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Summary

The cost-benefit of managing Meloidogyne incognita
on cowpea (Vigna unguiculata) using leaves of Aloe
keayi and carbofuran was evaluated in two field
experiments at the University of Ibadan in Southwest
Nigeria with the aim of selecting the more profitable
management option. The experiments were laid out in
a randomized complete block design and the
treatments were: A. keayi at 80 kg/ha, carbofuran at
2 kg a. i. /ha, untreated-infected control and uninfected
control. Two-week old Ife Brown cowpea seedlings
were inoculated with 10,000 eggs of M. incognita
(except uninfected control). Air-dried milled leaves of
A. keayi and carbofuran were applied one week after
inoculation (WAI). Data collected at 10 WAI were:
growth, yield, gall index (root damage), and
Meloidogyne numbers. The costs and benefits of
treatments were calculated. Treatment of M.
incognita-infected cowpea with A. keayi and
carbofuran improved vegetative growth by 201.6%
and 183.5%, respectively compared to untreated-
infected cowpea. Root damage was reduced by
62.5% and 68.8% by A. keayi and carbofuran,
respectively. A. keayi compared effectively with
carbofuran in reduction of nematode population.
Treated cowpea with A. keayi improved grain yield by
219.9% that translated to a gross margin (GM) ofUS$
798.1 per hectare; whereas carbofuran gave a yield
increase of 200.5% that translated into a GM of US$
692.3 per hectare. Cost:benefit (CB) analysis showed
positive return per hectare when cowpea was treated
with A. keayi and carbofuran. Management of M.
incognita on cowpea with A. keayi (CB=0.61) is more
profitable than carbofuran (CB=0.74).

Résumé

Rentabilité comparative de la gestion de

Meloidogyne incognita sur le niébé (Vigna

unguiculata) en utilisant le carbofuran et la

poudre de feuilles d’Aloe keayi

Le rapport coût-bénéfice de la lutte contre
Meloidogyne incognita sur le niébé (Vigna
unguiculata), en utilisant la poudre des feuilles d’Aloe
keayi et le carbofuran, a été évalué dans une
expérience en champ à l’Université d’Ibadan dans le
sud-ouest du Nigeria en vue de choisir le meilleur
traitement. L’expérience a été menée selon un
dispositif en blocs complétement randomisés.
Les traitements étaient l’utilisation de la poudre des
feuilles d’A. keayi avec 80 kg/ha, l’utilisation du
carbofuran avec 2 kg m.a./ha, un témoin non traité-
contaminé et un témoin non contaminé. Des plantules
de la variété de niébé Ife Brown âgées de deux
semaines ont été inoculées avec 10.000 œufs de M.
incognita (sauf pour les témoins). La poudre des
feuilles de A. keayi et le carbofuran ont été appliqués
sur les plantes une semaine aprѐs inoculation (SAI)
des œufs de M. incognita. Les mesures des données
ont été faites 10 semaines aprѐs inoculation. Ces
données concernaient la croissance, le rendement,
l'indice de galles et la population de nématodes. Les
coûts et les bénéfices des différents traitements ont
été calculés. Les traitements du niébé infecté par M.
incognita ont amélioré la croissance végétative de
201,6% et de 1835%, respectivement pourA. keayi et
pour le carbofuran, par rapport au témoin infecté non
traité. Les dommages aux racines ont été réduits de
62,5% et de 68,8% respectivement pourA. keayi et le
carbofuran. L’utilisation des poudres de feuilles de A.
keayi a réduit la population de nématodes avec des
résultats similaires à ceux obtenus avec le
carbofuran. Le niébé traité avec A. keayi a amélioré le
rendement en grains de niébé de 219,9% équivalant
à une marge brute de 798,1 $ US par hectare; alors
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Introduction

