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A field survey was conducted in 2018 to study the incidence of citrus tristeza
virus (CTV) and its aphid vectors, in different citrus growing regions of the
states of Assam and Nagaland, India. Leaf samples of Assam lemon (Citrus
limon) and Khasi mandarin (Citrus reticulata) were collected from four
districts of Assam (Jorhat, Tinsukia, Sivasagar and Golaghat) and two districts
of Nagaland (Mokokchung and Wokha). Citrus leaf samples were collected
from a total of 190 citrus plants and were used for detection of CTV infection
through Double Antibody Sandwich-Enzyme linked Immuno-Sorbent Assay
(DAS-ELISA). According to the results, 75 per cent CTV disease incidence
was detected in surveyed areas of Assam and 24.55 per cent CTV disease
incidence was detected in surveyed areas of Nagaland. District wise, the
highest CTV disease incidence (96.67 %) was detected in Tinsukia district of
Assam and the lowest (21.43 %) was detected in Mokokchung district of
Nagaland. Aphid samples were also collected during the survey and the
presence of the vector Toxoptera citricida, in all the locations was determined.

Introduction

Citrus is an important fruit crop in India,
ranking third after mango and banana. The
total area under citrus in India is 1.06 million

hectare producing 12.75 million tonnes
(Anonymous, 2017a). Citrus is cultivated in
almost every state of India, however due to the
problem of citrus decline its productivity has
been greatly hampered in recent years. In the
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state of Assam, the total area under orange is
17,358 hectare producing about 231642 tonnes
and the total area under Assam lemon is
15,022 hectare producing 139404 tonnes
(Anonymous, 2016). Similarly in the north
eastern state of Nagaland, orange is cultivated
in an area of 6,487 hectare producing about
54,650 tonnes and Lemon is cultivated in an
area of 1,261 hectare producing about 9846
tonnes (Anonymous, 2017b).

Citrus tristeza virus (CTV), is one of the
important causal agents of citrus decline
disease worldwide and it has killed or caused
decrease in production of more than 100
million citrus trees all over the world in the
last 10 decades (Moreno et al., 2008).

Citrus tristeza virus, one of the prime causes
of citrus die back has been reported from
various states of India (Ahlawat et al., 1988,
Capoor et al., 1963, Nariani et al., 1965,
Vasudeva et al., 1958). In India CTV has been
reported to causes leaf yellowing, growth
cessation, chlorosis, plant stunting with poor
fruit yield and quality, and ultimately tree
decline (Chakroborty et al., 1992; Biswas,
2008; Sharma et al., 2011; Singh et al., 2013;
Biswas et al., 2014). Citrus Tristeza Virus
(CTV) is disseminated by grafting and some
aphid species in a semi-persistent manner.
CTV can only be transmitted by aphids and
the brown citrus aphid T. citricida (Kirkaldy)
has been found to be the most efficient vector
(Bar-Joseph et al., 1979b). CTV is distributed
in all the citrus-growing geographical zones in
India: Northeast, South, Northwest and
Central, with an estimated disease incidence
ranging from 10 to 90 % and infecting almost
all the important citrus species, cultivars and
hybrids in India (Chakraborty et al., 1992,
Biswas 2008). In the Northeast, CTV is a
major problem and T. citricida, the most
efficient vector of CTV, is common (Ahlawat
1997, Biswas 2008). Considering the
importance of Citrus tristeza virus (CTV) in
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the context of citrus production and
productivity DAS-ELISA tool was used in this
study to assess the prevalence of CTV in some
citrus growing regions of Assam and
Nagaland, India.

Materials and Methods
Roving survey and collection of samples

To assess the prevalence of Citrus Tristeza
Virus, a survey was conducted in some citrus
growing regions of Assam and Nagaland
(India), in the year 2018. Samples were
collected from four districts of Assam (Jorhat,
Golaghat, Tinsukia and Sivasagar) and two
districts of Nagaland (Mokokchung and
Wokha). Studies on the incidence of CTV
were carried out by collecting 10 young leave
samples from all sides of 10 randomly
selected trees from each orchard. The leave
samples were collected in zip lock plastic
bags, which were labelled and brought back to
the laboratory, where it was stored in deep
freezer for ELISA assay. In order to assess the
aphid vector complex and the intensity of
aphid infestation, ten (10) random plants from
each orchard were selected. The intensity of
aphid infestation was estimated with the help
of the following scoring system.0 = no aphid,
1 = 1-4 aphid infested twigs, 2 = 5-10 aphid
infested twigs, 3 => 10 aphid infested twigs.
From each orchard aphid infested flushes were
collected in labeled polythene bags and the
aphids were later transferred into glass vials to
be preserved in ethanol for identification. Data
on elevation of the different locations were
also collected during the field visits.

