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ABSTRACT

The severity of Cucumbermosaicvirus(CMV: genus Cucumovirus; family Bromoviridae) infection
on okra (Abelmoschusesculentus) plants infected at different growth stages was investigated in
Minna (6.44°E, 9.51°N; 220 m above sea level), Southern Guinea Savanna of Nigeria. Two field
eXpenments were conducted simultaneously using Randomised Complete Block Design (RCBD)
with four replications. Seeds of the okra cultivar “lkeregi” which is commonly grown in Minna were
sown 1n the third week of May, 2014 on 5-m long ridges at inter- and intra-row spacing of 75 cm ~
30 cm. Treatments consisted of uninoculated plants (control), CMV-inoculated at 7 days after
sowing (DAS), 14 DAS and 21 DAS. Plants were assessed for disease incidence, disease severity,
growth and yield parameters. Data were subjected to analysis of variance (ANOVA). Significance of
the F-test was determined at5 % probability level and means were separated using the Least
Significant Difference (LSD). One hundred percent CMV infection was observed on all the plants
regardless of time of inoculation. However, disease severity varied with time of infection. At &
weeks after inoculation (WAI), disease severity was significantly (p<0.05) highest in the plants
inoculated at 7 DAS (mean symptom score = 4.0), followed by those infected at 14 DAS (mean
symptom score = 2.0), whereas the lowest value was obse_rved In those infect_ed at 21 DﬁS (mean
symptom score = 1.0). Number of leaves per plant was sigmﬁcantl'y (p<0.05) highest in uninoculated
plants (22 leaves per plant), whereas infection at 7 DAS resulted in the lowest number oflf:_avcs per
plant (12 leaves/plant). The plants infected at 14 DAS had a mean of 16 leaves per planF while those
inoculated with CMV at 21 DAS produced a mean .of 2.I leaves per plant, wh?ch was not
significantly(p>0.05) different from the mean f)bs.efved In upffloculaled plants.Tth fruit we;ght pcr:‘
plant of uninoculated plants (58.5 g) was not significantly dllierfantifrc.)m thpse mﬁtecte_d at ..qu D_AS
(57.5 g). Conversely, infection at 7 DAS and 14 DAS resullf::d In h:un weight of 23‘{%1”(1.;?'3 ig
respectively. The present study SI](}WEd‘[hal.p[’OlﬂClll’_‘lB.PlanlS for the first 21 DAS gmild ?lfn—-ldtdgz;ti
reduce CMV pathogenicity in okra f’IQIdS. Th}:rgFOfe, okra farmers should -11?113Ic.mlu,;1 };I” uiwr
measures so as tp reduce the effect ot viruses lrn[l:i.:llﬂg fﬁkm al uurlyf stages of %ﬂj?lﬁlgmel‘;pacmg
integrated pest management strategy such as cultivation of tolerant vaneties and use of clc .

could be incorporated as control strategies.

Kevwords: Abelmoschusesculentus, disease severity, pathogenicity, yield

Scanned by TapScanner



. (« elmmchuSesquienrus L. Moench) is a mémber of the family Malvac d ifs origin

cen traced to Agia and Afn K - ' : P T ha
vegetable crops in tran: o 1ca ( wmar-et ai.,; 2010). It is one of the economically Importanf
S 5& . ;TPICHI and lsub—trﬂplcal parts of the world. Its immature fruits and leaves ‘aré
S maagm e getables or used in salad, soups and stews. Additionally, gkra mucilage is used as 5
- lin{)l:;c ac;;lent or bl:[.‘;od volume expander (Gemede ¢f al., 2015). Okra seeds are valuable for oi]

_ " pr0c¥uct10n Q\Ic unguru and Rajabu, 2004). Its fruits also contain carbohydrates and
nd play a vital role in human diet (Dilruba et al., 2009). There is an Increasing demand for

v ; .
| egetable oils derivable from okra seeds due to the growing human population and the expanding oj]

f:’-il (20-40 %) (Sorapong, 2012). In Nigeria, okra cultivation is a dependable source of livelihood and
Income for many farmers (Asadu et al., 2016).