Cowpea, Vigna unguiculata (L.) Walp is a key staple
food for the poor sector of many developing countries
and is believed to be native to Africa (1 8). Cowpea
represents a source of income for the farmers of West
and Central Africa, where it is the most economical ly
important indigenous African legume crop (1 6).
Nigeria is the largest cowpea producer in the world,
but its production has been associated with low yields
(9, 24). Plant-parasitic nematodes contribute to yield
losses in cowpea in Nigeria and worldwide with root-
knot nematodes (Meloidogyne) being implicated as
major species found on cowpea resulting in estimated
yield loss of 20-90% in cowpea production (24).
Meloidogyne incognita, a notable species of the root-
knot nematodes has been identified as a major
reason for yield reduction in cowpea (6, 24).
Synthetic nematicides are effective in nematode
management (1 0, 25). However, the hazards they
pose as environment pollutants, cost of purchase and
the need for skil l in their application necessitate the
need for alternative options (1 , 7, 25). These
alternatives should be cost effective, more
sustainable, environment-friendly and should curtai l
the menace that plant-parasitic nematodes cause in
crop production.
Management strategies for soil-borne plant
pathogens are currently shifting toward increased
dependence on use of resistance, botanicals,
biological and cultural methods that might eventual ly
reduce the use of synthetic pesticides (8, 25, 27).
The use of botanicals is being encouraged for the
control of plant-parasitic nematodes since it has been
reported to be effective (8, 1 0). Plant species are
known to contain natural pesticidal materials, but
many of them have not been extracted profitably (8,
20). Information on the screening of diverse plants for
pest management is sti l l not sufficient, especial ly in
their contribution to cost of production (30).

Besides, a clear understanding of costs and benefits
of nematode management tactics is essential , but
such knowledge is usually lacking for many
management measures proposed (1 4, 35). There is
growing l iterature on the use of botanicals to manage
pests and diseases of crops (5, 1 0). However,
additional information on the profitabil ity of using
botanicals in managing pests and diseases is
necessary to facil itate the adoption of this
management measure by the farmers.
The discovery of plants that have nematicidal
properties, are environment-friendly and can be
produced and applied at low cost is a key factor
contributing to increased crop productivity (2, 20).
Gwary and Asala (1 2) reported the profitabil ity of
some fungicides, but similar reports on synthetic
nematicides and other management measures being
advocated for plant-parasitic nematodes are scarce.
Aloe species, including Aloe keayi have been reported
to show nematicidal potential in the management of
Meloidogyne species (1 7, 26, 32). This research was
carried out to compare profitabil ity of managing M.
incognita on cowpea with dried A. keayi leaves in
comparison to carbofuran to select the more cost-
effective measure.

Materials and methods

Field studies were conducted to compare the
economics of managing root-knot disease on cowpea
caused by M. incognita using air-dried mil led A. keayi
leaves and a synthetic nematicide (carbofuran).
These studies were carried out in two trials during the
rainy seasons of Apri l to June (2011 ) and August to
October (2011 ) at the Crop Garden of Department of
Crop Protection and Environmental Biology, University
of Ibadan in Southwest Nigeria (latitude N 07o 27.029'
and longitude E 03o 53.827' with an elevation of 21 8
metres above sea level). The fresh leaves of A. keayi
were laid on laboratory benches and air-dried for eight
weeks in the laboratory at ambient tropical conditions.
The air-dried leaves were later mil led into fine powder
using Kenwood electric blender.

