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Abstract: A pot experiment laid out in completely randomized design (CRD) was carried out to manage
Meloidogyne  incognita  on  okra  using some  animal manures viz., cow manure (CM), poultry manure (PM),
goat manure (GM) and swine manure (SM)] in comparison with carbofuran. Two-week old seedlings of okra
were inoculated with 5,000 eggs of M. incognita. Animal manures were applied at the rate of 100 kg ha  each1

and carbofuran at the rate of 3 kg a.i ha  at three weeks after sowing (WAS). Data collected at 10 WAS were1

plant height, number of leaves, gall index (GI), nematode population (NP) and fruit weight (FW). Data were
analyzed using analysis of variance (p 0.05) and descriptive statistics. Carbofuran, PM, SM, GM and CM
significantly improved the growth in treated okra than in the untreated okra. PM reduced GI by 65.2%,
effectively as carbofuran (69.5%). Carbofuran, PM, CM, GM and SM reduced the NP by 88.4, 86.7, 76.6, 67.8 and
60% in treated okra, respectively. Animal manures, especially PM can be used in the management of
Meloidogyne  incognita-infected  okra  in  view  of   the  outstanding  performances  recorded  in  growth, yield,
nematode management and for eco-friendly reasons in lieu of carbofuran.
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INTRODUCTION Plant-parasitic nematodes attacking okra includes sting

Okra, Abelmoschus esculentus (L.) Moench is a nematode (Rotylenchulus reniformis), root-knot
widely cultivated vegetable crop worldwide and very nematodes  (Meloidogyne  spp.),  amongst  others [5].
important in the diet of Africans [1]. In Nigeria, it is widely The root-knot nematodes are the major nematodes
grown, distributed and consumed in either fresh or in attacking okra worldwide and in Nigeria [5, 8]. They are
dried forms [2]. The West African region accounts for widely spread attacking virtually all crops and thereby
more than 75% of okra produced in Africa, but the limit agricultural productivity [8, 9] with M. incognita as
average productivity in the region is very low (2.5 t/ha) the major species affecting okra production [5].
compared  to  East  Africa  (6.2 t/ha)  and  North  Africa Meloidogyne spp. cause wilting, chlorosis, stunted
(8.8 t/ha) [3]. Nigeria is the second largest producer of growth, formation of galls in roots of most crops which
okra in the world after India and largest producer in Africa often leads to destruction of roots, poor growth, poor
(5.8 million tonnes), followed by Cote d’Ivoire, Ghana and yield and crop failure when nematode population exceeds
then others [4]. economic threshold level [10, 11].

Plant-parasitic nematodes (PPNs), amongst others Different management strategies for plant-parasitic
have been reported as one of the major constraints to nematodes have been developed, some of which involve
production of okra [5]. PPNs attack plants and are usually the use of botanicals, crop rotation, solarisation, use of
ubiquitous with high rate of reproduction making it synthetic nematicides and biological control [12]. The use
difficult to manage them thereby causing significant of nematicides had been adjudged to be the most effective
damages and yield losses in crops [6]. They attack roots, in management  of PPNs [8, 13]. However, the cost of
stems, leaves, bud, flowers, fruits and trunks of crops [7]. these nematicides has been on the increase beyond the

nematode (Belonolaimus longicaudatus), reniform
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reach of  rural   farmers   in  most  developing nations the University of Port Harcourt, Rivers State. Animal
making them unavailable and they also pose as manures collected were  properly weathered by spreading
environment pollutants [14, 15].  Other  management them in the open under the sun for a period of six weeks
practices  are being developed for the management of and later pulverized. Top sandy-loam soil was steamed-
plant-parasitic nematodes to address these daunting sterilized after which the soil was allowed to rest pending
challenges emanating from the use of synthetic till when needed.
nematicides. Thirty-five pots of diameter 22 cm (five litre capacity)

