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Plant Phenology and Leaf Maturity Influences on the Nematicidal
Activity of Castor Leaf Extracts Against Okra Root-Knot Nematodes
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Abstract | The nematicidal efficacy of castor plants was usually assessed using leaves, regardless of maturity
or plant phenology. Under these conditions, the efficacy of each leaf type is unknown. This study aimed to
identify the maturity level of castor leaves that exhibit the highest nematicidal activity against okra root-knot
nematodes. Aqueous extracts of five types of castor leaves were prepared. These were immature (ILV) and
mature (MLV) leaves from vegetative plants and immature (ILF) and mature (MLF) leaves from flowering
plants. The fifth type (ATL), a mixture of all leaf types, was used as a control. Second-stage juveniles and
eggs of M. incognita were exposed to extracts for 72 hours and 10 days, respectively. Egg-hatching inhibition
and juvenile mortality were used to evaluate the in vitro efficacy of extracts. Castor leaf extracts were applied
to okra soils infested with M. incognita. The gall index, gall reduction, and nematode reproduction were
determined. The unhatched egg rate ranged from 49.50 to 81.60%, and the juvenile mortality varied from
73.10 to 100% depending on extracts. The immature leaf extract from flowering plants was the most effective,
with 81.60% unhatched eggs and 100% juvenile mortality. Regardless of plant phenology, immature leaf|
extracts were the most effective in limiting gall development by approximately 50%. Immature castor leaf
extracts have high nematicidal activity. Farmers could prefer immature leaves in order to develop nematicides
for okra root-knot nematode management.
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Introduction serves as a significant source of income for farmers

(Ekunwe e a/., 2018). The stem of the okra plant is

kra is one of the most popular vegetables in the
world (Naveed ez a/., 2009). People cultivate
okra for its immature and edible pods (Ngbede ez
al., 2014). Okra cultivation provides a source of food
(Kumar ef al., 2010; Yaseen and Mukhtar, 2024). It

utilized by the paper industry (Yaseen and Mukhtar,
2024). Cote d’Ivoire ranks 4™ among African Okra
producers, behind Nigeria, Mali, and Sudan, with
183.8 thousand tons of immature pods produced
in 2022 (FAOSTAT, 2024). The main okra species
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cultivated are Abelmoschus esculentus and A. caillei
(Fondio ez al., 2007). Abelmoschus esculentus pods have
an octagonal section. However, Abelmoschus caillei
pods describe a circular section. Cote d’Ivoire widely
cultivates okra in its rural, urban, and peri-urban areas
(Fondio e al., 2007). Farmers cultivate okra in all of
the country’s agroecological zones.

Okra production, like all vegetable crops, is prone
to infection by root-knot nematodes (Sikora
and Fernandez, 2005). Root-knot nematodes are
microscopic soil-dwelling roundworms that parasitize
plant roots, causing damage and reducing crop yields
(Jones efal.,2013; Shahid ez a/.,2023). The main root-
knot nematode species in the tropics are Meloidogyne
arenaria, M. javanica, and M. incognita (Moens ez al.,
2009). Meloidogyne incognita is considered the most
devastating species, with high damage rates (Trudgill
et al., 2000). It has a wide range of host plants (Jones
et al., 2013), including okra. Second-stage juveniles
penetrate the roots, causing the formation of galls,
which impede the flow of water and nutrients to the
rest of the plant (Shahid ez 4/, 2023). Gall formation
disrupts water and nutrient uptake. This leads to
wilting, stunting, leaf chlorosis, slow growth, and
root reduction (Ayub ez 4/, 2024). Ultimately, these
symptoms lead to a poor harvest and reduced yield

(Asghar ez al., 2020).

Farmers, faced with this situation, use chemical
nematicides besides crop rotation and organic soil
amendments in order to limit yield losses. Chemical
nematicides are effective against root-knot nematodes
in vegetable crops (Cadet, 1990). Farmers spread them
on the soil surface, incorporate them into the soil before
seed planting, or apply them in strips in the plant’s
furrow (Sikora and Fernandez, 2005). Due to the
high prevalence of parasitic nematodes, farmers tend
to excessively rely on chemical nematicides. Frequent
use of chemical nematicides can lead to resistance in
nematode populations, environmental pollution, and

ecological disruption (Shahid ¢z 4/, 2023).

