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Abstract: Studies were carried out to determine the nematicidal effect of Tithonia diversifolia, Azadirachta
indica, Zanthoxylum zanthoxyloides and Datura metel on Meloidogyne incognita. Nematode eggs and
juveniles were exposed to 0 mgkg  (control), 25,000 and 50,000 mgkg  concentrations of water extracts made1 1

from the botanicals. Air-dried milled samples of the plant parts at rates of 50 and 100 kg/ha were applied to
soybean  cultivar  TGX  1440-1E  inoculated  with M. incognita in a pot experiment. Water extracts of all the
four-selected plant parts at 25,000 and 50,000 mgkg  were very effective in inhibiting egg hatch by over 70%1

within  ten  days.  Juvenile mortality at 50,000 mgkg  concentration was 93, 92, 89 and 75%, respectively for1

A. indica, D. metel, T. diversifolia and Z. zanthoxyloides. The milled plant parts significantly (P 0.05) reduced
root galls and the total population of M. incognita per pot resulting in increased yield of soybean. In addition,
number of root nodules and yield were increased significantly more than the control by 46.4 and 64.5%,
respectively when plants were treated with plant parts at 100 kgha . These botanicals were as effective as1

carbofuran in managing root-knot nematodes in soybean.
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INTRODUCTION loss of soybean [6, 7] by as much as 90% for susceptible

Soybean, Glycine max (L.) Merrill is a popular nematode still exceed 99,600 metric tonnes in the United
leguminous oil seed crop in the diets of many tropical States of America [9].
countries [1]. Many species of plant parasitic nematodes In south-western Nigeria, most soybean cultivars are
of different  genera  are  associated  with   soybean  [2]. susceptible to the root-knot nematodes, especially
Of these, Meloidogyne species and Heterodera glycines Meloidogyne incognita, which predominantly occurs in
are regarded among the most damaging to soybean [3]. this area [10, 11]. The average yield loss per juvenile of
The soybean cyst nematodes, Heterodera glycines and Meloidogyne in 100 g of soil was 4.3 kg/ha at harvest time
the root-knot nematodes Meloidogyne species can cause in pot experiments [12]. With increasing and more
more than 90% yield loss thus posing the greatest threat intensified soybean production in Nigeria, root-knot
to  the  crop due  to  the  magnitude  of  damage  and disease is also on the increase [13]. The control of the
wide- spread occurrence [4]. The presence of root-knot root-knot nematodes has been a major problem because
nematode causes the deformation of the root system of their ubiquitous nature and very wide host range [11].
when galls are formed; nutrient and water uptake by plant The use of synthetic pesticides has been found to
roots are then affected [2]. Infection by Meloidogyne increase the yield of agricultural products by over ten
species can also lead to reduced nodulation by nitrogen times when used to manage nematode problems.
fixing bacteria [5]. Similarly, infection due to Meloidogyne However, the effects of pesticide overuse and misuse
causes wounds on soybean root while feeding. These around the world has led to costly environmental
wounds provide entry points for secondary pathogenic pollution  and  disruption of the balance of nature [14].
infection. Thus, the plant becomes susceptible to root The concern over indiscriminate use of chemicals in the
rotting organisms. M. incognita causes significant yield control of pests has led to the sourcing of alternatives

soybean cultivars [8]. Annual soybean yield losses to this
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that  are  effective,  ecologically  safe  and  economical into a transparent glass block. The eggs were allowed to
[15]. Such alternatives include the use of botanicals settle for ten minutes and the water was siphoned off with
derived from very cheap and renewable sources, a Pasteur pipette while observing through the
especially tropical plants [16-19]. stereomicroscope, leaving the eggs in very little water.

The present study was undertaken to evaluate the Eggs were then picked out using a bamboo splinter that
comparative performance of Tithonia diversifolia leaves, was sharpened flat (spatula-like). Another two ml aliquot
Azadirachta indica leaves, Zanthoxylum zanthoxyloides of the suspension was taken and expressed into a glass
roots, Datura metel seeds in comparison to carbofuran in block. The eggs were left on the laboratory bench for
the management of M. incognita and the consequent seven days in order to allow second stage juvenile hatch
effect on the yield of soybean, Glycine max. from the eggs. These freshly hatched juveniles were used

MATERIALS AND METHODS egg suspension was used as inoculum for the pot studies.

