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Abstract
Aphis gossypii Glover (Hemiptera: Aphididae) is among major arthropods causing significant damage to okra in the tropics.
Resistant varieties could reduce aphid infestation and increase productivity. This study was carried out to identify aphid-resistant
and high yielding okra accessions for management of the pest. Eleven farmers’ varieties and four aphid-resistant accessions from
AVRDC were evaluated at its Nkolbisson station in Yaounde, Cameroon. Field screening was done to determine resistance to
aphids, days to 50% anthesis and days to 50% commercial maturity. Aphid data was expressed as the area under infestation
pressure curve and subjected to statistical analysis based on mean (m) and standard deviation (S.D.). Crop cycle and yield data
were subjected to analysis of variance. Accession ‘VI033824’ was the most resistant to aphids (474 ± 41.9 per leaf) with yield
0.76 ± 0.26 t/ ha whereas the yield of the highly susceptible Babungo (1519.8 ± 0.0 aphids) was 1.33 ± 0.07 t/ha, 75.5% higher
that the yield of the only resistant variety. Abelmoschus esculatus was less attacked (601.4 ± 60.0 aphids) by aphids than
Abelmoschus caillei (826.0 ± 71.6 aphids; df = 1, 41; Pr {>Chi} = 0.037). The yield of A. caillei species were higher (1.26 ±
0.14 t/ha) than A. esculentus species (0.43 ± 0.08 t/ha; df = 1, 41; Pr {>Chi} = 0.0002). Hence, varieties with resistance, tolerance
to aphids and earliness could be incorporated into integrated pest management of aphids and enhance productivity of okra.

Keywords Farmers’ varieties . Resistant toAphis gossypii . Days to anthesis . Commercial maturity . Okra yield

Introduction

Okra (Abelmoschus spp.) is a vegetable crop grown and con-
sumed fresh or dry depending on the location. It is one of the
most important indigenous vegetable cultivated in Sub-saharan
Africa. Like most vegetables, okra provides majority of mineral

required of healthy diets in the tropics and in Africa. Some of
these minerals include Potassium, Sodium, Magnesium,
Calcium, Iron, Zinc, Manganese and Nickel (Moyin-Jesu
2007). It also has high fiber content and 30% of the recom-
mended levels of vitamin C, folate and vitamin A (NAP
2006). However, beta carotene (vitamin A) or retinol is absent
in dried okra (Avallone et al. 2008). The presence of high
content of carbohydrates, proteins and glycol-protein has also
been reported (Asawalam et al. 2007; Manach et al. 2005).
Fresh okra pods are the most important vegetable source of
viscous fiber, an important dietary component for the reduction
of cholesterol (Kendall and Jenkins 2004) and the viscosity
eases consumption of hard foods (Schippers 2000). Increasing
okra production can diversify vegetable production systems in
sub-Saharan Africa and help improve diets, incomes and live-
lihood (Hughes 2009). Worldwide production of okra is esti-
mated at 7.83 million t annually (FAO 2015). Abelmoschus
caillei, commonly called West African okra accounts for only
5% of the total world production of okra (Siemonsma and
Kouamé 2004), but it is a very important crop in tropical areas.
Among the vegetables cultivated in Cameroon, farmers rank
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okra as fourth and among the top five in Africa (Ellis-Jones
et al. 2008). In Cameroon, the two okra species cultivated,
A. caillei and A. esculentus (common okra) combined represent
the second most important vegetable in the market after tomato
(Schippers 2000). A. caillei is now the most cultivated species
in Cameroon and seems to be a suitable species for tropical-
humid regions with better adaptation and tolerance to some
biotic stresses. Nevertheless, A. esculentus is preferred because
of its shorter production cycle. West African okra with a longer
productive period compared with common okra provides an
attractive feature for home gardening while common okra that
flower early, and with a shorter productive period is suitable for
market gardening (Siemonsma and Kouamé 2004). Although
95% of okra production in the world is from common okra, it is
only in West and Central Africa (WCA) that both species are
cultivated and sharing the market equally. WCA accounts only
for about 10% of the world’s production of okra (Siemonsma
and Kouamé 2004; Siemonsma and Kouamé 2004).