Currently, the search for plant-based product
development alternatives to chemical nematicides
is booming. In this context, Kouakou ez a/. (2017)
investigated the nematicidal potential of castor
leaf extract against yam nematodes. This extract
was a mixture of all-type leaves from vegetative
and flowering plants. Under these conditions, the
effectiveness of each type of leaf is unknown. The

study aimed to identify the maturity level of castor
leaves with the highest nematicidal activity against
okra root-knot nematodes.

Materials and Methods

In vitro evaluation of castor leaf extracts on M. incognita
Preparation of castor leaf extracts: Five types of
castor leaves were sampled during this study in the
suburbs of the District of Abidjan in southern Cote
d’Ivoire. There were immature leaves from vegetative
(ILV) and flowering (ILF) plants, as well as mature
leaves from vegetative (MLV) and flowering (MLF)
plants. Plants have immature leaves at the apical end
mature leaves at the median and basal ends. The fifth
type of leaf (ATL) was a mixture of all leaf types. In
the current study, ATL treatment served as a control.
One kilogram of each castor leaf type was sampled.
One kilogram of the ATL sample consisted of 250 g
of each leaf type. Leaf samples were washed with tap
water and dried in an incubator at 35 °C for 72 hours.
Dried leaves were powdered using a mixer.

A concentrated extract (100 g/1) was prepared for
each type of castor leaf. To achieve this, 100 g of
each leaf powder were macerated in 1 L of distilled
water for 72 hours. The crude extracts were filtered
three times through a hydrophilic cotton column
in a 60-ml syringe. Oxamyl, a synthetic nematicide,
was also used as a control. It was used at the same
concentration (100 g/1). Thus, 100 g of oxamyl in the
granule formulation was dissolved in 1 L of distilled
water. The oxamyl solution was filtered under the
same conditions as before. Both the castor extract and
the oxamyl solution were used against okra root-knot
nematodes.

Preparation of nematode inoculum

Reared individuals of M. incognita from the okra
plants (cultivar Hiré) were used as an inoculum. The
okra plants were uprooted and washed with tap water.
'The roots were cut into explants approximately 5 mm
in size in order to extract the root-knot nematode
eggs using the method of Hussey and Barker (1973).
The egg suspension was incubated at 26 °C for 72
hours in an incubator. Second-stage juveniles from
the hatched eggs were concentrated approximately at
100 individuals per 100-pl suspension.

Exposure of nematodes to castor extracts
'The nematicidal efficacy of castor leaf extract was
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evaluated on eggs and second-stage juveniles of M.
incognita. A 5 ml sample of extract from each type
of castor leaf was transferred into test tubes with 10
replicates per extract. Aliquots of 100 pl containing
approximately 100 individuals were added to extracts
in test tubes. Control juveniles were exposed to 5 ml of
distilled water. Moreover, 100 pl aliquots containing
approximately 100 eggs were added to extracts in
other test tubes under similar conditions, with 10
replicates per extract. Control eggs were exposed to
5 ml of distilled water. Juvenile and egg cultures were
incubated at room temperature for 72 hours and 10
days, respectively.

Determination of juvenile mortality

Second-stage juveniles were transferred to sterile
distilled water and incubated for 24 hours under
the same conditions. Stimulation allowed for the
identification and counting of dead individuals. An
individual was judged dead if it did not move after
being pricked with a needle (Cayrol ¢z a/., 1989).
The mean mortality of second-stage juveniles was
calculated based on the extracts (Equation 1).

1 (Nd (E) —Nd (C)

M(%) = ;2 ™ (&) X 100) (1)

M (%): mortality of juveniles in the extract; Nd (E):
number of dead juveniles in the extract; Nd (C):
number of dead juveniles in the control; Tn (E):
total number of juveniles in the extract; n: number of
replicates per extract (10 tubes).

Determination of egg-hatching inhibition
Egg-hatching inhibition was determined after the
eggs were exposed to castor extracts for 10 days
(Equation 2).

Ne (E) — Ne (C)

1
I(%4) ZHE( o (E) X 100) - (2)

I (%): egg-hatching inhibition; Ne (E): number of
unhatched eggs in the extract; Ne (C): number of
unhatched eggs in the control; Tn (E): total number
of eggs in the extract; n: number of replicates per
extract (10 tubes).

