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TRANSMISSION OF RICE TUNGRO VIRUS AT VARIOUS TEMPERATURES:
 

A TRANSITORY VIRUS-VECTOR INTERACTIONl
 

ABSTRACT
 

The effect of temperature on the transmission of rice tungro virus by the
 
adult green leafhopper Nephotettix v&ezcem (Distant) (Homoptera:
 
Cicadelloidea: Euscelidae) was studied under controlled conditions. 
The
 
insects acquired the virus from diseased plants and inoculated rice
 
seedlings at temperatures ranging from 10 to 38 C. Transmission efficiency
 
tended to increase with increasing temperature from 10 to 310C.
 

In tests at 13, 20, 27, and 34 C, the infective capacity proved to be
 
highest at 34 C. The life span of tungro-viruliferous insects increased as
 
temperatures decreased from 34 to 13 C. The longest retention periods at
 
13 and 32 C were 22 and 6 days, respectively, after acquisition feeding at
 
room temperature. At 7 C, low insect infectivity was recorded but the low
 
temperature neither increased the infectivity, nor altered the character of
 
gradual loss of the infectivity. Because of its long retention period, we
 
have classified tungro virus as a transitory, leafhopper-transmitted virus
 
instead of a nonpersistent virus.
 

1by K. C. Ling and E. R. Tiongco, plant pathologist and research assistant,
 
International Rice Research Institute, Los Bafios, Philippines. 
Paper
 
presented for the authors by Dr. E. A. Heinrichs at the International
 
Symposium on Leafhopper Vectors of Plant Viruses in conjunction with the
 
Annual Meeting of the Entomological Society of Amenrica, Honolulu, Hawaii,
 
27 November - 1 December 1976. Submitted to the IRRI Research Paper Series
 
Committee 3 September 1976.
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TRANSMISSION OF RICE TUNGRO VIRUS AT VAFIOUS TEMPERATURES:
 

A TFANSITORY VIRUS-VECTOR INTERACTION
 

The transmission of a virus from an infected plant to a healthy plant by an
 
insect involves the virus, the inse-t 
as a vector, the plants, and
 

environmental conditions. As temperature affects the biological factors in
 

different aspects, it may _Jso affect the transmission of a plant virus by
 

an insect.
 

Six-steps occur in the transmission of a virus from an infected plant to a
 

healthy plant by an insect vector.
 

1. A virus-free insect moves to a diseased plant.
 

2. The insect feeds (acquisition feeding), acquires the virus, and
 

becomes viruliferous. The length of time t.hat a vector has access
 

to a virus source in transmission tests is termed "acquisition
 

access 
time" (Federation of British Plant Pathologists, 1973).
 

3. After a latent period, if any, the insect becomes capable to infect
 

a plant.
 

4. The insect moves to a healthy plant.
 

5. The viruliferous insect feeds on the healthy plant (inoculation
 

feeding) and thus inoculatcs it with the virus. 
The time that a
 

vector is allowed to spend on a test host in Lransmission
 

experiments is known as "inoculation access time" (Federation of
 
British Plant E.Lhologists, 1973).
 

6. The inoculated plant develops disease symptoms.
 

With these six steps, transmission is completed and the insect is considered
 

infective because it actually transmits the disease (Ling, 1972).
 

Several other featurea of the virus-vector interaction, such as retentio. of
 

the virus by the vector, transstadial passage, transovarial passage, and
 
infective capacity (Ling, 1974) 
are also related to the transmission of the
 

virus to the host plant by the insect.
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The effect of temperature on transmission should be examined at each of the
 
six transmission steps. In transmission experiments an 
insect is transferred
 
artificially to a plant in steps 1 and 4. 
Step 3 is omitted in studies on
 

the rice tungro virus because the virus has no demonstrable latent period in
 
the rice green leafhopper Nephotettix vrescens (Distant) (Ling, 1966). 
 For
 
transmission study, step 6, symptom development of inoculated plants at a
 

uniform favorable temperature is desired.
 

This paper reports the effect of temperature on acquisition feeding,
 
inoculation feeding, infection of rice seedlings, infective capacity,
 

retention of the tungro virus by the insect vector, and a recommendation for
 

grouping leafhopper-transmitted viruses as 
transitory and persistent
 

instead of nonpersistent, semipersistent, atid persistent.
 

MATERIALS AND METHODS
 

Adult V. vrescens were reared on Taichung Native 1 (TNl) 
rice plants in
 
screened cages at Los Bafios, Philippines. To make the insects viruliferous,
 

they were confined on tungro-diseased TNl plants for 4 days unless otherwise
 

specified.
 

