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Abstract. The effect of nematicidal activities of carbofuran and some organic (plant) materials on plant parasitic

nematode control on tomato were studied in the field in Nigeria during 2005-2006. The plant materials used for

nematode control were the leaves of bitter leaf (Vernonia amygdalina) and brimstone (Morinda lucida), and the peels
of the fruit of sweet orange (Citrus sinensis) and neem (Azadirachta indica). The were applied in aq
(liquid) and powder (solid) forms. The aqueous extracts of the plant materials were applied at the rates of 25, 50, 75,

_-and 100% while the powder form were applied at 0.5, 1.0, 1.5 and 2.0 vha. Carbofuran was also applied in liquid
m 5000, 7500 and 10000 ppm) and solid (1.0, 1.5, 2.0 and 2.5 kg a.i/ha) forms. The experimental plots where
no treatment was applied served as the control. Adl treazments were significantly more effective than the untreated
control in increasing the height, number-of leaves, fruit number and weight per tomato plant. Moreover, carbofuran
and ‘plant materials at all concentrations and forms of application significantly reduced the population of plant
parasitic nematodes in the roots of tomato and soil, andalsoredlmdmpllmdexofromaw It was concluded
therefore that these plant materials can be used instead of carbofuran to control nematodes in tomato.

Keywords. Azadirachia indica, carbofuran, Citrus sinensis, Morinda lucida, nematodes, arganic materials, tomato,

Vernonia amygdalina.

- INTRODUCTION

omato, Lycopersicon esculentum (L.) Mill. of Solana-
ceac family, is an important fnut vegetable whu:h

the limiting factors in .tomato cultivation which in some
cases results in 90-100% yield loss of the crop under no
appropriatc management - (Olabiyi, 2008). Nematode
infection has been reported 1o cause 80-90% yield loss in

contains a very powerful antioxid (ly

which can help prevent the development of many forms of
cancer. Tomato has an appreciable protein as well as
vitamins A, C and D content (Van Eck ez al., 2006). The
crop has a high fruit yield in the Americas, Europe and
India but the yield is low in Nigeria as a result of attack by
insect pests and pathogens notable among which are the
plant parasitic nematodes (Olabiyi, 2005).

Tomato is ofien affected by fungal and bacterial
diseases, and susceptible cultivars suffer from virus dlseases
and often massive infection by des. A
poorer yield of tomato in southern Nigeria has been
auributed to nematode diseases (Alofe and Somide, 1982).
Root knot nematode infection has been reported as one of

eptible varieties  (Ogunfowora, 1977).
Susceptible and resistant tomato varieties have been
reported in Nigeria (Wonang & Akueshi, 1990).

The use of plant materials in nematode management on
tomato is desirable in Nigeria because of the low cost and
technology involvement as well as environmental and crop
safety (Oyedunmade, 2004). This swdy was therefore
carried out to compare the nematoxic effects of carbofuran
with the aqueous extracts of the leaves of bitter leaf and
brimstone, and the dry powder of the fruit peels of sweet
orange and neem in the control of plant parasitic pematode
infections of tomato in Nigeria over two consecutive years
(2005-2006). -
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Table 1. Effects of levels and forms of application of carbofuran and organic (plant) materials on mean number of leaves per
tomato plant infected with nematodes. ;

MATERIALS
6WAP GWAP SWAP SWAP 10 WAP 10 WAP 12 WAP 12 WAP
Carbofuran 8.52b  8.57a 1532 1593 33.94c  34.60d 39.35c  39.12b
Morinda lucida 823a  83la  15.16 1576  32.96b 32.50bc 37.92bc - 38.00b
Vernonia amygdalina 8.80b  891b  14.93 16.00  34.62c 33.60d 39.23c  38.45b°
Azadirachta indica 8.48b 8492 1555 16.15  29.89a  30.16a 35952  34.86a
Citrus sinensis 85lb 859 1522 1621 319 3775 37.58c . 37.70a
SE. ' 0.104 0115  0.33% 0406  0.514 0487 0484  0.700
NS NS '
(Treatment combinations) 6 WAP 6 WAP SWAP SWAP 10 WAP 10 WAP 12 WAP 12 WAP
Conrol 7.52a  7.82a 13262  14.11a  21.60a  19.88a 24.18a  3.06a
05U ha, 1.0kgai/ha,25%, 870b  18.60b  15.51b  16.03b  32.66b 32.186  37.60b  36.58
2500 ppm . - . ‘
10U ha, 1.5kgai/ ha, 0%, 8.67b. 878  1557b 16200  344lc 3517  40.45c - 40.35c
5000 ppm
1.5Uha 2.0kgai/ha, 75%, 8.82b  8.74b  1596b  16.84b 36084 36.40c  42.95d  4223d
7500 ppm
2.0/ ha, 2.5 kg a.i/ ha, 100%, 8.84b  8.92b  15.88b  16.86b  37.56e 38724  44.86c  43.93¢
10000 ppm
S.E. 0.104  0.115 - 0334 0406 0514 0487 _ 048  0.700

