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A group of shoots from a single parent is referred to as a stool or mat. A sucker has
different dévelopmental stages: sword sucker, which has lanceolate leaves; maiden
sucker, which is taller than 100 cm and has large leaves.

The inflorescence is composed of female and male flowers. Each ovary of the
female flowers develops into a fruit or finger. A cluster of fingers constitutes a hand
(Stover and Simmonds, 1987). A bunch can weigh from 1 to 70 kg depending on the
cultivar and the crop management. A crop cycle is the time between planting and
harvest of fruits on the same mat.

Conventionally, bananas are propagated vegetatively; suckers or bits of a large
rhizome (Gowen and Quenéhérvé, 1990; Speijer, 1993). Also, biotechnology has
pérmitted the production of pest and disease free planting materials (Israeli et al.,
1995)

1. 3. Constraints to banana production

Worldwide, banana yields are adversely affected by a number of abiotic and biotic
stresses (Stover and Simmonds, 1987; Gowen, 1995). A complex of pests, diseases,
parasitic nematodes, and poor crop husbandry practices limit the banana production.
The banana weevil, Cosmopolites sordidus Germar, and the nematode complex,
especially Radopholus similis (Cobb) Thorme, Pratylenchus goodeyi Sher & Allen,
Helicotylenchus multicinctus Cobb, and Meloidogyne spp. are the major destructive
pests of banana, (Gowen and Quénéhervé, 1990; Peiia et al., 1993; Pinochet, 1996)
causing severe yield losses (Nsemwa, 1991; Gowen, 1993; Davide, 1994).

The same pests limit banana and plantain production throughout Africa (Traoré et

al., 1993; Musabyimana, 1993; Ogenga-Latigo and Bakyalire, 1993).



1. 4. Weevil and nematode damage and yield losses

The banana weevil, C. sordidus (Coleoptera: Curculionidae) is specific to Musa
spp. (Moznette, 1920; Cendafia, 1922; Gowen, 1995). According to Viswanath
(1979), banana weevils feed and breed only on Musa spp. Although the weevil
originated in Southeast Asia iNeuenschwandcr, 1988), it is now distributed in all
banana-producing areas worldwide (Ostmark, 1974; Cuillé, 1950; Mestre, 1997).
The distribution from place to place is facilitated by infested planting material
(Gowen, 1995; Rukazambuga, 1996); eggs and larvae are easily transported through
infested corms (Wallace, 1938; Harris, 1947; Treverrow ef al., 1992).

Banana parasitic nematodes live mostly in roots of banana plants, but are also
found in the soil. They require at least a film of water to enable locomotion, and die
in dry soil or roots. R. similis and P. goodeyi, belonging to Pratylenchidae family,
are migratory endo-parasitic nematodes of major concern in the banana and plantain
production throughout the world (Luc et al., 1990). R. similis is predominant in the
hot, humid tropics, whereas the root-lesion nematode, P. goodeyi dominates in the
highlands of eastern Africa (Bridge, 1988; Sarah, 1990; Speijer et al., 1994). In
some places, the root-knot nematodes, Meloidogyne spp. (Heteroderidae),which are
sedentary endoparasites are found together with P. goodeyi and may cause severe
yield losses. R. similis and P. goodeyi cause deeper lesions, which extend up to the
stele of large primary roots (Gowen and Quénéhervé, 1990).

Nematode penetration occurs near the root apex, but R. similis can invade any
portion of the root length (Sarah and Fallas, 1996). The endoparasitic nematodes

feed and reproduce in cortical cells of roots and in the rhizome where their life cycle






pathogens (Vilardebd, 1984; Bridge and Gowen, 1993; Ortiz and Vuylsteke, 1996).
The banana weevil larvae bore tunnels in the corm and occasionally in the
pseudostem, while nematodes damage the roots and corm of plant, resulting in
toppling (Vilardebd, 1973; Uronu, 1992; Vuylsteke et al., 1993).

Although yield losses due to the weevil-nematode complex may be quite
excessive (Gowen, 1995), the combined effect of the two pests has not yet been well
quantified. In contrast, yield loss due to nematodes solely has been estimated at 30
to 75% in Africa (Sarah, 1989), 30 to 50% in Costa Rica and Panama, 10 to 20% in
Honduras and Guatemala (Davide, 1996) and 30 to 41% in India (Reddy, 1994).
Yield losses due to C. sordidus were estimated at 50% in Bukoba, Tanzania (Walker
etal., 1984) and 35 to 40% Africa-wide (Sery, 1988). In Ghana, yield loss due to the
banana weevil is up to 25% for the first crop and 50 to 90% in subsequent crops
(Afreh-Nuamah, 1993). In Kenya, yield loss can be as high as 100% (Koppenhéfer,
1993). In the Caribbean region and Central America, the yield losses range from 30
to 90% (Peiia et al., 1993). Recent declines in banana productivity in eastern Africa
have also been attributed to weevil and nematode damage and further accentuated by
declinihg soil fertility and poor crop husbandry (Sebasigari and Stover, 1988,
Vuylsteke et al., 1993). |

Damage caused by nematodes and borers are difficult to separate, as the two pests
occur together in the same plant (Gowen, 1995). Therefore, the best control methods
should have a coupled action against the weevil and nematodes. Certain chemical
and cultural techniques used for nematode management can also control the banana

weevil (Gowen and Quénéhervé, 1990).
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Table 2.1. Physical soil characteristics of field sites in western Kenya'

Site Sand (%) Silt (%) Clay (%) Texture

MPFS 44 12 44 Clay

Oyugis 72 6 22 Sandy clay loam
Kabondo 74 8 18 Sandy loam

Table 2.2. Chemical soil characteristics of field sites in western Kenya'

Site pH Na K Ca Mg Mn P N C
; (me%) (me%) (me%) (me%) (me%) (ppm) (%) (%)

MPFS 8.1 160 0.44 184* 5.75 0.30 1.19 022  0.30**
Oyugis 5.2 0.28 0.46 1.60** 2.05 1.77 8** 040 151

Kabondo 6.0 0.68 1.17 5.60 1.55 1.34 25 0.31 1.46

'Analysis by National Agricultural Research Laboratories, Kenya Agricultural

Research Institute, Nairobi)

*= Toxicity; ** = Deficiency
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2 2. Planting material and methods of planting

Since banana vitroplants were not available, the planting material used in the
study, comprised suckers of ‘Nakyetengu’ collected from the infested fields. The
fields at MPFS and Oyugis were prepared for the experiment by uprooting and
removing banana stems from the fields, but the corms were left to serve as sources of
prospective nematode and weevil infestations. The fields were ploughed and leveled
using a hoe. Holes for planting were 60 cm in diameter and 60 cm in depth.
Subsequent to planting, ~10 kg of well-decomposed cow dung was applied per hole
at the MPFS field. No soil amendment was provided in the farmer’s fields at
Kabondo and Oyugis. Due to limited size of land at farmer’s level, experimental
unit plot size was 36 m%. The blocks were completely randomized in 3 to 4
replicates. Each replicate comprised of 4 rows of 4 plants, spaced at 3 by 3 m
between plants and within rows. In all fields, maiden suckers collected from
neighboring banana fields, regardless of the pest infestation, were planted. In
general, suckers were not pared, nor treated with hot water before planting unless
specified in the experiment.
2.3. Management of field trials

The banana crop was managed according to standard practices. Through the
entire duration of the experiment, plots were kept weed-free by using a hoe. Plants
were de-suckered at flowering in such a way that each stool had a mother plant, a
daughter and a grand daughter whose bunches could be harvested at 4-month
intervals. The suckers were cut at their base and the apical meristem killed using a

machete. Old, dried leaves were regularly removed and used as mulch in the same
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attacked roots were discarded for nematode extraction as nematodes leave the old
and heavily damaged roots to invade the young ones (Price and McLaren, 1996).
Since endo-parasitic nematodes, such as R. similis, occur in low numbers in the soil
(Sarah, 1993; Gowen, 1996), they were only extracted from roots by the maceration-
sieving technique (Pinochet, 1988; Luc ef al., 1990). Roots were washed-free of soil
particles and cut into 1-cm-long pieces and were further cleaned in a pan of water.
Roots in samples of 25g each were macerated for 45 seconds in a blender containing
100 ml of water (15 seconds blending intervals with a pause of 10 seconds in
between). The root suspension was passed through a set of 75, 200, 300 and 4004
mesh sieves. Holdings from the two last screens were washed gently with a jet of
water back to back with a rubber tube connected to a water tap and collected into a
beaker (Plate 2.1).