To test the insect's infectivity, healthy 1-week-old TNI rice seedlings were
 
placed individually in 15 x 180-mm test tubes containing a small amount of
 

water. One viruliferous insect was transferred with an aspirator to each
 

seedling and the tube was immediately covered with a polypropylene culture
 

cap. After an inoculation access time (usually 24 hours), 
the insects were
 

either discarded or transferred to other seedlings. 
The inoculated
 
seedlings were transplanted into pots and kept in the greenhouse for disease
 

symptoms to develop.
 

Seedling infection was used as the criterion for evaluating whether an
 
insect acquired the virus from diseased plants or a viruliferous insect
 

inoculated a seedling at a given temperature. The infected seedling served
 

as evidence that the insect had achieved the step in transmission at the
 
given temperature. 
Because there was always one insect per seedling in the
 

test, the percentage of infective insects was 
identical to the percentage
 

of infected seedlings but either percentage could indicate difference in
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transmission among treatments.
 

Insects, seedlings in test tubes, and diseased plants in cages were kept at
 

the desired temperature for 10 to 30 minutes before initiating an experiment.
 

The experiments were conducted in the IRRI phytotron using Koitotron KB-1OD
 

growth cabinets, glassrooms, or dark rooms with light, and regulated
 

temperatures.
 

Acquisition feeding 

To determine the effect of temperature on the acquisition of tungro virus by N.
 

vtiAecem, the insects were confined on diseased TNl rice plants in screened
 

cages at different temperatures (10, 13, 16, 20, 25, 31, and 38'C) for 1 to
 

4 days. After acquisition feeding, the infectivity of 4,649 insects was
 

tested at a 24-hour inoculation access time at room temperature (26-31°C).
 

Inoculation feeding
 

To determine the effect of temperature on inoculation feeding, 1,201 insects
 

were transferred after acquisition feeding in the greenhouse, one to 
a
 

seedling to test tubes at different temperatures (10, 13, 16, 20, 25, 31,
 

and 38 C) for an inoculation access time of 24 hours.
 

Infection of rice seedlngs 

To investigate the infection of rice seedlings at different temperature
 

ranges, 180 virus-free N. viu6ce,6 adults per cage were introduced and
 

confined for 7 days in cages containing either one pot of diseased rice
 

plants and 15 pots of healthy seedlings or four pots of diseased plants and
 

12 pots of healthy seedlings. Each pot contained 25 TNl seedlings.
 

The cages were kept in glassrooms with 12-hour day/12-hour night temperatures
 

of 24/16, 27/19, and 30/22 C. On the 8th day, the insects were removed and
 

all seedlings were transferred to the greenhouse. The test was repeated
 

four times and involved 5,400 insects, 75 pots of diseased plants, and 9,232
 

healthy TNI seedlings in 405 pots. Seedlings that died before symptoms
 

developed were not counted.
 

Infective capacity
 

To determine the infective capacity of N. vireAcens, 20 viruliferous adults
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were transferred individually to a succession of healthy seedlings. 
 The
 
transfers at 30-minute intervals were made between 0800 and 1800 hours at
 

temperatures of 13, 20, 27, 
or 34 C. Insects that died or escaped during

the test were replaced with other viruliferous insects that had been kept
 
separately on healthy seedlings at 
test temperature since the start of the
 
test. 
 The test was repeated three time; and involved 6,400 seedlings
 

exposed to 320 viruliferous insects.
 

Life 6pan 

To study the life span of adult tungro-viruliferous green leafhoppers at
 
different constant temperatures, insect pairs (one male and one female) were
 
confined in test tubes. 
 Each tube contained three healthy TNl seedlings and
 
was maintained at 13, 20, 27, 
or 34 C. Each treatment used 80 tubes and 160
 

insects.
 

The insects in the 
test tubes were examined once each morning; dead insects
 
were counted and their life spans recorded. Surviving insects were
 
transferred to fresh seedlings at 2- or 3-day intervals, because seedlings
 
kept for several days in tubes, particularly at the higher temperatures,
 
tended to become chlorotic. The test was repeated once with a total of 1,280
 

insects.
 

Retention peuiod 

The retention period of a plant virus in an insect vector is generally
 
determined by serial transmission at certain time interval (i.e., hourly,
 
daily) following acquisition feeding. 
When serial transmission at a low
 

temperature (7 or 13 C) does not result in transmission, the reason could be
 
either that the insect is not infective or that it cannot inoculate the
 
seedling at such low temperature. This temperature effect could cause a
 

misinterpretation of results.
 

We tested for length of retention of the tungro virus by N. v.-rezcenA5 by
 
subjecting a colony of viruliferous insects to 
two temperature regimes, and
 
sampling daily to determine how much of the colony continued to be infective.
 