Agricultural wastes have found relevance in the were filled with steam-sterilized sandy loam soil (5 kg/pot)
management of PPNs [16, 17]. These agricultural wastes and arranged in a completely randomized design (CRD).
include dry crop residues, feathers, bone meal, horn meal, Each pot was sown with two seeds of okra per pot and
livestock manures, amongst others [16-20]. It has been later thinned to one plant per pot at one week after sowing
reported that waste materials either of plant, animal or of (WAS). Eggs of M. incognita were extracted using the
industrial origin have nematicidal and plant growth hypochlorite method [31] from the infected roots of
promoting properties [18, 19, 21]. Some agricultural wastes Celosia argentea planted as culture. Roots were washed
have been exploited as an alternative means of nematode to remove adhering soil particles and then cut into 1-2 cm
control [16, 17, 20, 22, 23]. pieces. The root pieces were vigorously shaken in 0.5%

The beneficial effects of organic matter incorporation sodium hypochlorite (NaOCl) solution for about four
have been generally considered to be due to increase in minutes. The suspension was poured into a 200-mesh
soil nutrients, improvement in soil physical and chemical sieve nested over a 500-mesh sieve to collect the freed
properties [24, 25], direct or indirect stimulation of eggs. The 200 mesh sieve was used to retain the roots and
predators  and  parasites  of phyto-parasitic nematodes the debris, while the 500 mesh sieve retained the eggs
[25, 27, 28] and release of chemicals that acts as which were later rinsed into a beaker using a wash bottle.
nematicides [19, 29]. Some of these livestock wastes The content was left and allowed to settle down and later
considered effective in the nematode management of decanted. The egg suspension in the beaker was
some crops include cow manure, poultry manure, goat homogenized using a magnetic stirrer and an aliquot of 1
manure, amongst others [30]. These wastes have been ml was drawn from the suspension using hypodermic
reported to be   environment-friendly   when  used to syringe into a Doncaster counting dish. The number of
manage pests. It is in this wise that cow, poultry, goat and eggs in the 1ml suspension was quantified under a
swine manures were compared with carbofuran in the dissecting microscope. The treatments in five replicates
management of M. incognita on okra with a view to were; inoculated control (5000 eggs only), uninoculated
selecting the outstanding animal manure (s). (no eggs), cow manure (5000 eggs + cow dung manure

MATERIALS AND METHODS manure at 100 kg ha ), swine manure (5000 eggs + swine

The experiment was  carried  out  at the Research manure at 100 kg ha ) and carbofuran (5000 eggs +
Farm and Laboratory of Department of Crop and Soil carbofuran at 3 kg a.i/ha). Each plant was inoculated with
Science, Faculty of Agriculture, University of Port 5,000 eggs of M. incognita at 2 WAS except uninoculated
Harcourt. Other laboratory works were carried out at the control plants. At one week after inoculation (WAI), soil
Nematology Research Laboratory of the Department of around the roots of each okra was excavated to a depth of
Crop Protection and Environmental Biology, Faculty of 5 cm and manures and carbofuran were appropriately
Agriculture and Forestry, University of Ibadan. Okra applied per treatment; the roots were later covered with
seeds (V-35) (Abelmoschus esculentus) were collected soils. Growth parameters such as plant height (cm) and
from Agricultural Development Project (ADP), Rivers number of leaves were assessed immediately at
State, Nigeria. Carbofuran (3G) was purchased at AMENS inoculation (AI) of nematodes, then subsequently weekly
Agricultural Services, Ibadan, Oyo State, Nigeria. Cow till maturity. At maturity, yield was assessed using weight
and goat manures were collected from the local slaughter of fruits (g plant ). Fresh shoot and root  weights (g)
houses around the University of Port Harcourt, Rivers were determined using Mettler balance. The roots plant
State, Nigeria; while poultry and swine manures were after each harvest were later rated for galls using the scale
collected from  poultry and swine farms located around of Taylor and Sasser [32].