Water was added to make the suspension volume to 300 ml. The suspension was
kept overnight with a Pasteur-pipette dipped in the beaker to provide oxygen to
nematodes. An aliquot of 1 ml was drawn from the suspension and pipetted into a
Sedgewick Rafler S-50 counting slide to count the nematodes using a compound
microscope. Five aliquots were taken for each treatment and the number of

nematodes/100g roots determined. Nematode species were identified and confirmed
by Dr. V. Mojumder, Nematologist at the Indian Agriculture Research Institute, New

Delhi, India.
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was weighed individually on a Mettler balance (0.01mg sensitivity).
3.2 4. Oviposition and egg-hatchability

Banana fresh undamaged corms were pared to a depth of 3-5 cm to remove any
banana weevil eggs laid already. Four pared corms (~500g each) were dipped for 15
min each in NSP, NKP, NC eXtracts, emulsified NO, or water as described above.
Each corm was then placed in 10-/-plastic buckets into which 5 males and 5 females
of the laboratory-reared weevils (sexed as described in Section 2.5) were released.
Each bucket was covered with a mosquito net and then arranged randomly in a dark
room. Each treatment was replicated four times; each bucket constituted a replicate.
After a week the corms were removed from the buckets and visually examined for
eggs laid on each corm.

To determine the effect of neem materials on hatchability, 1-day-old eggs in
batches of 10 each were collected from the laboratory culture and inserted singly in 1-
to 2-mm-deep slits made in a slice of neem-treated or control corms kept in Petri
dishes (9 cm diameter) lined with moist filter paper. The dishes containing corm
slices were arranged randomly. Each treatment was replicated 4 times; each dish
constituted a replicate. Starting from the 3rd day, the corm slices were examined daily
for one week to record the number of hatched cggs. Percentage hatchability was then
calculated for each treatment, including the control. The experiment was repeated
thrice over a period of 2 months.

3.2 .5. Fecundity
Newly emerged females and males in batches of 40 each were kept separately on

corms dipped for 15 min in 5% aqueous NSP or on untreated corms, ~I kg each,
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The weevil population build-up was expressed as follow:

P = (Fpx 100) - 100
Ip
Where, P = per cent population increase; Fp = final population (adults + larvae +
pupae); Ip = initial population.

In a laboratory test, about one month-old male and female weevil adults in batches
of 20 pairs each were released in 10-/ plastic buckets, each containing a fresh,
undamaged and pared banana corm (~2 kg each) dipped for 15 minutes in NSP
extracts. In control, corms were dipped in water for 15 min each. Each bucket was
covered with a mosquito net and then arranged randomly in a dark room. Each
treatment was replicated four times and each bucket constituted a replicate. Corms
were watered regularly to keep moisture in the bucket. After 2 months, corms were
dissected and degree of weevil damage evaluated.

3. 3. Results
3.3.1. Adult settling response

In a free-choice test, 48 h after release, compared with untreated corms,
significantly fewer weevils settled on banana corms treated with aqueous NSP extract
or with emulsified NO; treatment with NC extract was less effective (Table 3.1).
Under a choice test between untreated and neem-treated corms, a much higher
proportion of the adults was repelled from the treated corms (Fig. 3. 1). The repellent
effect was dose dependent. The higher the concentration of neem materials, the
stronger was the repellence. The effect of neem remained even after 48 h (Table 3. 2,

Figs 3.2 & 3.3).
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Table 3.1. Percentage of C. sordidus adults settled on banana corms treated with
aqueous extract of neem seed powder (NSP), cake (NC) or emulsified oil (NO) at

different concentrations at 48 h after release in a multi-choice test at MPFS

Treatment ’ Weevils settled (%)
NSP extract 5% _ 8a

NC extract 5% 22ab

NO 2.5% lla

NO 5% 6a

Water (control) 53b

P>F 0.0001

Significance: ks

Within a column, means followed by the same letter are not significantly different at

(P<0.05) by Tukey’s test. Average of 12 replicates. Each treatment had 30 weevils
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Settling response of C. sordidus to NSP-treated banana corm after 1, 2, 12, 24, 48

h after release
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Fig. 3.3. C. sordidus adults settled on banana pseudostem treated with neem seed

powder extract (NSP 5%) in a choice test at MPFS
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Table 3.3. Feeding response of 3rd-instar C. sordidus larvae when confined to banana
pseudostem discs treated with aqueous extract of neem seed powder (NSP), kernel

powder (NKP), cake (NC) or emulsified oil (NO) at MPFS

Time spent (miin ) in

Treatment Locating feeding Initiating Boring into . Darpagé to
site Peeding disc corm (%)
NSP 5% 29.742.1b 14.0+2.2b 11.7+0.9b 19+1.6b
NKP 5% 106.2+5.6a 24.242.2a 22.043.1a 154+1.2b
NC 5% 10.242.4¢ 7.240.8¢ T.7%1.2be 2210.8b
NO 5% 19.0£0.9¢ 7.5%1.0c 7.2+0.5bc 7+1.1b
Water (control) 9.6+0.5¢ 4.74+0.9¢ 3.7+0.9¢ 75+2.0a
P>F 0.0001 0.0001 0.0001 0.0003
Significance: ok Kok k *k % Rk

Within columns, means followed by the same letter are not significantly different

(P<0.05) by Student- Neuman- Keuls’s test, average of 4 replicates
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3. 3.3. Larval growth and development

Although larval mortality at 4 days after confinement to neem-treated corms was
relatively higher than in the control, it was not significant. However, at 14 days,
cumulative larval mortality in the pseudostems treated with NSP, NKP, NO 2.5% or
NO 5% was significantly higher than the untreated control (Table 3. 4). Treatment
with NC 5% and NO 1% did not differ from the control. The larvae surviving in the
neem-treated pseudostems had smaller body size compared with those fed on
untreated corms (Plate 3. 3). Larval weight was 4 to 6 times less (60 to 80 mg/larva)
in NSP, NKP, or NO-treated pseudostems than in the control. Larva in the control
pseudostems weighed 300 mg (Table 3. 4). Although the NC application affected
significantly the larval weight, its efficacy was less than the other neem-treatments.
After 2 weeks, none of larvae on the neem-treated pseudostems reached the pupal
stage. In contrast, adults were recovered only in the control and weight of the adult
was not taken because of no comparison could be made with the adults from the neem
treatments. Compared with vigorous and healthy larvae in the control, larvae reared

in the neem-treated pseudostems were smaller and weaker (Plate 3. 3).
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Fig. 3. 4. Effect of neem treatments on number of eggs laid by C. sordidus female per

week on neem-treated and control corms at MPFS
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3. 3. 7. Population build-up

Compared with the untreated control plants, at 3 month after that five or ten pair of
weevils (females and males) was released, weevil population significantly decreased
in NSP or NC-treated banana plants. However, the lowest population was recorded on
NSP treatments (Tables 3. 7 & 3. 9). Although, the number of trapped weevils did not
significantly differ among treatments, the number of adult weevils and larvae
recovered in corm by dissecting was significantly higher in the control than in the
neem treated plants at the initial infestations of 5 and 10 pairs (Tables 3.7 & 3.8).
Weights of adult weevil, larvae or pupae were not affected by the neem treatments
(Table 3. 10).