Preparation of Plant Extracts: Leaves of Tithonia In vitro Studies: With the aid of a graduated pipette, one
diversifolia (Mexican sunflower) and Azadirachta indica
(neem), seeds of Datura metel (jimson weed) and roots of
Zanthoxylum zanthoxyloides (candle weed) were
collected from University of Ibadan Forest Reserve,
Ibadan, Nigeria. These samples were air dried in the
laboratory and milled into powder with a Warring®
laboratory dry mill. Water extracts were prepared by
soaking   100  g   of    powder   in   1000  ml of   water for
48 hrs  and  then  filtering through a Whatman® No. 1
filter  paper.  The  filtrate  was the stock solution of
100,000 mgkg  concentration [20]. One hundred milliliters1

(100 ml) of the stock extract of 100,000 mgkg  was diluted1

with distilled water at a ratio of 1:1 and 1:3 to obtain
graded extracts  of  50,000  mgkg ,  25,000  mgkg ,1 1

respectively; distilled water (0 mgkg ) served as the1

control.

Preparation of Nematode Inoculum: Nematode eggs were
extracted from galled roots using the sodium hypoclorite
method (NaOCl) [21] method. Galled roots of Celosia sp.
were collected from the inoculum nursery of the National
Institute of Horticulture (NIHORT), Ibadan. The galled
roots were chopped into 1-2 cm pieces and placed in a two
litre capacity conical flask into which one litre of 0.5%
sodium hypochlorite (NaOCl) was poured. The roots were
shaken in the solution for four minutes and poured into a
stack of three sieves, with the one mm aperture size sieve
on top followed by the 45 µm aperture size sieve and
finally the 25 µm aperture size sieve in which the eggs
were retained. The retained eggs were then washed into
a beaker after several rinses to remove all traces of NaOCl.
The number of eggs per milliliter of the suspension was
estimated  by  counting  under  a   stereomicroscope
(Leica Wild M3C). This was then adjusted to 2000 eggs
per ml by concentrating the suspension. A one ml aliquot
of the suspension was taken with a syringe and expressed

for the juvenile mortality study. The remaining nematode

ml each of the serially diluted extracts of effective
concentration of 50,000 mgkg  and 25,000 mgkg as well1 1

as the distilled water control (0 mgkg ) were dispensed1

into  individual  glass  blocks.  Twenty  five (25) eggs of
M. incognita were then picked as previously described
into the glass blocks. The blocks were then covered with
a piece of flat glass to prevent evaporation. The
experiment was arranged in a completely randomized
design  replicated  four  times  on  the  laboratory bench.
A count of hatched juveniles was done every 24 hours for
10 days using a dissecting microscope. 

Twenty five (25) freshly hatched second stage
juveniles (J2) of M. incognita were also picked into
transparent glass blocks each containing one ml of the
diluted extracts and the control. These were arranged in a
completely randomized design (CRD) replicated four times
on the laboratory bench. A count of dead juveniles was
done every 24 hours for 10 days using a
stereomicroscope. Nematodes that assumed the
characteristic dead straight position were tapped with a
picking instrument to check if they would respond and
when they did not, they were picked out of the extract.
They were then placed in distilled water to confirm that
they were dead and were not returned to the glass block.
Both trials were conducted twice.

Pot Experiments: Sandy-loam topsoil was steam-sterilized
at  120°C for 150 minutes. The cooled soil was filled into
25 cm diameter planting pots (five kg capacity). Two
seeds of root-knot nematode susceptible soybean variety
TGX 1440-1E [22] were planted in each pot. Three weeks
after  planting,  the  soybean seedlings were thinned to
one  plant  per  pot  and  inoculated  with  5000  eggs  of
M. incognita while the control pots were left
uninoculated. Inoculation was done by dispensing the
inoculum into small holes made as close to the plant roots
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as possible using a graduated syringe. A week after with the control 0 mg kg  (Table 1). Egg hatch was
inoculation,  carbofuran  and  the botanical treatments inhibited best by both concentrations of Z.
were  applied  to  the soil. The treatments were 100 kg/ha zanthoxyloides although it was not significantly better
(5 g/pot) and 50 kg/ha (2.5 g/pot) of finely milled neem than  the  other  extracts  except for T. diversifolia at
leaves, tithonia leaves, datura seeds and zanthoxylum 25,000 mg kg  which inhibited egg hatch the least
roots; Carbofuran 5G at the rate of 5 kg ai/ha (0.5 g/pot) (P 0.05) at the end of ten days of egg incubation. At
and  2.5 kg a.i/ha (0.25 g/pot) while distilled water was 50,000 mgkg D. metel and T. diversifolia recorded a
added to the control pots. The pots were arranged in a nematode juvenile kill of 17% and 15% respectively after
Randomized Complete Block Design (RCBD) in the screen 24 hrs of exposure. Within five days of exposure, more
house with each treatment replicated four times. The than 50% of the juveniles were killed in all the extracts
plants were watered daily and kept weed free. The except for in 25,000 mg kg  concentration of zanthozylum
experiment was terminated 10 weeks after inoculation. and  tithonia  extracts.  Datura  metel, T. diversifolia and
This experiment was repeated. A. indica at 50,000 mg kg  effected nematode mortality