at100 kg ha ), poultry manure (5000 eggs+ poultry1

1

manure at 100 kg/ha), goat manure (5000 eggs + goat
1

1

1
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Eggs of M. incognita from each treated plant were other treatments. This was followed by number of leaves
extracted using the method as described earlier [31] and
the population estimated using counting dish under a
stereomicroscope. Second-stage juvenile (J ) population2

of M. incognita from the infested soil was determined per
pot using pie-pan method [33]. The set-up consists of two
sieves separated by a double-ply facial tissue placed on
a collection tray. After thorough mixing, 200 ml of soil was
poured on the upper sieve and water was added to the
collection tray to field capacity. The second stage
juveniles (J ) were collected in beakers after 48 hours and2

quantified under a dissecting microscope. Reproductive
factor (RF=Pf/Pi) was determined, where Pf is final plants (25.6 g) and other treatments (Table 2). Inoculated
nematode population and Pi is the initial nematode
population. Fresh shoots of okra were oven-dried to
constant weight at 70°C for 48 hours and their  dry
weights were determined using Mettler balance. Data were
analyzed using Analysis of variance (ANOVA) with
Statistical Analysis Systems [34] and means were
partitioned using Fisher’s Least Significant Difference
(LSD) at 5% of level of probability.

RESULTS

Effects of Some Animal Manures and Carbofuran on
Growth   of    Meloidogyne   Incognita-infected  Okra:
At termination of the experiment (8 WAI), M. incognita-
infected okra treated with poultry manure showed the
highest plant height (27.3 cm) and this was significantly
higher than other treatments (Table 1). Inoculated-
untreated okra plants showed the lowest plant height
(17.7 cm). However, all treated okra with either animal
manures or carbofuran showed higher mean plant height
than inoculated-untreated okra. The effects of some
animal manures and carbofuran  on mean number of
leaves  of  M.  incognita-infected  okra  is also presented
in Table 1. At 8 WAI, M. incognita-infected okra treated
with poultry manure showed  the highest number of
leaves  (19.1) and  this  was  significantly  higher  than the

produced by okra treated with carbofuran (17.4) and
uninoculated plant (17.4). Inoculated-untreated plants
produced significantly least number of leaves (12).

Effects   of   Some   Animal   Manures  and  Carbofuran
on Fresh Shoot  and  Root  Weights (G), Dry Shoot
Weight (G) and Root Length (Cm) of Meloidogyne
Incognita-infected Okra: Meloidogyne incognita-
infected okra treated with poultry manure had the highest
fresh shoot weight (37.6 g) which was significantly higher
than fresh shoot weights of okra from carbofuran-treated

untreated  plants  had  the  lowest  fresh shoot weight
(10.8 g). Inoculated-untreated plants  had the highest
fresh root weight (15.9 g) which was significantly higher
than for other treatments.  Poultry manure-treated okra
had fresh root weight of 10.9 g and this compared
favorably with those of carbofuran, goat manure and
swine manure-treated okra (Table 2). The highest mean
dry shoot weight (11.4 g) was recorded in M. incognita
infected-okra treated with poultry manure and this was
significantly higher than mean dry shoot weights of other
treatments. The lowest dry shoot weight was recorded in
inoculated-untreated plants  (3.4 g). M. incognita
infected-okra treated with carbofuran had  the longest
root length (54.7 cm), but this was not longer than roots
of poultry manure-treated okra (47.8 cm). Inoculated-
untreated  okra  showed  the  shortest   roots  (21.9  cm).
All treated okra with carbofuran and animal manures
produced significantly longer roots than inoculated-
untreated okra (Table 2).

Effects of Some Animal Manures and Carbofuran on Gall
Index, Second-stage Juvenile (J ), Egg Population, Final2

Nematode Population and Reproductive Factor of
Meloidogyne  Incognita  on  Okra:  The  highest  level
of  galling  which  indicated root  damage  was  recorded
in  inoculated-untreated plants  (4.6)  as  shown  in Fig. 1.

Table 1: Effects of some animal manures and carbofuran on growth (cm) of Meloidogyne incognita-infected okra.

