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Abstract

A field survey was conducted during the 2018 rainy season (June — October) in three major ginger producing
Local Government Areas (LGAs) of Kaduna State, Nigeria to determine the occurrence and spread of Wheat streak
mosaic virus (WSMV) infecting ginger. Symptomatic and asymptomatic ginger leaf samples (n=180) and weed
samples (n=45) were collected from the surveyed fields and indexed against WSMV using Double Antibody Sand-
wich Enzyme-linked Immunosorbent Assay (DAS-ELISA). The results obtained showed that WSMYV occurred in all
the LGAs surveyed but with significant (P = 0.05) variation in distribution. Jaba had the highest virus incidence
(22.67 %) followed by Kagarko (17.67 %) while Kachia had the lowest virus incidence of 10.00 %. To the best of our
knowledge, this is the first report of WSMYV infecting ginger in Nigeria. Rottboellia cochinchinensis (Lour.) Clayton
and Setaria barbata (Lam.) Kunth tested positive against WSMYV as alternative weed hosts of the virus. The incidence
of WSMYV even at lower percentage is significant as population build-up could lead to a disease outbreak. Awareness
programs need to be organised for farmers on yield loss potential of WSMYV on ginger crop and the role of cultural

practices on the incidence and management of the virus.
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1 Introduction

Ginger (Zingiber officinale Rosc.) is a monocotyledon-
ous perennial crop but commonly cultivated as an annual
cash crop for harvesting as a spice and medicinal uses (Fikre
& Kifle, 2013). Nigeria is the third world largest producer
of ginger next only to India and China supplying over 0.3
million tons and 13 % of total world production (FAOSTAT,
2018). The production of ginger in Nigeria started vigor-
ously in 1927, after discovering it could generate internal
trade for the people of the southern part of Kaduna, the tra-
ditional home of ginger production in Nigeria (Erinle, 1988;
Nair, 2013). Although ginger cultivation has now spread
all over the geographical zones of Nigeria (Duniya, 2003;
Bernard, 2008), Kaduna State remains the country’s leading
producer of the crop by predominantly poor resource peas-
ant farmers as their sole means of livelihood mainly from
Jaba, Jama’a, Kachia and Kagarko local Government Areas
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(Nmadu & Marcus, 2013; USAID-NEXTT, 2017). The re-
gion has a tropical continental climate with marked classifi-
able cool to hot dry and humid to wet seasonal regimes with
rainfall commencing from April to October at an average of
2000 mm/annum and mean temperature range of 23 °C to
28 °C (Ibrahim, 2018). A slightly acidic (5.5 — 6.5 pH) well-
drained sandy loam that is rich in humous characterise the
main soils in the area (Asumugha ez al., 2006).

Ginger production activities span through the 12 calendar
months of the year, where cultivation starts at the onset of
rains in April with manual tillage and levelling to form flat-
beds (Ibrahim, 2018). Farmers source their seeds for next
season cultivation from on-farm stored ginger rhizomes, as a
gift by relatives and friends or purchase these from neigh-
bouring communities (Ibrahim, 2018). Taffin Giwa (ele-
phant’s foot) and Yatsun Biri (monkey’s finger) are the two
common commercial varieties cultivated in Nigeria (Zakka
et al., 2010) which have gained the international standard
quality of being good and suitable for both production of
ginger oleoresins and essential oil due to their higher con-
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tent of monoterpenes, sesquiterpenic gingerols and shogaols
compounds (Dambatta et al., 1998; USAID-NEXTT, 2017).
Rhizome seeds are planted in April/May at a spacing of 20
x 20 cm and mulched with dry grasses (Sati & Bala, 2017).
Ginger is often intercropped with maize or also sole cropped
and weeds are manually managed. Harvesting of matured
ginger rhizome with hand hoe commences from October and
extends to April of the following year to control market glut
and as an adopted seed storage strategy for next season plant-
ing (Sati & Bala, 2017; Ibrahim, 2018).