In vivo evaluation of castor leaf extracts on M. incognita
Acquisition of okra plants: A soil sample was used as
a substrate for okra plant cultivation. The soil sample
was autoclaved twice at 121 °C for 30 minutes and

distributed in perforated plastic bags with 900 g of
soil (approximately 1 L of soil) per bag. Okra seeds
(cultivar Hiré), from a local seed company, were
planted on the bagged soil with three seeds per bag.
The seedlings were watered every 48 hours. Stunted
okra seedlings were removed 7 days after emergence
to conserve one vigorous seedling per bag.

Inoculation of okra plants

Castor leaf extracts and second-stage juveniles of M.
incognita were prepared as previously. Oxamyl was
used as the reference chemical nematicide to evaluate
the nematicidal efficacy of castor leaf extracts. There
were eight treatments, including T0: uninoculated and
untreated okra plants; T1: inoculated and untreated
okra plants; Oxamyl: okra plants inoculated and
treated with oxamyl; ILV: okra plants inoculated and
treated with immature leaf extract from vegetative
plants; MLV: okra plants inoculated and treated
with mature leaf extract from vegetative plants; ILF:
okra plants inoculated and treated with immature
leaf extract from flowering plants; MLF: okra plants
inoculated and treated with mature leaf extract from
flowering plants; ATL: okra plants inoculated and
treated with all leaf-type extract.

Four holes, approximately 5 cm deep, were made in
the soil around each 21-day-old okra plant. A 1 ml
aliquot containing 500 second-stage juveniles of M.
incognita was distributed through the holes. Ten okra
plants were used per treatment.

Application of extracts

Okra plants were watered with water or castor leaf
extract, depending on the treatment. Every 48 hours,
100 ml of castor leaf extract and 100 ml of water were
alternately applied around the base of the okra plants.
The extract of each type of castor leaf was applied for
30 days. In the second month, the plants were watered
with water only. For plants treated with oxamyl, 4 g
of product were placed around each plant. The plants
were watered every 48 hours using water only. Plants
from control treatments (T0 and T1) were watered
only with 100 ml of water every 48 hours.

Determination of pathological parameters

The gall index, gall reduction rate, final density, and
reproductive factor of M. incognita were used to
evaluate the effects of treatments on gall development.
Okra plants were uprooted and grouped by treatment.
Using the Bridge and Page (1980) scale, the severity
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of galls in okra plant root systems was assessed after
they were rinsed with tap water. Zewain’s (2014)
formula was used to calculate the gall index. The gall
reduction rate was computed using the Mahdy ez a/.
(2014) formula.

The roots of okra plants were weighted using an
electronic balance and chopped using a pair of scissors.
The Hussey and Barker (1973) method was used to
collect eggs and swollen individuals. Second-stage
juveniles and adult males were collected from the
root shred using the maceration method (Coyne ez
al.,2010). Individuals from soil samples of each plant
were extracted using Whitehead’s method (Coyne ez
al.,2010). Following the three extraction methods, the
final density of M. incognita per plant was calculated as
the sum of all individuals (eggs, juveniles, adult males,
and swollen stages) collected per root system and soil
samples. The reproductive factor was calculated using

Rivoal et al. (2001) formula.

Statistical analyses

Juvenile mortality, egg-hatching inhibition, and gall
reduction were normalized using the arcsiny (p/100)
function, where p is the determined parameter. The
final density of M. incognita was normalized by the
Logl0 (x+1) function, where x is the determined
density. Levene’s test was used to assess the
homoscedasticity among treatments at the 5% level.
Because the homoscedasticity occurred, the data were
subjected to one-way analysis using Statistica 7.1
software. If a significant difference occurred at the
5% level, the Dunnett’s test (including control) was
performed in order to identify the effective treatment.

Results and Discussion

In vitro nematicidal efficacy of castor leaf extracts on
Meloidogyne incognita

Effects of leaf maturity from vegetative plants:
The mortality rate of M. incognita juveniles varied
between 73.10 and 99.80%, depending on leaf
maturity from vegetative plants. Meanwhile, egg-
hatching inhibition varied from 49.50 to 86.60%
(Table 1). Statistical analysis revealed a highly
significant difference between the extracts based on
dead juveniles and unhatched egg rates (P < 0.001).
Oxamyl was more effective than immature and
mature leaf extracts against M. incognita. Oxamyl
was responsible for 99.80% of the dead juveniles
and 86.60% of the unhatched eggs. Immature leaf

extract was more effective than mature leaf extract.
The immature leaf extract resulted in 86% of dead
juveniles and 74.80% of unhatched eggs. However,
mature leaf extract produced 75.80% of dead
juveniles and 52.60% of unhatched eggs. In addition,
the mature leaf extract from vegetative plants had a
statistically similar nematicidal potential to that of
the all-leaf type extract (73.10% dead juveniles and
49.50% unhatched eggs).