The cotton aphid, Aphis gossypii Glover, is one of the ma-
jor biotic constraints to Okra production. In Cameroon aphids
have also been identified as economically important pests of
okra (Kekeunou et al. 2006; Djiéto-Lordon et al. 2007; Abang
et al. 2014). Heavily infested plants show distorted and
stunted leaves and reduced yield Pests including aphids are
becoming resistant to pesticides and A. gossypii has developed
resistance to carbamates, organophosphates, pyrethroids, and
neonicotinoids (Tabacian et al. 2011). (Wanja et al. 2001).
Yield losses can be up to 57% (Shannag et al. 2007) when
aphid infestation is exceedingly higher (>1000 aphids per
plant) Nderitu et al. 2008). The high infestation and severity
of damage by this pest has led to rampant use of chemical
pesticides for its control. About 90% of vegetable farmers in
Cameroon used chemical pesticides (Abang et al. 2013).
Chemical pesticides increase cost of production, eliminate
beneficial organisms and contribute to environmental degra-
dation and pest resistance (Ajayi 2005). Resistant plant varie-
ties form an important component in integrated pest manage-
ment strategies, to reduce chemical spray, environmental dam-
age and cost of production. Plant resistance to insects is the
genetically inherited qualities that result in a plant of one va-
riety or species being less damaged than a susceptible plant
lacking these qualities (Kogan and Paxton 1983) with several
types described as follows: Pseudo or false resistance in sus-
ceptible plants is resistance due to early planting, low levels of
insect infestation, temperature differences, day length, soil
chemistry and plant or soil water content; Associational resis-
tance refers to a normally susceptible plant growing in asso-
ciation with a resistant plant, and deriving protection from
insect predation; Induced resistance, which is the enhance-
ment of a plant’s pest defense system in response to external
physical or chemical stimuli (Kogan and Paxton 1983), occurs
in many crops due to the elicitation of endogenous plant me-
tabolites (Pearce et al. 1991).

Plants resistance to herbivores had long been categorized
into three mechanisms: antixenosis, antibiosis, and tolerance
(Painter 1951). The term “mechanisms” of resistance was
replaced by Kogan and Ortman (1978) with the term “cate-
gories” of resistance. Horber (1980) called the three as func-
tional categories while Smith (1989) termed them functional
modalities of resistance. The resistance due to negative ef-
fects of a plant on the biology of an insect attempting to use it
as a host is called antibiosis (Smith 1989). Painter (1951)
stated that antibiosis refers to the adverse effects on insect
life history when a resistant plant variety is used as a food
source. Non-preference or Antixenosis (Kogan and Ortman
1978) means simply that a given plant is not a preferred host
of an insect for feeding and oviposition. Smith (1989) stated
that antixenosis describes the inability of a plant to serve as a
host to particular herbivore insect. The third category of re-
sistance is tolerance; this is the ability of the plant to with-
stand insect damage and continue to grow and produce. The
expression of tolerance is determined by the inherent genetic
ability of a plant to outgrow an insect infestation or to recov-
er and add new growth after the destruction or removal of
damaged tissues (Smith 1989). Factors affecting tolerance
include plant vigour and regrowth of damaged tissues
(Metcalf and Luckman 1994). The mechanisms involved
are six physiological (increased net photosynthetic rate after
herbivory, high relative growth rates, increased branching or
tillering, pre-existing high levels of carbon storage in roots,
increased resource allocation from root to shoot after damage
(Strauss and Agrawal 1999) and up-regulation of detoxifica-
tion mechanisms as a response to counteract harmful effects
of herbivory (Koch et al. 2016). Possible morphological
mechanisms include protected meristems, number of meri-
stems, and developmental plasticity (Rosenthal and Kotanen
1994). The evolution of aphid has been described as strongly
shaped by dependence on their host plants. Both chemical
and morphological plant defenses mediate resistance to in-
sect pests through mechanisms of resistance such as olfacto-
ry repellents, feeding or oviposition deterrents, and toxins, or
the absence of feeding or oviposition stimulants.
Allelochemicals and volatiles produce an unfavourable taste
or smell to repel herbivores, and to attract beneficial organ-
isms such as predators, parasitoids and pollinators (Kessler
and Baldwin 2001). Morphological defences are structural
features of the plant, such as pubescence, that are
unfavourable for insects (Zarpas et al. 2006). Hosts with
some unfavourable characteristics such as tall, open canopy,
smooth leaves (Nibouche et al. 2008), red coloured varieties
(Matthews and Tunstall 1994) are always less severely
attacked by arthropod pests, especially Aphis gossypii
Glover (Hemiptera: Aphididae). Morphological or structural
characteristics such as silica content, leaf toughness and size,
deceptive plant structures, also play a vital role in enhancing
plant resistance (Deguine and Hau 2001).
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Some reports have confirmed the availability of aphid-
resistant okra genotypes (Sumathi 2005; Anitha and
Nandihalli 2009). However, only few varieties were studied
in these reports. For instance, only 15 local cultivars were
screened in Tamil Nadu, India by Sumathi (2005) and two
ccultivars were found to be moderately resistant. Unlike most
vegetables that require a nursery, okra can be sown directly into
the field without transplant. This unique advantage over other
vegetables makes it easier to grow okra. However, apart from
pest and diseases, the growth of okra may face challenges such
as growth production cycle, species adaptation, seed dormancy
due to either thick seed coats or improper seed storage method
(Siemonsma and Kouamé 2004; Siemonsma and Kouamé
2004). One of themost important selection factors for consumer
is mucilage content responsible for sliminess. In Cameroon and
most West African countries A. caillei is preferred by con-
sumers because it is slimier (Avallone et al. 2008). The use of
host plant resistance is a core component of integrated pest
management. This is because of the fact that chemical pesti-
cides will be reduced on tolerant and moderately resistant vari-
eties. This method also allows the proliferation of potential
natural enemies, and other habitat management options such
as intercropping, and crop rotation could be incorporated, there-
by reducing the cost of production. The world health organiza-
tion estimates that over 200,000 people die globally through
synthetic pesticide exposure annually (Belmain et al. 2013)
due to synthetic pesticide overuse. Aside from the environmen-
tal problem associated with the use of synthetic pesticides
(insecticides) is the issue of resistance and pest resurgence
(Ojo 2016). Pest resistance implies that a pest is resistant to a
specific pesticide rendering it ineffective in the control of the
pest while pest resurgence emanates from scenario whereby
pests become more virulent and difficult to control. Hence,
the need to turn to the use of plant resistance which have been
shown by researchers over the years to effectively control pests
without causing the environment high cost in terms of preser-
vation of the biodiversity and huge financial outlay (Wratten
et al. 2007). The objectives of this work were to identify aphid
resistant and high yielding okra accessions with shorter growth
cycle for cultivation in humid and tropical climates. The goal is
to enhance productivity, management of aphid pest of okra and
to improve incomes and livelihoods of vegetable farmers in
sub-Saharan Africa.