Nigeria is ranked 2"¢ in the world based on land area for
ginger production (111,196 ha), but is the 23" in terms of
yield (4,703kgha™!) and therewith positioned among the
world’s lowest (FAOSTAT, 2018). So, Nigeria has a large
ginger production area, but the full potential of the crop is
significantly underexploited and several factors could be re-
sponsible for this. Several works have reported the men-
ace of insect pests and diseases as a factor limiting ginger
production (ISPS, 2005; Reddy, 2010; Zakka et al., 2010;
Abate, 2013). Nmadu & Marcus (2013), as well as Abraham
et al. (2019), also reported the incidence of insect pests and
diseases being an important constraint to the profitable pro-
duction of ginger in Kaduna State, Nigeria. Virus diseases
account for more losses in farmer’s fields than other patho-
genic diseases (Nono-Womdim, 2003). Plant viruses such
as ginger mosaic virus (GMV), Wheat streak mosaic virus
(WSMY), ginger chlorotic fleck virus (GCFV), and chirke
virus have been reported as pathogens of cultivated ginger in
tropical and sub-tropical regions (Ganguly & Raychaudhuri,
1971; Roy et al., 2003; Dohroo, 2004; Nair, 2013; Meenu
& Kaushal, 2017). Wheat streak mosaic virus (WSMV:
type species, family Potyviridae, genus Tritimovirus) is con-
sidered as one of the world’s most economically important
plant viruses attacking monocotyledonous crops, with a re-
port of losses ranging from minimal to complete crop fail-
ure in wheat (Rabenstein et al., 2002, French & Stenger,
2003; Byamukama et al., 2014) and a marginal loss of up
to $464.5ha”! have been reported (Velandia et al., 2010).
WSMV is reported to be transmitted by species complex
of a microscopic obligatory phytophagous vector, Aceria
tosichella Keifer (wheat curl mite) (Navia et al., 2013). Both
nymph and adult wheat curl mites transmit the WSMV while
feeding and have retention potential of the virus from 6 days
to 2 months depending on the time of acquisition and tem-
perature as reviewed by Hadi e al. (2011). Wheat curl mites
are wingless so they are dispersed principally by the wind.
As a mechanism, they always move to the tip of the host crop
or weeds within and around the farm waiting to be blown by
the wind to the next crop where they continue feeding and
transmission of the virus (Jeppson ef al., 1975). Symptoms

of infection due to WSMYV usually starts on young leaves
as light green streaks which elongate to form discontinuous
yellow to pale green stripes, forming a mosaic pattern run-
ning parallel to the leaf veins as symptoms progress (Singh
etal.,2018).

Weed species have been reported to serve as alternative
hosts of both plant viruses and their vectors in the field
(Alegbejo & Banwo, 2005; Asala et al., 2014; Price et al.,
2014) thereby, making the management of viruses and their
vectors difficult. Previous studies have documented sev-
eral wild grass species found to be alternative hosts of both
WSMYV and its vector in nature (Sill & Connin, 1953; Sill
& Agusiobo, 1955; Brakke 1971; Christian & Willis, 1993).
Effective management of plant viruses relied heavily on ac-
curate detection and diagnosis of viruses and their alternative
host species through serological and molecular tests (Sastry
& Zitter, 2014). Given the devastating yield loss potentials
of WSMYV over other viruses infecting ginger and as little or
no information exist on whether this virus is present and to
what extent in ginger fields in Nigeria, this study, therefore
reports the occurrence, distribution and alternative hosts of
Wheat streak mosaic virus in Kaduna State, Nigeria.

2 Materials and methods

2.1 Field survey and sampling

Field survey and sampling was conducted in Kaduna State
(northwestern Nigeria) at the vegetative growth stage (8—16
weeks) of ginger (Hunger et al., 1992), during the 2018
wet season. Three local government areas (Jaba, Kachia
and Kagarko) were selected based on ginger crop produc-
tion history (KSMA, 2007). Three different farmers’ fields
were randomly selected for sample collection in each LGA.
A 3 x3m sized-quadrat was set at four corners and one at
the centre of each field (Kashina et al., 2002) for collec-
tion of ginger leaf samples since infection due to WSMV
usually starts from the field margins and then progresses in-
ward as the mites migrate from wild grass alternative hosts
and bordering crops (Hunger, 2010). Three symptomatic
and one asymptomatic ginger leaves were randomly sampled
per quadrat giving a total of twenty samples from each
field. Five grass weed species were also collected within
and around each ginger field and identified using Akobundu
et al. (2016). Information on the coordinates, farm size,
surrounding crops and some cultural practices of each field
were also recorded (Table 1). Leaf samples were collected,
labeled, wrapped in polythene bags, stored in an ice chest
and transported to the Virology Laboratory of the Depart-
ment of Crop Protection, Ahmadu Bello University Zaria for
analyses. The samples were stored at —4 °C before diagnosis.
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2.2 Serological assay

