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The interaction of the fungus, Fusarium oxysporum f. sp. vasinfectum (FOV), and the nematode, Meloidogyne incognita, on wilt
disease on “Essoumtem” and Clemson spineless okra varieties, was examined in pot and ﬁeld experiments from September 2016 to
June 2017, in the University of Ghana farms. Four-week-old “Essoumtem” and Clemson spineless seedlings for pot experiment
and one-week-old “Essoumtem” and Clemson spineless seedlings for ﬁeld experiment were inoculated with fungus, Fusarium
oxysporum, and nematode, Meloidogyne incognita. The individual, simultaneous, and sequential inoculation of second stage
juveniles (at 1000 J2/kg soil) of Meloidogyne incognita and Fusarium oxysporum (1.1 × 106 cells/kg soil) resulted in signiﬁcant
reduced plant growth parameters (plant height, plant girth, chlorophyll content, fresh and dry shoot weights, and fresh and dry
root weights). Maximum suppression in plant growth parameters was observed in plants that received NF21 (Fusarium oxysporum
inoculated 21 days after Meloidogyne incognita on okra) and F21 (fungus inoculated 21 days after seedling emergence) treatments
for pot and ﬁeld experiments, respectively. The least suppression of plant growth parameters was observed in separate inoculations
of the two pathogens for both pot and ﬁeld experiments. Maximum suppression in yield parameters was observed in okra plants
that received NF21 and F21 treatments for pot and ﬁeld experiments, respectively. Minimal yield suppression was observed for
individual inoculations (N and F treatments) in both pot and ﬁeld experiments. The highest severity of wilt disease was observed
on okra plants that received NF21 and F21 treatment in both pot and ﬁeld experiments. Plants in control plots had higher yields
and the least wilt incidences (0.0%).

1. Introduction
Okra (Abelmoschus esculentus) is regarded, amongst other
species of plants from the Malvaceae family, as extensively
consumed [1] and equally known to be an economically
signiﬁcant vegetable crop cultivated in many parts of the
world [1–4]. Hibiscus was the genus into which okra was
categorized, and later, classiﬁcations reassigned it under
Abelmoschus and diﬀerentiated it with copious features from
the genus Hibiscus [5]. In Northern Ghana, the crop is
grown for its high commercial value for deprived growers
and signiﬁcance as a component in the diet of the people.
Within developing countries such as Ghana, okra is cultivated with ease, and it represents an essential cash crop for

families in underprivileged areas. In Ghana, production
levels and yield of okra in 2018 were 74,027 tonnes and
219,992 hg/ha, respectively [6]. This crop’s economic importance cannot be overemphasized as it contains food
nutrients such as proteins, calcium, vitamins C, and carbohydrates in larger quantities [7–11]. Meloidogyne incognita causes root-knot diseases infecting a wide range of crops
[12–18]. Root-knot infections cause surge in incidence and
severity of wilt diseases caused by bacteria and fungi [19].
Fusarium wilt (Vascular wilt) caused by the fungus Fusarium
oxysporum f. sp. vasinfectum (FOV) is one of the utmost
signiﬁcant diseases on Malvaceae species [20]. The concept
of nematode-fungi relationship in plant diseases has been
researched for the mechanism of interaction to be
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understood [21–24]. The objective of this study was to
evaluate individual, simultaneous, and sequential inoculations between Meloidogyne incognita and Fusarium oxysporum f. sp. vasinfectum on the growth and yield of
“Essoumtem” and Clemson spineless okra varieties.

