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Abstract

The present study aimed to investigate the effect of age of the okra plants that showed varying whitefly resistance responseson
the transmission rate of okra enation leaf curl virus (OELCV) by its vector whitefly Bemisia tabaci. The OELCV infected whitefly
adults were collected from whitefly colonies and were challenged on the test okra accessions (Upl mona 2, Co 1, Arka anamika
and AE 64) of differential ages which were individually caged (7, 10 and 15 d after germination) with glass chimney and the
number of such whiteflies used were at the rate of 2, 4, 6, 8, 10, 12, 14 and 20 adults per plant. Observations were made on the
virus symptom expression 30 d after challenge. The efficiency of transmission was determined. The efficiency of transmission of
OELCV was the highest (maximum T and P*, 0.80, 1.00 and 0.08, 0.10) when 7 d old seedlings were inoculated (Arka anamika
and AE 64 respectively) and transmission had decreased as the age of seedlings increased. The estimated transmission rate
for single whitefly (P*) increased with an increase in the number of whiteflies used per plant. Okra plant resistance to B. tabaci
significantly changed the transmission rates of OELCV on okra. Understanding the resistance mechanisms of the okra acces-
sions and interactions between plant viruses and their insect host can pave the way for novel approaches to protect plants fom
virus infection.
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INTRODUCTION

India is the world's leading producer of okra, Abel-
moschus esculentus (L.) Moench with the production of
6095 thousand mt from an area of 509 thousand mha
(Horticultural Statistics at a Glance, 2018). Okra is an
important source of vitamins, calcium, potassium, and

other minerals, which are often lacking in people's diet
in developing countries (Singh et al., 2014). The crop is
prone to damage by various insects, fungi, nematodes
and viruses, although its degree of infestation varies
widely. The production and quality of okra fruits are
affected by an array of sucking and fruit boring pests
from the seedling phase until harvest. The key sucking

This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.


https://doi.org/10.31018/jans.v13iSI.2778
https://doi.org/10.31018/jans.v13iSI.2778
https://doi.org/10.31018/jans.v13iSI.2778

Pasupathi, E. et al. / J. Appl. & Nat. Sci. 13 (SI), 63 - 68 (2021)

insect pests of okra are whiteflies, aphids, jassids,
thrips and mites (Anitha and Nandihalli, 2008). Among
the sucking pests, the sweet potato whitefly, Bemisia
tabaci (Gennadius) (Aleyrodidae: Hemiptera) causes
damage directly through feeding and indirectly by the
transmission of viruses. The whitefly transmits im-
portant begomoviruses in okra such as bhendi yellow
vein mosaic virus (BYVMV) and okra enation leaf curl
virus (OELCV). The incidence of OELCV has reached
serious proportions in recent years both in Northern
India (Sanwal et al., 2016) and Southern India as well
(Sayed et al., 2014).Host plant resistance is an eco-
nomically sound and ecologically safe method for man-
aging insect pests including B. tabaci (Hilie et al.,
2001). Our earlier studies involving field screening of 88
okra germplasm against the sweet potato whitefly, B.
tabaci and the begomoviruses, Okra enation leaf curl
virus (OELCV) and Bhendi yellow vein mosaic virus
(BYVMV) during two seasons (March, June sowing) of
2018 at Attur, Salem District, Tamil Nadu revealed that
the lowest mean population of whiteflies was recorded
in the okra accessions viz.,Upl mona 2 (0.35), Co 1
(0.4), A. moschattus (0.65), Sona (0.78). In contrast,
accessions AE 66, IC 113920 and IC 282274 record-
ed the highest number of whiteflies with a mean popula-
tion of 3.94, 3.45 and 3.24 adults per leaf (Pasupathi et
al., 2019). Among the accessions tested, A. moschattus
and Upl mona 2 did not show any signs of OELCV and
BYVMV infection throughout the crop period. The high-
est OELCV per cent disease incidence (PDI) was rec-
orded on AE 66 (100) followed by AE 64 (80) and AE
65 (80), while the PDI recorded susceptible check was
100% (Pasupathi et al., 2019). The OELCV infected
young leaves of selected okra accessions were collect-
ed from the screening field and was analyzed using
DNA marker specific to coat protein-based primer in
polymerase chain reaction (PCR) and the amplicons
were sequenced and comparative analysis had con-
firmed the OELCV (data unpublished) (Pasupathi,
2020). It is important to understand the interactions be-
tween the host plants, their age, the insect resistance
nature of the host plants, and vectoring insects to de-
velop field management strategies. Thus, the current
research was taken up with the aim of establishing in-
formation on interactions between the B. tabaci adults,
okra plant age and resistance; and the OELCV under
laboratory condition.

