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ABSTRACT

HIBINO, H., N. SALEH, and M. ROECHAN. 1979. Transmission of two kinds of rice tungro-associated viruses by insect vectors.

Phytopathology 69:1266-1268.

Two kinds of tungro-associated viruses, bacilliform (B) and isometric(I),
were transmitted together or separately by Nephotettix virescens from rice
plants infected with both B and I particles. Both particles were acquiredina
30-min acquisition access period, transmitted in a 10-min inoculation
access period, and retained by the insects for 3 days. 1 particles were
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transmitted from plants infected with I particles alone, but B particles were
not transmitted from plants infected with B particles alone. N. nigropictus
transmitted 1 particles from rice plants infected with I particles alone
and, occasionally, I particles but not B particles from doubly
infected plants.

Tungro is one of the most important rice diseases in tropical
Asian countries. The disease has been thought to be caused by an
isometric “rice tungro virus” (2) transmitted by leafhoppers,
efficiently by Nephotettix virescens and inefficiently by N.
nigropictus and Recilia dorsalis (2,6). Small bacilliform particles
also have been found in thin sections of tungro-diseased rice cells
(1,5,11-13). In our previous reports, dip preparations from tungro-
diseased rice plants examined with an electron microscope (4,5)
contained bacilliform (B) or isometric (I) particles or both. I
particles were transmitted alone by N.virescens but B particles
were dependent on I particles for transmission (4,5). Symptoms
were caused mainly by B particles and were intensified by I
particles.

Rice tungro virus-vector interactions have been investigated in
several countries (3,6,7,9,10,16). In those investigations, infection
was assumed on the basis of symptoms on inoculated plants that
might have contained B and/or I particles. Because tungro disease
is associated with two kinds of virus particles, we reexamined the
interactions between the tungro-associated particles and the insect
vectors. B and I particles were transmitted together or separately by
insects, and infection was judged by virus particles in inoculated
rice leaves.

MATERIALS AND METHODS

A tungro isolate collected from South Sulawesi in 1976 was
maintained on rice seedlings by successive transfers using N.
virescens. | particles isolated from a tungro-diseased rice plant (4)
were maintained similarly. B particles were isolated from the
tungro isolate in each experiment; plants containing only B
particles (4) were selected.

Colonies of N. virescens, N. nigropictus, and R. dorsalis were
reared on rice seedlings in screened cages. The insects did not
transmit any known viruses or mycoplasmalike organisms in tests
with rice seedlings. Male adults generally were used to transmit
viruses. Acquisition and inoculation accesses were conducted inan
air-conditioned (26-28 C) room. Unless otherwise specified, insects
given an acquisition access period of 1 day on adiseased plant were
allowed an inoculation access period of 8 hr on each seedling
(cultivar Taichung Native 1) at the first orsecond leaf stageina test
tube. Two insects were allowed for transmission from plants
infected with both B and I particles, and five insects were allowed
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for transmission from plants infected with either B or I particles.
Inoculated seedlings were grown in a greenhouse. About 3 wk after
inoculation, seedlings were examined for virus particles by the dip
method (4); a Hitachi HS-9 electron microscope was used.

RESULTS

Transmission of B and I particles by N. virescens. B and I
particles were transmitted in various periods of acquisition and
inoculation accesses from rice plants infected with both particles.
Both particles were acquired in a 30-min, but not in a 10-min,
acquisition access period and were transmitted in a 10-min
inoculation access period (Table 1). Transmission of both particles
was more efficient with longer acquisition and inoculation access
periods.

Effect of insect number on transmission is shown in Table 2.
Both B and I particles were transmitted by 25% of single insects and
B particles alone by 45%. B particles were transmitted by 70% of
insects and I particles by 25%. The percentage of seedlings infected
with both B and I particles increased as the number of insects per
seedling increased.

Retention periods of B and I particles by V. virescens. Insects
given acquisition access to both B and I particles were transferred
daily to fresh seedlings for inoculation access. Infectivity of insects
decreased markedly at the second inoculation access (Table 3).
Retention periods of B and 1 particles were 3 and 2 days,
respectively.

In another experiment, 78 insects given acquisition access to
both B and I particles were allowed an inoculation access period of
8 hr on seedlings and then held overnight on a plant infected with I
particles only. A second inoculation access period of 8 hr was
followed by an overnight acquisition access period to I particles.
These acquisition and inoculation access periods were repeated five
times. Similar serial transmissions were repeated with 66 insects.
Tungro symptoms appeared on seedlings inoculated at the first to
third access periods but not on those inoculated at the fourth or
later periods, suggesting that the insects retained B particles for 3
days, even when they acquired I particles daily.