2. Materials and Method
2.1. Experimental Site. Both pot and ﬁeld experiments were
carried out in the University of Ghana Farm, Legon. The
experimental site had a mean rainfall of 55 mm, a mean
temperature of 32.3°C, and a relative humidity of 78% from
September 2016 to January 2017, during the potting experimentation. The mean rainfall, temperature, and relative
humidity from March 2017 to June 2017 were 56 mm,
32.5°C, and 69%, respectively, for the ﬁeld experiment. The
soils at the site are classiﬁed under the Adentan series and
are relatively light clayey soils with low fertility.
2.2. Nematode Inoculum Preparation. Meloidogyne incognita
eggs were extracted from roots of infested okra plants. These
eggs were hatched into second stage juveniles [25]. The
second stage nematode juveniles for inoculations onto each
plant were estimated to a concentration of 1,000 juveniles.
2.3. Fusarium Inoculum Preparation. Two-week-old culture
was scraped into a beaker with sterile distilled water and
blended. Sterile distilled water was added to obtain 1000 cm3
of the suspension. The fungal spore suspension (approximately 1.1 × 106 cells per 5 mL) was calculated using a
haemocytometer [26]. This concentration was inoculated
per plant.
2.4. Pot Experiment. Two (2) varieties of okra, “Essoumtem”
and “Clemson spineless”, were used in this experiment. The
soil (light loamy soil) for the pot experiments was sterilized
at 105°C for three days and left overnight to cool. It was then
used to ﬁll plastic pots (5 kg of the sterilized soil per pot) with
drainage holes at the base. The experiment was a 2 × 7
factorial laid out in a completely randomized design (CRD)
with three replications. An experimental plot measured 2 m
by 1.2 m (2.4 m2). Alleys between the blocks were 1 m, while
that between the plots was 50 cm. A total of 42 plots were
used, and each plot had 15 okra plants with a planting
distance of 60 cm × 70 cm. Five plants were tagged as record
plants. Each block or replication had 14 plots. The treatments used for the pot experiment were as follows:
F � okra plants inoculated with Fusarium oxysporum
only
N � okra plants inoculated with Meloidogyne incognita
only
NF � Meloidogyne incognita and Fusarium oxysporum
inoculated simultaneously on okra
NF7 � Fusarium oxysporum inoculated 7 days after
Meloidogyne incognita on okra

NF14 � Fusarium oxysporum inoculated 14 days after
Meloidogyne incognita on okra
NF21 � Fusarium oxysporum inoculated 21 days after
Meloidogyne incognita on okra
C � okra plants with neither Meloidogyne incognita nor
Fusarium oxysporum inoculation (control)
Plant height, plant girth, and chlorophyll contents were
taken at 4, 6, 8, and 10 weeks after planting okra for both pot
and ﬁeld experiments. The yield as well as data on biomass
(fresh and dry shoot and root weight) were taken at the end
of the experiment. The chlorophyll content index (CCI) was
measured using a MC-100 chlorophyll concentration meter
(Apogee Instruments, North Logan, USA).
2.5. Field Experiment. Planting was done on already infested
nematode ﬁeld. Soil samples were collected from each plot
for nematode estimations before okra seeds were planted.
The experiment was a 2 × 4 factorial treatment, arranged in a
randomized complete block design (RCBD), with three
replications. Each experimental plot measured 2.8 m by
2.5 m (7 m2). Alleys between the blocks were 1 m, while that
between the plots of the same replication was 50 cm. A total
of 24 plots were used, and each plot consisted of 30 plants
spaced in 50 cm × 70 cm apart. Five plants were used within
the plot as record plants. Each block or replication is made
up of 8 plots. The treatments used were as follows:
F7 � Fusarium oxysporum inoculated 7 days after okra
seedling emergence in Meloidogyne incognita-infested
ﬁeld
F14 � Fusarium oxysporum inoculated 14 days after
okra seedling emergence in Meloidogyne incognitainfested ﬁeld
F21 � Fusarium oxysporum inoculated 21 days after
okra seedling emergence in Meloidogyne incognitainfested ﬁeld
C � uninoculated ﬁeld (control)
2.6. Wilt Incidence and Severity. To determine the wilt incidence, a wilt incidence scale by Nene et al. [27] was used
with wilt percentage and wilt severity computed as follows:
number of plants wilted
wilt incidence (%) �
× 100, (1)
total number of plants
wilt severity (%) �
sum(rating number × number of plants in the rating)
× 100%.
total number of plants × highest rating
(2)

2.7. Statistical Analysis. All agronomic parameters (plant
height and plant girth), chlorophyll content, yield, and plant
biomass contents were subjected to the analysis of variance
(ANOVA), using Genstat 12th edition software [28], and
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signiﬁcant means were separated, using a least signiﬁcant
diﬀerence (LSD) at 5%.