Table 1: Juvenile mortality and egg-hatching inhibition
of Meloidogyne incognita based on the castor leaf maturity
extracts.

Castor leaves Juvenile mortality (%) Unhatched eggs (%)

Oxamyl 99.80 + 0.41a 86.60 + 2.50a
ATL 73.10 £ 2.21c 49.50 + 3.66¢
ILV 86.00 = 9.35b 74.80 + 4.16b
MLV 75.80 £ 1.37¢ 52.60 + 4.37¢
p 0.000 0.000

Values marked with the same letter in each column are statistically
identical based on Dunnetts test at the 5% level. P: Probability
value; Oxamyl: solution of Oxamyl; ATL: all leaf type extract; ILV:
immature leaf extract from vegetative plants; MLV: mature leaf
extract from vegetative plants.

Table 2: Juvenile mortality and egg-hatching inbibition
of Meloidogyne incognita based on the castor leaf maturity
extracts.

Castor leaves Juvenile Unhatched

mortality (%) eggs (%)
Oxamyl 99.80 + 0.41a 86.60 + 2.50a
ATL 73.10 £ 2.21c 49.50 + 3.66d
ILF 100.0 = 0.00a 81.60 + 4.42b
MLF 86.60 = 5.05b 65.20 + 5.65¢
P 0.000 0.000

Values marked with the same letter in each column are statistically
identical based on Dunnett’s test at the 5% level. P: Probability
value; Oxamyl: solution of Oxamyl; ATL: extract of all types of castor
leaves; ILF: immature leaf extract from flowering plants; MLF:
mature leaf extract from flowering plants.

Effects of leaf maturity from flowering plants

Dead juvenile and unhatched egg rates ranged from
73.10 to 100% and 49.50 to 86.60%, respectively,
according to the treatments (Table 2). Statistical
analysis showed a highly significant difference
between castor extracts in terms of dead juvenile
and unhatched egg rates (P < 0.001). As a result,
immature leaf extract from flowering plants was as
effective as the oxamyl solution on M. incognita, with
100% of dead juveniles and 81.60% of unhatched

eggs. Furthermore, immature castor leaf extract was
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more effective than mature leaf extract and all leaf
type extract. However, the mature leaf extract from
flowering plants (86.60% dead juveniles and 65.20%
unhatched eggs) was statistically more effective than
the all-leaf type extract (73.10% dead juveniles and
49.50% unhatched eggs).

Effects of plant phenology
The dead juvenile (73.10-100%) and unhatched

egg (49.50-86.60%) rates varied according to the
castor plant phenology (Table 3). There was a highly
significant difference between immature leaf extracts
regarding dead juvenile and unhatched egg rates (P <
0.001). Oxamyl (99.80% dead juveniles and 86.60%
unhatched eggs) and immature leaf extract from
flowering plants (100% dead juveniles and 81.60%
unhatched eggs) had similar nematicidal efficacy on
M. incognita. The efficacy of oxamyl and immature
leaf extract from flowering plants was greater than
that from vegetative plants and all leaf-type extract.

Table 3: Juvenile mortality and egg-hatching inbibition
of Meloidogyne incognita based on the castor phenology.

Castor leaves Juvenile mortality (%) Unhatched eggs (%)

Oxamyl 99.80 + 0.41a 86.60 + 2.50a
ATL 73.10 £ 2.21c 49.50 + 3.66d
ILV 86.00 = 9.35b 74.80 £ 4.16¢
ILF 100.0 £ 0.00a 81.60 + 4.42b
P 0.000 0.000

Values marked with the same letter in each column are statistically
identical based on Dunnett’s test at the 5% level. P: Probability
value; Oxamyl: solution of Oxamyl; ATL: all leaf type extract; ILV:
immature leaf extract from vegetative plants; ILF: immature leaf
extract from flowering plants.