tonnes of okra is produced annually (Ngbede et al., 2014). In Nigeria,

0-ecologies both in rainy and dry seasons (Bamire and Oke, 2003). It is
g to 1ts high

Worldwide, about six million

okra is produced in all the agr
cultivated in the country either as a sole crop or in mixed cropping system probably owin

adaptability to different soil types and wide acceptability for various purposes (Konyeha and
Alatise, 2013). In spite of its numerous benefits, okra yield is seriously constrained by abiotic and
biotic factors. Some of the major viral diseases of okra include those induced by Okra leaf curl virus

(OKLCYV) (Gamal and Ghanem, 2003), Okra mosaic virus (OkMV) (Ndunguru and Rajabu, 2004),
and Okra yellow vein mosaic virus (OYVMV) (Ali et al., 2012).

Cucumber mosaic virus induces a wide range of symptoms, depending on genetic background of the
host, age of the plant at infection and virus strain (Alegbejo, 2015). Studies have shown that severity

of infection is most conspicuous with attendant high loss when plants are infected before bloom
(Zitter and Murphy, 2009). In highly susceptible cultivars, early infected plants may not produce
pods because CMV causes flower abortion and abnormal development. The pods of severely infected
plants are mostly. curved, mottled and reduced 1n size. Howe‘ver, plants may recover and rf_:sumfe
normal growth with limited yield loss in late infected p'lants (Z1tter afld Murphy, 2009). The vclln;st; 1:
transmitted by aphids (Palukaitis et al., 2002). Mechanical l‘iI'aIlSH]lSSI‘(.)I] has also been reported. | L-
mitted by more than 60 species of aphid, notably (Aphis gossypii GIOVF-:I‘) and (Myz_us persicae
— ' n-persistent manner. Cucumber mosaic virus can be acquired by aphids in 5-10
S”]ze;{ ;I:lda t;?lsnzitted in less than 1 minute. However, transmission efficiency declines after about
;erfl(:;gu?es and is usually lost within 2 hours (Alegbejo_;,QOlS)._ | _ |
. mosaie “virus has been identified as a threat to several crops including vegetables.

Cucumber _ | B o a rus infection can cause
y there is scarcity of information on its severity in okra fields. vins e < st was
ERIOEE, plemented. Therefare, this study

complete yield loss if appropriate control measures are niot im e e - skenplants infocted
= ~ ' ucumbermosaicvirus diseas

| ; determine the severity of Cucu

conducted to

different growth stages.
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Study Location MATERIALS AND METHODS

logy, Minna (6.44°E. 9
| : . » 9.91°N; 220 m above
_ ; sea |
1S t{(;mutec:l_ In the Southem Guinea Savanna agro-ecuh:}z:g
01 1200 mm. The raining season normally begins in April

37.5 OC with relaive RSy et 6(‘;M:Iell; tg)(f; E/)cfober. Temperatures fluctuate between 35 and
o In July and 40 to 60 % in Janua |
ry. The soil of

the site originated fr
om b
asément complex rocks and has been classified as Alfisol (Adeboye et al

Serological Testing
Leaves from the inoculated cowpea seedlings were harvested at 3 WAI and tested for CMV using

Enzyme-Linked Immunosorbent Assay (ELISA). The harvested leaves were ground 1n coating buffi

at. the rate of 1 g/mL using cold sterilized mortars and pestles (Kumar, 2009). One lfulil ec?
ml'c:rollitres of the leaf extract were loaded into duplicate wells of the mi,crotitre'plate (Thnenrzo
Scientific “Nunc”, Milford, MA). Extract of the leaves from healthy cowpea seedlings was used as
negative control. The plate was incubated at 37 °C for | h, washed three times with phosphate

buffered saline-Tween (PBS-T) and tap-dried on a paper towel. Two hundred microlitres of a
blocking solution were added to each well and the plate was incubated again for 30 min at 37 2

One hundred microlitres of the CMV polyclonal antibody diluted (1:10, 000; v/v) with conjugate

buffer were added to each well.