Material and methods

Study site

The experiments were conducted at AVRDC’s station located
in Nkolbisson, Yaounde-Cameroon at Latitude 03°51.791’N;
Longitude 011°27.706′E and Elevation, 747 m. The site is in
the warm and humid forest agro-ecological zone with bimodal

rainfall. The trial was conducted between October 2012 and
March 2013, with only two wet months; October 2012 and
March with wetness experienced at week one of October and
during week one and four of March (Fig. 1).

Sources of germplasm

Four aphid-resistant accessions fromAVRDC and 11 farmers’
varieties collected from major okra producing locations in
Cameroon were screened from October 2012 to March 2013
(Table 1). The varieties were never previously studied for any
of the plant features which confer insect resistance. The
farmers’ varieties were collected randomly from farmers dur-
ing a baseline survey. AVRDC accessions were obtained from
AVRDC’s Genetic Resources and Seed Unit, Taiwan
(Table 1). The four AVRDC varieties were previously identi-
fied as resistant or moderately resistance to aphids during
preliminary screening in 2012 (Abang 2018), where, 96 ac-
cessions were screened from March to July (in Taiwan), and
66 were rated as moderately resistant but only four were testes
here because of lack of seeds.

Method

The seeds were sown three per stand with plant spacing of
1 m, and a row to row spacing of 1 m and thinned to one plant
per stand at 2 weeks after sowing. The trial was maintained
following customary cultural practices without any pesticide
application. A drip irrigation system was installed in the field
to ensure regular supply of water since the trial was conducted
during the dry season. The experiment was laid out in
Randomized Complete Block Design with three replications.
Each replicate was a plot of 20 m long and 3 m wide. Three
rows of okra were sown per plot with 20 plnts per row. The
young fruits were picked when still immature (3–6 cm long),
before the differentiation of fibres and before the seeds are
fully developed, every 3 days and counted for productivity.
The date of flowering was recorded at 50% anthesis and
fruiting stage was determined by recording the date at 50%
commercial maturity. Epicalyx segments were observed and
species with large epicalyx were considered A. manihot (var.
caillei) (Siemonsma 1982). The field was exposed to natural
infestation of aphids and the aphid population was counted at
weekly intervals starting 4 weeks after transplanting and con-
tinued till end of production of each variety. Ten plants of each
accession were randomly selected from the middle row, and
three leaves—one from the bottom, middle and top strata—
were also selected randomly, and the aphids on each plant and
leaf were counted directly and the abundance of aphids
recorded.

Data were expressed as area under infestation pressure
curve (AUIPC), calculated using the formula of Shaner and
Finney (1977) as follows:
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∑
n¼1

i¼1

Y i þ Y iþ1ð Þ
2

tiþ1−tið Þ

Y number of insects at time t
n number of assessment times
t assessment da

The AUIPC values (N) were subjected to a statistical anal-
ysis based on mean (m) and standard deviation (sd) (AVRDC
1979) and categorized as resistant or susceptible as described
in Table 2.