FORMS OF APPLICATION 2003 trial 2006 wial 2005 trial 2006 trial 2005 trial 2006 trial 2005 trial 2006 trial

s

S§WAP 6WAP S WAP S§WAP 10WAP 10WAP 12WAP 12 WAP
Powder fruit peels (Solid) 8.46a 8.592 15.00a 15.53a 32.63b 32.680 38.18b 37.84b
Aqueous leaf extracts (Liquid) 8.55a 8.53a 15.47a 15.55a 32.30a 32.262 37.82b 37.6%a
S.E. 065 - 0.308 0.211 0.215 0.325 0.308 0.306 0.313
WAP = Weeks Afier Planting.
MATERIALS AND METHODS crushed into powder with an aurition mill. For the extract

Collection and preparation of test plants

The organic (plant) materials used for nematode control
in this experiment were: the leaves of bitter leaf (Vernonia
amygdalina) and brimstone (Morinda lucida), and the peels
of the fruit of sweer orange (Citrus sinensis) and neem
(Azadirachta indica). The materials were collected
separately and air-dried on the laboratory bench for a month
under the ambient temperature of 28+2°C, and thereafier
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preparation, 1 kg of each of the materials was crushed into
powdc:,thcreafmrsoakcd‘inllinedisﬁn:dwamrina2
litre conical flask for 24 hours, after which the content of
the flask was filtered through a one mm sieve. The resultant
filwrate - was taken as the stock solution of 100%
concentration from which serial dilutions were made with
distilled water 10 obtain 75, S0 and 25% concentrations The
crushed plant materials in powder form were weighed on a
sensitive scale.
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Table 2. Effects of levels and forms of application of carbofuran and organic (plant) materials on mean plant height (cm) of

tomato infected with nematodes.
MATERIALS . 2005 trial 2006 trial 2005 trial 2006 trial 2005 trial 2006 trial 2005 trial 2006 trial
6 WAP 6WAP S8SWAP 8WAP 10 WAP 10WAP 12WAP 12 WAP
Carbofuran 17.53a 17.64a 38.45 38.76 71.33b 71.64b 75.87o 76.66b
Morinda lucida 18.24b 18.67b 38.50 38.65 70.41b 71.33b 75.87b 75.42b
Vernonia amygdalina 17.19a 17.50a 39.36 39.64 69.57b 70.21b 75.87v 73.66b
Azadirachta indica 17.1%2 17.66a 37.92 38.10° 63.00a 63.192 67.55a 66.952
Citrus sinensis 17.38a 17.6% 37.92 37.75 63.01a 62.42a 68.36a 66.902
SE. 0.197 0.918 0.624 0.918 1.007 1.058 0.911 1.058
NS NS '

LEVELS 2005 trial 2006 trial 2005 trial 2006 trial 2005 trial 2006 trial 2005 trial 2006 trial
(Treatment combinations) 6 WAP 6WAP 8WAP 8WAP 10 WAP 10 WAP 12 WAP 12 WAP
Control 16.82a 17.262a 36.42ab 36.28a 47.56a 47.062 50.37a 49.05a
0.5 ¢ ha, 1.0 kg a.i/ ha, 17.63b 17.942b 38.90bc  39.13b 69.70b 67.94b 73.65b 72.02b
25% ., 2500 ppm
104 ba. 1.5kgaiba, 17.45b 17.72ab 37.56ab  38.06ab 73.25cd 74.89cd 78.36¢ 80.16d
1SUhs 20Kkgai/ha,  17.62bc  17.90ab 39.49c  39.6% 7325c4  74.3%cda  78.36c  80.16d
75%, 7500 ppm
2.0 V ha, 2.5 kg a.i/ ha, 18.18¢ 18.53b  39.42c 39.74b 75.46d 76.86d 81.63d 81.79d
100%, 10000 ppm " .
S.E. 0.197 0.918 0.624 0.918 1.007 1.058 0.911 1.058
FORMS OF 2005 trial 20061118! 2005 trial 2006 trial 2005 trial 2006 trial 2005 trial 2006 trial
APPLICATION 6WAP 6WAP SWAP SWAP 10WAP 10WAP 12WAP 12 WAP