In vivo nematicidal efficacy of castor leaf extracts on
Meloidogyne incognita

Gall development: An anatomical modification
of okra roots was observed after two months of
cultivation on M. incognita-infested soils. However,
the roots of control plants (on non-infested soils) did
not develop any anatomical changes (Figure 1A). The
anatomical modification is characterized by round
protuberances along the okra’s roots, ranging from 4
to 10 mm in diameter. This type of anatomical change
is characteristic of root galls (Figure 1B). Galls were
stacked along pivoting and axillary roots. The number
of galls per root system varied depending on the okra
plant and treatment.

iy

Figure 1: Status of okra root systems according to the
treatments. A, Gall-free root systems from uninoculated
and untreated okra plants; B, Root systems with galls
from inoculated and untreated plants.

Effects of extracts on the gall development

The gall index, gall reduction, final density, and
reproductive factor of M. incognita varied according
to the treatments (Table 4). The uninoculated and
untreated okra plants (Treatment T0) showed no galls
or M. incognita individuals. However, the gall index
varied from 2.20 to 4.60, depending on the other
treatments. Gall reduction ranged from 23 to 53.30%.
The final density of M. incognita varied between
103 and 734 individuals, while the reproductive
factor varied between 0.21 and 1.47, depending on
the treatments. Statistical analysis revealed a highly
significant difference between treatments for each
pathological parameter (P < 0.001). The oxamyl, ILF,
and ILV treatments had the lowest gall index (2.10
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to 2.50), final density (103 to 117 individuals), and
reproductive factor (0.21 to 0.23). As expected, gall
reduction was the highest (45.30 to 53.30%) in plants
treated with oxamyl and immature leaf extracts.
Thus, immature leaf extracts, irrespective of castor
phenology, were more effective than mature leaf
extracts on M. incognita.

Table 4: Pathological parameters of Meloidogyne

incognita on okra plants.

Treat- Gallindex Gallreduc- Final Reproduc-
ments tion density tive factor
TO 0 - 0 0

T1 4.60£0.70a - 7342123a 1.47+0.58a
Oxamyl 2.20+0.79c 52.60+4.33a2 110+26¢c 0.22+0.09c
ATL 3.50+1.02b 23.90+4.27c 533+31b 1.07+0.18b
ILV 2.50£1.08c 45.30+6.64b 117+26¢  0.23+0.09¢
MLV 3.60+1.17b 23.00+7.90c 521+69b 1.04+0.12b
ILF 2.10+0.74c 53.30+5.25a 103+18c  0.21+0.08c
MLF 3.40+1.51b 27.60+8.97c 429+72b 0.86+0.11b
P 0.000 0.004 0.000 0.000

Values marked with the same letter in each column are statistically
identical based on Dunnett’s test at the 5% level. P: Probability
value; TO: uninoculated and untreated okra plants; T1: inoculated
and untreated okra plants; Oxamyl: okra plants inoculated and
treated with oxamyl; ILV: okra plants inoculated and treated with
immature leaf extract from wvegetative plants; MLV: okra plants
inoculated and treated with mature leaf extract from vegetative
plants; ILF: okra plants inoculated and freated with immature leaf
extract from flowering plants; MILF: okra plants inoculated and
treated with mature leaf extract from flowering plants; ATL: okra
plants inoculated and treated with all leaf-type extract.

Root-knot nematodes are obligatory plant parasites
that cause significant losses in agricultural production
(Shahid es al., 2023). They represent the greatest
challenge in agricultural production, as they attack
over five thousand plants, including okra (A4belmoschus
spp.)- Root-knot nematodes embed inside the root
tissue during the plant’s life span (Alam and E1-Nuby,
2022). Nowadays, chemical nematicide usage has
declined globally due to their wide spectrum toxicity
(EI-Nuby and Alam, 2020). Consequently, researchers
are exploring alternatives. These include plant-based
product development to manage plant-parasitic
nematodes and conserve natural resource sustainability
(Alam and El-Nuby, 2022). In this context, Kouakou
et al. (2017) demonstrated the nematicidal potential
of aqueous castor leaf extract on yam nematodes.
All leaf-type mixtures, regardless of their maturity
and plant phenology, yielded this extract. The aim of
this study was to identify the maturity level of castor

leaves with the highest nematicidal activity against
okra root-knot nematodes.