Ten insects were placed in each test tube containing five healthy TNl
 
seedlings. 
The tubes were kept in Koitotron KB-10D growth cabinets; 
some
 
were maintained at 13 C and 
some at 32 C. 
Eighty insects were withdrawn
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from each temperature regime daily and their infectivity tested with an
 

inoculation access time of 24 hours at 32 C. 
The insects were then examined
 

and discarded. 
Seedlings from tubes with dead insects were discarded. The
 

daily infectivity tests continued until the insect supply was exhausLed.
 

Because seedlings in the test tubes would have become infected in a few days
 

and could have introduced error into the retention test by reinfecting
 

insects that had lost their infectivity, the seedlings were replaced daily.
 

The retention test, which was performed three times, involved 4,378 insects
 

at 13 C and 2,517 insects at 32 C.
 

To verify the retention of infectivity at a low temperature, viruliferous
 

insects were subjected to daily serial transmission tests for 3 consecutive
 

days at two temperature regimes. Four batches of insects each received one
 

of four treatments: 1) room temperature (26-31 C) throughout the 3-day test
 

period (control), 2) room temperature on the first day, 70C on the second
 

day, and room temperature on the third day, 3) 7°C on the first day and
 
room temperature on the second and third days, or 4) 7 C on the first and
 

second days and room temperature on the third. The experiment was conducted
 

twice and used a total of 468 insects at 106 to 133 insects per treatment.
 

RESULTS
 

Acqui~ition 6eeding 

The rice green leafhopper acquired the tungro virus from diseased plants at
 

all temperatures (10, 13, 16, 20, 25, 31, and 380 C). However, the
 

percentage of the insects that acquired the virus and became infective
 

varied with temperature. Based on the mean of four acquisition access times
 

studied, the lowest percentage of infective insects recorded, about 7%,
 

occurred at 10 C, and the highest, 85%, occurred at 31 C. The differences
 

in percentage of infective insects between 25 and 38 C were not great
 

(Fig. 1).
 

The percentage of infective insects was affected by the length of
 

acquisition access time. Overall averages of 55, 58, 62, and 66% infective
 

insects were obtained from acquisition access times of 1, 2, 3, and 4 days,
 

respectively.
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Fig. 1. 
Effect of temperature on the transmission (acquisition and
 
inoculation) of the rice tungro virus by Nephotettix virezcens.
 

Inoculation feeding
 

After acquisition feeding in the greenhouse, the insects inoculated the
 
seedlings at all test temperatures, however, the percentage of infected
 
seedlings varied with temperature; 
the lowest, about 12%, occurred at 100 C
 
and the highest, about 91%, at 310C. 
The difference was slight between 20
 

and 380C (Fig. 1).
 

Infection o6 tice .6eedling.6 

The infection of seedlings in cages involved acquisition feeding, inoculation,
 
and movement of the insects within the cages. 
 The virus-free insects became
 
viruliferous and transmitted the tungro virus from the diseased planes to
 
healthy seedlings in the cages at day/night temperatures of 24/16, 27/19,
 
and 30/220 C (Table 1). The percentage of infected seedlings was affected by
 

38 
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Table 1. Effect of temperature and virus source availability on
 

transmission of tungro virus by Nephotettix v.Ae,6cen6 in a susceptible rice
 

variety, Taichung Native 1-.
 

Virus source
 

1 pot diseased plants 4 pots diseased plants 

Day/night b/ Seedlings Seedlings Seedlings Seedlings 
temperature-

0 C) 
tested 
(no.) 

infected tested 
(no.) 

infected 
(%)

24/16 1717 33.5 a 1375 61.9 a 
27/19 1682 37.1 ab .382 67.4 a 
30/22 1716 43.1 b 1360 72.5 a 

a! 
- 180 virus-free insects and 15 or 12 pots of healthy TNl seedlings
 

were caged for 7 days, respectively, with 1 or 4 pots of diseased plants.
 

/ 12-hour day/12-hour night.
 

-/ For each column, means followed by a common letter are not
 

significantly different at the 5% level.
 

both the temperature and the amount of the virus source in the cage.
 

When the virus source was one pot of diseased plants in a 16-pot cage,
 

the percentage of infected seedlings increased as the day/night temperature
 

increased. However, the only statistically significant difference among
 

the percentages occurred between 24/160 C (33.5%) and 30/220C (43.1%)
 

(Table 1).
 

When the virus source was increased to four pots of diseased plants in a
 

16-pot cage, an increased percentage of seedlings was infected as the
 

day/night temperatures increased. However, the differences in the
 

percentage of infected seedlings among the three day/night temperature
 

regimes were not significant. The percentage was always higher when virus
 

source increased regardless of the day/night temperature regime (Table 1).
 

Infective capacity
 

Of 320 viruliferous insects tested for their infective capacities at four
 

temperatures, 296 (66 were replacement insects) infected 31% of the 5,547
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seedlings (excludes 373 that died before disease symptoms developed).
 