Treatments Rate Mean plant height (cm) at 8 WAI Number of leaves at 8 WAI

Cattle manure 100 kg/ha 23.5 16.0
Carbofuran 3 kg. a.i./ha 23.3 17.4
Goat manure 100 kg/ha 23.9 13.5
Swine manure 100 kg/ha 23.9 14.4
Poultry manure 100 kg/ha 27.3 19.1
Inoculated-untreated - 17.7 12.0
Uninoculated - 25.3 17.4
LSD (p 0.05) 1.2 0.3

Each value is mean of five replicates. WAI= weeks after inoculation.
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Table 2: Effects of some animal manures and carbofuran on fresh shoot and root weights (g), dry shoot weight (g) and root length (cm) of Meloidogyne
incognita-infected okra

Treatment Fresh shoot weight (g) Fresh root weight (g) Dry shoot weight (g) Root length (cm)
Cow manure 20.1 7.5 5.7 32.3
Carbofuran 22.6 9.4 7.9 54.7
Goat manure 20.6 9.1 6.9 36.8
Swine manure 21.5 9.4 5.7 31.6
Poultry manure 37.6 10.9 11.4 47.8
Inoculated- untreated 10.8 15.9 3.4 21.9
Uninoculated 22.8 9.7 8.2 41.3
L.S.D 5.2 2.3 1.8 7.0
Each value is mean of five replicates.

Fig 1: Effects of some animal manures and carbofuran on gall index of M. incognita- infected okra.

Fig 2: Effects of some animal manures and carbofuran on second-stage juveniles of M. incognita-infected okra.

The least  galling  was  recorded for carbofuran treated M. incognita eggs was recorded  in inoculated-untreated
okra plants (1.4) which were significantly lower than those okra (21,560) and this was significantly higher than for
of poultry manure treated  okra (1.6). However, all treated other treatments (Fig. 3). However, the lowest egg
plants with either weathered animal manures or carbofuran population  was  recorded for  carbofuran-treated  okra
significantly reduced galling when compared with and this was comparable to egg population in poultry
inoculated-untreated okra plants. manure-treated plants.

The population of second-stage juvenile (J ) of M. The  highest  final  nematode  population was found2

incognita  was  significantly  reduced  in  okra  treated in inoculated-untreated okra (22,616) and this was
with  carbofuran   and  animal  manures  than in significantly higher than the nematode population from
inoculated-untreated plant. The highest juvenile other treatments (Fig. 4). Also, the reproductive factor of
population was observed in inoculated-untreated okra M. incognita was highest in inoculated-untreated okra
(Fig. 2). The reduction in J   population  in poultry (4.5) amongst all treatments (Fig. 5). Carbofuran treated2

manure-treated okra (182) was comparable to the plants had the least RF (0.5), but this was not significantly
carbofuran-treated  okra.  The  highest  mean number of lower than RF in poultry manure treated okra (0.6).
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Fig 3: Effects of some animal manures and carbofuran on egg population of M. incognita- infected okra.

Fig 4: Effects of some animal manures and carbofuran on nematode population of M. incognita- infected okra.

Fig 5: Effects of some animal manures and carbofuran on reproductive factor of Meloidogyne incognita- infected okra.

Table 3: Effects of carbofuran and some animal manures on mean fresh fruit
weight (g) of Meloidogyne incognita-infected okra.

Treatments Fresh fruit weight (g)

Cow manure 5.9
Carbofuran 9.4
Goat manure 4.3
Swine manure 8.2
Poultry manure 10.8
Inoculated-untreated 0.0
Uninoculated 7.4
L.S.D 0.4

Each value is a mean of five replicates.