The plate was incubated at 37 °C for 1 h, washed thrice and 100 uL of the goat anti-rabbit antibody
diluted with conjugate buffer (1:15,000) were added to the wells. The plate was incubated at 37 °C
for 1 h, washed and 100 pL of p-nitrophenyl phosphate dissolved in substrate buffer was added to the
wells. The plate was incubated at room temperature (37 OC) in dark and absorbance values were read
at 405 nm (Aaos) after 1 h, using a microplate reader (MRX, Dynex Technologies, Inc., USA).

Absorbance readings were ‘accepted to be positive when the mean of the duplicate wells’ exceeded

“two times the negative control (Kumar, 2009).

Crop Establishment and Inoculations | |
The experiments were laid out in a randomised complete block with four replications. Treatments
DAS), 14 DAS

consisted of uninoculated plants (control), CMV-inoculated at 7 days after sowing ( ‘
and 21 DAS. Seeds of the okra cultivar “Ikeregi”” which is commonly grown in Minna Were Sown 1n

™
¥
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and intra-row Spacin

| g of
ained from the stock

carborundum powd

on it. At 8 weeks after ino .
culatio .
tested for CMV (Kumar, 2009). i The Sopmant Jesves of the inoculated plants

er (600-mesh) was s after sowing

ct was rubbed
were collected ang

dusted on the upper |

exhibiting CMV disease Symptoms at
Hassan, 2002). In the i > 4, WALI based on a visual scale (Arif and

1 = n(? symptoms (apparently healthy plant);
2 = slightly mosaic leaves (10-30 %);

3 = mosaic (31-50 %) and leaf distortion;

4 = severe mosaijc (51-70 %), leaf distortion and stunting;

5 = severe mosaic (>70 %), stunting and death of plants.
Number of leaves per plant (2, 4, 6, and 8 WAI), plant height (2, 4, 6, and 8 WAI), number of fruits
per plant, fruit diameter (8 WAI), fruit length (8 WAI) and fruit weight per plant were also recorded.
Data were subjected to analysis of variance (ANOVA) and significance was determined at 5 %

probability level. Means were separated using the Least Significant Difference (LSD). Statistical
analysis was performed with statistical analysis system (SAS, 2008).

RESULTS
Effect of Plant Age at Infection on CMV Disease Incidence

One hundred percent disease incidence was observed in all the inoculated plants. Leaf mottling was
first sighted 1n the plots inoculated at 7 and 14 DAS, at | WAL In the plants infected at 21 DAS.
symptoms of infection manifested at 13 days after inoculation. In contrast. uninoculated plants were
apparently symptomless.

Effect of Plant Age at Infection on CMYV Disease Severity _
At 2 WAI, disease severity was significantly (p<0.05) highest (2.0) in the plants inoculated at 7

DAS. (Fig. 1). The lowest mean symptom score was observed in the plants infected at 21 DAS .
(symptom score =1.0) while a mean symptom score of 1.5 was observed in the plants inoculated at

14 DAS.At 4 WAI, the mean symptom .score rose (0 3.3 in.the plants inoculated at 7 DAS. In the
;Jlanis infected at 14 DAS the mean disease severity was 2.0, which was not significantly (p>0.05)
different from 1.5 observed in the plants infected at 21 DAS.

- nfected at 21 DAS. The
At 6 and 8 WAL, the mean symptom score decreased to 1.0 in the plants mtjg‘utt.:l rirpard
[ants 1noculated at 7 and 14 DAS showed a constant mean symptom score Of <. -
pidl '

’

-
!
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Inoculated at 14 DAS (absorbance = 0.8)

In t ‘
hDS'E': leECtEd at ZIDAS (HbSOI'bﬁHCE = 04) (F]g 2) Whereas ik IOWESt

18 plants per '
plant which Was not sieni
encountered in those infected £ 21 Tok Sigmificantly (p>0.05) different from 15 leaves per plant

plants inoculated at ] : o
Although at 6 and § ‘:&Eﬁi Walj In turn significantly higher than those Infected at 7 DAS (8 leaves)
leaves/plant, —— )’ .tum - Dfl?-a""_es per plant was highest in uninoculated plants (21 and Zé
(20 and 21 leaves/p] ty , Wals not significantly (p>0.05) different from those infected at 21 DAS
per plant (9 and 1 5 111;’ l‘iSp;ectwely)_ Infection at 7 DAS resulted in the lowest number of leaves
ves/plant, respectively). In the plants infected
at 14 DAS
averaged 14 and 16 per plant, at 6 and & WAL, respectively (Fig. 3). S

