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Distribution of Virus Symptoms and Viruses
Infecting Field-Grown Cucurbit Crops Under Natural
Tropical Conditions Within a Humid Rainforest
Transition Agro-Ecology in Nigeria
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ABSTRACT
Farmers' fields where cucurbit crops were grown in seven Local Government
Areas LGA) of Ogun state were surveyed in 2009 and 2010 for incidence and
severity of virus symptoms and the identity of the viruses infecting the crops were
determined using DAS-ELISA. Six viruses including Zucchini yellow mosaic virus
(ZYMV), Watermelon mosaic virus (WMV), Papaya ringspot virus (PRSV), Cucumber green
mottle mosaic virus (CGMMV), Cucumber mosaic virus (CMV), and Melon necrotic spot
virus (MNSV) were indexed for in the leaf samples. A total of 14 farms were visited
and 130 leaf samples were collected. The incidences of virus symptoms on the
field were between 41.0 and 100.0% while the mean severity score were between 1
(apparently healthy) and 5 (severe symptoms and death) in some locations. The
incidences of virus symptoms such as mottle, chlorosis and yellowing, mosaic, leaf
distortion, puckering, vein banding and vein clearing were 20.0, 19.2, 18.5, 16.2,
11.5, 3.1 and 3.1%, respectively in the collected leaf samples. However, 8.5% of the
leaf samples were apparently healthy. Serological analysis of the leaf sample
showed the presence of ZYMV, PRSV, WMV, CMV, MNSV, and CGMMV. The
most widely distributed virus was MNSV which occurred in 9 out of 14 (64.3%) of
the locations. This was followed by WMV and CGMMV occurring in 8 out of 14
(57.0%) of the locations. PRSV and CMV occurred in 50.0% of the locations.
ZYMV occurred in 5 out of 14 (35.7%) of the locations. The viruses detected are
among the viruses reported to limit the production of cucurbit crops world-wide.
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INTRODUCTION
Cucurbit crops are important vegetable crops, world-wide especially in
developing countries (Bananej and Vardat, 2008). Some of the major cultivated
cucurbit crops in Nigeria include Melon (Citrullus colocynthis), cucumber (Cucumis
sativus), watermelon (Citrullus lanatus), and fluted pumpkin (Telfairia occidentalis).
They are cultivated in open fields under rainfed conditions. Cucumber fruit is
Correspondence : E.I.Ayo-John Address: Department of Crop Protection, Federal University ofAgriculture,
PMB 2240,Abeokuta Ogun State, Nigeria E-mail:eiayojohn@hotmail.com Tel.: +234 8037233230

