4b(MS) 8.1bc(MS) 5.1b(MS) 5.5¢(MS)
BW 348-1 3.1¢(MR) 4.2¢(MR) 12.2a(S) 1.8d(MR)
Local Variety (Control) 19.8a(S) 18.7ab(S) 16.5a(S) 10.3ab(MS)
Mean 11.3 9.1 12.0 6.6
S.E. (+) 1.2 1.5 1.7 0.6
C.V.(%) 18.5 29.2 24.0 16.2

Means within the same column followed by the same letters are not significantly different (P=0.05)

from one another using SNK

moderately susceptible (MS).

Similar trends as explained in the case of gall midge
infestation at 42 DAT and ratings were also observed for
infestation at 63 DAT (Table 3). In both cases of
infestation at 42 DAT and 63 DAT, FARO 37 rated either
susceptible (S) or moderately susceptible (MS) as
against its status of being highly susceptible (HS) as
observed in the case of infestation of 42 DAT (Table 2).

The dissection result of all the galls indicated
presence of two prominent parasitoids. These were
platygaster displosisae and Aprostocetus procerae
Risbec. The general trend noticed in the case of the
parasitoids was that FARO 37 had the highest numbers
of either P. Displosisae or A. Procerae significantly
differing (P <0.05) from the remaining genotypes (Table
3,4,5 and 6). Secondly, the result on tables 3 to 6
indicates that there were more of the abundance of A.

Procerae than P. Diplosisae. The Local variety recorded
zero parasitoids in many cases except on table 5 where
zero parasitoids were recorded once. (Table 3 to 6).

The results of the agronomic data taken showed that
the number of days to 50% flowering varied significantly
with TOS 14519 consistently maintaining highest mean
(Table 7). FARO 37 had the lowest number of days to
50% flowering. The plant height at harvest appeared to
have similar trends with those of number of days to 50%
flowering. FARO 37 was the shortest of these varieties
being significantly different from the others (P<0.05). The
mean of panicles per metre square was not significantly
different in 2004 regardless of the variety involved.
However, in 2005, FARO 37 gave the highest number of
panicles per metre square while TOS 14519 consistently
gave the highest in 2006 which significantly differed
(P<0.05) from other varieties (Table 7). In 2005, only the
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Table 3. Effect of P. scrobiculatum on the parasitism of African rice gall midge by P.diplosisae in
selected tolerant rice varieties at 42 DAT at Edozhigi, Nigeria

Mean numbers of P. diplosisae

Treatments 2004 2005 2006 2007
FARO 51 (Cisadane) 0.0b 0.0b 0.0b 5.3ab
FARO 52 (WITA 4) 0.0b 0.0b 0.0b 4.0bc
FARO 37 (ITA 306) 7.6a 7.0a 6.3a 7.3a
TOS 14519 0.0b 0.0b 0.0b 1.0cd
BW 348-1 0.0b 2.6b 3.0b 2.6bcd
Local Variety (Control) 0.0b 1.0b 0.0 0.3d
S.E () 0.1 0.7 0.6 0.8
CV. (%) 18.4 70.9 79.8 41.9

Means within the same column followed by the same letters are not significantly different (P=0.05)
from one another using SNK

Table 4. Effect of P. scrobiculatum on the parasitism of African rice gall midge by P.diplosisae in
selected tolerant rice varieties at 63 DAT at Edozhigi, Nigeria

Mean numbers of P. diplosisae

Treatments 2004 2005 2006 2007
FARO 51 (Cisadane) 4.3b 6.6ab 4.3ab 6.6a
FARO 52 (WITA 4) 0.0c 5.0b 3.6ab 5.0ab
FARO 37 (ITA 306) 7.6a 8.3a 7.6a 7.3a
TOS 14519 0.0c 0.0c 0.0b 0.0b
BW 348-1 0.0c 6.6ab 3.3ab 3.6ab
Local Variety (Control) 0.0c 0.0c 0.0b 1.0b
S.E () 0.8 0.6 1.3 1.2

CV. (%) 71.2 23.8 74.2 54.3

Means within the same column followed by the same letters are not significantly different (P=0.05)
from one another using SNK

Table 5. Effect of P. scrobiculatum on the parasitism of African rice gall midge A.proceraein
selected tolerant rice varieties at 42 DAT at Edozhigi, Nigeria

Mean numbers of A. procerae

Treatments 2004 2005 2006 2007
FARO 51 (Cisadane) 0.0b 3.3ab 0.0b 0.0c
FARO 52 (WITA 4) 3.0b 0.0b 0.0b 0.0c
FARO 37 (ITA 306) 6.8a 5.3a 5.7a 6.0a
TOS 14519 0.0b 0.0b 0.0b 0.0c
BW 348-1 0.0b 4.3a 2.6b 2.6b
Local Variety (Control) 1.3b 1.6ab 1.6b 0.0c
S.E () 0.9 0.8 1.0 0.5

CV. (%) 82.1 63.6 60.0 64.0

Means within the same column followed by the same letters are not significantly different (P=0.05)
from one another using SNK

grain yield of FARO 37 was significantly different and TOS 14519 while there was no significant difference
(P<0.05) from that of other varieties. Highest grain yields among all the varieties in 2007 (Table 7).
were obtained in 2006 from the local variety, FARO 52
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Table 6. Effect of P. scrobiculatum on the parasitism of African rice gall midge A.procerae in
selected tolerant rice varieties at 63 DAT at Edozhigi, Nigeria