Cucumber mosaic vi ' loni

e t;zss :;Zfiseo??ﬁantly (p‘io.(?S) reduced plant height. Moreover, time of
k. y on plant height and the data on this parameter followed a

trend similar to that of number of leaves per plant. Some of the plants inoculated at 7 DAS were

sturﬁlted and exhibited poor growth. Uninoculated plants were consistently the tallest throughout the

period of assessment (Fig. 4). At 2 WAL the highest mean height was observed in uninoculated

plants (21.5 cm), followed by those infected at 21 DAS (18.0 cm). The mean height (16.5 ¢m) of the

plants inoculated at 14 DAS was also significantly (p<0.05) higher than those infected at 7 DAS
(13.5 cm). From 4 to 8 WAI, changes in plant height followed a similar trend. At & WALI, reduction
in plant height was 8.9 % in the plants inoculated at 21 DAS relative to uninoculated plants, and 58.5

% in those infected at 7 DAS while 40.5 % height reduction was observed in the plants inoculated at

14 DAS.

Number of fruits per plant was significantly (p<0.05) highest in uninoculated plants (21 fruits) and
those infected at 21 DAS (21 fruits). Conversely, the lowest (8 fruits) number of fruit per plant was
found in the plants inoculated at 7 DAS, resulting in 61.9 % reduction compared with uninoculated
plants. In the plants infected at 14 DAS number of fruit per plant{15 fruits) was reduced by 28:6 %
(Table 1). The fruit diameter of uninoculated plants and those inoculated gt 21 DAS was similar (2.
L;III]). On the other hand, fruit diametér was 0.4 and 1.0 ¢cm in those inoculated at 7 and 14 DAS,
rcﬁpcutivcly. Variation in fruit length followed the same pattern as recorded for fruit diamgm' (Table
1). Fruit length varied between 5.5 and 10 ¢cm. The longest fruit was obtained _i‘ru:? unu.mlt:ulated
piants (10 em) and those infected at 21 DAS (10 cm)while those infected at 7.1)‘.»%5 exhibited the
l[owest value (5.5 ¢cm). A mean fruit length of 8.5 cm was observed in the plants infected at 14 DAS.,
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weio .
eight per plant of uninoculated plants was the

L

different from those:; S heaviest (58.5 ) but not significs
i plai:][sfr‘m? those infected at 21 DAS (57.5 ‘2). The. lowet 'fnﬁt wéi;ii (Zlé;,r;rhtamiy i
intected af 7 DAS which accounted for 59.8 % reduction in fruit @eiatw?s |
. n i

contrast, the mean fruit we;, ,
2 | ght of the plants i .
6 % fiuit weight reduction (Table 1), | ¢ DAS Was 36.5 g which accounted for 37
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g
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Time after inoculation (week)

F ig.. 1: Disease progress in okra plants inoculated with Cucumber mosaic virus at different days after
sowing (DAS) during the 2014 cropping season in Minna
Vertical bars represent LSD values

2
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- Treatment
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Fig. 2: Relative virus concentration in the leaves of okra plants inoculated with Cucumber mosaic

VIFu

Vertical bars represent standard deviation -

< at different days after sowing ('DAS) during the 2014 cropping season in Minna
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Fig. 4: Plant height from okra plants inoculated with Cucumber mosaic virus at different days after
sowing (DAS) and uninoculated plants during the 2014 cropping season in Minna

Vertical bars represent LSD values

Table 1: Yield parameters from okra plants inoculated with Cucumber mosaic virus at different days
after sowing (DAS) and uninoculated plants during the 2014 cropping season in Minna