Data on days to anthesis, days to commercial maturity,
duration of growth cycle, aphids per leaf and yield were ana-
lyzed using R version 3.6.2. Generalized Linear Model
(GLM) with a Poisson error (log link) was used to determine

Fig. 1 Pattern of climatic factors for the bimodal warm, humid forest of Yaoundé during the period of the study

Table 1 Okra germplasm evaluated and source or location where it was collected

Accession Source of germplasm and agro-ecological zones

Babungo From farmer’s field in the western highland in the North-West region with monomodal rainfall
Baba I

Njombe green From farmer’s field in monomodal warm and humid forest in the Littoral region
Njombe red

Njombe Caffeier

Maroua From farmer’s field in the sudano-sahelian zone in the Far-North region with monomodal rainfall

Ebebda green From farmer’s filed in the bimodal warm and humid forest in the Center region
Evodoula 6 months

Munya Buea From farmer’s field in the monomodal warm and humid forest of South-West region
Small Soppo

Bityili giant From farmer’s field in the bimodal warm and humid forest in the South region

VI046537 AVRDC

VI033778 AVRDC

VI033796 AVRDC

VI033824 AVRDC

Int J Trop Insect Sci

Author's personal copy



how the numbers of aphids per leaf were affected by varieties.
In case of over-dispersion of data, a GLMwith quasi -Poisson
distribution of errors was applied. For Yield data, days to
anthesis, days to commercial maturity and duration of growth
cycle, after determining the yield in tonnes per ha, analysis of
variance (ANOVA) in a GLM with Gaussian error was used
to examine the effects of varieties. Chi-square test and one-
way analysis of variance (ANOVA) were conducted to assess
any differences between species, for all parameters measured.
Tukey’s test was employed to classify mean values of differ-
ent treatments when F-values were significant (p < 0.05).

Results

Crop cycle

The results showed significant differences among varieties in
days to 50% anthesis (F = 8.58; df = 14, 30; P < 0.0001), in
days to 50% commercial maturity (F = 12.92; df = 14, 30; P <
0.0001) and in duration of crop cycle (F = 17.07; df = 14, 30;
P < 0.0001). The variety with the longest days to 50% anthesis
(100 ± 5.8 days) was Bityili giant and had the longest days to
50% commercial maturity (110 ± 5.3 days) and among the
longest crop cycle (135 ± 0.0 days). This was followed by
the highly susceptible variety Babungo with 80 ± 3.6 days to
anthesis, 95 ± 4.0 days to commercial maturity and 135 ±
0.0 days to end of cycle. The resistant variety was the second
with shorter days to anthesis (52 ± 0.5), days to commercial
maturity (61 ± 1.5) and end of cycle (94 ± 0.6; Fig. 2). Most
farmers’ varieties were late flowering (60–100 days to anthe-
sis) but three of the AVRDC accessions (VI033796,
VI033824, and VI033778) including the farmer’s variety from
Maroua were early flowering (52–54 days to anthesis) (Fig.
2). All farmers’ varieties except the Maroua variety were
Abelmoschus caillei with large epicalyx, and all four
AVRDC accessions were A. esculentus with spiny epicalyx.
Days to 50% commercial maturity followed a similar trend as
days to 50% anthesis. The days to 50% commercial maturity
for farmers’ varieties range from 67 to 110 days, and from 60

to 80 days for the AVRDC accessions and the Maroua variety
(Fig. 2).

Yield evaluation

The present results also showed significant difference in pro-
ductivity among the varieties F = 5.59; df = 14, 30;
P < 0.0001). The yield in farmers’ varieties and A. caillei spe-
cies were higher (0.7–2.2 t/ha) than AVRDC accessions and
A. esculentus species (0.1–0.8 t/ha; Fig. 3). The highly sus-
ceptible accession (Babungo) was among the varieties with
the highest yield (1.3 ± 0.1 t/ha) such as Njombe red (2.2 ±
0.6 t/ha); moderately susceptible, Evodoula 6 months (2.0 ±
0.4 t/ha) and Small Soppo (1.8 ± 0.6 t/ha); all being moderate-
ly resistant (Fig. 3). The yield of the only susceptible variety
(highly susceptible) Babungo (1.33 ± 0.07) was 75.5% higher
that the yield of the only resistant variety VI033824 (0.76 ±
0.26 t/ ha).

Screening for resistance to aphids

None of the farmers’ landraces was resistant to aphids. One
variety was highly susceptible, 4 moderately susceptible and
9 moderately resistant. Only one accession (VI033824) was
resistant to aphid (N = 474.3 ± 41.9), mean (m) 781.96 and
standard deviation (SD) 287.0, following the Area Under
Infestation Pressure Curve (AUIPC)(N) (Table 3).
Significant differences were recorded among the varieties
in number of aphids per leaf (F = 17.55; df = 15,25; P =
0.0001).