3. Results
3.1. Pot Experiment
3.1.1. Mean Plant Height, Girth, and Chlorophyll Contents of
“Essoumtem” and “Clemson Spineless” Plants Inoculated with
Fusarium oxysporum in Pot Experiment from Weeks 4 to 10.
There was a steady increase in plant height in Essoumtem
(V1a) okra plants up to week 8. Inoculation of the treatments, NF14 and NF21, resulted in the least plant height
(43.0 cm). The highest plant height (54.0 cm) was observed
in control plants (Figure 1). In Clemson spineless (V2a),
plant height increased steadily from week 4, 6, and 8, and
afterward growth was retarded until week 10; this was,
however, not observed in the uninoculated Clemson
spineless plants (62 cm), which had the highest plant height.
Inoculation of the treatment, NF21, resulted in the least
plant height (44 cm) followed by simultaneous inoculation
of the fungus and nematode (47 cm) on plants (Figure 1).
There were signiﬁcant diﬀerences (P < 0.05) in plant
girth among the treatments for week 10 in Essoumtem (V1b)
okra plants. Nematode (M. incognita) and fungus (FOV)
decreased plant girth except in uninoculated plants. Plants
that received NF14 have the least plant girth (7.7 cm), and
the highest plant girth (11.3 cm) was observed in uninoculated plants (Figure 1). There was signiﬁcant increase in
plant girth in Clemson spineless (V2b) okra plants in all the
treatments from week 4, 6, and 8. These increases reduced
towards the 10th week except in plants that were not inoculated (11.9 cm). The least plant girth (6.8 cm) was observed in plants inoculated with fungus 21 days after
nematode inoculation (Figure 1).
There were signiﬁcant diﬀerences in chlorophyll content
in Essoumtem (V1c) okra plants (P < 0.05) among the
treatments. M. incognita and F. oxysporum infection decreased chlorophyll content of the plants. Plants that received NF7 treatments showed the least chlorophyll content
(35.3 CCI). The highest chlorophyll content (50.3 CCI) was
observed in the control (Figure 1).
There were signiﬁcant diﬀerences in various treatments
applied to Clemson spineless (V2c) okra plants. The least
chlorophyll content (31.7 CCI) was observed in plants inoculated with NF21 treatment. Uninoculated plants were
observed to show the highest chlorophyll content (49.4 CCI)
(Figure 1).
3.1.2. Fresh and Dry Shoot Weight of “Essoumtem” and
“Clemson Spineless” (Pot Experiment). There were signiﬁcant diﬀerences (P < 0.05) with respect to fresh shoot weight
of okra among treatments in Essoumtem and Clemson
spineless okra plants. In Essoumtem, the total fresh shoot
weights of plants inoculated with two pathogens were lower
compared to uninoculated plants. Plants that received NF21
treatment were signiﬁcantly diﬀerent (P < 0.05) from the
other treatments, for fresh shoot weight (767 g). Plants that
received F, N, NF, and NF7 were not signiﬁcantly diﬀerent

3
from each other. The highest fresh shoot weight (1.554 g) was
in plants in control plots (Table 1). In Clemson spineless,
fresh shoot weight was signiﬁcantly lower (593 g) (P < 0.05)
in plants that received NF21. Plants that received F, N, NF,
and NF7 were not signiﬁcantly diﬀerent from each other.
The highest fresh shoot weight (1,273 g), however, was
observed in plants in control plots (Table 1). The highest
percentage reductions (50.6% and 53.4%) in fresh shoot
weight of okra were observed in plants that received NF21
treatment for Essoumtem and Clemson spineless, respectively. The least percentage reductions (12.9% and 17.7%) for
plants receiving N treatment were observed on Essoumtem
and Clemson spineless okra plants, respectively (Table 1).
Signiﬁcant diﬀerences (P < 0.05) existed for dry shoot
weight within Essoumtem variety. Plants that received NF21
treatments had the least dry shoot weight (471 g). Plants that
received N, NF, and NF7 treatments were not signiﬁcantly
diﬀerent from each other. The highest dry shoot weight
(1,210 g) was observed in control plants (Table 1). Signiﬁcant
diﬀerences (P < 0.05) also existed for dry shoot weight
within the Clemson spineless okra variety. Plants that received NF21 had the least dry shoot weight (329 g). Plants
that received N, NF, and NF7 treatments were not signiﬁcantly diﬀerent from each other. The highest dry shoot
weight (973 g) was observed in plants in control plots
(Table 1). The highest percentage reductions in dry shoot
weight of okra (61.1% and 66.2%) were observed in plants
that received NF21 treatment for Essoumtem and Clemson
spineless, respectively. The least percentage reductions (7.5%
and 32.1%) were observed for Essoumtem plants that received N treatments and Clemson spineless plants that received NF7 treatment, respectively. Control plants did not
show any reduction in dry shoot weight (Table 1).
3.1.3. Fresh and Dry Root Weights of “Essoumtem” and
“Clemson Spineless” (Pot Experiment). There were signiﬁcant diﬀerences (P < 0.05) in fresh root weight among different treatments within Essoumtem and Clemson spineless
okra plants (Table 2). Appreciable levels of reductions were
observed in plants inoculated individually and sequentially
with both nematode and fungal pathogens in Essoumtem.
However, plants that received the NF21 treatment had the
least (221 g) fresh shoot weight. Plants that received F, N, NF,
NF7, and NF14 treatments did not signiﬁcantly diﬀer from
each other for fresh root weight. The highest fresh root
weight (727 g), however, was observed in control plants.
Within Clemson spineless plants, those that received the
NF21 treatment had the least fresh root weight (300 g).
Plants that received F, N, NF, NF7, and NF14 treatments did
not signiﬁcantly diﬀer from each other. The highest fresh
root weight (628 g) was observed in control plants. The
highest percentage reductions (69.6% and 52.2%) in fresh
root weight of okra were observed in Essoumtem and
Clemson spineless plants that received NF21 treatment,
respectively. The least percentage reductions (15.4% and
20.0%) were observed for Essoumtem plants that received
NF treatment and Clemson spineless plants that received F
treatment, respectively (Table 2).
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Figure 1: Continued.
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Figure 1: Plant height, girth, and chlorophyll contents of Essoumtem (V1a, V1b, and V1c) and Clemson spineless (V2a, V2b, and V2c) okra
plants inoculated individually and simultaneously with Meloidogyne incognita and Fusarium oxysporum f sp. vasinfectum in pot experiment.
F � fungus alone; N � nematode alone; NF � nematode and fungus, simultaneously; NF7 � fungus 7 days after nematode inoculation;
NF14 � fungus 14 days after nematode inoculation; NF21 � fungus 21 days after nematode inoculation; and C � control (uninoculated).