Similar results were obtained, when NSP was applied at 100g/plant at the level of
10 pairs of weevil infestation. In general, there was a trend of population increase
ranging from 50 to 130% in the control while it was less than 20% in the neem-
treatments (Tables 3.7- 3.9).

In the laboratory, untreated corms were heavily attacked and chewed up by the
larvae while the neem-treated corms remained fresh with minor larval damage (Plate

3.4)
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| Table 3.8. Effects of application of NSP or NC on C. sordidus population build up
under controlled level of infestations (5 pairs of male and female), 2 months after

infestation and neem application

Treatment  Initial weevil Final weevil population (no.)
g/plant  population Population
(no.) Weevil Weevil Larvae Pupae Total increase
trapped in corm (%)

NSP100 10 2.0%x1.8 2.2%2.6a 0.0£0.0a 0.5£1.0 8.5*3.5a -15.0%30a
NC100 10 7.5£3.1 2.0x1.8a 0.7£0.9a 0.2+0.5 10.5x4.7a 5.0t47a

Control 10 12.0£10 6.2+2.0b 4.0£3.6b 0.7£0.5 23+8.8b  130%88b

P>F 0.1813  0.030 0.015 0.0751 0.0138 0.016

Significance NS # ok NS ok * K

Within columns, means followed by the same letter are not significantly different
(P<0.05) level by Student- Neuman- Keuls’s test, average of 4 replicates

NS =Not significant; * , **. significant (P<0.05) and (P<0.01), respectively
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Dimetry et al.,1993; Sundaram and Sloane, 1995 observed a significant reduction in
the number of eggs laid by two-spotted spider mite, Tetranychus urticae Koch and a
decrease in the percentage of egg hatchability with Margosan-O (3000 ppm
azadirachtin) or Neem azal-s (3500 ppm). It has been reported that insects treated
with aza have degenerated or improperly developed ovaries and fat bodies
(Schmutterer, 1987). Further cytological studies of the reproductive organs of weevil
reared or fed on neem-treated banana material would be of great importance in
understanding the physiological changes in the insect’s body.

The low fecundity observed in the newly emerged banana weevil either in contact
or not with neem might be due to immaturity of weevils and not to the neem
treatment. Although, Pintd (1928) reported that banana weevils are able to mate and
lay eggs soon after emergence, Viswanath (1979) mentioned that a pre-oviposition
period of at least 20 days is needed. In the present study, the weevils could also mate
soon after emergence but egg production and their viability was still very low to
express the deterrent effect of neem. This suggests that the adverse effect of neem
application as demonstrated earlier is more pronounced on well-developed adults than
~ on newly emerged one.

In the outdoors tests, the neem treatments significantly reduced the weevil build-up
in a period of 3 months. The treated corms might be an unfavorable site of egg-laying
and consequently for larval feeding, growth and development as earlier demonstrated
in the laboratory tests. However, weights of weevil adults, larvae and pupae were not
adversely affected by the neem treatments in an outdoors experiment. This contrasts

the findings obtained in the laboratory tests where it was observed that the weight of
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larvae confined in the neem treated corms for 3 weeks was about 4 times less than that
reared in the control corms. This was probably due to the ambient conditions that can
change the insect physiology. The effect of neem on weevil growth is likely to be
pronounced after a reasonable period of repeated neem applications.

Throughout the study, among different neem treatments, at the same concentration,
the effect of NKP was more pronounced. This agrees with Chen ef al., 1996, who
reported a strong ovipositional deterrent effect of neem seed kernel extract.

These results in the present study are consistent with the previous findings as stated
above. These effects may have practical importance in the long-term control of the
weevil in the banana field. The deterrent effect of neem will result in weevil
repellence, in reduced oviposition, in low rates of larval feeding and development and

in significant low weevil population.
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NSP, NKP, or NC was incorporated at 100 g per drum into the soil around the plant at
planting time and then at 3-month intervals, while Furadan was applied at 40 g/plant
at planting time and again after 6 months. In the neem oil (NO) treatment, suckers
were dipped in 5% NO solution for 10-15 min. prior to planting. Treatment with
Furadan using unpared suckers was not included in the experiment because the aim of
the study was not to screen for synthetic insecticides. Furadan was used as a positive
control. Also, the treatment with NO was deliberately limited to unpared suckers
since in practice, oil application into the soil is uncommon. The drums were arranged
in a completely randomized desigﬁ with a spacing of 3 by 3 m. Ten treatments
comprising of pared and unpared suckers with various neem or Furadan treatments,
and the controls (unpared and untreated) were replicated 4 and 6 times in 100-/ and in
200-/ drums respectively; each drum constituted a replicate. Forty days after planting,
5 pairs of newly emerged male and female weevils were released in each drum. Plants
were also inoculated with a mixed nematode population by pouring a suspension
containing approximately 2000 nematodes into the soil around the plant for each
treatment. The drums were covered with netting at the base of the plant to prevent
weevils from escaping. The netting was removed during the time of both root
sampling, and treatment application and was placed back after completion. Plant
height, girth, nematodes and weevil populations and damage were recorded (Sections
2. 6, 2.7 and 2. 8 of Materials and Methods) at 3-monthly intervals. Eight months
after inoculation, plants in 100-/ drums were uprooted and for each treatment the
number of suckers produced, nematode population /100 g roots, weevil density,

weevil damage to the corm and the weight of the plant biomass recorded.









Table 4. 2. Effects of application of neem seed powder (NSP), kernel powder (NKP),

cake (NC), oil (NO) or Furadan on nematode density; under controlled levels of pest’s

infestations (suckers planted in 100- / capacity) at MPFS

Nematode population (no./100 g of roots)

Treatment At 2 months after inoculation At 8 months after inoculation.
| Pared 1200 £ 489bc 22200 = 3747d
Pared + Furadan 0+ Oa 16800 £ 2135d
Pared+NC 0% Oa 12000 £ 2135cd
Unpared+NC 300 £ 300ab 1200+ Oa
Pared+ NSP 0+ Oa 22500 + 2265d
Unpared+NSP 300 £ 300ab 3600 = 490b
Pared +NKP 0+ Oa 81600 * 2351ef
Unpared+NKP 125 £ 125ab 27600 £ 3730cd
Unpared +NO 0x Oa 5700 £ 1025bc
Unpared/untreated 25050 + 4057c 114000 £ 4673f
P>F 0.0001 0.0001
Significance et A

Within columns, means followed by the same letter are not significantly different

(P<0.05) by Tukey’s test. Average of 4 replicates.

*** Significant (P<0.001)
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Table 4. 3. Effects of application of neem seed powder (NSP), kernel powder (NKP),
cake (NC), oil (NO) or Furadan on plant height, girth, number of suckers, plant
biomass and weevil damage at 10 months after planting under controlled levels of

pests infestation in 100-/ capacity drums at MPFS

Treatment Plant height Plant girth  Sucker  Biomass Weevils PCI (%)
(cm) (cm) (no.) (kg) (no.)/plant
Pared 98+3.9 38+2.0 1£0.2 12.0+1.4 7.7+2.3 33 £12abc
Pared+ Furadan  891%8.6 33+3.3 2+1.9 11.6x1.9 42+%1.2 60x17.2bc
Pared+NSP 9216.6 36%1.9 1£0.7 13.3%1.5 6.2+0.9 31.319.4abc
Unpared+NSP 95+1.4 35%1.6 2404 15.9%2.8 6.712.3 12.5%1.7a
Pared+NKP 93%2.5 36t1.2 3104 15.5t1.4 7.243.1 17.5£3.5ab
Unpared+NKP 87%1.3 33%1.6 3105 13.4£1.6 FTE2.5 25.7%12.0ab
Pared+NC 106£8.9 3913.0 2404 15.8+0.6 6.210.7 10.532.4a
Unpared+NC 79+6.6 3119 210.6 13.4£0.6 6.0%1.0 32.5+7.8abc
Unpared+NO 89£1.3 35+0.5 240.2 12.4%1.5 8.0+2.7 28.7%13.4abc
Control 7243.9 29%2.3 2+0.2 10.5%1.4 4.5+3.1 75.0116.7¢
P>F 0.066 0.564 0.763  0.074 0.762 0.001
Significance NS NS NS NS NS o

