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ABSTRACT

Investigations carried out on the relationship of Bittergourd Mosaic
virus and its vectors indicated that the pre-acquisition fasting threshold,
acquisition threshold and inoculation feeding threshold were 15 minutes,
5 seconds and 60 seconds respectively for Myzus persicae; 15 minutes, 20
seconds and 5 minutes respectively for Aphis gossypii ; 30 minutes 30
seconds and 5 minutes respectively for Aphis nerii and Brevicoryne brassi-
cae; 30 minutes, 20 seconds and 5 minutes respectively for 4. malvae.
The optimum number of viruliferous aphids per plant for transmission
was 15 for all the five aphid vectors; increasing the number of aphids
above the optimum decreased the percentage of transmission. Tersis-
tence of the virus during fasting was 4 hours, 90, 60, 45 and 30 minutes
respectively for M. persicae, A. gossypii, A. malvae, B. brassicac and A.
nerii while persistence during feeding was 40, 30, 20, 15 and 10 minutes
respectively for the same aphid vectors. Though both alate and apterous

forms of the vectors transmitted the virus, the apterous forms were more
efficient than the alate ones.

INTRODUCTION

AMONG the most important, most complex and most extensively distributed
agents of plant virus vectors, aphids, leaf-hoppers, whitcflics and thrips have
attracted world-wide attention and their relationships to the viruses they trans-
mit have been extensively studied. Black (1959) pointed out that the vectors
of any one plant virus are almost always restricted to one of the major taxa,
such as the aphids, the leaf-hoppers, the whiteflies, the thrips or the nematodes
and a plant virus is almost always transmitted by only one of the principal
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types of transmission, that is, either by the circulative, the stylet-borne, or the
propagative type.

Aphids form the largest group of the vectors of plant viruses studied.
Transmission by aphids has been reviewed, in recent years, by various authors,
such as Bawden (1957), Broadbent and Martini (1959), Carter (1961),
Kennedy (1960), Kennedy et al. (1962), Maramorosch (1963), Rochow
(1961), Smith (1957, 1958), Sylvester (1958, 1962) and Watson (1960).

The mechanism of transmission of plant viruses, particularly non-persis-
tent viruses, has interested many workers in the last few years. Smith (1931)
wrote: “the question of the relationship of strains, biological races and varie-
ties of insect vectors in regard to their ability to transmit viruses is a subject of
great interest and one which up to the present has been much neglected.”
This statement seems still appropriate despite the passage of 35 years. Black
(1954) pointed out that “‘our understanding of what acutally occurs during
aphid transmission is far from complete”.

Several theories of the mechanism of transmission of non-persistent
viruses by aphid vectors have been put forth by numerous workers, important
theories being ‘“mechanical transmission hypothesis“ (Hoggan, 1933);
“inactivator-behaviour-theory” (Watson and Roberts, 1939, 1940); ““mecha-
nicalinactivator-behaviour hypothesis” (Day and Irzykiewicz, 1954) ; ““mecha-
nical surface-adherence hypothesis” (Van der Want, 1954); and “mechani-
cal inactivator-compatibility hypothesis’ (Sylvester, 1954).

In recent years, a new virus disease on bittergourd (Momordica charan-
tia L.) was found in and around Coimbatore. Preliminary studies on this
virus disease have shown that the virus was not transmitted by sap or seed
but transmitted by the aphid vectors. Among the aphid vectors tested, Myzus
persicae Sulz., Aphis gossypii Glov., A. malvae Koch, A. nerii and Brevicoryne
brassicae L. transmitted the virus while A. croccivora Koch., A. maidis F.
and Toxoptera citricidus Kirk. failed to transmit the same. The results
presented in this paper relate to the relationship of this Bittergourd Mosaic
Virus to its five aphid vectors.

METHODS

In the study of the vector-virus relationships of the Bittergourd Mosaic
Virus, young healthy plants of Cucurbita pepo var. early white bush at 2-leaf
stage were used as test plants. The methods adopted were the same as
described by Nariani and Sastry (1962). ‘
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EXPERIMENTAL . RESULTS

(@) Effect of Preliminary Fasting on the Efficiency of the Aphid Vectors
to Acquire the Virus

The results are presented in Table I. Tt is evident from the table that
for successful transmission of the Bittergourd Mosaic Virus a preliminary
fasting was essential for all the five species of aphid vectors. In the case of
Mpyzus persicae and Aphis gossypii a fasting of 15 minutes prior to acquisi-
tion was sufficient for virus transmission while in the case of A. malvae, 4.

neriiand Brevicoryne brassicae a preliminary fasting of 30 minutes was required

to effect transmission. With a progressive increase in the preliminary fasting
period, the precentage transmission of the virus by the five aphid vectors
increased progressively up to 90 minutes which was found tobe the optimum
fasting period for all the five aphid vectors. No appreciable increase in the