There were signiﬁcant diﬀerences (P < 0.05) among dry
root weight treatments for both okra varieties. Clemson
spineless plants inoculated with NF21 treatment showed the
least dry root weight (116 g). Plants that received F, N, NF,
NF7, and NF14 treatments did not signiﬁcantly diﬀer from
each other. The highest dry root weight (267 g) was observed
on plants in control plots.
The highest percentage reductions (85.2% and 56.6%) in
dry root weight of okra were observed on both Essoumtem
and Clemson spineless plants that received NF21 treatments,
respectively. The least percentage reductions (31.2% and
22.5%) were observed on Essoumtem plants that received
NF treatment and Clemson spineless plants that received
NF7 treatments, respectively (Table 2).
3.1.4. Yield of “Essoumtem” and “Clemson Spineless” (Pot
Experiment). Weight of pods was signiﬁcantly aﬀected by
the pathogens (fungus and nematode) on both okra varieties.
The highest percentage reductions (44.9% and 48.3%) in
weight of pods of okra were observed on Essoumtem plants
and Clemson spineless plants, both inoculated with NF21
treatments. The least percentage reductions (32.5% and
28.2%) were observed on Essoumtem plants that received
NF treatment and Clemson spineless plants that received F
treatment, respectively, with no percentage reduction on
control plants (Table 3).
The highest yields (1,575.0 kg/ha and 1,816.7 kg/ha) were
in Essoumtem and Clemson spineless plants in control plots.
The least yields (868.3 kg/ha and 940 kg/ha) were observed in

plants that received NF21 treatments for Essoumtem and
Clemson spineless, respectively (Table 3).
3.1.5. Percentage Wilt Incidence on “Essoumten” and
“Clemson Spineless” (Pot Experiment). There was signiﬁcant
increase (P < 0.05) in wilt incidence among treatments applied to Essoumtem okra plants. The highest disease incidence (73%) was observed on plants that received NF21
treatment. The least incidence (0%) was observed in plants
that received N and control treatments (Table 4). There was
also signiﬁcant increase (P < 0.05) in wilt incidence among
treatments applied to Clemson spineless okra plants. The
highest disease incidence (82%) was observed in plants that
received NF21 treatment. The least incidence (0%) was in
plants that received N and control treatments (Table 4).
3.2. Field Experiment
3.2.1. Mean Plant Height, Girth, and Chlorophyll Contents of
“Essoumtem” and “Clemson Spineless” Plants Inoculated with
Fusarium oxysporum in Field Experiment from Weeks 4 to 10.
There were signiﬁcant diﬀerences (P < 0.05) in plant height
among various treatments applied to Essoumtem and
Clemson spineless plants. Generally, plant heights increased
from week 4 to 8 for Essoumtem plants (V1a); however,
there was a decrease in plant height 8 weeks after planting
(WAP) towards 10 WAP for plants that received F7, F14,
and F21 treatments. The maximum plant height was in
plants in control plots (Figure 2). Within Clemson spineless
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Table 1: Fresh and dry shoot weights for “Essoumtem” and “Clemson spineless” under various inoculations in pot experiment.