Within columns, means followed by the same letter are not significantly different

(P<0.05) by Tukey’s test. Average of 4 replicates, *** significant (£<0.001)
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Table 4. 6. Beneficial effect of application of neem seed powder (NSP), kernel
powder (NKP), cake (NC), neem oil (NO) or Furadan on bunch weight and general
improvement in yield on pared or unpared banana suckers of ‘Nakyetengu’ grown in

200-/ capacity drums under controlled levels of the banana weevil and nematodes

infestation at MPFS

Treatment Fruit yield (g/bunch)  Yield increase over control (%)
Pared 1500£543 40
Pared +Furadan 22331512 109
Pared +NSP 2400585 125
Unpared+NSP 17331607 62
Pared+NKP 5831369 -56
Unpared+NKP 14331930 34
Pared+NC 2333%862 118
Unpared+NC 22001766 106
Unpared +NO 10831757 2
Unpared/untreated (control) 1066356 0

Six plants per treatment
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planting, the nematode damage was negligible even in the control plants, probably due
to the low nematode pathogenicity. Also, the inoculum used might not have been
enough to cause visible damage within 45 days. Sarah and Fallas (1996) found a
direct relationship between the reproductive fitness of nematodes, i.e. multiplication
rate in the root tissue and the pathogenicity, i.e. induced damage to roots and that
nematodes from higher altitudes are reported to be less pathogenic. In the present
study, the multiplication rate was also reduced in the neem treatments as compared to
the control; 75% of nematodes in the neem-treated plants were at the juvenile stage,
while in the untreated control more than 90% were already adults. These observations
indicate the effect of neem on nematode multiplication and development. In this
regard, the mobility, penetration and reproduction of nematode, and egg hatchability
were probably affected by neem application, as reported by Mojumder (1995),
resulting in a significant reduction of nematode population in the neem treated plants.
Nematode density in untreated plant was 20 times more than in the NSP treated plants.

Results in outdoors tests were in agreement with those obtained in the screen house
and were in conformity with the earlier reports of decreased infestations of M.
incognita Chitwood and Tylenchorhynchus brassicae Siddiqi, following NC
application in vegetables and legumes (Mishré et al., 1989; Alam, 1991; Mojumder,
1995). GTZ (1996) also reported that NC application reduced to a considerable
extent, the reproduction and population density of numerous insect and nematodes
species. Also, Mehta (1997) reported the reduction of Pratylenchus zeae Graham

infestation in sugarcane with NC application.
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Nematode population build-up over the time in relation to the neem seed
powder application at different frequency

18040
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'g‘ 14040
°
2 —e— 1xmonth
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8 —m— 1x2months
E 10040 4 . 1x3months
: R 1x4months
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Frequency of application

Fig. 5. 1. Effect of frequency of application of neem seed powder (NSP) on nematode

population build up at 3, 6, 9, and 12 months after planting banana in dru’ms at MPFS
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Table 5. 4. Effects of application of neem seed powder (NSP), cake (NC), Furadan
or combination of NC and Furadan on the banana plant establishment and crop cycle

in a field heavily infested with banana weevil and nematodes at Oyugis

Treatment Percent of plant Percentof  Crop cycle

(g/mat) established 1 month after  flowered (days to harvest)
planting Plant

NSP 60 83.5%9.5 75.0£6.0 53430

NSP 80 91.748.2 91.7%8.2 543+32

NSP 100 91.748.2 91.748.2 48511

NC 60 83.5%9.5 66.5+19.3 542126

NC 80 91.748.2 91.7*13.6 509+24

NC 100 91.748.2 91.7+8.2 542422

Furadan 60 91.718.2 75.0+16.0 515+18

NC+Furadan 30:30  100.0%0.0 75.2%16.0 54044_'22

Control-untreated 66.7+13.6 33.0+0.0 541+45

P>F 0.3805 0.233 0.8032

Significance NS NS NS

NS: Not significant different (P<0.05) by Student-Neuman-Keuls test. Average of 4

replicates and 16 plants per treatment.
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Table 5.5. Effects of neem seed powder (NSP) or cake (NC) at high rates of
application (200, 300 and 400 g/plant) on banana plant growth at flowering at MPFS

(1% crop)

Treatment (g/mat) Plant flowered (%) Height (cm) Girth (cm) Sucker (no.)

NSP 200 10010.0 181£13 60+4 2.0%4.0
NSP 300 33+0.0 179£0.0 59+3 2.5%0.0
NSP 400 5522 161+12 52+6 0.6+0.6
NC 200 78%11 14917 51+4 2.0%0.5
NC 300 78122 16010 563 1.3%£0.6
NC 400 6710.0 185%0.0 6010 1.0£0.0
Control 1717 11115 4412 1.0£1.0
P>F 0.23 0.123 0.384 0.530
Significance NS NS NS NS

NS: not significant different (P<0.05) by Student-Neuman-Keuls test. Average of 3

replicates and 12 plants per treatment.
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Table 5.6. Effects of application neem seed powder (NSP), cake (NC), Furadan or
combination of NC and Furadan on plant growth at flowering and crop cycle of

banana plants grown at Kabondo (1st crop)

Treatment Plant height Plant girth Sucker Crop cycle
(g/mat) (cm) (cm) (no./plant) (days)

NSP 60 23416.6 64.7+1.8 2.010.3 36517
NSP 80 235+10.3 63.514.7 2.520.7 377+21
NSP 100 2361+6.6 64.215.1 2.5%0.6 369127
NC 60 234%12.0 65.5%3.0 2.5%0.7 36119
NC 80 238%6.0 66.5%1.2 2.210.9 370£15
NC 100 232%19.0 67.2%3.9 25103 . 378122
Furadan 60 229+7.9 65.2%1.7 2.5+0.3 356+14
NC+Furadan 30:30  234%15.6 66.213.7 2.210.4 379119
Control 235%15.4 65.5%5.2 23103 37617
P>F 0.127 0.562 0.741 0.357
Significance NS NS NS NS

NS: not significant different (P<0.05) by Student-Neuman-Keuls test. Average of 4

replicates and 16 plants per treatment.
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70

Girth (cm)

Quartely growth of banana plant girth treated with NSP, NC or
Furadan (Kabondo, first crop)

—e—NC 60
—m—NC 80
NC 100
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—=—NC+FUF
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Fig. 5.3. Quarterly growth of the banana plant girth treated with neem seed powder

(NSP), cake (NC), Furadan or NC+Furadan at Kabondo (1 crop)

NC+FUR= NC+ Furadan (30:30)
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Table 5.10. Effects of neem seed powder (NSP), cake (NC), Furadan or combination
of NC and Furadan applied at different rates at Oyugis and Kabondo on nematode

population reduction (1st crop)

Treatment (g/mat) *Percent reduction in nematode population at
Kabondo Oyugis

NSP 60 89 87

NSP 80 95 60

NSP 100 88 93

NC 60 91 74

NC 80 97 69 «
NC 100 89 58
Furadan 60 94 57

NC+ Furadan 30:30 96 69
Control (untreated) 0 0

* The percentage is calculated from Tables 5.7 & 5.8. as follows.