Virus Symptoms and Viruses Infecting Field-Grown Cucurbit Crops

eaten raw or as salad with other vegetables. The fruit contains about 95-98% water,
about 2.2 carbohydrates, and vitamins (Rassolov, 2000). A fruit of watermelon
contains 6% sugar, 92% water by weight, and is a good source of vitamins A, B, and
C. It also contains lycopene (Maynard, 2001; Levitin and Mrnahoii, 2003). The
sugar content and sweetness are the critical factors in determining the quality of
many watermelon cultivars (Harlair, 1999). It is used as fresh salad, dessert, pies,
vegetable entries, snacks, food, and ornamental decoration (Hamish, 2005).
The southeastern part of Nigeria is rich in both cultivated and wild cucurbit
species. They are cultivated for their leaves, fruits, and seeds (Egun, 2007).
Pumpkin (Telfairia occidentalis) is a common homestead garden crop in southern
Nigeria, and it is mostly cultivated by women (Akoroda, 1990). The crop is mainly
cultivated for its succulent young leaves and shoots which are largely used as
vegetables. Pumpkin leaves are rich in iron (Fe); the oil seed possesses lactation
promoting properties and are widely consumed by nursing mothers (Balogun et al.,
2006; Olaniyi and Odedere, 2009).
Farmers in Nigeria grow these crops commercially for consumption to
improve nutrition, contribute to food security as well as increase revenue of the
producers/farmers, and create employment opportunities thereby improving on
the efficiency of utilization of labour (Musmade and Desai, 2001).
Diseases are the main problems in the production of cucurbit plants; more
than 200 diseases on cucurbit plants cause serious losses in terms of yield and
quality (Yardimci and Korkmaz, 2004).
Viral diseases are more serious for cucurbitaceous plants compared to diseases
caused by other agents. Symptoms of viral infections on cucurbitaceae are mosaic,
yellowing, stunting, chlorosis, and leaf and fruit deformations (Yardimci and
Korkmaz, 2004).
About 35 viruses have been reported to infect cucurbits world-wide. Many
virus infections of some of these cucurbits are wide-spread but still largely
unreported in Nigeria. The previous reports of cucurbit viruses in Nigeria were
Watermelon mosaic virus isolated from C. edulis (C. manni) (Igwegbe, 1983), Telfairia
mosaic virus (TeMV) reported on T. occidentalis (Shoyinka et al., 1987) and a strain of
PRSV from Cucumis sativus (Owolade et al., 2008) which are the potyviruses that
have been reported naturally infecting cucurbits in Nigeria (Owolabi et al., 2012).
In Nigeria cucurbit vegetables are economic cash crops and many farmers
suffer losses due to pest and disease problems on the field. Despite the importance
of cucurbit crops, information at the local level on the incidence and severity of
viral diseases and the identity of viruses that affect them is still scanty. It is
important to assess the crops for virus diseases that limit their production in areas
where the crop is widely grown. This is an important step towards the development
of effective management strategies. Hence this study was undertaken to determine
the incidence and distribution of viruses affecting field-grown cucurbits in Ogun
state in southwestern Nigeria where cucurbit crops are now widely grown for food
and commercial purposes.
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MATERIALS AND METHODS
Survey for Infected Cucurbit Crops
Farmer fields and home gardens of cucurbit crops were examined for viruslike symptoms such as mosaic, necrosis, yellowing, vein clearing, vein banding, leaf
reduction, leaf distortion, puckering, crinkling, etc. Leaf samples were collected
from fluted pumpkin, watermelon, and cucumber plants. The fields were inspected
visually and leaf samples were collected in each farm from a mapped out 4 m by 4
m sub plots. Ten leaf samples were collected from each farm for virus indexing.
The leaf samples were placed in labeled sample bags and preserved in a cooler with
ice while in transit. The samples were taken to the laboratory for virus indexing
using enzyme linked immune-sorbent assay (ELISA).
The virus disease severities were rated on 10 plants within the sub-plots using
a modification of the scale developed by Hassan and Al-masri (1991) where: 1 - No
symptom, 2 - Mild symptom (10% of leaves), 3 - Moderate symptom (10-30%), 4 Severe symptom (30-50%), 5 - Leaf distortion and death (over 75%).
Indexing for Viruses in Cucurbit Leaf Samples Using DAS-ELISA
Six viruses including Zucchini yellow mosaic virus (ZYMV), Water melon mosaic virus
(WMV), Papaya ringspot virus (PRSV), Cucumber green mottle mosaic virus (CGMMV),
Cucumber mosaic virus (CMV), and Melon necrotic spot virus (MNSV) were indexed for
using DAS-ELISA as described by Clark and Adams (1977) with specific
polyclonal antibodies and produced in Deutsche Sammlung von
Mikroorganismen und Zellkulturen GmbH (DSMZ), Germany. For each location
two leaf samples were bulked as one before homogenizing (1:10 w/v) in extraction
buffer (8.0 g NaCl, 0.2 g KH2PO4 1.1 g Na2HPO4, 0.2 g KCl/L, pH 7.4) containing