1 381 38

que le carbofuran a montré une augmentation de
rendement de 200,5% équivalant à une marge brute
de 692,3 $US par hectare. L’analyse du rapport coût/
bénéfice par hectare est positif quand le niébé est
traité avec A. keayi et le carbofuran. La lutte de M.
incognita en utilisant A. keayi est plus rentable
(rapport coût-bénéfice=0,61) par rapport à l’utilisation
du carbofuran (rapport coût-bénéfice=0,74)
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The trials were laid out in a randomized complete
block design on a land area of 262.8 m2 (43.8 m x 6
m) which was divided into four blocks of 9.7 m x 4 m
each. The soil type of the experimental site was
sandy loam. Each block was divided into plots of 1 .8
m x 4 m, with an alley of 0.5 m between plots and 1 m
between blocks. Each plot was sown with cowpea cv.
I fe Brown [a susceptible variety to M. incognita (24)]
at two seeds per hole with a spacing of 50 cm by 60
cm, and later thinned to one. Each treatment within a
block had three rows with eight plants per row to
produce a plant population of 24 cowpea
stands/treatment within a block.
The treatments within each block were randomly
assigned. The treatments comprised of air-dried
mil led A. keayi leaves at a rate of 80 kg/ha,
carbofuran (5G) at the rate of 2 kg a. i . /ha, infected-
untreated and uninfected cowpea. The M. incognita
uninfected cowpea were grown on an uninfested plot
that was denematized by application of carbofuran at
3 kg a. i . /ha three weeks before sowing. Eggs of M.
incognita race 2 were extracted from roots of infected
Celosia argentea using the hypochlorite method (1 3).
Each cowpea plant was inoculated with 1 0,000 eggs
of M. incognita at two weeks after sowing (WAS)
except for plants in control (denematized) plots.
Treatments were applied by careful ly removing
rhizosphere soil around each cowpea seedling to a
band of 5 cm and applying dried powder of A. keayi
leaves at 80 kg/ha (0.8 g/plant) and carbofuran at 2
kg a. i . /ha (0.1 g/plant) after which the area was
immediately covered with soil . The experiment ran for
three months. At harvest, plant height (cm) and
number of leaves were determined. The pods were
harvested and yield (kg/ha) determined. The grain
yield of cowpea (kg/ha) was determined from the
grain yield of each treatment net plot using the
equation I :

Grain yield (kg/ha) = Grain yield plot-1 (kg/ha) X
10,000 m2 /Net plot size (m2) (I )

The roots of eighteen randomly selected cowpea
stands per treatment within a block were careful ly dug
out and assessed for root damage using gall index
with the scale of Taylor and Sasser (33);

0= No galls or egg masses;
1 = 1 – 2 galls or egg masses;
2= 3 – 1 0 galls or egg masses,
3= 11 – 30 galls or egg masses;
4= 31 – 1 00 galls or egg masses and
5= more than 1 00 galls or egg masses.

This procedure was repeated for the other three
blocks and also repeated in similar manner in the
second trial .
Eggs of M. incognita were extracted from infected
roots using the method of Hussey and Barker (1 3).
Soil nematode population was determined by
extraction soil using the pie-pan method (34) and
later estimated using a stereomicroscope at X40
magnification.
Reproductive factor was calculated using Rf=Pf/Pi,
where Pf is final nematode population and Pi is initial
nematode population.
The cost of producing cowpea using treatments was
assessed separately and the yield was used to
determine benefits.
Economic assessment was carried out using the
partial budget techniques involving analysis of
variable costs and benefits of the treatments (21 ).

Determination of variable costs

Various items and activities necessary in cowpea
production, such as, land preparation, cowpea seeds,
planting, cost of carbofuran, cost of Aloe, mil l ing of
Aloe, appl ication of carbofuran and A. keayi, and
cultural operations, were quantified and given cost
estimates per hectare.

Benefit assessment of treatments

Benefit was determined from the yield obtained from
treatments assigned to the plots.
Yield of cowpea was determined by weighing the
seeds from the plots and calculating the equivalent
per hectare (kg/ha).

• Total revenue= Total yield per treatment plots
(kg/ha) x current gross field price

• Total variable cost (₦/ha) for each treatment= is
sum of cost for each action taken during
production of cow pea

• Gross margin (₦/ha) for each treatment was
determined= Total revenue – total variable cost

• Marginal rate of return (%) for each treatment
was calculatedin equation (I I ):

Gross margin/treatment x 100 (II)
Total variable cost of treatment

• Cost:Benefit (CB) ratio was determined by
dividing total cost of treatment application by
gross margin per treatment per hectare.

Data analysis

Nematode counts were transformed using logarithm
transformation where necessary prior to analysis.
Data obtained from the two trials were combined prior
to analysis because they were similar. Data were
analyzed using analysis of variance with SAS (29)
statistical package for al l the treatments tested and
means separated using Fisher’s Least Significant
Difference (LSD) at 5% level of probabil ity. The
values presented in the tables as results are the
average of both trials.
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Results