Effects   of   Some   Animal   Manures  and  Carbofuran
on  Fresh  Fruit  Weight  (G)   of  Meloidogyne
Incognita-infected Okra: M. incognita infected okra
treated with poultry manure produced fruits with the
highest mean fresh weight (10.8 g) among all treated okra
(Table 3). Carbofuran treated okra had mean fresh fruit
weight of 9.4 g; whereas,  goat  manure treated okra had
the lowest mean fresh fruit weight of 4.3 g among okra
treated  with  animal  manures. Inoculated-untreated
plants produced no fruits at the termination of experiment
(8 WAI).
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DISCUSSION cause economic injury to plant growth [40]. Carbofuran

Meloidogyne  incognita-infected  okra plants treated untreated plants. Cow, swine and goat manures also
with the weathered animal manures and carbofuran showed better growth when compared to inoculated-
performed better when growth parameters were evaluated. untreated plants. Cow, swine and goat manures improved
Treated plants had higher increase in plant height (cm) VG by 85.7, 97.9 and 89.6%, respectively as compared to
and also number of leaves than the inoculated-untreated uninoculated-untreated plants. The differences observed
plants. However, poultry manure treatment compared in growth of Meloidogyne incognita-infected okra from
favourably with carbofuran in terms of improvement in the application of the different animal manures might be as
growth.  Such  an  increase  in  growth has been attributed a result of the differences in the physical and chemical
to either improvement in  soil condition resulting in composition of the manures.
greater root growth and penetration, thereby enhancing In terms of gall index (root damage), nematode eggs,
the  utilization   of  soil  nutrients   by  infected  plants. final nematode population and reproductive factor,
The host-parasite relationship might have been altered carbofuran performed better than the animal manures.
also with the application  of  these  animal  manures in Carbofuran nematicidal efficacy has been confirmed by
favour of the host plant thereby minimizing the nematode many workers against many plant-parasitic nematodes
damage [35]. The efficacy of animal manures against including Meloidogyne species [41]. Gall index, nematode
phyto-nematodes may either be due to stimulation of eggs, nematode population and reproductive factor
specific micro-organisms that are capable of parasitizing showed that treated okra with either animal manures or
eggs or developmental stages of plant-parasitic carbofuran had lesser galls, nematode eggs, nematode
nematodes or production of substances from population and lower rates of reproduction when
decomposition of animal manure  which  are  toxic to compared to inoculated-untreated plants. However,
plant-parasitic  nematodes [36, 37]. The observation made carbofuran treated plants showed the least galling, least
on good growth in terms of number  of  leaves and plant nematode eggs, least nematode population and also had
height  of treated okra with animal manures also found the least reproductive factor. Carbofuran reduced
relevance in fresh shoot and root weights, dry shoot significantly gall index, nematode egg, second juvenile
weight  and  root  length.  However,  the highest fresh stage and nematode population when compared with
root weight  recorded  in the inoculated-untreated okra inoculated-untreated okra. This confirmed nematicidal
was because of the presence of galls. The presence of efficacy   of   carbofuran   on  Meloidogyne  incognita.
these galls is an indicator of the highly damaged root The view that carbofuran is very effective in managing
systems which  in  no  doubt  was detrimental to growth Meloidogyne incognita on okra was supported by other
of okra. workers [42].

Meloidogyne-infected okra treated with poultry Poultry manure-treated plants also recorded lesser
manure showed the best plant growth. Poultry manure galls and lower levels of nematode eggs, second-stage
improved vegetative growth (VG) by 246.7% when juveniles and nematode populations than the other animal
compared to  inoculated-untreated plants. The high rate manures. Poultry manure reduced gall index and nematode
of development observed in poultry manure treated-okra population by 65.2 and 86.7%. Weathered animal manures
may be as a result of the nutrients made available to the have been shown to decrease the phyto-parasitic
plant by addition of poultry manure which led to higher nematode population in infested soil when applied [43].
growth rate which enabled the infected plant to overcome Microbial activities are usually increased on addition of
the nematode attack [30, 38]. Phosphorous uptake by organic matter to  the  soil  which initiates antibiosis
plants has been reported to be enhanced by the toward nematode activities. This is usually as a result of
application of poultry  manure  and this is substantiated toxic substances that are  produced  by the growing
by highest number of leaves recorded in poultry manure micro-organisms or from products released during
treated okra among others [39]. Uninoculated okra microbial decomposition of organic matter and some of
showed outstanding plant growth after poultry-manure these substances produced had been reported nemato-
treated okra and this is as a result of the okra being free of toxic [44]. Poultry manure has a very high nitrogenous
nematode infection. Infected plants treated with content  and  this leads to formation of ammonia which
carbofuran also recorded good growth because of the has nematicidal properties [45]. Ammonia released from
nematicidal ability of carbofuran in managing population poultry manure during decomposition is toxic to root-knot
of Meloidogyne incognita below levels where they can nematodes.