Serological tests were conducted for the detection of
WSMV in the collected ginger leaf samples using the double
antibody sandwich enzyme-linked immunosorbent serolo-
gical assay (DAS-ELISA) (Seifers et al., 2006) as spe-
cified by the supplier (Leibniz-Institut DSMZ — Deutsche
Sammlung von Mikroorganismen und Zellkulturen Gmbh,
Braunschweig, Germany) of the detection kits. The antigen-
antibody reactions were detected and optical density (OD)
of each well was measured after 1 h using an ELISA plate
reader Uniequip (Martinseed, Germany) at a wavelength of
405 nm (Clark & Adams, 1977). ELISA values at least twice
that of the negative control (check) were rated positive (Ku-
mar, 2009). Virus incidence (VI in %) was calculated using
the formula of Chaube & Pundhir (2005):

f positi les/f:
Number of positive samples/farm < 100

~ Total number of samples examined/farm

2.3 Data analysis

Data obtained on WSMYV incidence were subjected to an-
alysis of variance. Variation of means were considered sig-
nificant at 5 % level of probability using either least signifi-
cant difference (LSD) or by plotting standard error of means
as described by Gomez & Gomez (1984).

Fig. 1: Disease symptoms expression on ginger plants infected
by WSMV: (A) healthy ginger leaf sample; (B) A typical WSMV
disease symptom on young ginger leaves showing pale to yellow
parallel interveinal streak and giving a mosaic pattern.

3 Results

The ELISA results obtained showed that Wheat streak mo-
saic virus occurred in all the local government areas sur-
veyed but with significant (p = 0.05) variation in distri-
bution. In Jaba LGA, WSMYV incidence was significantly
higher (p = 0.05) in Chori followed by Nok while Kwoi
had the lowest incidence (Fig. 2). Kurmin Musa had the
highest virus incidence followed by Gumel while the least
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Fig. 2: Incidence of Wheat streak mosaic virus in Jaba, Kachia
and Kagarko Local Government Areas of Kaduna State during
the 2018 rainy season. Bars indicate standard error of means at
5 % probability level.
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Fig. 3: Mean incidence of Wheat streak mosaic virus in Jaba,
Kachia and Kagarko Local Government Areas of Kaduna State
during the 2018 rainy season. Bars indicate standard error of
means at 5 % probability level.

incidence was recorded at Sabon Sarki in Kachia LGA (Fig.
2). In Kagarko LGA, the highest virus incidence was re-
corded at Katugal followed by Kubacha while Kujafa had
the lowest virus incidence. Among the three surveyed Local
Government Areas for WSMYV, the virus was significantly
(p = 0.05) more prevalent in Jaba followed by Kagarko
while Kachia had the least virus incidence (Fig. 3). The
results obtained on the occurrence of the alternative host of
WSMYV showed that out of 45 weed samples indexed for the
virus incidence from the three local government areas, two
weeds; Rottboellia cochinchinensis (Lour.) Clayton (Corn
grass) and Setaria barbata (Lam.) Kunth (Bristly foxtail
grass) tested positive from Gumel and Sabon Sarki respec-
tively in Kachia LGA.
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Table 1: Symptoms of Wheat streak mosaic virus on ginger and cropping information of the locations surveyed in Kaduna state during the

2018 wet season.

LGA Location Coordinates Farm Variety Source  Symptoms® Sanitary Surrounding  Crop Cropping
size of condition  crops growth  pattern®
(ha) seed* stage*
Jaba Chori 09.57081 N 2.29  Taffin giwa PS IC, CF, Weedy Maize, rice, Veg. MCM
08.02277 E M, S sorghum
Nok 09.48290N 1.12  Taffin giwa PS IC,S,M  Weedy Maize, Veg. MCM
08.01929 E sorghum
Kwoi 09.45068 N 1.07 Taffin giwa PS IC, CF, Weeded Maize, rice, Veg. MCM
08.01440 E M, S turmeric
Kachia Gumel 09.85167N  1.34  Yasun biri  PS IC, CF, Weedy Rice, maize, Veg. SC
07.96377 E M groundnut
Sabon Sarki 09.64680N  1.23  Yasun biri LF IC, CF, Weedy Maize Veg. SC
08.01272 E S
Kurmin Musa  09.59620N  3.51 Taffin giwa PS IC, CF, Weedy Rice, Veg. MCM
08.02168 E M, S sorghum
Kagarko  Kujafa 09.47205N 1.15 Yasun biri LF IC, CF, Weeded Turmeric, Veg. SC
07.90730 E M maize
Katugal 09.46443N 1.73  Taffin giwa PS IC, CF, Weedy Maize, rice Veg. MCM
07.88249 E M, S
Kubacha 09.44092N 1.12  Yasun biri LF CE, S,M Weeded Turmeric, Veg. SC
07.82235E maize

* PS = Previous season; LF = Purchased from local farmers. TIC= Interveinal chlorosis; CF= Chlorotic flecks; M= Mosaic; S= Streak.
¥ Veg. = Vegetative. ¥ MCM = Mixed cropping with maize; SC = Sole cropping.