TaBLE 1

Effect of pre-acquisition fasting period of the vectors on the transmission efficiency

of the Bittergourd Mosaic Virus

(Acquisition feeding period: 5 minutes)

Myzus persicae Aphis gossypii \ Aphis malvae Aphis nerii Brevicoryne brassicae
Pre-
S faquisiton| TR0 | i |pecenae| P |p plants Dlents
| oo | i | P iy Peenee iy P |y | Peremtge G | Peceage
of mission of mission of mission of mission of mission
10 10 12 10 10
1 Nofast-| .. . . . o s v . . .
ing
2 6 min, . . . . .o . . .o . .
3 15 ,, 3 30-00 2 20-00 . . .o .o . .
4 30 » b 50-00 2 20+C0 3 25-00 2 20-00 3 30-00
6 45 |, 6 50-00 4 40-00 | b 41-66 5 50-00 b 50-00
6 60 ,, 7 7000 8 6000 9 76+00 6 60-00 6 60-00
7 90 ,, 7 70-00 7 70+00 9 75-00 7 70-00 6 60-00
8 2 hrs. 6 60+CO b 50+0C 8 86-66 5 50-00 4 40-00
9 6 , 3 3000 4 40-00 3 25-00 3 20-00 4 40-00
10 24, 4 40-00 4 40-00 3 25+00 2 20-00 2 20-00
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percentage transmission of the virus was noticed when the vectors were fasted
over 90 minutes.

(by Acquisition Threshold of the Aphid Vectors

The results presented in Table 1 indicated that the acquisition threshold
varied from one vector to another.  Among the aphid vectors tested, the
acquisition threshold of Myzus persicae was as short as 5 seconds while it was
20 seconds in the case of Aphis gossypii and A, malvae,  In the case of A. nerii
and Brevicoryne brasyicae the acquisition threshold was 60 and 30 seconds
respectively.  However, it was evident from the table that an optimum acqui-
sition feeding of 5 minutes by all the five species of aphid vectors was neces-
sary to get higher percentage transmussion of the virus.

(¢) Inoculation Threshold of the Aphid Vectors

From the results presented in Table I it was observed that the minimum
inoculation feeding period or the moculation threshold was only 60 seconds

Tanie 1l

Effect of acquisition  feeding period of the aphid vectors in the transmission of the

Bittergourd  Mosaic Virus

(Pre-acquisition feeding period: 90 minutes)
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in the case of M. persicae and 5 minutes in the case of A. gossypii, A.malvae .
A. nerii and B. brassicae. However, the percentage of transmission was
lower at the minimum inoculation feeding period. An inoculation feeding
period of 1 to 2 hours on the test plant resulted in an appreciable increase
in the percentage transmission of the virus. However, inoculation feeding
over 2 hours did not result in any increase in the transmission percentage.

TasLe 111

Inoculatzon threshold of the aphid vectors in the z‘ra,nsmzsszon of the vzrus

(Preliminary fastmg period: 90 minutes)
(Acqulsmon feeding perlod 5 minutes)

S. Inoculation Myszus Aphis Aphis Aphis Brevicoryne
No. | feeding period tersicae gussypii malvae 7erii brassicac
1| 30 sec. .. 0/10 o/m 0/8 1 . 0f8 0/10
¢ | 60 , .. 210 0/10 o8 | o 0/10
3 5 min, .. 4/10 2/10 2/8 2/8 3/10
4 | 10, .. 6/10 5/10 5/8 4/8 5/10
5 | 20 , .. 6/10 5/10 5/8 58 6/10.
6 | 3 , . 5/10 6/10 4/8 58 6/10
7T 60 , .. 7110 6/10 5/8 6/8 7/10
8 2 hrs. .. 7/10 | 7/10 | 5/8 | 58 .| . .6/10
9 4 . 6/10 5/10 5/8 3/8 5/10
10 8 . 5/10 4/10 3/8 3/8 410
e, . 4/10 4/10 4/8 .38 | B0

" Numerator : No. of plants infected.

Denominator : No of plants inoculated.

(d). Relation of Number of Viruliferous Aphids per Plant fo Percentage
T ransmzsszon

The data presented in Table IV show that even a s1ngle viruliferous
aphid in the case of M. persicae transmitted the virus Whereas in the case of
A. malvae, a mlmmum number of three viruliferous aphids was found neces-
saty for sﬁccessful transmission. In the other three aphid vectors, viz., 4.
gossypii, A. nerii and B.. brassicae the minimum number for transmission;
was five. However, it wa,s observed that an optimum number of 15 aphids,
per plant would result in_higher percentage of transmission, Furthel: At
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was noticed that larger number of aphids above the optimum level decreased
the transmission percentage.