Data Collection and Analyses: Data collected at harvest tested significantly (P 0.05) caused over 70% mortality of
were seed weight, root weight and number of root nodules the second-stage juveniles of M. incognita within ten
per plant. Root galling index was scored on a 0-5 scale days of exposure when compared with the control
[23]; where 0 = no galls, 1 = slight infection, 2 = moderate (P 0.05). Azadirachta indica, D, metel and T diversifolia
infection, 3 = moderately severe, 4= severe, 5= very at 50,000mg kg  were the most effective (P 0.05) causing
severe. Number of nematode eggs on roots (5 g) was 94%, 93.5% and 93.5% mortality respectively by the tenth
taken by counting after extraction using the sodium day of exposure to the extracts.
hypochlorite (NaOCl) method [21]. The total number of
eggs per plant root was computed by multiplying by the Pot Studies: Soybean plants treated with milled botanical
root weight per plant. Number of nematodes (second parts at 2.5 g/pot (50 kg/ha) and 5 g/pot (100 kg/ha) had
stage juveniles) in soil (100 cm ) was also counted after significantly increased (P 0.05) seed weight, fresh root3

extraction using the modified Baermann pie-pan method weight and number of root nodules when compared with
described by [24]; the total number of nematodes in soil the inoculated plants that received no treatment (Table 2).
was  computed  by  extrapolating  the number in 100 cm The presence of the nematode on the soybean plants3

to the volume of soil. The final nematode population per significantly affected their yield, uninoculated plants had
pot was then computed by adding the total number of 50% yield higher (P 0.05) than inoculated plants. Yield, in
nematodes per plant root and the total number of terms of seed weight, from plants treated with 5 g/pot of
nematodes in soil per pot. The reproductive factor (RF) of D. metel at (17.9 g) and A. indica (16.4) were significantly
the nematode was then calculated by dividing the final better (P 0.05) than yields from plants treated with both
nematode population (Pf) by the initial nematode concentrations of carbofuran (10.4 g; 14.5 g) and A. indica
population (Pi) (5,000 eggs). at 2.5 g/pot (14.4 g). The yield was also significantly

Data were subjected to Analysis of Variance (P 0.05) better than the yield from untreated and
(ANOVA) using the SAS [25] statistical package and uninoculated plants and the inoculated control plants.
means were separated using Student Newman Keuls Test Root weight was severely reduced in nematode infested
(SNK) at 5% level of probability. Data presented are plants  that  were  untreated.  Plants  to which 5 g/pot of
means of two trails. D.  metel  was added had the heaviest (P 0.05) root

RESULTS treated  with  A.  indica  (5  g/pot),  D.  metel (2.5 g/pot),

In vitro Studies: The two trials of both the egg hatch had comparable root weights with both carbofuran
inhibition  and juvenile mortality generally followed
similar trends and the means of both trials are presented.
Egg-hatch of M. incognita in water extracts of Z.
zanthoxyloides (roots), T. diversifolia (leaves), D. metel
(seeds) and A. indica (leaves) were significantly (P 0.05)
inhibited at 25,000 and 50,000 mg kg  when compared1

1

1

1

1

1

by 65.5%, 64% and 59% respectively. All plant extracts

1

weight compared to all other treatments. Roots of plants

T. diversifolia (5 g/pot) and Z. zanthoxyloides (5 g/pot)

treatments, however they were significantly heavier that
both the inoculated control and the untreated control.
Roots  from  the  lower  concentration  of  A.  indica  and
T. diversifolia performed as good as the untreated
control. Nodule production in the treated plants (except
for  Z.  zanthoxyloides)   was   not   significantly  (P 0.05)
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Table 1: Effect of water extracts of selected botanicals on cumulative percentage egg hatch inhibition and juvenile mortality of M. incognita within 10 days.