Mean numbers of A. procerae

Treatments 2004 2005 2006 2007
FARO 51 (Cisadane) 5.3a 3.3b 4.6ab 3.6ab
FARO 52 (WITA 4) 4.3ab 2.3b 4.3ab 4.0ab
FARO 37 (ITA 306) 7.0a 7.0a 6.3a 6.3a
TOS 14519 0.0b 0.0b 0.0b 0.0b
BW 348-1 3.3ab 0.0b 2.3ab 2.0ab
Local Variety (Control) 0.0b 0.0b 0.0b 0.0b
S.E () 1.0 1.1 1.1 1.2

CV. (%) 56.6 70.0 66.1 50.4

Means within the same column followed by the same letters are not significantly different

(P=0.05) from one another using SNK

Table 7. Combined grain yield (kg/ha) and other parameters in P. scrobiculatum infested rice field during 2004

to 2007 seasons at Edozhigi, Nigeria

Treatments Days to 50% Plant height at Panicles per Grain Yield
Flowering Harvest (cm) metre square (kg/ha)
FARO 51 (Cisadane) 93.1¢c 40.5¢ 269.7b 2084.8b
FARO 52 (WITA 4) 100.5b 99.3b 285.3ab 2209/7a
FARO 37 (ITA 306) 88.5d 79.0d 271.0b 1996.7b
TOS 14519 108.7a 114.4a 313.5a 2075.2b
BW 348-1 87.7d 94.9bc 221.8c 1833.6¢
Local Variety (Control) 97.0bc 112.5a 278.5ab 2013.1b
Mean 95.9 98.4 273.3 2039.0
S.E. () 3.0 3.8 20.8 81.3
C.V. (%) 5.2 6.6 13.1 6.9

Mean within the column followed by the same letters are not significantly different (P = 0.05) from one another using SNK

DISCUSSIONS

The presence of P. scrobiculatum galls in the one metre
band surrounding five of the rice genotypes is important
for the result obtained in the study. These P.
scrobiculatum galls served as sources for parasitoids
build up influencing gall midge infestation at 42 DAT and
63 DAT by lowering infestation levels of the genotypes
below their normal potentials. For instance, FARO 37
being a highly susceptible variety should have scored
higher gall midge infestation than scoring as low as 7.0%
in 2007. This indicated the possibility of the moderating
effect of P. scrobiculatum galls with their associated
parasitoids attraction. Harris et al,, 1999 had earlier
indicated the possibility of parasitoids movement from
galls of P. scrobiculatum plants to the galls of rice.
Similarly, Nwilene et al., 2008 showed the possibility of
using P. scrobiculatum as biological control agent of
AfRGM. The fact that local variety not surrounded with P.
scrobiculatum continues to maintain high infestation
levels midge points to the moderating effect of P.

scrobiculatum galls with associated parasitoids. Though
TOS 14519 and BW 348-1 are known to have some
resistance traits in them, their infestation scores were
lower in the study because other studies have reported
high score of gall midge infestation on them Gana et al.,
2000; Nwilene et al., 2002. The explanation for the trends
of infestation at 42 DAT could also be responsible for 63
DAT (Nwilene et al., 2006; 2007).

The deviation from the normal rating status of the rice
genotypes involved in this study could also be attributed
to moderating effect of P. scrobiculatum galls, in reducing
gall midge infestation levels. This is why FARO 37 which
is a highly susceptible genotype rated moderately
susceptible in 2005 and 2007. The local variety which
had no P. scrobiculatum plants, rated susceptible
throughout possibly due to lack of any moderately effect
because of the absence of P. scrobiculatum.

The fact that parasitism did take place at all is
encouraging because this could have substantial
importance in gall midge infestation reduction. Nwilene et
al., (2000) subjected four rice varieties to parasitism and
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found out that all of them were parasitized. One of the
goals which the present study intended to achieve was to
generate parasitoids for the rice gall midge attack.

A fact of particular importance is that FARO 37 which
is a gall midge susceptible variety gave highest number
P. Diplosisae and A. procerae at either 42 DAT or 63
DAT. This could have accounted for lower gall midge
infestation levels than its known potentials confirming the
potential of P. scrobiculatum as biological control agent
as far as African rice gall midge is concerned.

The significant differences observed in the number of
days to 50% flowering could have been due to varietal
differences since each variety has its peculiar number of
days to 50% flowering dependent on the duration of
maturity period of the variety which differs from one
another. This is in addition to gall midge infestation
levels. The different individual traits as it relates to each
could be responsible for significant differences observed
in plant height, number of panicles per metre square and
grain yield. This is because each variety has its inherent
potentials as relates to these traits in addition to gall
midge infestations levels.

In conclusion, while the search for a truly gall midge
resistant variety of rice is on-going incessant outbreaks
can be reduced in gall midge endemic areas. The
combination of tolerant levels of these varieties used in
this study and the potential of P. scrobiculatum in building
up parasitoids could complements each other in keeping
down gall midge infestations levels. These could
complement other efforts aimed at reducing or managing
gall midge in endemic areas.
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