Type of inoculation
F
N
NF
NF7
NF14
NF21
C

Fresh shoot weight (g)
V1
V2
1047.0 b
940.0 b∗
1354.0 b
858.0 b
1259.0 b
857.0 b
1079.0 b
964.0 b
994.0 ab
748.0 ab
767.0 a
593.0 a
1554.0 c
1273.0 c

% Reduction
V1
V2
39.5
17.8
12.9
32.6
19.0
32.7
30.5
24.3
36.0
41.2
50.6
53.4
—
—

Dry shoot weight (g)
V1
V2
597.0 ab
705.0 ab
1119.0 b
574.0 b
1036.0 b
452.0 b
855.0 b
661.0 b
716.0 ab
518.0 ab
471.0 a
329.0 a
1210.0 c
973.0 c

% Reduction
V1
V2
50.7
27.5
7.5
41.0
14.4
53.5
29.3
32.1
40.8
46.8
61.1
66.2
—
—

F � fungus alone; N � nematode alone; NF � nematode and fungus simultaneously; NF7 � fungus 7 days after nematode inoculation; NF14 � fungus 14 days
after nematode inoculation; NF21 � fungus 21 days after nematode inoculation, and C � control (uninoculated). V1 � Essoumtem, V2 � Clemson spineless.
∗
Followed by the same letter in a column are not signiﬁcantly diﬀerent at LSD (P < 0.05).

Table 2: Fresh root weight and dry root weight for “Essoumtem” and “Clemson spineless” under various inoculations in pot experiment.
Type of inoculation
F
N
NF
NF7
NF14
NF21
C

Fresh root weight (g)
V1
V2
503.0 ab
506.0 ab∗
531.0 ab
398.0 ab
615.0 ab
349.0 ab
597.0 ab
390.0 ab
532.0 ab
311.0 ab
221.0 a
300.0 a
727.0 b
628.0 b

% Reduction
V1
V2
30.4
20.0
27.0
36.6
15.4
44.4
17.9
37.9
26.8
50.5
69.6
52.2
—
—

Dry root weight (g)
V1
V2
277.0 ab
145.0 ab
276.0 ab
147.0 ab
394.0 ab
141.0 ab
312.0 ab
207.0 ab
337.0 ab
150.0 ab
85.0 a
116.0 a
573.0 b
267.0 b

% reduction
V1
V2
51.7
34.4
51.8
44.9
31.2
47.2
45.5
22.5
41.2
43.8
85.2
56.6
—
—

F � fungus alone; N � nematode alone; NF � nematode and fungus simultaneously; NF7 � fungus 7 days after nematode inoculation; NF14 � fungus 14 days
after nematode inoculation; NF21 � fungus 21 days after nematode inoculation, and C � control (uninoculated). V1 � Essoumtem, V2 � Clemson spineless.
∗
Followed by the same letter in a column are not signiﬁcantly diﬀerent at LSD (P < 0.05).

okra plants (V2a), the maximum plant height (23.1 cm) was
observed in plant in control plots. The minimum plant
height (16.8 cm) was observed in plants that received F21
treatment (Figure 2).
Plant girth for both Essoumten (V1b) and Clemson
spineless (V2b) okra varieties showed signiﬁcant diﬀerence
(P < 0.05) among the treatments. The least (2.8 cm) and
highest (3.5 cm) plant girths at 10 WAP were observed in
plants that received F7 and F21, and control treatments,
respectively. The Clemson spineless plants within control
plots had the highest plant girth (2.9 cm).
There were signiﬁcant diﬀerences (P < 0.05) in chlorophyll content among the various treatments for Essoumtem
okra plants (V1c). The lowest chlorophyll content (43.0 CCI)
was observed in plants inoculated with F21 treatment. The
highest chlorophyll content (56.8 CCI) was recorded by
uninoculated plants (Figure 2).
There were signiﬁcant diﬀerences in chlorophyll content
(P < 0.05) among diﬀerent treatments on Clemson spineless
(V2c). The lowest chlorophyll content (32.5 CCI) was observed in plants inoculated with F21 treatment. The highest
chlorophyll content (45.6 CCI) was in okra plants in control
plots (Figure 2).
3.2.2. Fresh and Dry Shoot Weights of “Essoumten” and
“Clemson Spineless” (Field Experiment). There were significant diﬀerences (P < 0.05) in fresh and dry shoot weights
among the treatments on both okra varieties, with the exception of fresh shoot weights for Essoumtem plants.