Effects of milled A. keayi leaves and carbofuran

on growth of M. incognita-infected cowpea

Plant height of cowpea treated with mil led A. keayi
leaves was significantly higher (25.7 cm) than other
treatments at harvest (Table 1 ). The shortest plants
were from the infected-untreated cowpea (1 5.7 cm)
and these were significantly shorter (p≤0.05) than the
plants of the other treatments. The highest (p≤0.05)
number of leaves was recorded in cowpea treated
with A. keayi (1 54.9) whereas the fewest leaves were
recorded in the M. incognita inoculated and untreated
plants (73.5) (Table 1 ).
The highest fresh shoot weight (FSW) was recorded
in A. keayi-treated cowpea (11 6.7 g) fol lowed by
carbofuran- treated plants (1 09.7 g). Both differed
significantly from the infected-untreated cowpea (38.7
g) (Table 1 ). M. incognita infected-untreated plants
had the highest fresh root weight (1 2.9 g), however it
was not significantly higher than that of carbofuran-
treated plants (11 .2 g). The lowest mean fresh root
weight was obtained from the uninfected plants (8.8
g) although it was not significantly lower than the
fresh root weights of A. keayi and carbofuran-treated
cowpea.
A. keayi-treated cowpea had the highest dry shoot
weight (DSW) (47.3 g) which did not differ
significantly from carbofuran-treated plants (43.3 g)
but did differ significantly from infected-untreated
plants (1 8.6 g) (Table 1 ).

Effects of air-dried milled A. keayi leaves and

carbofuran on gall index (GI), egg population and

second-stage juvenile population

The highest root damage (GI=4.8) was recorded in M.
incognita infected-untreated cowpea. The root
damage based on gall index in A. keayi-treated
cowpea was not significantly higher (1 .8) than that of
carbofuran-treated plants (1 .5) (Table 2).
The highest M. incognita egg population was
obtained from the roots of infected-untreated cowpea
(1 57,800) and this was significantly higher than mean
egg populations from other treatments.
There was no significant difference between the egg
populations of M. incognita from A. keayi-treated and
carbofuran-treated cowpea. The trend observed in the
second-stage juveniles’ population was similar to that
of egg population. Infested-untreated plots had the
highest mean second-stage juvenile (J2) population
(2487.5) and this was significantly higher than the
mean J2 population when compared with the other
treatments. The J2 population of carbofuran-treated
plot was not significantly lower than J2 populations
found in A. keayi plots (Table 2).

Table 1

Effects of mil led A. keayi leaves and carbofuran on growth of cowpea at 1 0 weeks after
inoculation (1 0 WAI).

Table 2

Effects of mil led A. keayi leaves and carbofuran on gall index (root
damage) and nematode numbers at 1 0 WAI

Rating scale for gal l index: 0= no galls or egg masses; 1 =1 -2 galls or egg masses; 2= 3-1 0 galls or egg

masses; 3=11 -30 galls or egg masses; 4= 31 -1 00 galls or egg masses; 5= more than 1 00 galls

or egg masses.
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Effects of milled A. keayi leaves and carbofuran

on yield (kg/ha) of M. incognita-infected cowpea

The effects of treatments on yield of cowpea infected
with M. incognita and treated with mil led leaves of A.
keayi and carbofuran is presented on Table 3. At
harvest, A. keayi-treated plants produced the highest
yield (662.5 kg/ha) which was significantly higher than
the yields produced from both uninfected (624.6
kg/ha) and carbofuran-treated plants (622.4 kg/ha).
The lowest yield was produced from infected-
untreated plants (207.1 kg/ha).

Cost:Benefit (CB) analysis of the management of

M. incognita on cowpea using dried- milled A.

keayi leaves and carbofuran

The economics of the management ofM. incognita on
cowpea using air-dried mil led leaves of A. keayi and
carbofuran are presented in Table 4.
Benefits obtained from each trial were presented as
yield (kg/ha) prior to conversion to monetary values.
In terms of costs of production, a higher cost of
production vis-à-vis application of treatments was
incurred with the application of carbofuran (₦79, 1 90;
US$ 501 .2); whereas, ₦74, 950 that translated to US$
474.4 cost was incurred when A. keayi was applied
(Table 4). Cost of production for uninfected cowpea in
the trial was N60, 060 that translated to US$ 380.1 ,
whereas a total cost of ₦58, 520 (US$ 370.4) was
incurred for infected-untreated plants.

Table 3

Comparative effects of treatments
on yield of cowpea infected with
root-knot nematode in cost benefit

trial on the field.