improved VG by 135.7% when compared to inoculated-
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Reproductive rate of M. incognita was least in 3. FAOSTAT, 2006. Food and Agricultural Organization
carbofuran-treated okra because of the nematicidal of the United Nations. On-line and Multilingual
potency of carbofuran. Carbofuran reduced reproductive Database, http://faostat.fao.org/foastat/
rate of M. incognita by 88.5%. Poultry manure treated 4. FAOSTAT, 2011. Food and Agricultural Organization
plants also recorded lower reproductive rate (87%) of the United Nations: Okra production statistic for
effectively as carbofuran because the addition of poultry 2011. Retrieved on 31  January, 2014 from
manure might have produced nematotoxic substances that http://faostat.fao.org/foastat/
either killed or reduced developmental activities of M. 5. Adesiyan,   S.O.,   F.E.   Caveness,  M.O.  Adeniji
incognita in okra. The outcome of this study showed that and B. Fawole, 1990. Nematode pests of tropical
poultry manure compared favourably with carbofuran in crops. Heinemann Educational Books (Nigeria) Ltd.,
reduction of M. incognita reproduction on okra. pp: 114.

In terms of yield, poultry and carbofuran treatments 6. Luc, M., A. Sikora and J. Bridge, 2005. Plant parasitic
increased yield by 100% when compared to inoculated- nematodes in subtropical and tropical agriculture.
untreated okra. Similar observations were made for other CABI, Wallingford, UK, 2nd edition, pp: 871.
manure treatments; however their percentage yield 7. Stirling, G., J. Nicol and F. Reay, 2002. Advisory
increases were lower. When plants are treated, the services for nematode pests- operational guidelines.
adverse effects of the plant-parasitic nematodes are RIRDC Publication No. 99/41.
reduced and as such the plants are able to carry on their 8. Agrios, G.N., 2005. Plant Pathology, 5  edition.
basic physiological processes aiding good growth and Academic Press USA., pp: 922.
yield. This view was  corroborated  by the findings of 9. Dickson, D.W. and D. De Waele, 2005. Nematode
other worker [46] that application of carbofuran resulted parasites of peanut. In: Luc, M., Sikora, R. A. and J.
in increased yield of three hybrid yam varieties. Also, the Bridge (eds). Plant parasitic nematodes in subtropical
manures applied might have been an easy source of and tropical agriculture. Wallingford, UK: CABI
nutrients for the plants, thereby promoting good growth Wallingford, UK., pp: 393-436.
and ultimately yield. 10. Fourie, H., A.L. McDonald and G.C. Loots, 2001.

Animal manures especially poultry manure as Plant parasitic nematodes in field crops in South
nematode management tools as demonstrated from the Africa 6, Soybean. Nematolo., 3: 447-454.
results in this study, might have enhanced soil fertility, 11. Sikora, R.A. and E. Fernandez, 2005. Nematode
increased microbial  diversity, reduced population of parasites of vegetables.  In:  Luc,  M., Sikora, R.A.
plant-parasitic nematodes due to its nematotoxic and Bridge, J (Eds.). Plant-parasitic nematodes in
components and ultimately increased crop yield. subtropical and tropical agriculture. 2nd edition,
Therefore, poultry manure can be used in place of CABI publishing, pp: 319-392.
carbofuran to manage M. incognita on okra in view of its 12. Whitehead, A.G., 1998., Plant  nematode  control.
little or no cost, no known hazard to plant, man and his CAB International, Wallingford UK, pp: 384.
environment. 13. Tanimola, A.A. and M.I. Godwin-Egein, 2009.
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