100 - (nematode in control x 100), where X = nematodes in the respective treatment
X









104

Table 5.12. Correlation between growth parameters of suckers at Kabondo (1st crop)

Parameters r

Number of sucker and height 0.4667 **
Number of sucker and girth 0.2896
Number of sucker and biomass 0.7958%**
Number of sucker and root density 0.0971
Height and root density 0.0642
Height and biomass 0.37972
Height and girth 0.9058 ***

** = Significant different (P< 0.01)

*** = Significant different (P< 0.001)
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Table 5.16. Effects of application of neem seed powder (NSP), cake (NC), Furadan
or combination of NC and Furadan at different rates on pest infestation and damage

of banana at Kabondo (2nd crop)

Treatment Necrosis Nematode Weevils PCI outer
(g/mat) Index (0-4) (n0.)/100g roots (no.)/plant (%)

NSP 60 0.3+0.2ab 3533+333ab 3.0x0.6b 0.0+0.0a
NSP 80 0.0%0.0a 2667+675a 0.2+0.2a 0.7£0.7a
NSP 100 0.0£0.0a 18001+268a 0.8%0.5ab 0.0£0.0a
NC 60 0.0%0.0a 2233%167a 1.8%0.6ab 0.2%0.2a
NC 80 0.5%0.2ab 47331£949ab 2.1%£0.9ab 0.0+£0.0a
NC 100 0.0%0.0a 3530+313ab 1.0£0.4ab 2.3+1.5ab
Furadan 60 0.8+0.3ab 72731219 0.510.2a 3.0+1.0ab
NC+Furadan 30:30  0.3+0.2ab 2800%+252a 0.5%0.5a 1.2+0.7a
Control 1.1£0.4b 29533+1574c 0.310.3a 5.6+2.0b
P>F 0.011 0.0001 0.043 0.0033

Aok ok k * kK

Significance

Within columns, means followed by the same letter are not significantly different

(P<0.05) by Student-Neuman-Keuls Test. Average of 4 replicates and 16 plants per

treatment. NS: Not significant; *, ** ***: gignificant (P<0.05),(P<0.01) and

(P<0.001), respectively
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did not show any adverse effects on the banana plants. Phytotoxic effect of NSP may
dissipate with time and with the increase in plant biomass. This suggests that
application of NSP at 80g/mat is preferable during the first crop and could be
increased to 100g/mat in subsequent crops. The type of soil in which the crop is
grown could also influence phytotoxicity. According to Sundaram et al., (1995), the
amount of absorbed azadirachtin varies with soil type and pH. In the present study,
aza absorption was probably more at Kabondo (fertile soil; pH = 6) than at Oyugis
(pH = 5.2). Application of NSP at 100g/plant was not toxic to banana plant in the less
fertile field at Oyugis and led to higher fruit yield. However, application of NSP or
NC at >100g/plant, though effective against pest damage, caused drying up in >50%
of plants before or after fruiting. The ‘chokethroat’ symptom was frequently observed
at flowering stage at MPFS in plants applied with NSP or NC at high rates. Also,
flooding of the field at MPFS might have affected the plant growth. It is known that
saturation and higher water tables adversely affect banana root growth and lower the
fruit yield (Lassoudiére and Martin-Prével, 1974). Phytotoxicity has also been
reported in tomato plants applied with NC at high rates (IARI, 1993).

Generally, recommended rates of applications of neem materials for nematode
control depend on the crop, pathogens and type of soil (Mojumder, 1995). In the
present study, the rates of application of 60-100 kg/ha of NSP and NC found effective
against banana pests were far lower than those (400-2000 kg NC/ha) recommended
for pest control in other crops. In India, Reddy et al., (1997) used NC at 400 kg/ha
against R. similis in bananas. Sharma et al., (1996) used NC at 1500 kg/ha against

nematodes attacking tomato crop, while Ali (1995) used NC at 1000 kg/ha to control
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M. javanica in greengram. Schmutterer and Hellpap (1989) reported that, in India,
NC was applied at 1700 kg/ha against nematodes attacking chickpea. Likewise, NC at
400 kg/ha was used against Heterodera cajani in pigeonpea (Sobita, 1997). In rice,
application of NC at 1000 kg/ha controlled the rice root nematode Hirschmanniella
spp., while in sugarcane NC at 2000 kg /ha was effective against sugarcane nematodes
(Jonathan and Pandiarajan, 1991). These reports did not mention the problem of
phytotoxicity. The azadirachtin content varies with seed origin and the way the seed
is crushed or processed (Saxena, 1989). NC used in the present study was high in
azadirachtin content (5,800 ppm), that may not be the case in other studies. Further
investigations will be helpful in determining the cause of phytotoxicity.

Little information exists on the use of NSP against the banana weevil and
nematodes. In the present study, application of NSP reduced the damage caused by
the weevil and nematodes to <25% in ‘Nakyetengu,” a highly susceptible banana
cultivar. Fogain (1996) reported that in susceptible cultivars root damage caused by
nematodes exceeds 50%, while <5% in resistant cultivars. This indicates the efficacy
of NSP in bananas against nematodes and weevil.

The efficacy of NSP or NC in bananas against nematodes is clearly validated in the
present study. Control of bananas pests using neem seed derivatives was often
accompanied with increased banana plant growth and vigour, particularly in the
second crop, and could have rendered banana plants more tolerant of the damage by
weevil and nematodes. Weevil and nematodes damage in neem treated plants even in
untreated plants in the 2nd crop was lower than that in the 1st crop. This reduced

damage even in the control was probably due to the prolonged effect of neem
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Table 6.1. Application of neem seed powder (NSP), cake (NC), Furadan or
combination of NC-+Furadan to banana plants against nematodes and weevils and its

effect on the banana yield in a fertile soil at Kabondo during two cropping seasons*

Treatment Nematodes Nematodes PCI(%) PCI %)  Yield Yield
(g/mat) (no.)/100g  (no.)/100g 1"crop 2™ crop Istcrop 2™ crop
roots roots (kg/ha) (kg/ha)
(Istcrop)  (2nd crop)
NSP 60 1860a 3533ab 0.1b 0.0a 15391ab  19864a
NSP 80 780a 2667a 0.8b 0.7a 18241a 24438a
NSP 100 1920a 1800a 0.1b 0.0a 14941ab  19873a
NC 60 1440a 2233a 2.0b 0.2a 18278a 246223
NC 80 580a 4733ab 0.5b 0.0a 17765ab 26978
NC 100 1860a 3530ab 0.1b 2.3ab 16821ab  18682¢
Furadan 60 1080a 7273b 2.8b 3.0ab 15400ab 15070t
NC+Fur30:30 3720a 2800a 4.3b 1.2a 1 5’2433b 24017:
Control 16680b 29533c 11.8a 5.6b 12155b 15326t

NC+FUR= NC+Furadan
Within columns, means followed by a same letter are not significantly different at
P<0.05 level by SNK’s Test; average of 4 replicates and 16 plants per treatment.

*Summary of Tables 5.7,5.13,5.16 & 5.18 .






125

Table 6.2. Effects of application of neem seed powder (NSP), cake (NC), Furadan or
combination of NC+Furadan on the banana fruit yield from mother and following

daughter plants in a fertile soil at Kabondo

Yield in 1st crop Yield in2nd crop = Yield improvement
Treatment kg/ha % over kg/ha % over  after 2 crops (%)
(g/mat) control control
NSP 60 15391 27 19864 30 29
NSP 80 18241 50 24438 59 34
NSP 100 14941 23 19873 30 33
NC 60 18278 50 24622 61 35
NC 80 17765 46 26978 76 52
NC 100 16821 38 18682 22 11
Furadan 60 15400 27 15070 -2 .2
NC+Fur 30:30 15243 25 24017 57 57
Control 12155 0 15326 0 26

NC+Fur = NC+Furadan
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Table 6.6. Analysis of cost-effectiveness of neem seed powder (NSP) or cake (NC)

applied at high rates against the banana weevil and nematodes at MPFS (1st crop)

Treatment Annual Cost of Cost of Total cost  Yield Yield Net
(g/mat) application  Products  Application ($/ha)' (kg/ha) Value Gain

" (no.) ($/ha)’ ($/ha)’ ($/ha)’ ($/ha)
NSP 200 2 440 36 476 14135 1414 938
NSP 300 2 660 36 696 6207 620 -76
NSP 400 2 880 36 916 6149 615 -301
NC 200 2 660 36 696 6578 658 -38
NC 300 2 990 36 1026 7921 792 =234
NC 400 2 1320 36 1356 4790 479 -877
Control 0 0 0 0 794 79 79

'Approximate cost of a kilo of NSP is US$ 1 and US$ 1.5 for NC. Cost of labour

(11 man-days) for applying neem is US$ 18 per ha and the price of banana fruit US$

0.1/ kg.
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Indeed, neem products at higher concentrations are not completely safe for all stages
of beneficial organisms, specially nematodes and insects (Rovesti and Deseo, 1989;
Schmutterer, 1997). Also, in the laboratory, Sauphanor et al., (1995) did not observe
adverse effects of azadirachtin on mortality, weight, food intake or fecundity of
european earwing, Forficula auricularia L. In another study, conducted in Kenya,
Owino ef al., (1993) found that neem stimulated egg parasitism of M. javanica in
tomato. Certainly, natural extracts with selective modes of action are expected to be
less harmful to beneficial organisms than the broad-spectrum synthetic pesticides.
The effect of neem application in the banana IPM on beneficial soil organisms
should be undertaken.