MATERIALS AND METHODS

Test plants

The seeds of okra accessions viz.,,Upl mona 2 (Highly
resistant), Co 1 (Moderately resistant), Arka anamika
(Moderately susceptible) and AE 64 (Highly suscepti-
ble)were selected from the field screening reactions to
whitefly and OELCV responses. Plants were grown in

coco pith and soil potting mix in 13cm dia x 15cm
height mud pots and maintained at a 30-35°C tempera-
ture and 70-80% of relative humidity in walk-in-cages in
the Insectary at the Agricultural College and Research
Institute, Tamil Nadu Agricultural University (TNAU),
Madurai.

Insect culture

Adults of cotton whitefly, B. tabaci were collected from
okra (A. esculentus L.) and cotton (Gossypium spp.) in
Madurai district of Tamil Nadu, India and were cultured
on mixed host plants of cotton (cultivar ARBH 1401),
Black night shade (Solanum nigrum) and Okra
(A. esculentus) in the greenhouse.

Virus source

Symptomatic Okra plants were collected by uprooting
(with minimum disturbance to the taproot system and
the soil around the roots is intact) from five locations
(farmer fields) in and around Attur, Salem district, Tamil
Nadu, India. These plants served as the inoculum
source and further inoculated on the susceptible check
(OELCV check) and used for transmission studies. Ini-
tially, the virus presence was molecularly confirmed by
PCR using specific primers (JKOE34F5'-
AAGAATTATGTCGAAGCGTCCTGCTT-3'  (Forward
primer) and JKOE35R 5-AAGAATCGTAGAAGTAA
CTCCTAACTT-3" (Reverse primer) (Rakesh Kumar,
2016) (Fig. 1).

Effect of okra plant age on OELCV transmission by
B. tabaci

To perform the experiment, Okra plant (30-d-old) with
typical OELCV symptom from the virus culture source
plants was selected and caged individually so that the
space around the plant inside the cage was very close
to minimal. Whiteflies (adults) were collected from
healthy culture and were introduced at the rate of 100-
125 numbers of adults/OELCV infected okra plant.
They were left undisturbed for 24 hr with a buffer time
of 2hr allowed for settling by the adults. After 24 hr,
these adults were collected in test tubes at the rate of
10 numbers per tube, starved for 1 hr and were used
for challenging on the test accessions. The test acces-
sions were raised in 13cm dia x 15cm height mud pots
filled with coco pith mixed soil, nourished with fertilizers
and regularly watered. Differentially aged seedlings (7,
10 and 15 d after germination) obtained by staggered
showing with uniformity in leaf size and shape at re-
spective ages were independently caged with a glass
chimney (6.5cm dia x 15cm height). Care was taken
that the selected plants were free from any insect dam-
age and life stages of insects. Then, the whiteflies in
the test tubes were carefully released inside the glass
chimney @10 OELCYV viruliferous B. tabaci per plant.
Five replications were maintained in each age group
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and each plant was considered as single replication.
Insects were given a 24 hr acquisition access period
(AAP) on OELCV expressed plants and an inocula-
tion access period (IAP) on test accessions with an
additional buffer time of 2 hr for settling on plants.
After the IAP, the glass chimney were opened and
the whiteflies were removed and the plants were
treated with insecticide solution to destroy life stages
of the insects, if any and were further mobilized into
bigger cages (60cm x 60cm x 60cm) fitted with 100
micron mesh all around for observation. The plants
were observed for symptom development30 d after
removal from the glass chimney and the transmis-
sion rate was calculated. The OELCV specific PCR
was used to test the plants for confirmation of the virus
incidence.

Effect of vector load against whitefly resistant ac-
cessions on OELCV disease transmission by B.
tabaci

Viruliferous adult B. tabaci were prepared as described
in the previous section. After 24 hr, these adults were
collected in test tubes at the rate of 2, 4, 6, 8, 10, 12,
14 and 20 in individual glass tubes and were used to
challenge on the test accessions (Upl mona 2, Co 1,

Arka anamika and AE 64) which were individually
caged (7 to 10-d-old) with glass chimney. This set up
was left undisturbed for 24 hr and then the cages were
opened and whiteflies were disturbed by slightly shak-
ing the plants and ensured that no insects were settled
on plants and an insecticide spray was given to kill life
stages if remained any. These plants were kept inside
150cmx150cmx150cm cages fitted with transparent
100 micron mesh cloth for one month for symptom de-
velopment. Five replications were used and a single
plant served as a replicate. The development of dis-
ease symptoms and confirmation using PCR was done
as described in the previous section.