~Powder fruit peels (Solid)  17.50 17.84 38.10 68.37 67.56b 68.57b 72.18 72.92b
Aqueous leaf extract 17.58 19.8 3860 6730 6738 6730’ 7220  69.57a
(Liquid) X

'S.B. 0.125 0.172 0.394 0.7%4 0.637 0.794 0.576 0.669

' NS NS NS NS NS
Ground preparation in the field Planting and treatment application

lneadlofmetwophnﬁngseasmdfzoosmm.
an area of land measuring imately 500 m® was.
ploughed and later constructed into beds (3 mX3 m). The
land was divided into 4 blocks and marked out to
accommodate a SXS5X2 factorial experiment with 4
replicates fitted into a randomized complete block design.
Spaces were left between the blocks (1 m), plots (0.5 m)
and sub-plots (0.5 m) to prevent treatment interactions.

© 98

Four-weeks-old tomato seedlings that were previously
raised on steam sterilized soil in the nursery were
mmplamedinodnﬁdduaspw’ngofsounxwanon
the beds. Treatments were applied a week after
transplanting close to tomato roots (5 cm radius) by
banding. The aq of plants were applied at
the rates of 25, 50, 75, and 100% while the powder form
was applied at the rate of 0.5, 1.0, 1.5 and 2.0 vha.
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Table 3. Effects of levels and forms of application of carbofuran and organic (plant) materials on the mean number of fruit
nematodes.

and fruit weight (g) produced per plant infected with
MATERIALS Mean number of fruits per plant Mean fruit weight (g) per plant
2005 trial 2006 trial 2005 trial 2006 trial
Carbofuran 18.35¢ 17.09¢ 436.01c 405. 70d
Morinda lucida 16.58b 16.49¢ 391.33b 390.30c
Vernonia amygdalina 15.36b 15.67b 376.67b 376.00bc
Azadirachta indica 15.28b 15.0% 369.35b 365. 70b
Citrus sinensis 14.20a 14.40a 328.33a 332.00a
S.E. 0.221 0.683 0.023 0.021
LEVELS Mean number of fruits per plant Mean fruit weight (g) per plant
(Treatment combinations) 2005 trial 2006 trial 2005 trial 2006 trial
Control 6.71a 6.94a 98.00a 102.00a
0.5 / ha, 1.0 kg a.i/ ha, 25%, 2500 ppm 15.74b 16.00b 369.7Cb 368.00b
1.0 ¥ ha, 1.5 kg a.i/ ha, 50%, 5000 ppm 17.22¢ 17.30¢ 407.7Cc 400.30¢
1.5 t ha, 2.0 kg a.i/ ha, 75%, 7500 ppm 18.63d 18.60d 485.33d 472.71d
2.0/ ha, 2.5 kg a.i/ ha, 100%, 10000 ppm ~ - 19.96e 19.50e 532.67¢ 521. 60e
S.E. 0.221 0.683 0.023 0.021
FORMS OF APPLICATION Mean number of fruits per plant Mean fruit weight (g) per plant
2005 trial 2006 trial 2005 trial 2006 trial
Powder fruit peels (Solid) 16.05b 16.03b 390.67b 389.67b
Aqueous leaf extracts (Liquid) 15.32a 15.282a 357.332 369.00a
SEE. 0.144 0.0164 0.03+ 0.034

Carbofuran was also applied in both liquid and solid forms.
The liquid form was applied ar the rate of 2500, 5000, 7500
and 10000 ppm while the solid form was applied at 1.0, 1.5,
2.0 and 2.5 kg a.i/ ha. The experimental plots where no
treatment was applied served as the control. Each treatment,
including the control, was replicated 4 times.

Data collection and analysis

Plant height and number of leaves/plant were measured
and recorded at 6, 8, 10 and 12 weeks after planting
(WAP). Data was also collected on the number of fruits and
fruit weight. Soil ples were d randomly in a
zigzag pattern at final harvest, and thereafier assayed for
plant parasitic nematode population after extracting the
nematodes using method of Whitehead & Hemming (1965).
Immediately at final harvest, tomato roois were rated for
galls using a scale of 0-5 described by Taylor & Sasser
(1978) while the ber of de j iles’ in 5 g root
samples was also estimated. All lhe daia collected were

subjected to analyss of variance and where necessary,
means were using Duncan’s (1955) Multiple
Range Tests at 5% probability level.