Valette (1996) found that bacteria were associated with banana nematodes in the
infcction process. Mishra and Gupta (1992) reported that ncem cake reduced
populations of plant parasitic nematodes and increased soil bacteria Rhizobium
population in soybean. The antifungal properties of neem derivatives ’have also been
reported. For instance, in India, neem seed kernel extract effectively controlled rust,
Puccinia arachidis in groundnut (Usman ef al., 1991). Similarly, Jagannathan and
Narasimhan (1988) observed inhibition of fungal spore germination and mycelial
growth following aza application. Therefore, probably, neem seed derivative
applications in bananas against weevil and parasitic nematodes could also contribute
to reduction of soil borne fungus and bact-eria affecting the banana plant. Indeed, C.
sordidus is often found in association with the banana fusarium wilt, Fusarium
oxysporum f. cubense (Lindqvist, 1981).  Other soil-borne fungi such as

Cylindrocarpon musae, Fusarium spp were also isolated from lesions caused by P.





















145

Davide, R. G. 1992. Host-parasite relationship and control of plant parasitic
nematodes associated with banana, pp. 111-116. In Davide, R.G (ed.), Studies on
nematodes affecting bananas in the Philippines, Los Bafios, Laguna. Phil. Agric.
Resources Research Foundation.

Davide, R. G. 1994. Status of nematode and weevil borer problems affecting
banana in the Philippines, pp. 79-88. /In R. V. Valmayor, R. G. Davide, J. M.
Stanton, N. L. Treverrow and V. N. Roa (eds.), Proc. Conf.-Workshop on Banana
Nematodes and Weevil Borers affecting Bananas in Asia and Pacific, Serdang,
Selangor, 18-22 Apr 1994. Los Bafios, Laguna: INIBAP/ASPNET.

Davide, R. G. 1996. Overview of nematodes as a limiting factor in Musa
production, pp. 27-31. In E. A. Frison, J. P. Horry and D. D. Waele (eds.), Proc.
Workshop on New Frontiers in Resistance Breeding for Nematode, Fusarium and
Sigatoka, 2-5 Oct 1995, Kuala Lumpur, INIBAP, Montpellier.

Davies, G. 1995. Banana and plantain in the East African highlands, pp. 493-508
In S. Gowen (ed.), Bananas and Plantains. Natural Resources Institute and
Department of Agriculture University of Reading. Chapman & Hall, London.

Davis, R. F., A. W, Johnson and R. D. Wauchope. 1993. Accelerated
degradation of Fenamiphos and its metabolites in soil previously treated with
Fenamiphos. J. Nematol. 25: 679-685. -

Delattre, P. and A. Jean-Bart. 1978. Activités des champignons
entomopathogénes (Fungi imperfecti) sur les adultes de Cosmopolites sordidus

Germ. (Coleoptera; Curculionidae). Turriabla 28: 287-293.












149

Nairobi.

IITA. 1992. Sustainable Food Production in Sub-Saharan Africa: IITA’s
Contributions, vol.l. Int. Institute Tropical Agric., Ibadan. 208 p.

INIBAP. 1987. 1986 Annual Report. Int. Network for Improvement of Banana and
Plantain, Montpellier. 15 p.

Israeli, Y., E. Lahav and O. Reuveni. 1995. In vitro culture of bananas, pp. 147-
178. In S. Gowen (ed.), Bananas and Plantains. Natural Resources Institute and
Department of Agriculture University of Reading. Chapman & Hall, London.

Jacobson, M. 1989. Botanical pcsticides: Past, present, and future, pp. 2-10.

InJ. T. Amason, B. J. R. Philogéne and P. Morand (eds.), Insecticide of Plant
Origin.ACS Symp. Ser. 387. American Chemical Society, Washington, DC.

Jactzold, R. and H. Schmidt. 1982. Farm management handbook of Kenya
vol. II/A- West Kenya (Nyanza and Western Provinces). Ministry of Agriculture,
Kenya, p.397.

Jagannathan, R. and V. Narasimhan. 1988. Effect of plant extracts/products on
two fungal pathogens of finger millet. Indian J. Mycol. Plant Path. 18: 250-254.

Jilani, G., R. C. Saxena and B. P. Rueda. 1988. Repellent and growth-inhibiting
effects of turmeric oil, sweetflag oil, neem oil, and ‘Margosan-O’ on red flour
beetle (Coleoptera: Tenebrionidae). J. Econ. Entomol. 81: 1226-1230.

Jonathan, E. 1. and P. Pandiarajan. 1991. Effect of soil amendments in

controlling rice root nematodes. Int. Rice Res. Newsl. 16 (6): 25






151

Klocke, J. A., F. M. Balandon, M. A. Barnby and R. B. Yamasaki. 1989.
Limonoids, phenolics, and furanocoumarins as insect antifeedants, repellents, and
growth inhibitory compounds, pp. 136-149. /n J. T. Arnason, B. J. R. Philogéne
and P. Morand (eds.), Insecticides of Plant Origin. ACS Symp. Ser. 387.
American Chemical Society, Washington, DC.

Koppenhifer, A. M. 1993. Observations on egg-laying behaviour of the banana
weevil, Cosmopolites sordidus (Germar) (Col., Curculionidae). Entomologia
experimentalis et applicat 68: 187-192.

Koppenhofer, A. M., Seshu Reddy, K. V., Madel, G. and M.C. Lubega. 1992.
Predators of the banana weevil Cosmopolites sordidus (Germar) (Coleoptera:
Curculionidae) in western Kenya. J. Applied Entomol. 114: 530-533

Koszier, V. 1959. Bananas for infantile diarrhea. Neue Oesterr. A. Kinderheilkd.
4:212-214.

Kraus, W. 1995. Biologically active ingredients: Azadirachtin and other
triterpenoids, pp. 35-74. In H. Schmutterer (ed.), The Neem Tree, Azadirachta
indica A. Juss. and Other Meliaceous Plants: Sources of Unique Natural Products
for Integrated Pest Management, Medicine, Industry and Other Purposes. VCH,
Weinheim.

Lahav, E. 1995. Banana nutrition, pp 258-316. In S. Gowen (ed.), Bananas and
Plantains. Natural Resources Institute and Department of Agriculture University
of Reading. Chapman & Hall, London.

Lassoudiére, A. and P. H. Martin. 1974. Problémes de drainage en sols

organiques de bananeraies (Agneby, Cote d’ Ivoire). Fruits 29: 255-266.



152

Lindqvist, B. 1981. A survey of pests and diseases of banana, citrus, cocoa and
coffee in Kyela and Rungwe districts, Mbeya Region, Tanzania, Jul-Aug 1980.
Swedish Univ. Agri Sci., Dept. Plant and Forest Protection, Uppsala.