Highly susceptible (HS), Moderately susceptible (MS),
Moderately resistant (MR) Resistant (R). Mean values with
different letter(s) are significantly different (Tukey test α=
0.05).

Effect of okra species

Abelmoschus caillei flower late with average of 70.96 ±
2.55 days (60–100 days), whereas A. esculentus flower early
with average 55.40 ± 1.74 days (52–54 days) and there was
significant difference between the two (df = 1, 41; Pr(>Chi) =
0.0003; Table 4; Fig. 2). A similar trend was observed be-
tween the two species in terms of days to commercial maturity
(df = 1, 41; Pr (>Chi) = 0.0003) and end of production (df = 1,
41; Pr (>Chi) < 0.0001). The duration of days to commercial
maturity in A. esculentus was 64.80 ± 2.15 days (60 to
80 days), while A. caillei took 81.68 ± 2.72 days (70 to
110 days) before harvesting is started on 50% of the plants
(Table 4; Fig. 2). Three varieties of A. esculentus (VI033796,
VI033824, and VI033778) stop production at 3 month and
two (VI046537 and Maroua) were able to reach 4 months.
All the A. caillei varieties extended their production period
to about four and a half-month (133.71 ± 0.72 days) while that

Table 2 categories of resistance status used to classify the varieties as
resistant or susceptible base on mean and standard deviation

Range of AUIPC (N) value Category

N < (m–2sd) Highly Resistant

(m–2sd) < N < (m–sd) Resistant

(m–sd) < N <m Moderately Resistant

m <N < (m + sd) Moderately Susceptible

(m + sd) < N < (m + 2sd) Susceptible

N > (m + 2sd) Highly Susceptible
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of A. esculentus ended at 105.00 ± 4.35 days (Table 4).
A. esculatuswas less attacked (601.4 ± 60.0 aphids) by aphids
than A caillei (826.0 ± 71.6 aphids). There was a significant
difference between the two species in infestation (df = 1, 41;
Pr (>Chi) = 0.037; Table 4). The yield of A. caillei species
were significantly higher with average 1.26 ± 0.14 t/ha than
A. esculentus species with average 0.43 ± 0.08 t/ha (df = 1, 41;
Pr (>Chi) = 0.0002; Table 4).

Effect of strata on infestation by aphids

Generally, aphid populations were highest on the middle
leaves for nine out of the 15 varieties, highest on bottom
leaves of five out of the 15 varieties and highest on top leaves
on none. On the bottom stratum infestation ranged from 545.5

± 45.2 on Maroua variety to 1223.6 ± 186.9 on variety
Njombe green. On the middle stratum infestation ranged from
507.7 ± 36.0 on the resistant variety VI033824 to 2731.2 ± 0.0
on the highly susceptible variety Babungo. Lastly on the top
stratum infestation ranged from 293.2 ± 83.4 on Bityili giant
to 932.8 ± 0.0 on highly susceptible Babungo (Fig. 4).
Significant difference among varieties were observed on with
the middle stratum (F = 5.26; df = 14, 27; P = 0.0001; Fig. 4).
On the middle stratum, the highest infestation (2731.2 ± 0.0)
was recorded on highly susceptible variety (Babungo) and the
lowest on Njombe cafeier with 478.8 ± 78.5 aphids, while the
resistant variety (VI033824) recorded 507.7 ± 36.0 aphids per
leaf (Fig. 4).

For each variety, significant difference among strata were
observed only on four varieties. These were Baba I (F = 10.64;

Fig. 2 Phenological durations of the 15 okra accessions in days to
flowering, commercial maturity and end of production evaluated in
Yaoundé from October 2012 to March 2013, +++++resistant,
++++moderately resistant, +++moderately susceptible, ++susceptible,

+highly susceptible. For the same bars pattern, mean values represented
by bars with different letter (s) are significantly different (Tukey test α=
0.05)

Int J Trop Insect Sci

Author's personal copy



df = 2; P = 0.011) with 621.2 ± 25.7, 1081.3 ± 28.6, 759.8 ±
119.3 aphids; Babungo (582.94; df = 2; P < 0.0001) with
932.8 ± 0.0, 2731.2 ± 0.0, 1094.3 ± 0.0 aphids; Njombe green
(F = 5.99; df = 2; 0.04) with 817.3 ± 17.5, 1677.9 ± 240.1,
1223.6 ± 186.9 aphids; Small Soppo (F = 16.11; df = 2; P =
0.004) with 309.1 ± 25.5, 741.0 ± 63.2, 1054.2 ± 146.4 aphids
on top, middle and bottom stratum respectively (Fig. 4) .