The highest percentage reductions (57.2% and 8.1%) in
fresh shoot weight of okra varieties were observed in
Clemson spineless and Essoumtem plants that received F21
and F14 treatments, respectively. The minimum percentage
reductions (1.1% and 32.2%) were observed on Essoumtem
and Clemson spineless plants both inoculated with F7
treatment (Table 5).
Within the dry shoot measurements, the highest percentage reductions (57.4% and 47.3%) were observed in
plants inoculated with F21 treatments for Essoumtem and
Clemson spineless, respectively. The least percentage reductions (22.9% and 18.3%) were, however, observed on
Essoumtem and Clemson spineless plants that received F7
treatments, respectively (Table 5).
3.2.3. Fresh and Dry Root Weights of “Essoumten” and
“Clemson Spineless” (Field Experiments). There were signiﬁcant diﬀerences (P < 0.05) in fresh and dry root weights
of both okra varieties. However, signiﬁcant diﬀerences did
not exist among Essoumtem fresh root and Clemson
spineless dry root weights (Table 6).
The highest percentage reductions (39.9% and 56.4%)
among okra varieties were observed in plants inoculated
with F21 treatments for Essoumtem and Clemson spineless
plants, respectively.
Within the dry root measurements, the highest percentage reductions (58.7% and 64.5%) were observed in
plants inoculated with F21 treatments for Essoumtem and
Clemson spineless plants, respectively (Table 6).
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Table 3: Weight of pods and yield for “Essoumtem” and “Clemson spineless” under various inoculations in pot experiment.
Type of inoculation
F
N
NF
NF7
NF14
NF21
C

Weight of pods (g)
V1
V2
783.0 a
628.0 a∗
604.0 a
676.0 a
638.0 a
744.0 a
605.0 a
638.0 a
558.0 a
627.0 a
521.0 a
564.0 a
945.0 b
1.090.0 b

% Reduction
V1
V2
33.5
28.2
36.1
38.0
32.5
31.7
36.0
41.5
41.0
42.5
44.9
48.3
—
—

Yield (kg/ha)
V1
V2
1.046.7 a
1.305.0 a
1.006.7 a
1.126.7 a
1.063.3 a
1.240.0 a
1.008.3 a
1.063.3 a
930.0 a
1.045.0 a
868.3 a
940.0 a
1.575.0 b
1.816.7 b

% Reduction
V1
V2
33.5
28.2
36.1
38.0
32.5
31.7
36.0
41.5
41.0
42.5
44.9
48.3
—
—

F � fungus alone; N � nematode alone; NF � nematode and fungus simultaneously; NF7 � fungus 7 days after nematode inoculation; NF14 � fungus 14 days
after nematode inoculation; NF21 � fungus 21 days after nematode inoculation, and C � control (uninoculated); V1 � Essoumtem, V2 � Clemson spineless
∗
Followed by the same letter in a column are not signiﬁcantly diﬀerent at LSD (P < 0.05).

Table 4: Percentage wilt incidence for “Essoumtem” and “Clemson spineless” under various inoculations in pot experiment.
Type of inoculation
F: fungus alone
N: nematode alone
NF: nematode and fungus inoculated simultaneously
NF7: fungus inoculated 7 days after nematode inoculation
NF14: fungus inoculated 14 days after nematode inoculation
NF21: fungus inoculated 21 days after nematode inoculation
C: control (uninoculated)

3.2.4. Yield of “Essoumten” and “Clemson Spineless” after
Treatment Applications. There were signiﬁcant diﬀerences
among pod weights and yield among okra varieties. The
highest yields (269.0 kg/ha and 185 kg/ha) were observed in
Essoumtem and Clemson spineless plants in control plots
(Table 7). Signiﬁcant diﬀerences in yield, however, did not
exist among Essoumtem plants that received the treatments
F7, F14, and F21. The least yield (51.7 kg/ha) for Clemson
spineless was in plants that received the treatment F21.
3.2.5. Percentage Wilt Incidence of “Essoumten” and
“Clemson Spineless” in Pot Experiment. High wilt incidences, 73% and 82%, were observed in both okra varieties
that received NF21 treatment. Okra plants in control plots
had the least wilt incidences (Figure 3). However, okra
varieties that received N and control treatments have the
least (0%) wilt incidences for the varieties (Table 8).
3.2.6. Percentage Wilt Incidence of “Essoumten” and
“Clemson Spineless” in Field Experiment. The uninoculated
plants had the least (0.0%) wilt incidences for both varieties.
High wilt incidences (59.0% and 65.0%) were observed on
Essoumtem and Clemson spineless plants that received F21
treatments, respectively (Table 9).