Double-Antibody sandwich Enzyme-linked
immune-sorbent assay (DAS-ELISA)

To detect CTV in the leaves samples collected
from different citrus growing areas, Double
Antibody Sandwich ELISA was used
following the recommended protocols.
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Sensitization of plate

Coating buffer (Appendix I) was used to dilute
IgG (1000x) into 1:1000 dilution (20ul in 20
ml). Each well of the microtiter plates were
filled with 200 pl of diluted IgG (Plate 1). The
plates were wrapped with moist paper towel in
order to prevent evaporation of the coating
antibody solution and were placed inside
plastic bags. The plates were incubated for 4
hours at 30°C.

Homogenization of samples

Using mortar and pestle, leaf samples were
homogenized in PBS-Tween (PBS-T).
Approximately, 1g of leaf sample was
homogenized in 1ml of extraction buffer.

Addition of samples

Contents of wells were removed and washed 3
times with PBS-T for 1 minute each. Each
well of the microtiter plates were filled with
200 pl antigen (homogenized sample) and
incubated at 4°C overnight (Plate 2).

Addition of Conjugate

Contents were removed and washed 3 times
with PBST for 1 minute each. 200ul diluted
enzyme labeled antibody (conjugate) were
added to each well (Plate 3). The plates were
wrapped in moist paper towel, put into plastic
bag and incubated at 30°C for 4 hours.

Addition of substrate

Contents were removed and washed, as above.
200 pl of alkaline phosphatase substrate tablet
dissolved in diethanolamine buffer (pH 9.6), at
a concentration of 1 mg/ml were added to each
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well and incubated at room temperature for 30
minutes to 1 hour (Plate 4). Per well 50 ul of 3
M NaOH were added, to stop the reaction and
the microtiter plates were scanned at 405 nm
in ELISA reader. Plants were considered
infected with CTV, if the ELISA reading was
observed to be four times above the average
reading of the healthy samples (usually 20.1)
(Azzam et al., 2001). The ELISA data were
analyzed and per cent disease incidence was
worked out.

Disease incidence was determined as:
% Incidence of CTV
Number of ELISA positive plants

X100

Number of treez examined

Results and Discussion
Incidence of CTV

During the present survey work, leaf samples
were collected from 19 citrus growing regions
of Assam and Nagaland, and were subjected to
DAS-ELISA assay. The assay was performed
successfully and the ELISA values (Virus titre
values) were recorded. The data revealed that
the highest mean ELISA values for all positive
samples were maximum in Purani Motapong
village (0.623) followed by Gelapukhuri
village (0.423) from the district of Tinsukia,
Assam. While, the lowest ELISA value was
recorded in Yikhum village (0.090) from the
district of Wokha, Nagaland. The results of
the DAS-ELISA shows that virus titre in the
infected plants was more in Purani Motapong
village and Gelapukhuri village of Assam. The
ODyps values ranged from 1.152 to -0.010.
The result also indicated that one location
(Tsurang 1) from Nagaland was free of CTV
infection (Table 1 and Fig.1).



Int.J.Curr.Microbiol. App.Sci (2021) 10(09): 68-78

Table.1 ELISA values (OD4gs) for extract of leaf tissues from different citrus growing regions of
Assam and Nagaland

State District villages Mean ELISA Maximun Minimum
for all positive ELISA ELISA
samples Value value

| | Mangmetong2 | 0288 | 0361 | 0005

| Yimchalu2 | 0177 | 0243 | 0007

.~ Tsuangl 0000 0029  -0004

. Tsuang2 | 0098 | 0107 | 0003

_

. Yikwm | 009 | 0106 | 0007
|

0.372 0.963 -0.002
.~ lahonGaon 0385 0724 0025
| Tinsukia |  Gelapukhuri 0.423 1.152 0.144

| TerajanGaon | 0.269 0.581 0.025

|
|| Sankala Gaon 0.175 0.298 0.007
.~ Jorhat | AAU 0459 0650 0277

Fig.1 ELISA values (OD4os) for extract of leaf tissues from different citrus growing regions of
Assam and Nagaland

—e—Mean ELISAfor all positive samples ~#-Maximun ELISA Value
~#—Minimum ELISA value

1.400

1.200

- VA
AT/

Different Locations of Assam and Nagaland
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Table.2 CTV incidence in different villages of Assam and Nagaland

State State wise Per District villages Per cent District wise
cent Infection Infection (%) Per cent
(%) Infection (%)

./ | Mangmetong2 200 |

. Yimhau1 1000
-\ | Yimhau2 | 30 |
|/ | Tswang2 | 300 |
| | Wokha |  Elumyo | 2000 | 3000
/| Yikwm | 200

[ —
75.00 70.00 55.00
[ —
| Tinsukia |  Gelapukhuri 100.00 96.67

- fawmean | %00
~ Gokgha | Knumti 6000 5500
T sankalaGaon 000 |
. dma AAU %00 %000