Discussion

None of the varieties obtained from farmers was resistant to
A. gossypii. This indicates that in Cameroon, this insect is a
serious pest of okra, and that the varieties cultivated by
farmers are highly prone to aphid infestation. Okra has been
among the top crops sprayed to control insect pest with aphids
occupying the top position (Abang et al. 2013, 2014). The
non-significant effect of aphids on susceptible varieties in
yield during the current study have shown that intervention
by controlling with pesticides would not justified. These crops
produced higher yield than the other resistant accessions. This
indicates that the type of resistance to aphid found in these

okra accessions is tolerance. Resistance through tolerance
may be achieved through higher plant vigour. Vigorous plants
harbour more pests and provide more food for insect develop-
ment, growth and reproduction. Plant vigour compensates for
insect feeding damage and consequently ensures good crop
yields, thereby augmenting the crop’s tolerance to pests
(Ndemah 1999; Ndemah et al. 2003; Chabi-Olaye et al.
2005). These two most susceptible varieties were the most
productive hence; tolerance is an obvious category of resis-
tance found in these farmers varieties. Accessions with lower
yield belonged to A. esculentus and were the least infested by
aphids. The high yielding varieties were A. caillei and classi-
fied as highly susceptible, moderately susceptible or moder-
ately resistant to aphids due to heavy infestation. This corrob-
orates the results of Siemonsma (1982) that A. caillei is better
adaptation under humid zone and tolerant to pests and dis-
eases. Despite heavy infestation, the yields were still signifi-
cantly higher than those of A. esculentus. This shows that
A. caillei is more tolerant due to its vigorous nature; it can
harbour higher aphid population than A. esculentus but is so
well developed vegetatively such that they easily compensate
for aphid feeding injury as described by Strauss and Agrawal

Fig. 3 Okra yield of 11 farmers’
and 4 aphid-resistant accessions
during second advanced replicat-
ed screening from October 2012
to March 2013 in Yaoundé,
+highly susceptible, ++suscepti-
ble, +++moderately susceptible,
++++moderately resistant,
+++++resistant. Mean values
represented by bars with different
letter(s) are significantly different
(Tukey test α= 0.05)
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(1999). They described the physiological mechanisms in-
volved such as increased net photosynthetic rate after herbiv-
ory, high relative growth rates, increased branching or tiller-
ing, pre-existing high levels of carbon storage in roots, in-
creased resource allocation from root to shoot after damage,
and morphological mechanisms include protected meristems,
number of meristems, and developmental plasticity
(Rosenthal and Kotanen 1994).

Abelmoschus caillei is the most common species of okra
cultivated in Cameroon. Okra seeds were collected from 11
farmers’ fields; two from the western highland, five from the
monomodal warm and humid forest, 3 from the bimodal warm
and humid forest, and 1 from the Sudano-sahelian zone. The
only Abelmoschus esculentus species among the farmers’ va-
rieties studied was the single collection from the sudano-
sahelian zone, and the seeds were obtained from local sellers
in one of the local markets in Maroua, Cameroon. This
observation support findings that were long reported by
Siemonsma (1982) that A. caillei (the Guinean okra) had re-
placed common okra (A. esculentus) in the tropical-humid
regions because of its better adaptation under humid zone
and tolerance to biotic stresses. Kumar et al. (2010) also

mentioned that under very limited rainfall in the Sudano-
Sahel zones, A. esculentus was preferred compared to
A. caillei because of earliness. Although Siemonsma and
Kouamé (2004) reported that A. caillei accounts for only 5%
of the total world production of okra, it is a very important
crop in tropical areas of Cote d’Ivoire, Benin, Cameroon,
Nigeria, Ghana and Togo (Kumar et al. 2010). This explains
why the only A. esculentus species was collected from the
Sudano-sahelian zone of Cameroon, and its importance in
the semi-arid area. The fact that only one variety was resistant
out if 15 may indicate that the sources or okra resistance to
aphids are limited as reported by (Dogimont et al. 2010).
However, some reports have confirmed the fact that it is pos-
sible to obtain okra genotypes resistant to aphids (Sumathi
2005; Anitha and Nandihalli 2009). Nevertheless, these stud-
ies were based on reports on a limited number of local geno-
types screened. For instance, in Tamil Nadu, India, Sumathi
(2005) worked on only 15 local varieties and two were found
to be moderately resistant. In the present study, 15 accessions/
varieties were also screened though only 11 varieties were
local; the 4 AVRDC accessions can still be considered local
because they are not breeding lines. Several pest species were

Table 3 Number of aphids per leaf counted in the field during the experiment and presented as area under infestation pressure curve, showing
resistance status