Estimation of transmission rate
The transmission rates were calculated by dividing the
number of infected plants by the number of inoculated
plants and estimated transmission rate. The transmis-
sion rate of a single whitefly was calculated as follows
using the formula of (Gibbs and Gower, 1960).
1-(1-T)1
P* = e x 100
I
Where, P*=estimated transmission rate for a single
whitefly; T=transmission rate T=R/N; R=number of in-

...Eq.1

Table 1: Effect of age and whitefly resistance response of the okra genotype plants on transmission of OELCV by

B. tabaci adults.

Age of plants Whitefly re- Plants infected Transmission Estimated Transmis-
(d after ger- Accessions  sistance response (R)/plants Rate (T=R/N) sion rate for single
mination) of genotype inoculated (N) whitefly (P*)
Upl mona 2 Highly Resistant 0/5 ?(505()0)8 0.00
Moderately Re- 0.40
7 Co sistant 2/5 (0.90)° 0.04
. Moderately Sus- 0.80
Arka anamika ceptible 4/5 (1.30)° 0.08
AE 64 Highly Susceptible  5/5 (11'0500)c 0.10
Upl mona 2 Highly Resistant 0/5 ?605?0)3 0.00
Moderately Re- 0.20
0 Co 1 sistant 1/5 (0.70)* 0.02
. Moderately Sus- 0.60
Arka anamika ceptible 3/5 (1.10)° 0.06
AE 64 Highly Susceptible  5/5 giogo)b 0.10
Upl mona 2 Highly Resistant 0/5 ?(')0701 % 0.00
Moderately Re- 0.20
.5 Co 1 sistant 175 (0.83) 0.00
. Moderately Sus- 0.40
Arka anamika ceptible 1/5 (0.94)° 0.00
AE 64 Highly Susceptible  2/5 (064904)b 0.02
SEd 0.1154
CD (.05) 0.2663

Values in parentheses are square root transformed, *Means in a column followed by the same letter are not significantly different (a =
0.05) by Tukey’s HSD test
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Table 2: Transmission rate of OELCV on different okra accessions with differential whitefly resistance responses with
varying challenged numbers of B. tabaci under laboratory condition.

Accessions N_umber of White- Plants !nfected (R)/ Estimatec_i Transn_rission Transmission
flies used (l) Plants inoculated (N) rate for single whitefly (P*)  Rate (T=R/N)
Upl mona 2 0 0/5 0 0.00 (0.50)®
Upl mona 2 2 0/5 0 0.00 (0.50)®
Upl mona 2 4 0/5 0 0.00 (0.50)®
Upl mona 2 6 0/5 0 0.00 (0.50)®
Upl mona 2 8 0/5 0 0.00 (0.50)°
Upl mona 2 10 0/5 0 0.00 (0.50)®
Upl mona 2 12 0/5 0 0.00 (0.50)®
Upl mona 2 14 0/5 0 0.00 (0.50)®
Upl mona 2 20 0/5 0 0.00 (0.50)°
Co 1 0 0/5 0 0.00 (0.50)°
Co1 2 1/5 0.1 0.20 (0.70)°
Co 1 4 2/5 0.1 0.40 (0.90)*
Co 1 6 0/5 0 0.00 (0.50)®
Co 1 8 1/5 0.02 0.20 (0.70)°
Co 1 10 0/5 0 0.00 (0.50)®
Co 1 12 2/5 0.03 0.40 (0.90)*
Co 1 14 0/5 0 0.00 (0.50)®
Co 1 20 2/5 0.02 0.40 (0.90)*
Arka anamika 0 0/5 0 0.00 (0.50)®
Arka anamika 2 1/5 0.1 0.20 (0.70)°
Arka anamika 4 2/5 0.1 0.40 (0.90)*
Arka anamika 6 2/5 0.06 0.40 (0.90)*®
Arka anamika 8 3/5 0.07 0.60 (1.10)
Arka anamika 10 3/5 0.06 0.60 (1.10)*
Arka anamika 12 4/5 0.06 0.80 (1.30)*
Arka anamika 14 5/5 0.07 1.00 (1.50)°
Arka anamika 20 5/5 0.05 1.00 (1.50)°
AE 64 0 0/5 0.00 0.00 (0.50)®
AE 64 2 2/5 0.20 0.20 (0.70)°
AE 64 4 2/5 0.10 0.20 (0.70)°
AE 64 6 3/5 0.10 0.60 (1.10)*
AE 64 8 3/5 0.07 0.60 (1.10)*
AE 64 10 4/5 0.08 0.80 (1.30)*
AE 64 12 5/5 0.08 1.00 (1.50)°
AE 64 14 5/5 0.07 1.00 (1.50)°
AE 64 20 5/5 0.05 1.00 (1.50)°
SEd 0.0788
CD(.05) 0.1563

Values in parentheses are square root transformed, *Means in a column followed by the same letter are not significantly different (a =

0.05) by Tukey’s HSD test

fected plants; N=number of receptor plants; |=number
of whiteflies per receptor plant.