Longoria, A. 1968. Differencias sexuelles en la morfologia externa de

Cosmopolites sordidus Germar (Coleoptera: Curculionidae). Ciencias Biol. La

Habana 1: 1-11.

Lowery, D. T. 1992. Effects of extracts from neem, Azadirachta indica (A. Juss.)
on aphids (Homoptera: Aphididae) with respect to their control. PhD thesis,
Univ. British Columbia. 189p

Lowery, D. T. and M. B. Isman. 1995. Toxicity of neem to natural enemies of
aphids. Phytoparasitica 23: 297-306.

Luc, M., R. A. Sikora and J. Bridge. 1990. Plant Parasitic Nematodes in
Subtropical and Tropical Agriculture. CABI, 629 p.

Mathew, M. P., J. Thomas, T. S. Paul, S. Sivaraman, N. S. Ramachandran and
K. K. Ibraham. 1996. Chemical control of pseudostem borer of banana
Odoiporus longicollis Oliver. Proc. of intl symp. on Technological Advancement
in Banana/Plantain production and processing, Kerala University-India (abstract)

Matielle, T. 1992. Contribution & I’ étude des relations hdte-parasite entre le
bananier, Musa acuminata (groupe AAA) et trois nematodes phytophages:
Radopholus similis, Helicotylenchus multicinctus et Hoplolaimus pararobustus
(Tylenchida). ORSTOM, PhD thesis, 251 p.

Mbwana, A. S. S. 1992. Host-range and survival of the lesion nematode,

Pratylenchus goodeyi Sher and Allen, and its control in bananas. PhD thesis,



153

Kenyatta University, Nairobi, 138 p.

Mehta, U. K. 1997. The use of neem products for controlling sugarcane
nematodes.Global Neem Update 2(1): 10-14.

Mestre, J. 1995. Reconnaissance des sexes chez le charancon du bananier,
Cosmopolites sordidus Germar 1824 (Coleoptera: Curculionidae).

Note technique 1. CIRAD/ FLHOR. 7 p

Mestre, J. 1997. Les recherches recentes sur le charancon des bananiers,
Cosmopolites sordidus (Germar 1824) (Coleoptera: Curculionidae). Synthése
bibliographique. Fruits 52: 67-82

Mishra, S. D., M. M. Haque, M. Vijayalakshmi and B. K. Goswami. 1989.
Efficacy of aqueous extracts of neem seed cake on egg hatching and penetration
of Meloidogyne incognita. . Neem Newsl. 6(1): 6-7.

Mishra, S. M. and P. Gupta. 1992, Effect of organic amendments on'
Pbytonematodes and Rhizobium population associated with Soybean. New-
Agriculturist 3: 161-166

Mitchell, G. A. 1980. Banana entomology in Winward islands. Final report, 1974-
1978. Centre Overseas Pest Research, London, 216 p.

Mochizuki, A. 1993. Antifeedant activity of neem oil to the rice water weevils.
Lissorhabtrus oryzophilus Kuschel (Coléoptera: Curculionidae). Appl. Entomol.
Zool. 28: 254-256

Mojumder, V. 1995. Effects on nematodes, pp. 129-150. /n H. Schmutterer (ed.),
The Neem Tree, Azadirachta indica A. Juss., and Other Meliaceous Plants:

Sources of Unique Natural Products for Integrated Pest Management , Medicine,






155

Ogenga-Latigo, M. W. and R. Bakyalire. 1993. Use of pseudostem traps and
coefficient of infestation (PCI) for assessing banana infestation and damage by
Cosmopolites sordidus Germar. African Crop Sci. J. 1: 31-37.

Ortiz, R. and D. Vulysteke. 1996. Improving plantain- and banana-based systems
in plantain and banana: Production and Research in West and Central Africa.
Proc. Regional Workshop, Onne, Rivers State. IITA, Ibadan.

Ostmark, H. E. 1974. Economic insect pests of bananas. Annu. Rev. Entomol. 19:
161-176.

Owino, P. 0., S. W. Waudo and R. A. Sikora. 1993. Biological control of
Meloidogyne javanica in Kenya: effect of plant residues, benomyl and
decomposition products of mustard (Brassica campestris). Nematologica 39:
127-134.

Pathak, P. H. and S. S. Krishna 1992. Effects of odours of certain plant oils/leaves
on the egg hatchability in Corcyra cephalonica (Stainton) (Lepidoptera:
Pyralidae). Mitt. Zool. Mus. Berl. 68: 139-141.

Pefia, J. E., R. Duncan and R. Martin. 1993. Biological control of Cosmopolites
sordidus in Florida, pp.124-139. In C. S. Gold and B. Gemmill (eds.), Biological
and Integrated Control of Highland Bananas and Plantain Pests and Diseases.
Proc. Research Coordination Meeting, Cotonou 12-14 Nov 1991. IITA, Ibadan.

Perry, R. N. 1996. Chemoreception in plant nematodes. Annu. Rev. Phytopathol.

34: 181-199.






157

18-22 Apr 1994,

Ravichandra, N. G. and K. Krishnappa. 1985. Effect of various treatments both
individually and integration in controlling the burrowing nematode, Radopholus
similis infesting banana. Indian J. Nematol.15: 62-65

Reddy, P. P. 1994. Status of banana nematodes in India, pp. 247-254. In R. V.
Valmayor, R. G. Davide, J. M. Stanton, N. L. Treverrow and V. N. Roa (eds.),
Proc. Conf.-Workshop on Nematodes and Weevil Borers affecting Bananas in
Asia and Pacific, Serdang,18-22 Apr 1994

Reddy, P. P, M. Nagesh, M. S. Rao and V. Devappa. 1997. Integrated
management of the burrowing nematode, Radopholus similis, using
endomycorrhiza, Glomus mosseae, and oil cakes. Pest Management in Hort.
Ecosystems 3: 25-29.

Rembold, H. 1989. Azadirachtins: Their structure and mode of action, pp.150-163.
In J. T. Arnason, B. J. R. Philogéne and P. Morand (eds.), Insecticides of Plant
Origin. ACS Symp. Ser. 387. American Chemical Society, Washington, DC.

Rovesti, L. and K. V. Deseo. 1989. Effect of neem (4zadirachta indica) kernel
extract on Steinernematid and Heterorhabditid nematodes. Nematologica 35:
493-496.

Rukazambuga, N. D. T. N. 1996. The effects of banana weevil (Cosmopolites
sordidus Germar) on the growth and productivity of bananas (Musa AAA-EA)
and the influence of host vigour on weevil attack. PhD thesis, University of

Reading, U.K. 249 p.









160

Saxena, R. C., Z. R. Khan and N. B. Bajet. 1985. Neem seed derivatives for
preventing rice tungro virus transmission by the green leafthopper, Nephotettix
virescens (Distant). Phil. Phytopath. 21: 88-102.

Saxena, R. C. and Z. R. Khan. 1987. New bioactive products: Growth regulators,
antifeedants, pheromones and other attractants, pp. 363-317. /n G. B. Marini-
Bettolo (ed.), Towards a Second Green Revolution: From Chemical to New
Biological Technologies in Agriculture in the Tropics. Proc. Int. Meeting, 8-10
Sept 1986, Acad. Nazionale Delle Scienze, Rome.

Saxena, R. C. and E. L. Kidiavai. 1997. Neem seed extract spray applications as
low-cost inputs for management of the flower thrips in the cowpea crop.
Phytoparasitica 25: 99-110.

Schmutterer, H. 1987. Fecundity-reducing and sterilizing effects of neem NSKE’s
in the colorado potato beetle, Leptinotarsa decemlineata, pp. 351-360. In H.
Schmutterer, and K. R. S. Ascher (eds.), Natural Pesticides from the Neem Tree
(Azadirachta indica A. Juss.). Proc. 3rd Int. Neem Conf., Nairobi, 1986.