Accession AUIPC Resistance status Species Origin

Babungo 1519.8 ± 0.0 A HS A. caillei Cameroon
Njombe green 1219.2 ± 121.3 AB MS A. caillei Cameroon
Ebebda green 1015.6 ± 336.6 ABC MS A. caillei Cameroon
Njombe red 929.1 ± 196.1 ABC MS A. caillei Cameroon
Baba I 785.5 ± 40.8 BC MS A. caillei Cameroon
VI046537 763.4 ± 35.3 BC MR A.esculentus Thailand
Munya Buea 755.9329.4 BC MR A. caillei Cameroon
Evodoula 6 months 705.4 ± 139.1 BC MR A. caillei Cameroon
Small Soppo 696.5 ± 68.5 BC MR A. caillei Cameroon
VI033778 671.0 ± 114.0 BC MR A esculentus Malaysia
Maroua 582.2 ± 111.0 BC MR A.esculentus Cameroon
Njombe Caffeier 551.1 ± 203.2 C MR A. caillei Cameroon
Bityili giant 544.4 ± 163.3 C MR A. caillei Cameroon
VI033796 516.0 ± 265.0 C MR A esculentus Malaysia
VI033824 474.3 ± 41.9 C R A.esculentus Philippines
Mean (m) 781.96
Standard deviation (sd) 287.02
F(15,25df)-value 17.55
P value 0.0001

Table 4 Effect of okra species on crop phenological durations, infestation and yield

Species Days to anthesis (days) Days to commercial maturity (days) End of production (days) Infestation (aphids/leaf) Yield (t/ha)

A. Caillei 70.96 ± 2.55 81.68 ± 2.72 133.71 ± 0.72 826..0 ± 71.6 1.26 ± 0.14

A. esculentus 55.40 ± 1.74 64.80 ± 2.15 105.00 ± 4.35 601.4 ± 60.0 0.43 ± 0.08

df 1, 41 1, 41 1, 41 1, 41 1, 41

Pr (>Chi) 0.00003 0.00003 < 0.0001 0.037 0.00003
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present on okra, but aphids have been one of the most notori-
ous pests of okra and are recurrent among the top pest of
vegetables (Abang et al. 2013). The effect of several insect
pests on yield of okra has been evaluated. However, Yield
losses were observed only when aphid infestation is exceed-
ingly higher (score of 4) (Mohamed-Ahmed 2000; Nderitu
et al. 2008). Yield losses can be up to 57% (Shannag et al.
2007). However, these reports did not indicate the okra spe-
cies studied. In the present study, only one accession
(VI033824) was classified as resistant to aphids, but the yield
was 75.5% lower that the yield of the highly susceptible vari-
ety. In addition, the presence of aphids on all varieties with
only VI033824 classified as resistant also suggest that the
resistance mechanisms of the okra variety evaluated could
be antibiosis and not antixenosis (no none-preference). Only
the middle stratum showed significant difference among vari-
eties with all susceptible (highly or moderately) varieties be-
ing the most infested at this stratum. Leaf colour, toughness
and trichome density can vary with okra stratum and may play
a role in antixenosis (Deguine and Hau 2001; Leite et al. 2007;
Matthews and Tunstall 1994; Nibouche et al. 2008; Scriber
and Feeny 1979). Sarria et al. (2010) likewise did not find

aphid antixenosis in cotton; aphids were attracted to settle on
all accessions, but the ability to feed and oviposit (Shereen
2007), and to develop and reproduce varied among the
accessions. Smith (2005) reported that at times it may be dif-
ficult to differentiate between antibiosis and antixenosis as
they both adversely affect arthropod populations, and antibi-
osis may result from antixenosis. Since it was a field experi-
ment with aphid having the choice to infest any variety, it is
only a no choice test that can determine whether the mecha-
nism of resistance of VI033824 is Antixenosis,antibiosis or
both.

The present study found the yield of A. caillei species sig-
nificantly higher 1.26 ± 0.14 t/ha than A. esculentus 0.43 ±
0.08 t/ha. This difference in yield between the species shows
that in addition to vigour, inWest African okra a considerably
longer productive period could enables it to produce more
fruits than cultivars of common okra (A. esculentus). In the
present study, seeds were sown in October and A. caillei flow-
ered later (60–100 days) than A. esculentus (52–54 days).
Days to flowering was at about the lowest limit of the range
in a review on A. esculentus by Siemonsma and Kouamé
(2004) who reported durations of days to flowering as 45–