TABLE IV

Relatzon of number of viruliferous aphids per plant to percentage tmnsmzsszon
of the virus

(Preliminary fasting : 90 minutes)
(Acquisition feeding : 5 minutes)

S. | No. of aphids .’ Myzus Apkis l Aphis l Aphis Brevicoryne
No. per plant . persicae £ossypis malvac 1eris . brassicae

1 | One - 2010 0/8 0/8 j 0/6 0/8

2 | Three .| 3710 B s ofe 0/s

3 | 'Fwe .| sp0 28 28 . 1fe © 2fs

4 | Ten T 8/8 B8 5/6 5/8

5 | Fifteen .. 710 T es 88 5 5/6 T

o | Twenty .| eno | e o8 1 4fe 5/8

7 ‘Abovetwenty 5/10 5/8 5/8 ‘ 2/6 48

- Numerator = -~ ~No. of plants infected. - -

Denominator : No. of plants inoculated.

(e) Persistence of the Virus in the Aphid.Vectdﬁ' ‘Durz;né Fa&ting

" The efféct of post-acquisition fasting of the viruliferous aphid vectors
on the efficiency of transmission of the virus was determined and the results
are presented in Tatle V. The results indicated the retention of the virus in
the five aphid vectors.during fasting varied. It was found that persistence
of the virus during fasting was 4 hours in M. persicae, 90 minutes in A
gossypii, 45 minutesin A. malvae and B. brassicae and 30 minutes in A. nerii.

(f ) Persistence of the Virus in Aphid Vectors During Com‘muous Feeding

. The results indicated that variation in persistence of the Bittergourd
‘Mosalc Virus was noticed not only among the five aphid vectors but also
between continuous .feeding on test plant and continuous fasting on
petri plates. It was found that M. persicae retained the virus for 35 to 40
minutes after acquisition when they were fed continuously on healthy plants.
In the case of A. gossypii the persistence of the virus was 3Q minutes after
acquisition while it was 15-20 minutes in 4. malvae, 10 minutes in. 4. nerji
and 10-15 minutes in 'B. brassicae. .
BS
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TaBLE V
Persistence of the Bittergourd Mosaic Virus in the vectors during fasting

(Preliminary fasting : 90 minutes)
(Acquisition feeding : 5 minutes)

5. | Post-acquisition Myzus Aphis Aphis Aphis Brevicoryme

No. i fasting fersicac LOSSyLis malvae nerss brasid ae
1

1 | No fasting .. 8/10 6/8 0/8 6/4 /4

2 | 10 min, .. 8/10 6/8 8/5 3/6 /8

30 3 , .. 6/8 5/8 5/8 2/6 | 88

s | a6 . .| e 5/ Y 0/6 2/6

5| e . .| sm 23 0/8 o/6 . ufe

0 00 ,, . 3/8 2/8 | 0/e 0/8 ; 0/

T swm .| 28 o/e 0/6 o8 | ue

8 4, . e 0/ 0/6 o6 08

9 R 0/8 0/6 0/6 0/6 i 0/6

10 ! 2¢ . 0/6 0/6 o/6 o/6 i v/6
Numerator :  No. of plants infected.

Denominator : No. of plants inoculated.

(8) Relationship of Different Forms of the Aphid Vectors to the Percentage
Transmission of the Virus

The efficiency of both alate and apterous forms of the aphid vectors in
the transmission of the Bittergourd Mosaic Virus was determined and the
results are presented in Table VI.

The results indicated that both alate and apterous forms of the five species
of the aphid vectors tested transmitted the Bittergourd Mosaic Virus. How-
ever, variation in the percentage transmission of the virus between the alate
and apterous forms was observed, the percentage transmission being higher
in the apterous forms than the alate forms of the vectors.

DiscussioN

‘Detailed studies on the relationship of the Bittergourd Mosaic Virus to
its five aphid vectors revealed some interesting results. It has been observed

ok i A P
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TABLE VI

Comparative efficiency of alate and apterous- forms of the vectors in virus
transmissicn

(Preliminary fasting : 90 minutes)
(Acquisition feeding : 5 minutes)

Alate forms Apterous forms
1‘? ’ Aphid victors No. of plants No. of plants
OI
. Percentage X Percentags
infection infection
Inoculated | Infected Inoculated | Infected
1 Mysus peysicae .. 12 i 41:66 12 10 8333
2 Aphss gossypit .. 12 7 5R-33 12 9 75-00
- 8 Apkss malvae . 12 3 41-66 12 6 50-00
4 Aphis merii .. 12 2 16-86 12 5 41-68
5 Brevicoryme bras- 12 6 50-00 12 9 75+00
sicae .