Transmission of 1 particles by N. virescens. 1 particles were
transmitted from rice plants infected with I particles alone.
Particles were transmitted by 60% of single insects, and nearly
100% of the seedlings were infected when more than four insects
were allowed inoculation access. Insects were given acquisition
access periods of 10 min to 1 day and an inoculation access period
of 8 hr. In another experiment, viruliferous insects were given



TABLE 1. Effect of acquisition and inoculation access periods on
transmission of bacilliform (B) and isometric (I) particles from rice plants
infected with both particles by Nephotettix virescens

TABLE 2. Effect of insect number on transmission of bacilliform (B) and
isometric (I) particles from rice plants infected with both particles by
Nephotettix virescens”.

Acquisition Inoculation Number of seedlings Number of seedlings
access access with particles Nifabar of with particles
period period" B+1 B 1 None insects B+1 B I None
10 min 8 hr 0 0 0 20 1 5 9 0 6
30 min 8 hr 3 2 1 14 2 10 8 0 2
1 hr 8 hr 6 1 0 13 3 12 7 0 |
8 hr 8 hr 14 2 | 3 4 13 Bl 0 3
| day 8 hr 12 7 0 1 5 13 7 0 0
: ‘Insects were given an acquisition access period of |1 day and an
| day 10 min 6 5 1 8 . - :
I day 30 min 5 4 | 10 inoculation access period of 8 hr.
1 day | hr 1 4 0 5
1 day 8 hr 13 3 0 4

"Two insects per seedling.

inoculation access periods of 10 min to 8 hr. I particles were
acquired in a 1-hracquisition access period and were transmitted in
a 10-min inoculation access period. Retention period of the
particles by 275 insects was determined in two separate
experiments; five insects were transferred daily to each seedling for
inoculation access. The insects retained I particles for 4 days.
The insects did not transmit B particles from plants infected
with B particles alone,

Transmission of B and I particles by N. nigropictus. Efficiency of
N. nigropictus and N. virescens in transmitting B and I particles
from a plant infected with both particles was compared. N.
nigropictus and N. virescens inoculated 63 and 65 seedlings,
respectively. N. nigropictus transmitted 1 particles but not B
particles to one seedling. N. virescens transmitted both particles to
29 seedlings, B particles only to 13, and 1 particles only to one.

Tests for transmission of I particles by N. nigropictus and R.
dorsalis. Seedlings were inoculated with I particles separately by N.
nigropictus and R. dorsalis. N. nigropictus infected 13 of 21
seedlings, but R. dorsalis did not infect any of 22 seedlings.

DISCUSSION

Rice tungro virus is transmitted by N. virescens in a
semipersistent manner; the insect retains the agent for 3-5 days,
and no definite latent period has been shown. Rice waika virus is
related serologically to the I particles (5,11,12) and is transmitted
similarly by Nephotettix spp. (8,14,15). In our experiments, both B
and I particles were transmitted in a semipersistent manner from
doubly infected plants by N. virescens. 1 particles were transmitted
from plants infected with I particles alone but B particles were not
transmitted alone, as reported previously (4,5). The results of our
experiments did not indicate that the manner of B particle
transmission differed from that of I particle transmission. The
insects retained B particles for 3 days, even when they were given
daily acquisition access to I particles.

B particles from doubly infected plants were transmitted by 70%
of N. virescens and 1 particles, by 25%; I particles from plants in-
fected with I particles alone were transmitted by 60% of the insects.
N. nigropictus was more efficient in transmitting I particles from a
plant infected with I particles alone than from a doubly infected
plant, suggesting interaction between B and I particles in the insect
vectors. In a previous report, transmission of 1 particles by N.
virescens was inhibited when both B and I particles were acquired
by the insect (4). These results and the fact that B particles require
assistance from I particles for transmission (4,5) indicate complex
interactions between the two kinds of particles in insect
transmission.

I particles are also transmitted by N. cincticeps (H. Hibino et al,
unpublished) as efficiently as by N. virescens and N. nigropictus,
whereas tungro disease is transmitted efficiently by N. virescens
and less efficiently by N. cincticeps. Therefore, attention must be
given to the spread of I particles in tungro-free areas.

TABLE 3. Results of serial daily transmission of bacilliform (B) and
isometric (I) particles by Nephotettix virescens after termination of an
acquisition access period of I day onrice plants infected with both particles’

Number of seedlings
with particles

Transfers B+ 1 B 1 None
| 18 10 0 2
2 | 5 0 22
3 0 1 0 27
4 0 0 0 28
5 0 0 0 26
6 0 0 0 22

*Two insects per seedling in each transfer,
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