0.05% v/v Tween 20, and 2% w/v polyvinylpyrrolidone (Sigma PVP-40). The
ELISA plates were coated with one of CGMMV, CMV, WMV, PRSV, and MNSV
1gG diluted according to manufacturer's specification in coating buffer (1.59 g
Na2CO3, 2.93 g NaHCO3 pH 9.6) into each well of the ELISA plates respectively
and incubated at 370C for 2 hours. The plates were washed three times at three
minutes interval with washing buffer (PBS-T) from a wash bottle. Using a pipette,
0
100 µl of the sap were pipetted into each well and incubated overnight at 4 C. The
plates were decanted and washed as earlier described before adding 100 µl IgGalkaline phosphatase specific for the different viruses respectively diluted as
recommended by the manufacturers in conjugate buffer (PBS-T, 2% PVP and
0
0.2% egg albumen (Agdia, U.S.A.) into the wells of the plates and incubated at 37 C
for 2 hours. The plates were washed as described before addition of 200 µl of
1mg/ml P-nitro phenyl phosphate (PNP) in substrate buffer (Agdia, U.S.A). The
plates were incubated at room temperature for 60 minutes to obtain clear reactions
and the absorbance of the well contents read with Mindray MR-96, China at
405nm. The samples with positive reaction to CGMMV, CMV, WMV, PRSV,
MNSV, and ZYMV were observed when the absorbance value at 405nm doubled
that of the healthy control samples.
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RESULTS
This work is the first extensive survey in Ogun State to determine the
distribution of virus symptoms and viruses infecting field-grown cucurbit crops.
Cucurbit crops such as Pumpkin, watermelon, and cucumber were surveyed for
virus diseases in seven local government areas of Ogun State namely: Remo
North, Obafemi Owode, Odeda, Ifo, Ikenne, Sagamu, and Yewa North in 2009
and 2010 (Table 1). The plants were mostly at their vegetative stage of growth at
the time of virus survey. In each location, a maximum of 10 leaf samples showing
virus-like symptoms or apparently healthy leaf tissues were collected. The
incidences of virus symptoms on the field were between 41.3 and 100.0% (Table
1). The mean severity score were between 1 (apparently healthy) in one location to
5 (severe symptoms and eventual death) in some locations. Lack of virus control
and continuous cropping may have led to build-up of virus inocula; this could have
been responsible for the high virus disease incidences in some of the areas
surveyed.
Incidence of Virus Symptoms on Cucurbit Crops
A total of 14 farms were visited and 130 leaf samples were collected. Many
farmers did not recognize virus symptoms as being due to disease. The poor
knowledge of farmers on virus symptoms and diseases they cause may be the
reason for little or no sanitary or control measures undertaken. The incidences of
virus symptoms such as mottle, chlorosis and yellowing, mosaic, leaf deformation,
puckering, vein banding, and vein clearing in the collected leaf samples were 20.0,
19.2, 18.5, 16.2, 11.5, 3.1, and 3.1%, respectively. However, 8.5% of the leaf
samples were apparently healthy.
The major cucurbit crop encountered was T. occidentalis which accounted for
90 out of 130 (69.2%) of the leaf samples. The most frequently observed virus
symptoms observed on the crop were mottle, chlorosis and yellowing, mosaic, leaf
distortion, puckering, vein banding, and vein clearing which accounted for 26.7,
25.5, 16.7, 15.6, 6.7, 5.5, and 2.2%, respectively (Figure 1). A total of 1.1% of the
leaf samples were apparently healthy. The watermelon plants were 20 out of 130
(15.4%). The major virus symptoms on watermelon were mosaic, followed by
chlorosis + yellowing, leaf distortion, and vein clearing. The cucumber plants were
at the seedling stage when they were about three weeks old and when 50.0% of the
leaf samples appeared apparently healthy. The second cucumber farm had fruited
and the leaves had nearly dried up at the time of survey. The major symptoms
observed were chlorosis and yellowing, leaf distortion (Figure 1). The increase in
cucurbit production in southwest Nigeria and the susceptibility of the cultivars
grown to virus infection as observed in the field can lead to yield losses and/or
malformed fruits which attract low market value.
Distribution of Virus Symptoms in Surveyed Locations
Virus symptoms were observed in all the locations surveyed, although the
symptoms varied in the different locations. In Ifo where 34 leaf samples were
collected, the major symptoms were mosaic (29.4%), chlorosis + yellowing
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(20.6%) and leaf distortion (17.6%). In Obafemi Owode, Odeda and Yewa North
Local Government Areas (LGA) where 20 leaf samples each were collected, the
cucurbit crops in Obafemi Owode had the highest incidence of virus symptoms to
be mottle (35.0%) while for Odeda it was puckering symptoms (45.0%) and Yewa
North mosaic and chlorosis + yellowing symptoms 15.0% each, respectively,
although 50.0% of the leaf samples were symptomless.
Table 1. Incidence and severity of virus symptoms on field-grown cucurbit crops in Ogun State in
2009 and 2010.
No.
infected