that preliminary fasting increased the efficiency of the vectors; shorter the
preliminary fasting lesser was the percentage transmission. The optimum
period of preliminary fasting to get maximum transmission of the virus was
found to be 90 minutes in all the cases. It was also observed that the length
of the preliminary fasting period varied inversely with the efficiency of trans-
mission. When no preliminary fasting was given none of the vectors acquired
the virus. The reason for this may be attributed to the fact that in non-fasted
aphids the salivary inhibitor is present in sufficiently high quantities as to
inactivate the virus taken up during feeding and, secondly, during fasting the
secretion of the inhibitor is reduced or even completely stopped. It is also
possible that the rate of production of inhibitor during fasting is very low
with the result that the rate of inactivation of the virus in fasting insects is
low. These observations are similar to those reported by Watson (1936),
Watson and Roberts (1939), Bradley (1952), Sylvester (1954), Day and
Irzykiewicz (1954) and Nariani and Sastry (1962).

The experiments on the acquisition feeding period have shown that the
Bittergourd Mosaic Virus can be acquired by the most efficient vector, Myzus
persicae with an acquisition feeding period as short as 5 seconds and the least
efficient vector, Aphis nerii, acquired the virus in 60 seconds, thus indicating
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that the acquisition threshold varies inversely as the efliciency of transmission.
The optimum feeding period which produced maximum number of infections
was found to be 5 minutes for all the five specics of the vectors. Increasing
the acquisition feeding period above the optimum decrcased the percentage
transmission. It has been reported by Watson and Roberts (1939), Day
and Irzykiewicz (1954), Sylvester (1954), Bradley (1954, 1959), Nariani
and Sastry (1962) that longer the aphid fed on the diseused plant, the less
efficient it became as a vector, the reason being the production of inhibitors
in insects during feeding. The differences in acquisition threshold could also
be explained by postulating differences in quantity of inhibitor seereted - the
least efficient vector secreting larger quantitics than the most ¢flicient vector
and, therefore, larger quantitics of the virus are required to ncutralize the
inhibitor leaving a residuc of transmissible virus.

The. experiment on the inoculation threshold indicated that the most
efficient vector, Myzus persicae, can transmit the virus in a short feeding
period of 60 seconds, compared to theleast cflisient vector, Aphis nerii which
requiredES minutes of feeding on healthy test plants.  The percentage trans-
mission of the virus, however, increascd with the increase in the test plant
feeding period up to 60 minutes. It is presumed that the more efficient vector
carried a larger quantity of virus in its mouth parts and at every probe a larger
charge of virus is delivered into the suscept leaf thanin the case of less efficient
vector. This may be the reason why a longer inoculation threshold is required
in the less efficient vector. Nariani and Sastry (1962) working on the chilli
mosaic virus observed similar results and the explanation given by them was
that most of the aphids, that can cause infections, do so within the first hour
and further increase in the duration of test plant feeding does not seem to
increase the number of infections significantly.

~ Studies on the relationship of number of viruliferous aphids to the per-
centage transmission have revealed that even a single viruliferous aphid
(Myzus persicae) is capable of transmitting the virus. In the case of other
vectors, a minimum number of five viruliferous aphids was found necessary
to incite infection. However, the percentage transmission of the virus was
very low. Similar results have been obtained by Severin and Freitag (1938),
Freitag and Severin (1945), Severin and Thompkins (1945, 1950) and Nariani
and Sastry (1962) working ;with aphid transmitted non-persistent viruses.
Another interesting observation made was that when a large number of

viruliferous aphids, above an optimum, was used, there was a decrease in
the transmission percentage. - “
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Persistence of the virus in the vectors was longer during fasting than
feeding. This corroborates earlier studies on CMV (Doolittle and Walker,
1928 ; Bhargava, 1951), PVY (Smith, 1931; Watson and Roberts, 1940), pea
mosaic virus (Osborn, 1937), Henbane mosaic virus (Watson, 1938 ; Watson
and Roberts, 1940). Day and Irzykiewicz (1954) observed that the duration
of persistence of infectivity of aphids has a bearing on the inactivator hypo-
thesis. During fasting, the viruses would have less opportunity of coming
in contact with a salivary inhibitor. During feeding some virus is wiped off
the stylets but the very short survival time of viruses during feeding indicates
that they are subjected to an additional inhibiting action. The results
obtained in the present studies seems to lend support to the inactivator-hypo-
thesis. It was further observed thatin theefficient vector, Myzus persicae, the
persistance of the virus during fasting as well as feeding was always longer
than in the inefficient vector, Aphis nerii. This seems to indicate that there
are inherent differences between aphid species in the quantities of the
postulated inhibitor secreted.

-
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