Table.3 Elevation of the different study sites

State District Village Elevation (AMSL

T Mangmeo2 | maom
T Nimchw2 | eam
-y 0 Tsuang2 | 628m
|  Wokha | Elumyp | 98m |
T vikm L mem
”_
| Tinwka | Gk | dim
T agmGen | im
V<" R A T R

*AMSL- Above mean sea level, m- Meter

72



Int.J.Curr.Microbiol. App.Sci (2021) 10(09): 68-78

Table.4 Intensity of aphid infestation at different study sites

State District Village Level of aphid infestation

__Mangmetong 2 2 ]
__Yimchalu 2 1]
-~ 0 Tsuang2 | 1
_Wokha ~ Elumyo | 2
- Yikwm 2

. laonGan 2
| Tinsukia Gelapukhuri
... PuaniMotapongNo.2 3
- TaganGaon . 3

|
./ | SakalaGaon | 3
. Jotha . AU 3

*0 = no aphid, 1 = 1-4 aphid infested twigs, 2 = 5-10 aphid infested twigs, 3= > 10 aphid infested twigs

Fig.2 CTV incidence at different villages of Assam and Nagaland

Percent CTV incidence

Different Villages of Assam and Nagaland
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Plate 1: Coating of Primary Antibody Plate 2: Coating of Grinded Samples

Plate 3: Coating of Conjugate

Plate.5 T. citricida on Assam Lemon
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Plate.6 Adults (apterae) and nymphs of T. citricida

Fig.3 Relationship between Elevation and incidence of CTV

Plate.7 Adults (alatae) of T. citricida
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Fig.4 Relationship between Level of Aphid Infestation and incidence of CTV

&= |_evel of Aphid Infestation

=% Incidence of CTV
120

100

=3
o

@
o

I
o

% Incidence of CTV
S

Different Villages of Assam and Nagaland

Level of Aphid Infestation

75




Int.J.Curr.Microbiol.App.Sci (2021) 10(09): 68-78

According to the DAS-ELISA results, 60 out
of 80 citrus plants were found to be infected
with CTV indicating 75 per cent CTV disease
incidence in surveyed areas of Assam and 27
out of 110 citrus plants collected from
Nagaland were found to be infected with CTV
indicating 24.55 per cent CTV disease
incidence in surveyed areas of Nagaland. The
results revealed the presence of CTV in all the
surveyed districts of Assam and Nagaland and
the highest CTV disease incidence (96.67 %)
was detected in Tinsukia district of Assam and
the lowest (21.43 %) was detected in
Mokokchung district of Nagaland (Table 2
and Fig.2). Singh et al., (2017) also reported
CTV incidence of 66 per cent in Arunachal
Pradesh followed by 62 per cent in Assam, 60
per cent in Meghalaya and Nagaland, 54 per
cent Sikkim and 42.33 per cent in Tripura.
Borah et al., (2012) reported CTV incidence
of 63.50 per cent in citrus growing regions of
Assam. Kishore et al., (2010) and Iftikhar et
al., (2009) also reported the incidence of CTV
using ELISA technique.

During the study the elevation of the different
sites visited were recorded to understand the
relation between the incidences of CTV and
elevation of the sites. The elevation of the
different locations ranged from 79 - 1130m
AMSL (Table 3 and Fig. 3). The data on
elevation and percent incidence of CTV was
subjected to correlation studies and the results
indicated a significant and negative correlation
(r=-0.536) between CTV disease incidence
and elevation of the different sites. The
finding suggests that the incidence of CTV
decreases as the elevation increases. However,
such results have not been reported in the past
and hence, warrant further investigation.

Incidence of CTV aphid vector T. citricida

The aphid samples collected during the study
were preserved in 70% alcohol and were
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identified from the National Bureau of
Agricultural Insect Resources (NBAIR),
Bengaluru. During the present investigation, a
single aphid species T. citricida (Plate 5, 6 and
7) belonging to the family Aphididae and
commonly known as brown citrus aphid
(BCA) was identified from all the locations.
The presence of T. citricida in citrus plants of
the north eastern regions of India has also
been reported by Kishore et al., (2010), Ghosh
et al., (2015) and Borah et al., (2012).

Level of aphid infestation was also recorded
for all the location and correlated with
incidence of CTV (Table 4 and Fig. 4). The
result indicated a significant and positive
correlation (r=0.832) between CTV incidence
and level of aphid infestation. The finding
suggests that the incidence of CTV increases
as the level of aphid infestation increases.
From the present investigation it can be
concluded that the CTV is widely spread with
high incidence percentage in all the surveyed
areas of Assam and Nagaland. DAS-ELISA
was found to be very accurate and efficient in
detection of CTV, which could be important
tool in certification of CTV-free planting
materials. The above findings draw the
conclusion that T. citricida is an important sap
sucking pest of citrus and an important vector
of CTV, prevalent in both the states of Assam
and Nagaland.
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