%
incidence

Disease
severity
score

*nt

nt

5

nt

nt

nt

4

1

20

10

50.0

3

Vegetative

1

20

10

50.00

3

Vegetative

1

20

20

100.00

3

Vegetative

1

nt

nt

nt

2

fruiting

1

14

14

100.0

4

Location

Crop

Stage of
plant
growth

No. of
farms

Remo
North

T.
occidentalis

Vegetative

1

Obafemi
Owode

T.
occidentalis

Vegetative

1

Odeda

T.
occidentalis

Vegetative

Yewa North

T.
occidentalis
T.
occidentalis
T.
occidentalis
C.
lanatus
C.
lanatus
C. sativus

Ifo

C. sativus

Ikenne

C. sativus
T.
occidentalis

Odeda
Shagamu

Ifo
Yewa North

Ifo

No. of
plants in
Sub plot
nt

fruiting

1

20

18

90.0

3

seedling

1

20

0

0.0

1

Harvest

1

10

8

80.0

5

Harvest

1

10

6

60.0

4

Vegetative

1

17

11

64.7

4

Obafemi
Owode

T.
occidentalis

Vegetative

1

25

11

44.0

4

Ikenne

T.
occidentalis

Vegetative

1

58

24

41.3

3

Major
symptoms
Mottle,
mosaic
puckering
Mottle,
mosaic
puckering
Yellowing,
chlorotic
spots, leaf
distortion
”
Mosaic, leaf
distortion
Mosaic,
mottle
Mottle, leaf
distortion
Mottle, leaf
distortion
none
Leaf
distortion
chlorosis
Mosaic,
chlorosis
Mottle.
Chlorosis,
leaf
distortion
Mottle, leaf
distortion

*nt = not test

vein clearing
Mottle

%Virus
Symptoms

Mosaic
Puckering
leaf deformation
Vein banding
chlorosis yellowing
Healthy
Pumpkin

Watermelon

Cucumber

Figure 1. Distribution of virus symptoms observed on cucurbit crops in Ogun State in 2009 and 2010.
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Figure 2. Distribution of virus symptoms in 2009 and 2010 for cucurbit virus disease.