RESULTS

Table 1 'shows the erfect of carbofuran and plant
extracts in powder (solid) and aqueous (liquid) forms on the
mean number of leaves of tomato infected with plant-
parasitic nematodes. In most cases, the number of leaves
produced by tomato treated with carbofuran and plant
extracts was not significantly different at 8 weeks afier
planting (WAP) during both the 2005 and 2006 trials from
the untreated control. However, at 6, 10 and 12 WAP, plant
extracts (Morinda lucida, Vernonia amygdalina,
Azadirachta indica, Citrus sinensis) and carbofuran
treatments seemed 1o be significantly more effective than the
untreated control in increasing the number of leaves per
tomaio plant. Table 2 shows the effect of carbofuran and
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plant extracts on the mean height of tomato infected with
plant parasitic nematodes. At 8 WAP there was no
significant difference among the treatments but at 6, 10 and
12 WAP, carbofuran and plant extracts treatments were
significantly more effective than the unireated control.

The effect of different concentrations of carbofuran and
plant extracts in solid and liquid forms on the mean number
of fruit and fruit weight (g) of tomato are shown in Table 3.
A significant increase in weight and number of fruit was
seen as compared with the untreated control with carbofuran
treatment showing the highest effect.

Table 4 shows the etfect of carbofuran and plant
extracts at different concentrations on the soil and root
populations of plant-parasitic nematodes, and also root gall
index of tomato at final harvest. The results show that these
criteria were significantly lower in the carbofuran-treatment
as compared with the plant exwact treatments. All the
treatments reduced nematode population in both the soil and
root at harvest and moreover in the tomato root damage
(gall index) as compared with the 1
significant difference in the soil p of Praryl
andScuxeuonemanematodespecwsd\mngbochmals(ZOOS
and 2006).

DISCUSSION AND CONCLUSION

.

Carbofuran and the organic (plant) materials effectively

controlled plant parasitic nematodes associated with the field
tomato during the two planting seasons (2005 and 2006). As
a result of these effects, treated tomato plants had beter
vegetative growth and yicld than the untreated control. The
exieat of root damage (roo: galls) and nematode population
in both the soil and roots was. significantly lower in the
treated plants than in the unireated conirol. These types of
controlling effects of carpofuran and orgamic (plant)
materials on plant parasitic nematodes have been reported
by wany workers including Oyedunmade (2004);
Oyedunmade et al., (2001) and Olabiyi (2004).

The different application forms of plant materials
pammlarly Morinda lucida Vernonia amygdalina and

di a indica pared favourably with carbofuran in

: ncmawdcconrml. This might suggest the presence of larger

~ quantities of nematicidal/nematoxic properties in M. lucida,
A. indica and V. amygdalina than in other test plants. The
exhibited nematicidal properties may be due to the presence
of flavonoids, tannins, alkaloids and saponins in these plants
(Olabiyi er al., 2008a).

The p of ids, tannins, sterols,
glycosmm:dkalmds hadbecnrepomdmbnmm M,
lucida (Olabiyi er al., 2008b). Moreover, significantly
increased number of leaves, plant height, number of
branches, fresh leaf and root weight, and reduced gall index
were recorded for Celosia argentea (amaranth) grown in

a

There was no -

nematode-infested soil and weaed with 50 and 100%
concentratcd aqueous extract, 2nd 1 and 2 t ha' of
hnmsmn: (Olab(yl e al., 2008b). Brimstone contains

bial, antifungi and antihelmintic
propemcs(Moody«al 1994). :

Flavonoid (Bose e al., 1993), sterols, alkaloids of
pyridine, - quinoline and diterpenoids (Arene, 1972) are the
active ingredients in biuer leaf, V. amygdalina. The release
of these active ingredients ' from V. amygdalina leaf
incorporated into plant parasitic nematode infested soil have
been reported to ‘suppress nematode population build-up,
and also resulted in enhanced growth and yield of soybeans
(Oyedunmade and Olabiyi, 2004).

Neem leaf extract was found 10 possess nematicidal
activity (Abid & Magbool, 1991; Sicdiqui & Alam, 1989;
Olabiyi & Olabode, 2001). The nematode-destroying factors
in neem are nimbine, nimbininz, thionemone and
margosine-o (Husain er al., 1984). Azadirachtin, a
triterpenoid compound, from necm has systemic action
agxuslroothmn:mzmde Meloidogyne spp. (Siddiqui &
Alam, 1989).

In conclusion, mcxeﬂxe.lhzﬁnding;fmmthisswdy
show that different application forms (solid or liquid) of
plant materials (M. lucida, V. amygdalina, A. indica and
C. sinensis) can be used instead of carbofuran in plant
parasitic nematode control in tomaio.
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