This study revealed that each type leaf extract
possessed a nematicidal potential against M. incognita.
This is because the extracts contain phytochemicals
with nematicidal properties. Indeed, plant extracts
contain oxygenated compounds possessing lipophilic
properties. Due to their lipophilic attributes,
oxygenated compounds could dissolve the cytoplasmic
membrane of cells of nematodes (Knobloch ez a/,
1989). Additionally, the functional groups facilitate
oxygenated compound accumulation in the vital
organs of nematodes. This could then change the
enzymatic protein structure (Knobloch ez o/, 1989)
and disrupt nematode organ function. Koul (2008)
attributed the nematicidal potential of aqueous castor
leaf extracts to phenolic compounds. Ladi ez 2/. (2019)
suggested that inhibiting M. incognita egg hatching
may be due to phytochemicals such as flavonoids,
alkaloids, amides, and ketones.

Whatever the castor plant phenology, immature leaf
extracts possessed the greatest larvicidal and ovicidal
activity on M. incognita juveniles and eggs. This aligns
with the findings of Beesa ez a/. (2023, 2024). They
found that the cavalcade (Centrosema pascuorum)
with the younger leaf appeared to be more potent,
exhibiting higher inhibitory effects on the nematode.
This suggests an uneven distribution of oxygenated
compounds in castor plant parts. In fact, immature
leaves would have a higher phenolic compound
content than mature leaves. Nor and Mohd (2013)
conducted a study on green tea (Camellia sinensis).
'They discovered that the buds had the highest content
of polyphenols and flavonoids, followed by immature
and mature leaves. Additionally, they discovered that
buds had the highest antioxidant activity of phenolic
compounds, followed by immature and mature leaves.
Nadeem and Zeb (2018) also showed that phenolic
compound content increased with age in fig (Ficus
carica) leaves. This trend is especially contrary to that
of Jolkili ez a/. (2018). They found phenolic compound
content increased with age in Cassia alata leaves. Thus,
the increase or decrease in phenolic compound content
with leaf age should depend on the plant species.

From a phenological perspective, the immature castor
leaves from flowering plants had more nematicidal
potential than those from vegetative plants. This
result opposed that of Bar-Eyal ez 4/ (2006) on
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Chrysanthemum coronarium. They found that plant
parts (before flowering) were more effective than
flowering plants. This is due to a variation in the
content of oxygenated compounds with nematicidal
activity during castor plant development. Immature
castor leaves from flowering plants would have
a higher content of oxygenated compounds than
immature castor leaves from vegetative plants. Salem
et al. (2018) showed that oxygenated compound
contents in Mentha pulegium leaves depended on the
plant phenology. They discovered that M. pulegium
leaves had the highest oxygenated compound contents
among flowering plants.

Under greenhouse conditions, immature leaf extract
application reduced gall development on okra roots.
Dura ez al. (2018) found that using castor leaves as
a soil amendment against M. incognita significantly
reduced nematode populations and root galling by
80%. Gall reduction is due to the compounds with
nematicidal activity in the extract of immature leaves.
Indeed, juveniles were exposed to the extract in the
soil interstices. Repeated application of that extract
would have created an unfavorable environment for
M. incognita development, resulting in a significant
impact on its pathological activity. This situation
would result in low gall development and improved
okra development. The greenhouse trial’s results
confirmed those obtained during the in vifro trials.

Conclusions and Recommendations

The current study reveals the larvicidal and ovicidal
activities of castor leaf extracts against okra root-
knot nematodes. Castor plant phenology and leaf
maturity affect the larvicidal and ovicidal activities of
leaf extracts. Under greenhouse conditions, immature
leaf extracts, regardless of plant phenology, possessed
the greatest effect on limiting gall development.
In okra cultivation, immature leaf extracts help to
control root-knot nematodes. When sampling castor
leaves, farmers may prefer immature leaves in order
to develop nematicides effective against root-knot
nematodes. However, more research is required to do
a phytochemical screening of extracts and assess their
effectiveness under field conditions.

Novelty Statement

This is one of the first studies to evaluate the effect of
plant phenology and leaf maturity on the nematicid-

al efficacy of castor oil extracts. It recommends that
farmers give preference to immature castor leaves in
order to develop effective products against okra root-
knot nematodes.
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