Percentage juvenile mortality
---------------------------------------------------------------------------------

Treatment (1000 mgkg ) Cumulative Percentage egg hatch inhibition Day 1 Day 5 Day 101

Control 0.0d 1.0e 8.0f 15.0f
Z. zanthoxyloides (25) 80.6a 8.0d 48.1d 73.5d
Z. zanthoxyloides (50) 82.9a 10.0cd 56.0d 79.5c
T. diversifolia (25) 64.2c 10.0cd 45.5e 74.0cd
T. diversifolia (50) 75.7ab 15.0ab 64.0a 93.5a
D. metel (25) 73.3b 12.0c 58.5bc 85.0b
D. metel (50) 79.7ab 17.0a 65.5a 93.5a
A. indica (25) 76.7ab 14.0bc 57.0bc 84.5b
A. indica (50) 76.7ab 15.0ab 59.0ab 94.0a

Values are means of four replicates; Means in the same column followed by the same letter are not significantly different at P 0.05 using SNK

Table 2: Effect of botanicals on seed weight, fresh root weight and number of nodules on soybean infested with M. incognita.
Treatment Seed weight (g) Fresh root weight (g) Number of nodules

A. indica (2.5g/pot) 14.4b 5.1cd 3.0a
A. indica (5g/pot) 16.4ab 6.0b 2.8ab
D. metel (2.5g/pot) 9.9c 5.9bc 2.8ab
D. metel (5g/pot) 17.9a 9.8a 3.0a
T. diversifolia (2.5g/pot) 7.6d 4.5d 3.0a
T. diversifolia (5g/pot) 8.6c 5.8bc 3.0a
Z. zanthoxyloides (2.5g/pot) 8.5c 3.6e 2.5b
Z. zanthoxyloides (5g/pot) 10.1c 5.9bc 2.5b
Carbofuran 0.25 g a.i/pot 10.4c 6.0b 2.5b
Carbofuran 0.5 g a.i/pot 14.5b 6.2b 3.0a
Inoculated control 4.6e 2.85f 1.5c
Untreated/uninoculated control 9.3c 4.1d 2.5b

Values are means of four replicates; Means in the same column followed by the same letter are not significantly different at P 0.05 using SNK

Table 3: Population in roots and soil, galling index and reproductive factor of M. incognita as influenced by treatment with plant extracts

No. of nematode eggs No. of J2 in Total no. of Galling Reproductive
Treatment in roots (5 g) soil (100 ml) nematodes/pot Index (GI)* Factor (RF)

A. indica (5g/pot) 1350cd 225b 23850bc 2.3c 4.8c
A. indica (2.5g/pot) 1150cd 325b 33650b 1.0d 6.7b
Z. zanthoxyloides (2.5g/pot) 2175b 375b 39675b 1.8c 7.9b
Z. zanthoxyloides (5g/pot) 375e 250b 25375bc 2.3c 5.1bc
D. metel(2.5g/pot) 975de 275b 27500bc 2.5bc 5.7b
D. metel (5g/pot) 588e 300b 30000b 2.5bc 6.1b
T. diversifolia (2.5g/pot) 825de 350b 35825b 3.0b 7.2b
T. diversifolia (5g/pot) 1675bc 275b 29175bc 2.0c 5.8b
Carbofuran 0.25 g a.i/pot 375e 350b 35375b 2.5bc 7.1b
Carbofuran 0.5 g a.i/pot 325e 215b 21875c 2.8b 4.4c
Inoculated control 3381.3a 1175a 120881.3a 3.9a 24.3a
Untreated uninoculated control 0f 0c 0d 0e 0d