Statistical analysis

Data from transmission experiments were analyzed
using a one-way analysis of variance (ANOVA) (SAS
Institute, 1985) and the transmission rates were trans-
formed into ~/x + O.5  before statistical analysis.
The Means in a column followed by the same letter are

not significantly different (a = 0.05) by Tukey’s HSD test.
RESULTS AND DISCUSSION

Effect of age of the seedlings on transmission
OELCV by B. tabaci

The age of okra plants had a profound impact on the
vector transmission (Table 1). The transmission effi-
ciency was the highest (maximum T and P*, 0.80, 1.00
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Fig. 1. Polymerase chain reaction amplification of the
part of OELCV coat protein gene using specific primers
on DNA from leaf samples of okra accessions collected
from Attur, Salem district , Tamil Nadu. Lane L - Marker
(100 bp Ladder), Lane 1-7 — Samples.
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Fig. 2. Determination of minimum numbers of B. tabaci
for effective transmission of OELCV on whitefly suscep-
tible AE 64.

and 0.08, 0.10) when 7 d old seedlings were inoculat-
ed (Arka anamika and AE 64 respectively) and trans-
mission had decreased as the age of seedlings in-
creased. Accessions, Upl mona 2 and Co 1 had ac-
quired the lowest transmission when 7 d old seedlings
were inoculated (minimum T and P* 0.00, 0.40 and
0.00, 0.04). Thus, Arka anamika and AE 64 were con-
sidered as susceptible to OELCV and Upl mona 2 and
Co 1 were considered as highly resistant as similar to
field screening. The present study results were in line
with Venkataravanappa et al. (2015), who found that
the age of seedlings used for transmission offered a
negative correlation with transmission efficiency and
the transmission was increased as the age of seed-
lings decreased on okra seedlings while B. tabaci was
engaged in the transmission of okra enation leaf
curl disease.

Transmission rate of OELCV on different okra
accessions with varying challenged numbers of B.
tabaci under laboratory condition

The insect transmission levels had significantly varied
among the okra accessions, minimum of two whiteflies
per okra plant was found to be effective for virus trans-
mission, with typical symptoms appearing after a mini-
mum incubation period of 10-12 d under caged condi-
tions. The transmission rate (T) was higher on acces-
sions AE 64 followed by Arka anamika whereas the
lower transmission rates were observed on accessions
Upl mona 2 and Co 1 (Table 2). The transmission rate
(T) and estimated transmission rate for single whitefly
(P*) increased with an increase in number of whiteflies
per plant used. The accession Upl mona 2 showed no
transmission with 4 numbers of whiteflies, whereas the
accession AE 64 had a transmission rate (0.20) with 4
numbers of whiteflies (Fig. 2). The increase in numbers
of challenged whiteflies led to a higher rate of OELCV
disease transmission in different varieties. In the case
of Arka anamika and AE 64 the transmission rate was
0.60, 1.00 and 1.00 with 8, 14 and 20 numbers of
whitefly/plant, respectively. Venkataravanappa et al.
(2015), reported that the number of whiteflies used in
transmission and the increase in AAP or IAP had a
positive correlation with transmission efficiency and
thus increased T and P* values. Similarly, Senanayake
et al., (2012) found that eight whiteflies per plant were
sufficient to produce 100% transmission of chilli leaf
curl virus on Capsicum spp. and the inoculated plants
had developed symptoms within 7-10 d post inocula-
tion. Venkataravanappa et al. (2017), while studying
the B. tabaci genetic species (MEAM- 1 and Asia-1)
and OYVMD interactions had indicated that a minimum
of two and three adult B. tabaci per plant respectively,
were necessary to transmit the disease. The minimum
IAP differed among MEAM- 1 (15 min.) and Asia-1 (20
min.) whitefly population to transmit the OYVMD.

Conclusion

In India, the okra crop is highly susceptible to BYVMV
and OELCYV disease, probably due to the warm tropical
climate and intensive and continuous crop cultivation,
which supports the whitefly population's survival round
the year. In the present study, the efficiency of trans-
mission of OELCV was the highest (maximum T and
P*, 0.80, 1.00 and 0.08, 0.10) when 7 d old seedlings
were inoculated (Arka anamika and AE 64 respective-
ly). Host plant resistance to the virus is one of the most
practical, economical and environmentally friendly strat-
egies for reducing yield loss in okra. Understanding the
resistance mechanisms of the okra accessions and
interactions between plant viruses and their insect host
can pave the way for novel approaches to protect
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plants from virus infection. This phenomenon needs to
be explored in the near future.
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