4. Discussion
In this study, the shorter plant heights (43 cm and 44 cm),
smaller plant girths (9 cm and 8.1 cm), and lower chlorophyll
contents (37 CCI and 32 CCI) in inoculated plants in pot
experiments for “Essoumtem” and Clemson spineless okra

Essoumtem
37.0
0.0
41.0
45.0
65.0
73.0
0.0

% Wilt incidence
Clemson spineless
32.0
0.0
43.0
42.0
60.0
82.0
0.00

plants, respectively, were due to root damage in the pot experiment reducing the ability of plants to take up water and
minerals from the soil via the roots to aid in photosynthesis. In
the ﬁeld experiment, the shorter plant height (15 cm and
17.1 cm), smaller plant girth (2.8 cm and 1.9 cm), and lower
chlorophyll contents (43 CCI and 32 CCI) in inoculated plants
for “Essoumtem” and Clemson spineless okra plants, respectively, were also due to root damage. Growth and development of leaf tissue and chlorophyll contents are aﬀected
when there is inadequate supply of water, minerals, energy,
and photosynthates [29]. Damage of roots of okra plants does
not allow absorption of water and mineral from the soil
thereby causing stunting. Wilting and stunting of plants occurs when nematode infestation is also prevalent [30].
In the current study, plants that received sequential
treatments (NF7, NF14, and NF21) had higher reductions in
their plant growth parameters, e. g., fresh shoot weight, dry
shoot weight, fresh root weight, and dry root weight for
“Essoumtem” and Clemson spineless okra varieties, respectively, in both pot and ﬁeld experiments. In a previous
glasshouse study, isolates of M. incognita and F. solani
caused a severe reduction in tomato plants for shoot length
(43.83%), root length (52.02%), fresh shoot (52.81%), root
weight (60.99%), dry shoot (57.75%), and root weights
(67.96) compared to the plots that were not inoculated [31].
There were signiﬁcant reductions in the weight of pods
and yield after interaction between nematode and fungus
on “Essoumtem” and Clemson spineless in both pot and
ﬁeld experiments. In the pot experiment, the weight of pods
(521 g and 567 g) and the yield (868 kg/ha and 940 kg/ha)
were very low for plants that received F21 treatments in
both “Essoumtem” and Clemson spineless varieties,
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Figure 2: Plant height, girth, and chlorophyll content of Essoumtem V1a, V1b, and V1c and Clemson spineless V2a, V2b, and V2c okra
plants inoculated individually and simultaneously with Meloidogyne incognita and Fusarium oxysporum f sp. vasinfectumon ﬁeld. F � fungus
alone; N � nematode alone; NF � nematode and fungus simultaneously; NF7 � fungus 7 days after nematode inoculation; NF14 � fungus 14
days after nematode inoculation; NF21 � fungus 21 days after nematode inoculation; and C � control (uninoculated).

Table 5: Fresh and dry shoot weights for “Essoumtem” and “Clemson spineless” under four inoculations in ﬁeld experimentation.
Type of inoculation
F7
F14
F21
C

Fresh shoot weight (g)
V1
V2
103.5 a∗
33.3 ab
96.2 a
29.7 a
98.6 a
21.0 a
104.7 a
49.1 b

% Reduction
V1
V2
1.1
32.2
8.1
39.5
5.8
57.2
—
—

Dry shoot weight (g)
V1
V2
17.2 bc
7.6 b
11.8 ab
6.5 a
9.5 a
4.9 a
22.3 c
9.3 c

% Reduction
V1
V2
22.9
18.3
47.1
30.1
57.4
47.3
—
—

F7 � fungus inoculated 7 days after seedling emergence, F14 � fungus inoculated 14 days after seedling emergence, F21 � fungus inoculated 21 days after
seedling emergence, and C � control (uninoculated); V1 � Essoumtem and V2 � Clemson spineless.∗ Followed by the same letter in a column are not
signiﬁcantly diﬀerent at LSD (P < 0.05).

Table 6: Fresh and dry root weights for “Essoumtem” and “Clemson spineless” under four inoculations in ﬁeld experimentation.
Type of inoculation
F7
F14
F21
C

Fresh root weight (g)
V1
V2
10.0 a
31.5 a∗
28.9 a
8.9 a
23.6 a
7.2 a
39.3 a
16.5 b

% Reduction
V1
V2
19.8
39.4
26.5
46.1
39.9
56.4
—
—

Dry root weight (g)
V1
V2
5.1 bc
2.5 a
3.9 ab
1.7 a
2.6 a
1.1 a
6.3 c
3.1 a

% Reduction
V1
V2
19.0
19.4
38.1
45.2
58.7
64.5
—
—

F7 � fungus inoculated 7 days after seedling emergence, F14 � fungus inoculated 14 days after seedling emergence, F21 � fungus inoculated 21 days after
seedling emergence, and C � control (uninoculated); V1 � Essoumtem and V2 � Clemson spineless. ∗ Followed by the same letter in a column are not
signiﬁcantly diﬀerent at LSD (P < 0.05).