4 Discussion

The incidence, distribution and alternative host of Wheat
streak mosaic virus in ginger in Kaduna State were investig-
ated in this study. Interveinal chlorosis, chlorotic flecks, mo-
saic pattern, streak appearance were symptoms observed on
ginger leaf samples from which the virus tested positive (Fig.
1) and have been reported to be incited by the virus (Hadi
et al., 2011). Other virus-like symptoms such as chlorosis,
interveinal chlorosis, vein clearing, leaf spot, and flecks ob-
served on some ginger samples which tested negative against
WSMYV might be due to other viruses and phytoplasmas or
due to other abiotic factors such as nutrient deficiency (Hull,
2014). The results showed that WSMV occurred in all the
three Local Government Areas (Jabba, Kachia and Kagarko)
of Kaduna State. This agrees with works of Ganguly &
Raychaudhuri (1971) and Tripathti (2007) who also repor-
ted the occurrence of WSMYV in ginger causing a significant
disease incidence. A common practice of preservation, ex-
change and purchase of ginger rhizomes as propagules for
next season cultivation among farmers might to a greater ex-
tend be a factor for the widespread of the WSMYV (Singh et
al., 2018) throughout the surveyed areas since the virus is
preserved in ginger rhizomes (Tripathti, 2007; Abraham et
al.,2019). ISPS (2005) observed that most ginger pathogens
are been distributed through the ginger rhizome used as pro-

pagules. Studies have also reported transmission of WSMV
through wheat and maize seed leading to a successful intro-
duction of the virus in many countries (CABI, 2018). Farm-
ers in study area usually reserve unharvested portions of ma-
tured ginger crops in the fields to control market glut and as a
source of seed for next season planting (Ibrahim, 2018). This
practice supports successful overwintering of both WSMV
and its vector until subsequent planting hence, ensuring the
disease persistence in the area. Tafin giwa, being a predom-
inant ginger variety cultivated in Jaba LGA might be a fac-
tor for the higher virus disease incidence (23 %) recorded in
this specific location as against the significantly lower virus
disease incidence (10 %) recorded in Kachia LGA where
Yasun biri was the major cultivated variety. Disease inci-
dence due to WSMYV as high as 76.11 % has also been repor-
ted in Pune ginger variety (Tripathti, 2007). The common
practice of intercropping ginger with maize which is a host
of WSMYV and its vector (Aceria tosichella Keifer), might
have also influenced the higher incidence of the virus in Jaba
and Kagarko compared to sole cropping practice of ginger
in Kachia which had a significantly lower incidence of the
virus (Table 1).

Rottboellia cochinchinensis (Lour.) Clayton (Corn grass)
and Setaria barbata (Lam.) Kunth (Bristly foxtail grass)
were found to be alternative hosts of WSMV. Wheat curl
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mites which are the vectors of WSMV have been reported
to thrive on various wild grasses as alternative hosts (Hadi
et al., 2011; Chalupnikova et al., 2017). Christian & Willis
(1993) have earlier reported two species of grasses (Setaria
viridis and S. faberi) as alternative hosts of WSMV. This is
the first report of Corn grass and Bristly foxtail grass as wild
hosts of WSMV in their natural environment and therefore
provides an update to the previous report of CABI (2018) on
the checklist of alternative weed hosts of WSMV. Corn grass
and Bristly foxtail grass were among the dominant weed spe-
cies within and around all the ginger farms surveyed. Farm-
ers’ unawareness about this virus and its management could
potentially be a challenge to the profitable production of
ginger in these locations if not checked.

5 Conclusion

This study reported the occurrence and widespread dis-
tribution of Wheat streak mosaic virus in ginger crops sur-
veyed from three major ginger producing Local Government
Areas of Kaduna State. To the best of our knowledge, this is
the first report of WSMYV on ginger in Nigeria. Unrestricted
movement of ginger propagules and on-farm seed storage
are major factors for the spread and prevalence of WSMV
throughout the localities surveyed. The incidence of WSMV
even at lower percentage is significant as population build-
up could lead to a disease outbreak. Awareness programmes
need to be organised for farmers on yield loss potential of
Wheat streak mosaic virus on ginger crop and the interplay
of cropping system, variety and alternative weed hosts on the
incidence and management of the virus.
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