Fig. 4 aphid abundance on
bottom, middle and top strata of
the various okra verities. For each
variety mean values represented
by bars with the same upper-case
letter(s) are not significantly dif-
ferent; and for each stratum, mean
values represented by bars with
the same lower-case letter(s) are
not significantly different (Tukey
test α= 0.05)
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80 days in the dry season (sowing in October: days shorten-
ing) and within 55–105 days after sowing in the rainy season
(sowing in March: days lengthening), in southern Côte
d’Ivoire. According to another review on A. caillei by
Siemonsma and Kouamé (2004) West African okra
(A. caillei) flowers within 50–110 days after sowing in the
dry season (sowing in October: days shortening) and within
65–270 days after sowing in the rainy season (sowing in
March: days lengthening). Result from the current study
(60–100 days) fit well within their range. The slight difference
could be attributed to the fact that their report was based on
data from Ivory Coast at latitude 5°N, using both local and
improved varieties, which might not be the same as in
Cameroon (latitude 3°N) where the current study was con-
ducted. Our results also corroborate the findings of Ijoyah
(2010) that days to flowering in okra were 66 and 67 days
for two consecutive years. However, his results were based on
a single variety. Pure culture is a common characteristic of
commercial okra growers and prefers improved varieties that
are homogeneous and mature early. In subsistence agriculture,
okra is grown in home gardens and usually intercropped with
other food crops. In West and Central Africa, the local varie-
ties called landraces are usually a mixture of the two species of
okra. In dryer areas, A. esculentus predominates, while in hu-
mid climates, A. caillei is mostly found. A. esculentus is a
short-day plant but has a wide range of geographic distribution
up to latitude 40°N. This shows the extent to which the sen-
sitivity of its varieties could differ. Many local varieties of
A. callei show both qualitative and quantitative short-day re-
sponses, even at latitude 5°N. It is therefore not advisable to
grown West African okra beyond latitudes 12°N and 12°S in
semi-arid and arid zones because of day length sensitivity.
Short-day types, planted in March, may not flower by the
end of the rainy season in November. They become vegeta-
tively vigorous developed and survive the dry season, and
bear fruit hence the name ‘late okra’ or ‘dry-season okra’.
The cropping cycle will vary according to variety, location
and season between 4 to 12 months (Siemonsma and
Kouamé 2004). On the contrary, according to a series of crop
specific biology document of the department of biotechnology
at the ministry of science and technology of India;
A. esculentus has crop duration of about 3 months (90–
100 days) and rarely reaches 6 months (Siemonsma and
Kouamé 2004). These findings are confirmed in the current
study where three varieties of A. esculentus stopped produc-
tion at 3 months and two were able to reach 4 months. All the
A. caillei varieties extended their production period to about
four and a half-month except for Ebebda green with crop
duration of about 4 months. A comparison of cultivars having
similar durations, it is obseved that West African okra has a
considerably longer productive period than common okra.
This is an attractive feature for home garden planting. On
the other hand, A. esculentus (common okra) may flower

early, but with a shorter productive period is suitable for mar-
ket gardening. Apart from differences in species and cultivars,
okra flowering date may be determined by season and germi-
nation date. Germination is controlled by genes, which are
affected by environmental factors, such as light, temperature
and seed storage conditions (Koornneef et al. 2002). In some
cultivars, the occurrence of hard seeds is common and affected
by the length of seeds in the pods (Purquerio et al. 2010). Hard
seed coats may retard or completely prevent germination by
reducing or stopping water uptake by seeds through seed coat
and subsequent radicle emergence and gaseous exchange
(Mmolawa 1987). During this study, some accession that have
been earmarked for difficulties in germinations were induced
by mechanical wounding followed by imbibition with 0.05%
Gibberelic acid (Ga3).

Differences in aphid infestation on Okra accessions have
been demonstrated in this study, with accession VI033824
from AVRDC being the most resistant. Resistant accessions
produce less yield, but susceptible farmers’ accessions are
high yielding. Longer growth cycle may translate into
higher yield. A. caillei is more vigorous thus able to har-
bour higher aphid population than A. esculentus. The plant
vigour overcompensates for aphid feeding injury through a
mechanism of tolerance indicated by higher yields. While
efforts are needed to determine whether resistance observed
with VI033824 is due to antibiosis or antixenosis, it could
be incorporated into an integrated pest management strate-
gy to reduce aphid load permitting less chemical spray to
control aphids on okra. VI033824 and other A. esculentus
can also serve in breeding activities to improve farmers’
okra varieties in aphid resistance and reduce the length of
growth cycle. High yield trait in farmers’ varieties such as
Babungo, Njombe red, Evodoula 6 months and Small
Soppo and other A. caillei species can be exploited in
breeding programs as useful mechanism of tolerance to
aphids. Further studies need to be carried out on these
varieties in other to determine certain genetic factors that
may have triggered their performance. A. caillei can be
recommended for home gardening. A. esculentus (common
okra) with a shorter productive period is suitable for market
gardening.
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