Schmutterer, H. 1990. Properties and potential of natural pesticides from the
neem tree, Azadirachta indica. Annu. Rev. Entomol. 35: 271-297

Schmutterer, H. 1995. Insects, biological effects of neem and their modes of
action, settling on treated hosts and egg-laying behaviour, pp. 167-171. In H.
Schmutterer (ed.), The Neem Tree, Azadirachta Indica A. Juss., and Other
Meliaceous Plants: Source of Unique Natural Products for Integrated Pest

Management, Medicine, Industry and Other Purposes. VCH, Weinheim.









163

Singh, R. P. and P. K. Kataria. 1991. Insects, nematodes and fungi evaluated
with neem (Azadirachta indica A. Juss.) in India. Neem Newsl. 8(1): 3-11.

Sobita, D. L. 1997. Use of various neem (Azadirachta indica A. Juss.) products for
the management of Heterodera cajani on pigeonpea and water screening test on
the emergence of the nematode larvae from egg sacs. Neem Newsl. 14(1): 1-6

Southwood, T. R. E. 1978. Ecological Methods, 2nd ed. Chapman & Hall, London.

524p.

Speijer, P. R. 1993. Interrelationships between Pratylenchus goodeyi Sher & Allen
and strains of non-pathogenic Fusarium oxysporum Schl. emd. Snyd. & Hans. in
roots of two banana cultivars. PhD thesis, Inst. fiir Pflanzen. der Rheinischen
Friedrich-Wilhelms Universitat, Bonn, 200 p.

Speijer, P. R., C. S. Gold, 1. N. Kashaija and E. B. Karamura. 1994
Assessment of nematode damage in East African highland system, pp. 191-203.
In R. V. Valmayor, R. G. Davide, J. M. Stanton, N. L. Treverrow, and V. N. Roa
(eds.), Proc. Conf.-Workshop on Banana Nematodes and Weevil Borers affecting
Bananas in Asia and Pacific, Serdang 18-22 Apr 1994.

Speijer, P. R., W. J. Budenberg and R. A. Sikora. 1993. Relationships between
nematodes, weevils, banana and plantain cultivars and damage. Ann. Appl. Biol
123: 517-525

Stanton, J. M. 1994. Status of nematode and weevil borer problems affecting
banana in Australia, pp. 48-56. In R. V. Valmayor, R. G. Davide, J. M. Stanton,
N. L. Treverrow, and V. N. Roa (eds.), Proc. Conf.-Workshop on Banana

Nematodes and Weevil Borers affecting Bananas in Asia and Pacific, Serdang,









166

Vilardebo, A., M. Boisseau, A. Lassoudiére, P. Melin and E. Ternisien. 1988.
Expérimentation avec I’aldicarbe pour lutter contre Radopholus similis cobb
(Nematoda, Pratylenchidae) et Cosmopolites sordidus (Germar) (Coleoptére,
Curculionidae) en bananeraie. Premiere partie: expérimentation realisée en
Martinique et au Caméroun. Fruits, 43 (7-8): 417-430.

Viswanath, B. N. 1979. Studies on the biology, varietal response and control of
banana rhizome weevil Cosmopolites sordidus (Germar) (Coleoptera:
Curculionidae). Mysore J. of Agr. Sc. 11:597-598

Viswanath, B. N. and G. P. Channabasavanna. 198f. Chemical control of
banana rhizome weevil Cosmopolites sordidus using granular soil insecticides.
Tech. Series.Univ. Agr. Sci, Bangalore 37: 316-319.

Vuylsteke, D., R. Ortiz and S. Ferris. 1993. Genetic and agronomic improvement
for sustainable production of plantain and banana in sub-Saharan Aftica. African
Crop Sci. J. 1: 1-8.

Walangululu, M., B. M. Litucha and M. Musasa. 1993. Potential for the control
of the banana weevil Cosmopolites sordidus Germar with plants reputed to have
an insecticidal effect. Infomusa 2 (1): 9.

Walker, P. T., M. J. Hebblethwaite and J. Bridge. 1983. Project for banana pest
control and improvement in Tanzania. A'report to the Govt. Tanzania. Tropical
Development and Res. Institute with Commonwealth Institute of Parasitology,
141p

Walker, P. T., M. J. Hebblethwaite and J. Bridge. 1984. Project for banana pest

control and improvement in Tanzania. EEC Report for Govt. Tanzania. London









Appendix 2. Morphological characters of the banana #68t lesion nematode Pratylenchus

goodeyi Sher & Allen (CIH Descriptions of Plant-parasitic Nematodes, set 8, No. 120.

C.A.B. International, Wallingford, UK)
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Appendix 4a. Weevils settled under corms treated with neem oil (NO 1%)

and untreated corms at 48 h after release in a choice test.

Period (hour) Treatment Weevil settled (%) Prob >T

1 Control 64.4+7.79 0.06 NS
Treated 23.5+4 .88

2 Control 67.4+7.66 0.03*
Treated 22.8+5.09

3 Control 70.4+7 41 0.04 *
Treated 28.246.19

12 Control 78.0+9.07 0.009**
Treated 22.0+8.04

24 Control 70.0+8.60 0.01**
Treated 27.6+6.66

48 Control 42.4+6.26 0.7 NS
Treated , 35.4+6.02

NS, *, ** ***. not significant, significant at 0.05, 0.01 and 0.001 respectively (T-test).
Average of 9 replicates; 50 weevils released. In general there was a significant difference
between untreated and treated corms at the same period. The repellent effect was weaker as

from 48 h after release.
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Appendix 4 b. Weevils settled under corms treated with neem oil (NO 2.5%)

and untreated corms at 48 h after release in a choice test.

Period (hour)  Treatment Weevil settled (%) Prob >T

1 Control 71.2+£7.76 0.002**
Treated 11.242.47

2 Control 78.6+8.07 0.0008***
Treated 9.1+2.61

3 Control 68.2+8.07 0.005**
Treated 11.6+3.46

12 Control 75.6+7 .44 0.03*
Treated 16.8+3.72

24 Control 76.6+8.37 0.05*
Treated 17.6+3.48

48 Control 61.6+£7.17 0.07 NS

Treated 25.2+5.82

NS, *, ** **%. not significant, significant at 0.05, 0.01 and 0.001 respectively (T-test).
Average of 9 replicates; 50 weevils released. In general there was a significant difference
between untreated and treated corms at the same period. The repelient effect was weaker as

from 48 h after release.
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Appendix 4 c. Weevils settled under corms treated with neem oil (NO 5%)

and untreated corms at 48 h afier release in a choice test.

Period (hour) Treatment Weevil settled (%) Prob >T

1 Control 48.1+8.42 0.02*
Treated 23.0+5.36

2 Control 61.8+6.63 0.02*
Treated 19.6+5.04

3 Control 51.1+7.66 0.11 NS
Treated 21.4+4 .43

12 Control 72.4+7.84 0.002%*
Treated 12.4+2.03

24 Control 66.6+9.04 0.03*
Treated 20.0+2.74

. 48 - Control 73.0+11.30 0.02*

Treated 14.1+3.56

NS, *, ** ***. not significant, significant at 0.05, 0.01 and 0.001 respectively (T-test).
Average of 9 replicates;, 50 weevils released. In general there was a significant difference

between untreated and treated corms at the same period. The repellent effect persists even

after 48 h.
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Appendix 5. Effect of application of NSP, NC, Furadan or combination of NC+Furadan at

different rates in a highly infested farmer’s field at oyugis on banana weevil population (1st

crop)
Treatment No. weevil/plot

NSP 60 34.4+7.24
NSP 80 37.4+7.19
NSP 100 30.8+4.72
NC 60 41.0+7.11
NC 100 43.4+5.05
NC 80 32.0+4.85
NC+Furadan 27.2+5.39
Furadan 26.4+7.83
Control 42 .4+6.94

P=0.05 NS

Means of 4 plots. Traps were laid in each plant. However, the number of plants established

was inequal among treatments implying that the number of traps was also inequal.