respectively. In the ﬁeld experiments, weight of pods (77.8 g
and 30.4 g) and the yield (130 kg/ha and 51 kg/ha) were very
low for plants that received F21 treatments in both
“Essoumtem” and Clemson spineless varieties, respectively.
Nematodes are found to be serious pest of okra plant
damaging plant stands thereby delaying the production of
okra pods by almost 80% [32]. Reports show that infection

of crops by Meloidogyne spp. causes severe growth impairment and yield losses [16, 33–35]. The ﬁgures observed
in the current study indicate that nematodes reduce the
production of pods in okra plants, especially in the ﬁeld
where nematode population was high. The poor growth of
leaves of plant consequently leads to decrease in yield
[15, 36].
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(a)

(b)

Figure 3: Healthy Essoumtem okra plants in potting bags (control) (a) and wilted clemson spineless plants in potting bags that received the
treatment NF7 (b) and red arrows show some wilted plants.
Table 7: Weight of pods and yield of “Essoumtem” and “Clemson spineless” inoculated serially with Fusarium oxysporum f sp. vasinfectum
in ﬁeld experiment.
Type of inoculation
F7
F14
F21
C

Weight of pods (g)
V1
V2
∗
96.1 a
75.9 ab
88.3 a
71.4 ab
77.8 a
30.4 a
161.4 b
111.1 b

% Reduction
V1
V2
40.5
31.7
45.3
35.7
51.8
72.6
—
—

Yield (kg/ha)
V1
V2
160.0 a
127.0 ab
147.0 a
119.0 ab
130.0 a
51.0 a
269.0 b
185.0 b

% Reduction
V1
V2
40.5
31.4
45.4
35.7
51.7
72.4
—
—

F7 � fungus inoculated 7 days after seedling emergence, F14 � fungus inoculated 14 days after seedling emergence, F21 � fungus inoculated 21 days after
seedling emergence, V1 � Essoumtem, and V2 � Clemson spineless.∗ Followed by the same letter in a column are not signiﬁcantly diﬀerent at LSD (P < 0.05).

Table 8: Percentage wilt incidence for “Essoumtem” and “Clemson spineless” under various inoculations in pot experiment.
Type of inoculation
F: fungus alone
N: nematode alone
NF: nematode and fungus inoculated simultaneously
NF7: fungus inoculated 7 days after nematode inoculation
NF14: fungus inoculated 14 days after nematode inoculation
NF21: fungus inoculated 21 days after nematode inoculation
C: control (uninoculated)

Essoumtem
37.0
0.0
41.0
45.0
65.0
73.0
0.0

% Wilt incidence
Clemson spineless
32.0
0.0
43.0
42.0
60.0
82.0

Table 9: Percentage wilt incidence for “essoumten” and “clemson spineless” under various inoculations in ﬁeld experiment.
Type of inoculation
F7: fungus inoculated 7 days after seedling emergence
F14: fungus inoculated 14 days after seedling emergence
F21: fungus inoculated 21 days after seedling emergence
C: uninoculated (control)

The severity of root rot caused by F. oxysporum increased in the presence of M. incognita. Severity of the
root rot disease was more prominent when the inoculation by M. incognita preceded the F. oxysporum by
three weeks on “Essoumtem” and Clemson spineless in
both pot and ﬁeld experiments. Severe plant damage
(1 + 1 ˃ 2) was realized when both pathogens were concomitantly or simultaneously inoculated. Speciﬁc fungi
and other plant pathogens interact to form disease

% Wilt incidence
Essoumtem
12.0
23.0
59.0
0.0

Clemson spineless
12.0
28.0
65.0
0.0

complexes [37]. In the presence of root-knot nematode,
Rhizoctonia root rot was more severe. Root-rot disease
complex, caused by R. solani and M. incognita, has been
reported when root-knot nematode is present on okra
and chilli [38, 39]. In this study, concomitant and sequential infection of Meloidogyne incognita and F.
oxysporum resulted in more damages than the individual
infection of the two pathogens on both “Essoumtem” and
Clemson spineless.
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5. Conclusion
This study revealed that plant height, plant girth, chlorophyll
content, fresh and dry shoot weights, and fresh and dry root
weights were drastically reduced when nematode (M. incognita) and fungus (F. oxysporum f. sp. vasinfectum) were
simultaneously inoculated on both “Essoumtem” and
Clemson spineless, than when they were inoculated on the
plants individually.
Serial and simultaneous inoculation of M. incognita and
F. oxysporum f. sp. vasinfectum increased wilt incidence on
“Essoumtem” and Clemson spineless in both pot and ﬁeld
trials compared to plants in control plots. The inoculation of
M. incognita 21 days prior to F. oxysporum f. sp. vasinfectum
resulted in the most severe wilt incidences in the two okra
varieties (“Essoumtem” and Clemson spineless).
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