In Remo North and Sagamu where 10 leaf samples were picked each,
symptoms of mosaic and puckering were most prominent (30.0% each
respectively) and for Sagamu, it was leaf distortion followed by mosaic accounting
for 40.0 and 30.0% of the leaf samples, respectively (Figure 2). Some factors that
appear to favor the spread of virus diseases are virus symptoms not being
recognized by many farmers and the transmission by aphid vectors. The
widespread distribution of virus diseases could be due to exchange of planting
materials among farmers and/or use of previous season's seeds for new plantings.
Detection and Distribution of Viruses Infecting Cucurbit Crops
In our current survey of Ogun State, all the 6 viruses indexed were present in
the cucurbit growing areas surveyed. Serological analysis of the leaf sample
revealed the presence of ZYMV, PRSV, WMV, CMV, MNSV, and CGMMV. The
most widely distributed virus was MNSV which occurred in 9 out of 14 (64.3%) of
the locations. This was followed by WMV and CGMMV occurring in 8 out of 14
(57.0%) of the locations. PRSV and CMV occurred in 50.0% of the locations. The
virus with the least distribution was ZYMV which occurred in 5 out of 14 (35.7%)
of the locations (Table 2).
Viruses have been a major cause of quantity and quality reduction in
commercial cucurbit crops worldwide (Provvidenti, 1996). A previous survey on
viruses infecting T. occidentalis in Imo State Nigeria was in 2007 and the viruses
reported were TeMV, ZYMV, and CMV (Oben et al., 2007).
The occurrence of viruses in the crops surveyed has shown that the cultivars
were susceptible to virus infection. Virus symptoms observed on the field were
similar to those reported on cucurbit crops by Ali et al., (2004). The most widely
distributed virus was MNSV. The virus is soil borne and the transmission can occur
with the use of contaminated tools.
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MNSV causes severe symptoms and yield loss in melon (Sug-ju et al., 2007).
The virus can also be transmitted through seed. A common practice among
farmers in the southwest of Nigeria is the use of seeds from previous season’s
harvest for new planting. If such seeds were obtained from infected plants, this
could lead to infected seedlings that would serve as sources of primary inoculum in
the field. The two other viruses widely distributed were WMV and CGMMV.
WMV is aphid transmitted and its host-range includes other non-cucurbit crop
where the virus can survive between growing seasons. Eradication of weeds and
alternate host can help reduce the incidence of the virus. CGMMV also causes
economically important disease of cucurbits. The vector is yet unknown and
aphids do not transmit the virus. The transmission is through mechanical means
such as foliage contact, soil contamination, through infected seed, and handling of
plants. It is important to avoid infection with CGMMV because it can cause yield
reduction of about 25% or more if no control measure is undertaken (Rao and
Varma 1984). PRSV, CMV and ZYMV are aphid transmitted and cause serious
diseases on cucurbit crops. Favorable weather conditions for vector populations
make aphid transmitted diseases one of the most important problems for growers.
The avoidance of aphids responsible for transmitting these viruses s h o u l d b e a
primary component of management strategy. Various management strategies should be
employed to reduce virus infections on cucurbit crops. The most important strategy for
control of virus diseases would include proper land cultivation to eliminate volunteer
plants that harbor the virus, effective weed control, and or development of resistant
varieties. For the seed and soil-borne MNSV soil disinfection and clean seeds may be used
where available.
Table 2. Serological detection of viruses in cucurbit leaf samples collected in 2009 and 2010 in Ogun
state.
Location
Remo
North
Obafemi
Owode
Odeda
Odeda
Shagamu
Ifo
Ifo
Yewa
North
Yewa
North
Ifo

Crop
T.
occidentalis
T.
occidentalis
T.
occidentalis
T.
occidentalis
T.
occidentalis
T.
occidentalis
C.
lanatus
C.
lanatus
C. sativus
C. sativus

Ikenne

C. sativus

Ifo

T.
occidentalis
T.
occidentalis
T.
occidentalis

Obafemi
Owode
Ikenne
Total

Year
of
survey
July
2009
July
2009
July
2009
July
2009
July
2009
July
2009
August
2010
August
2010
August
2010
August
2010
August
2010
August
2010
August
2010
August
2010

No.
tested

ZYMV

PRSV

WMV

CMV

MNSV

CGMMV

5

++++*

++++

++++

-

+++++

+

5

+++

+

+++

-

+

-

5

+++

-

+

-

-

-

5

+

-

+

++

-

-

5

+++++

+++++

+++++

+++++

++++

+

5

+++++

+++

+++

+++++

+++

+

5

+

+++++

+++++

++++

++++

+

5

+

+++++

+++++

+++

+++

++++

5

-

-

-

-

+

-

2

-

-

-

-

-

-

3

-

-

-

+

+

+

5

-

-

-

-

-

+

5

-

-

-

-

-

++

5

-

+

-

+++

+

-

65

+ = 1out of 5, ++ = 2 out of 5, +++ = 3 out of 5, ++++ = 4 out of 5 and +++++ = 5 out of 5 leaf
samples tested that reacted with the specific polyclonal antibody.
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