Table 4

Comparative Cost:Benefit (CB) analyses of application of carbofuran and mil led Aloe
keayi leaves in managing Meloidogyne incognita-infected cowpea.

Note: Gross revenue was determined based on sale price of 1 kg weight of cowpea= ₦300. Mil l ing cost for 25 kg air-dried

leaves of Aloe keayi = ₦500. MRR= marginal rate of returns on application of treatment. C:B ratio= Cost:Benefit; Exchange

rate as at 2011 -US$ 1 = ₦1 58
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Gross margins from the treatment ofM. incognita-

infected cowpea with carbofuran and milled A.

keayi leaves.

There were positive returns per hectare from the
application of treatments especial ly from carbofuran,
A. keayi and uninfected plants as observed by
percentage returns, cost-benefit ratio and gross
margin (GM) (Table 4). Application of carbofuran gave
1 36% of return on control and GM of N1 07, 530 that
translated to US$ 680.6 per hectare (Table 4). Based
on CB ratio, A. keayi-treated plants had a lower ratio
of 0.61 compared with that of carbofuran (0.74) (Table
4). However, uninfected cowpea plants gave the
lowest CB ratio of 0.47 per hectare among all the
treatment plots (Table 4). The highest CB ratio was
from the infected-untreated cowpea with ratio of 1 6.1 .

Discussions

Meloidogyne incognita-infected cowpea treated with
A. keayi at 80 kg/ha, carbofuran at 2 kg a. i/ha and
uninfected plants showed better growth than infected-
untreated cowpea. Aloe keayi-treated and uninfected
control cowpea compared favourably with carbofuran-
treated plants in growth. The good growth recorded in
A. keayi and carbofuran treated cowpea might be
linked to the nematicidal abil ities based on the active
principles within them. In addition to this, A. keayi
might have been a source of nutrients after
decomposition and also increased soil biological
activity and soil conditions leading to good growth
(28) while carbofuran has been reported as an
effective nematicide thereby ensuring improved
growth over untreated plants (1 5). The improvement
in growth in cowpea treated with either carbofuran or
A. keayi showed that treated plants were able to
perform basic physiological processes promoting
good growth because nematode populations were
appreciably reduced in treated plots, resulting in
reduced infection and damage. Root-knot infection
has been linked to reduction in the photosynthetic
rates and total chlorophyll in crops leading to poor
growth and ultimately losses in yield in some crops
(11 , 31 ). A reason might be the reduction in the
efficiency of some vital organs such as roots and
alterations in the physiological process leading to
poor growth and some cases to crop failure or death
(3).
The infected-untreated plants had the highest fresh
root weight which was an indicator of the significant
extent of root damage recognized by the presence of
heavy galls on the roots. The gall index which is a
measure of root damage showed that infected-
untreated plants had highly damaged roots with
respect to their very high gall index in this experiment.
A. keayi at 80 kg/ha compared favourably with
carbofuran at 2 kg a. i/ha in the reduction of the root
damage caused by M. incognita which confirms
nematicidal efficacy of A. keayi.