Fruit per plant Fruit diameter  Fruit length Fruit weight per
Treatment (no.) (cm) (cm) plant (g)
Uninoculated 21 L 1 . 10.0? 58 50
7 DAS T (P o ST B
. ‘TaDAS | YISt Toviopes et c gsh e T 0365
21 DAS 21° 2 .10'03 57.3""
+SEM 0.31 0.03 0.17 0.49 . |
letter within the column differ significantly at p=0.05 according to Least

MCHHS with dissimilar
Significant Difference (LSD)
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| | DISCUSSION

usedwas susceptible to CMV ; ;
_ Infection. With - -
relative 1o Hime of polioin: e et ith respect t_o thfa differences in symptoms expression
documented by Alj ’ ons reported in this study were in agreement with those
yu et al. (2010)when cowpea seedl; ' - - . |
yellow mosaic disease of | p dlings were infected with a virus inducing
plions dioeulated g 3 DO on::melma benghalensis L. The highest disease severity observed in the
iy, e ol AS might be due to low level of resistance to infection at that growth stage.
i h:; ehp ants 1noculated at 2.1 DAS probably inhibited virus replication and movement.
— tle shown that ﬂlth.(}ugh- virus particles tend to multiply in infected plant cells and
o q en- y cause some physiological changes (Afreen et al., 2011), these become difficult when
plants are infected at the later growth stage owing to lignifications of their tissues and organs.

In Fhe plants inoculated at 7 DAS, disease severity increased throughout the period of experiment
probably because resistance mechanisms were not activated upon virus entry. Disease severity
declined with time in the plants infected at 14 DAS and 21 DAS, indicating that time of infection
could influence disease progression and vulnerability of okra to CMV. Lazarowitz (2002) elucidated
that although an invading virus may be able to replicate within a single cell, intercellular movement
1s mediated by the movement proteins (MPs). The MPs accomplish this by moditying pre-existing
pathways in the plant for macro-molecular movement in order to facilitate cell-te-cell movement of
the viral material. The trend of virus concentration indicated that there was a positive correlation
between visual symptom scoring and serological test. This corroborated the results published by

Salaudeen et al. (2011) when maize plants were infected with Maize streak virus (MSV).

The observed reductions in leaf number were an evidence of the relative ability of CMV to cause
disease in susceptible plants. Also, the reductions observed in number of leaves per plant supported

the findings of El-Dougdoug et al. (2007). The devastating effect of CMV on the height of plants
ed with the findings of Aliyu et al. (2010). Similarly, Balogun (2008)reported

s X and Tomato mosaic

infected at 7 DAS agre Aliy . |
significant growth reductions in tomato seedlings infected with Potato viru

virus at the early growth stage.Height impairment might, be consequences of infection.on root
development which culminated in reduced moisture and nutrients absorption required fﬂ;
photosynthesis. Plant viruses including CMV have been reported to inhibit the growth an

development by altering plants’ physiology in vulnerable cultivars(Pallas and Garcia, 2011).

at 7 and 14 DAS were similar

£ CMV on the yield parameters of plz‘mtS infected | | o
p;ﬁmed by Sevik (2011) when pepper (Capjjc:,fﬁ?ﬂ;-”fHH‘H‘I) plEH_]tS wlelfgﬁv e
The general poor paformance.ofthe plants 1|_1fected wntjl el
J of infection on growth parameters, particularly L{
1e plants fected at 21 DAS were NO

dicating that physiological. Processes

The adverse eftects 0
to the observations-re

. with Pepper mild mottle virus.

accumulated eftects
orowth and yield attributes of tl

ed plants, n

DAS was probably due to
number and plant height. The | |
significantly (p~0.05) different from uninoculat

were mildly affected n the former.
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The results of this Stl.ldy CONCLUSION

, rey .
plants areinfected with o 3aled that growth and vyield of okra could be drast

adequate measures 5 o 1 at the early growth stage. Therefore okra
O reduce the effect of viruses infecting’

- . m
close spacing could be in anagemem strategy such as Cultivation
COrporateq a5 control strategies.

ically impaired when
tarmers should implement
okra at early Stages of growth
of tolerant varieties and use {)%
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