Values are means of four replicates; Means in the same column followed by the same letter are not significantly different at P 0.05 using SNK
Reproductive Factor (RF) =Pf/Pi; Where Pf = final population and Pi = initial population
*Galling index: 0 = no galls, 1 = slight infection, 2 = moderate infection, 3 = moderately severe, 4= severe, 5= very severe

different from nodule production in plants treated with Number  of  eggs  on  roots, number of juveniles in
carbofuran applied at 0.5 g/pot. However nodule 100 ml  soil,  final  nematode  population,  galling index
production  in  Z.  zanthoxyloides was the same (P 0.05) and   reproductive   factor   (RF)   were   significantly
as that in the uninoculated plants. The inoculated plants higher (P 0.05) in the untreated plants than in the
produced very few (P 0.05) nodules. botanical-treated  soybeans  plants  (Table   3).  Treatment
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with Z. zanthoxyloides, D. metel and T. diversifolia at 5 nodules. It is possible that many of the nematodes were
g/pot significantly reduced nematode eggs found on affected before they could penetrate into the roots and
roots, the same as carbofuran (P 0.05) compared to other the ones that did, had an interrupted life cycle. The
treatments. The other treatments also significantly substances in the plant extracts that are active against
reduced nematode population in the roots compared to nematodes are generally grouped as alkaloids, flavonoids,
the inoculated control. This same trend was also observed saponins, amides, benzamide and ketones which act
for the nematode population in soil and total nematode singly and in combination [31, 32]. The influence of the
population  per plant. Even though the reproductive plant extracts substantially reduced populations and
factor of the nematode was significantly (P 0.05) reduced damage of M. incognita, resulting in improved root
by the plant extracts, none had a reproductive factor of health, active root nodules for active nitrogen fixation,
less than one which is the ideal. However, A. indica and enhanced root anchorage and good uptake of nutrients
Z. zanthoxyloides at 5 g/pot performed the best with and water from soil by plant. This brought about a higher
carbofuran at 0.5 g/pot in inhibiting nematode yield when compared with untreated plants. This study
reproduction by about 83%. indicates that the botanicals used (Azadirachta indica,

DISCUSSION zanthoxyloides) contain active ingredients that exhibit

Water extracts and milled plant parts of T. diversifolia reports [26, 18, 33] who reported that the application of
(Mexican sunflower), D. metel (Jimson weed), Z. some  selected   botanicals   at   the   rate   of  30 kg  and
zanthoxyloides (Candle weed) and A. indica (neem) at 50 kg ha  reduces galling, nematode population and
50,000 mgkg  were very effective in inhibiting egg hatch nematode reproductive rate in treated plants. The1

and juvenile survival of M. incognita proving that the chemical analysis of neem, Azadirachta indica, contains
water extracts of these plants can suppress nematode tannins and azadiractine as active ingredients [18, 33]
activity. This further establishes the findings that neem, which are detrimental to nematode survival. Similarly,
among other botanical extracts, reduced egg hatch and reported  that D. metel contains hyoscine and some oils
caused the mortality of root knot nematode of soybean as active  ingredients  which  act  against   nematodes
[26]. The toxicity of extracts increased with increase in [27]. In addition, the milled leaves could have improved
their concentration and well as exposure time. Aqueous yields by increasing the nitrogen and organic matter
extract from leaves of Datura stramonium have been content of the soil as is achieved when plants are
reported to  inhibit  juvenile  survival  and  hatching  of mulched, this can be observed in the better yields
M. incognita by 55.6% within 48 hours of exposure [27]. obtained in plants that were treated with milled plant
Not much work has been done on the effect of Tithonia material over plants that were not inoculated with
diversifolia extracts on nematodes, however, [28] reported nematodes and untreated. Increase in plant vigour and an
that tithonia mulch increased the yield of plantain while increase in yield were observed in tithonia- mulched
reducing nematode populations. Azadiracchta indica plantain plants [28].
extracts have been widely reported to inhibit egg hatch In conclusion, the results show that extracts and
and juvenile activity [29, 30]. Soybean plants treated with milled  botanicals  such  as   A.   indica,   T.  diversifolia,
milled plant parts at 100 kg/ha (5 g/pot) and carbofuran 5G D. metel and Z. zanthoxyloides can be used as safe
significantly reduced number of M. incognita in root and alternative nematicide for root- knot nematode control in
soil. The treated plants were less damaged by the soybeans, especially since carbofuran is a regulated
nematode in terms of galling; nematode populations and pesticide due to its high toxicity. Further research is
the nematodes’ ability to reproduce were also reduced. needed however, to identify the mode of action of these
This implies that the plant parts used for the treatment of potential biopesticides and to develop new stable and low
soybean suppressed M. incognita due to the toxic cost nematicidal and nematostatic formulations from
nematicidal properties of the botanicals. Sequel to this plants sources.
significant reduction in nematode population, soybean
plants treated with botanical parts at 100 kg ha  (5 g per REFERENCES1
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