Whether the effect was nematicidal or nematotoxic as
not determined but it clearly reduced the abil ity of
Meloidogyne to reproduce effectively. The highest
numbers of eggs and second-stage juveniles were
also recorded in infected–untreated cowpea because
there was no measure applied to either ki l l or reduce
the nematode activity on these plants. Carbofuran at
2 kg a. i/ha and A. keayi at 80 kg/ha reduced
population of M. incognita in the treated plants due to
their nematicidal abil ities. The reproductive factor
recorded for carbofuran and A. keayi–treated plants
were not significantly different indicating that A. keayi
80 kg a. i/ha compared favourably with carbofuran at 2
kg a. i/ha in the reduction of M. incognita reproduction
in cowpea. This outcome confirmed that A. keayi and
carbofuran both possessed nematicidal properties.
Application of A. keayi and carbofuran improved
cowpea yield compared with M. incognita infected-
untreated cowpea. The higher yield recorded from the
A. keayi treatment is probably due to the dual effect of
nematicidal properties exhibited on the nematode; as
well as a source of nutrients and increased microbial
activity that enhanced plant growth more than in the
carbofuran-treated plants resulting in higher yields.
Yield in infected-untreated plants was significantly
lower than yield in the other 3 treatments. The
activities of M. incognita in infected-untreated cowpea
caused havoc on growth, development and ultimately
resulted in very low yield. I t highl ights that if M.
incognita is left unattended on cowpea, significant
yield losses in quantity and quality wil l be inevitable
(3, 23).
The higher costs of production recorded in the
application of carbofuran than in A. keayi in both trials
are explained by the higher costs of carbofuran and
its application. I t is a known fact that application of
most synthetic nematicides is responsible for an
increase in the production cost in many crops, though
synthetic nematicides do effectively manage plant-
parasitic nematodes (3, 8, 25). The lower total cost of
production incurred in A. keayi treatment than in
carbofuran treatment might be due to easy availabi l ity
of the Aloe species with l ittle or no cost attached in
Nigeria. Most Aloe species are being cultivated as pot
herbs in many home gardens in Nigeria and West
Africa because of its medicinal and cosmetic values
thereby making them widely available. In the recent,
there has been plan towards the cultivation of
beneficial Aloe species as plantation crops in Nigeria
to satisfy its huge demand by industries. Also, the
processing cost incurred in the production of mil led A.
keayi leaves was lower when compared with
carbofuran for special ski l ls were not required both in
processing and application. This view was supported
by Ghazalbash and Abdollahi (1 1 ) who posited that
plant extracts may be easily and cheaply produced by
farmers and small scale industries as chopped leaf
and powders while their application is inexpensive.
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Various reasons might be adduced for this, ranging
from environmental factors, poor soil ferti l i ty, impact of
other pests and diseases, amongst other (1 9, 22).
However, application of air-dried mil led leaves of A.
keayi in the management of M. incognita on cowpea
ensured improvement in cowpea grain yield thereby
making the production more profitable.

Conclusion

The application of A. keayi at 80 kg/ha improved
growth, yield and nematode management of M.
incognita-infected cowpea. The best nematode
management in terms of suppression of M. incognita
reproduction and population was in carbofuran-
treated plants, but A. keayi compared favourably with
carbofuran and performed significantly better than
infected-untreated cowpea. Cost benefit analysis
showed that A. keayi treatment is less expensive as
management option than carbofuran vis-à-vis costs of
production and benefits. The results in the study
showed that it is more profitable to use air-dried
mil led leaves of A. keayi at 80 kg/ha than carbofuran
in the management ofM. incognita on cowpea.
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The low cost of production in both uninfected and M.
incognita infected-untreated cowpea was because no
treatments were applied in the management of the
nematodes, except the general costs incurred in the
common activities in cowpea production.
There was a higher marginal rate of return (MRR) on
treatment application using A. keayi at 80 kg/ha than
in carbofuran at 2 kg a. i/ha which was explained by a
lower input costs and higher yield. However, the
uninfected plants gave the highest MRR because no
nematodes were presented and thus no nematode
control was necessary to safeguard the plants and
thereby recording good yield with no additional cost
incurred in the management of M. incognita. The low
MRR of infected-untreated cowpea showed that M.
incognita infection if unattended in cowpea wil l give
poor return from the production.
In terms of cost:benefit ratio (CB), A. keayi treatment
had a lower CB ratio than the carbofuran treatment
while uninfected cowpea had the lowest CB ratios per
hectare in the trial while the CB ration of infested
cowpea as much higher than 1 . These results confirm
that treatment with with dried–mil led leaves of A.
keayi at 80 kg/ha or carbofuran at 2 kg a. i/ ha in
infested cowpea is worth employing in the
management of M. incognita since their CB ratios in
the trials were sti l l lower than 1 (4) while no nematode
treatment wil l results in a serious loss if it is taken into
account that the CB ratio of this treatment was 1 6.2.
Of course cowpea production is most profitable if the
field is not infested with nematodes however, this
condition is rare, since most farmlands are infested by
Meloidogyne species due to its ubiquitous nature and
high rate of reproduction (22). The results in this trial
further showed that yield obtained from cowpea
whether treated or uninfected is sti l l low when
compared to the potential yield of 2-3 tonnes per
hectare in Nigeria (23).
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