Both average and maximum percentages of infected seedlings increased as 
the
 
temperature increased; the highest -- 38.5% for the average and 84.2% for
 
the maximum -- occurred at 3'i°C (Table 2). The percentages of iifected
 
seedlings were converted to infective capacity by assuming that the
 
infectivity of the insects during the 10-hour test 
period remained
 
unchanged for the rest of the 24-hour day. The average infective capacities
 
were 8.5, 15.3, 15.8, and 18.5 infected seedlings/infective insect per day.
 
Maximum infective capacites were 
31.2, 36.0, 37.3, and 40.4 infected
 
seedlings/infective insect per day at 
13, 20, 27, and 340C, respectively.
 

The number of consecutive transmissions at 30-minute intervals, i.e. the
 
number of seedlings infected in succession by an insect, was 5, 8, 9, and
 
12 at 13, 20, 27, and 34 C, respectively. However, in most cases and
 
regardless of the tested temperature, only one seedling was infected in a
 
series. 
 The insects often did not infect the seedlings exposed to them in
 
the 30 minutes before and after the 30-minute inoculation access time that
 
resulted in an infected seedling. Thus, the transmission pattern of the
 
infective insects at 30-minute intervals was intermittent.
 

Table 2. 
Effect of temperature on the infective capacity of tungro
infective Nephotettix via!censa /.
 

Temper- Infective Seedlings Infected 
 Infected seedlings (%)

ature 
 insects survived seedlings

( C) (no.) (no.) (no.) Min. Mear b / Max.
 

13 62 
 1146 203 
 5.0 17.7 a 65.0

20 77 
 1442 462 5.0 
 31.8 b 75.0
 

79 1487
27 488 5.0 32.9 bc 77.8

34 
 78 1472 565 
 5.0 38.5 c 84.2
 

a!For 10 hours and at 30-minute intervals, the insects were
 
transferred, one to a seedling, 
to 
fresh Taichung Native 1 seedlings.
 

.y Means followed by a ccmmon letter are not significantly different
 

at the 5% level.
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Similarly, the number of seedlings infected in 
an hour differed at
 

different temperatures. More rice seedlings per hour were infected at 
the
 

higher temperature (34 0C).
 

The hourly data showed that the percentages of infected seedlings were
 

50.1, 50.4, 45.6, 36.0, 27.8, 26.8, 24.6, 19.3, 14.7, and 14.3 for the ist,
 

2nd, 3rd, 4th, 5th, 6th, 7th, 8th, 9th, and 10th hour after the end of
 

acquisition feeding, respectively. They indicate that infectivity decreases
 

with time following acquisition feeding.
 

Life span
 

The average and maximum life span of individual tungro-viruliferous adults
 

of N. viLescens increased as temperature decreased from 34 to 130 C (Table 3).
 

The longest insect life span was 118 days at 13 C, 100 days longer than that
 

at 34 C. The life span of female and male viruliferous adults of N.
 

vuikepscenu5 did not differ significantly.
 

Table 3. Life span of tungro-viruliferous adults of Nephotettix voescen
 

at different constant temperatures.
 

Temperature Insects tested Life span (days)
 

a /
( C) (no.) Longest Average

13 320 118 34.2 d
 
20 320 76 18.5 c
 
27 320 
 28 13.0 b
 
34 320 18 8.2 a
 

a/ Means followed by a common letter are not significantly different
 

at the 1% level.
 

Retention pviod
 

The retention period of the tungro virus by N. v4rescensz.dults at 130C
 

differed from that at 32 C. The longest retention period was 22 days after
 

acquisition feeding for the insects that were kept at 13°C, and 6 days for
 

the insects kept at 32°C. However, infectivity at both temperatures
 

decreased gradually with time after acquisition feeding (Fig. 2).
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Infective 

32°C 

120
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0
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80o
 

40
 

2 4 6 8 10 12 14 16 18 20
 
Days after acquisition feeding
 

Fig. 2. 
Retention of infectivity of Nephotettix viuescens transmitting
 

the rice tungro virus at two different temperatures after acquisition
 

feeding on diseased plants.
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Four treatments (Fig. 3) were used to determine the retention of infectivity 

of N. virtecens at 70C. 

Treatment I (control). When the insects were kept at room temperature
 

(26-31°C), the percentage of infective insects decreased drastically between
 

the first and third day after acquisition feeding. This confirmed a
 

previous study (Ling, 1966).
 

TLeatNent 2. The percentage of infective insects kept at room temperature
 

for the first day after acquisition feeding was similar to that of the
 

Infective insects(0) 7C 226-31 OC 

60 / 

40-


Consecutive days after acquisition feeding 

Fig. 3. Daily percentage of tungro-infective adults of Nephotetubx
 
v eAmcent6 showing gradual loss of infectivity with time, difference in
 

transmission between the two temperature regimes, and retention of
 

infectivity of the insects at 70C.
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control insects. When the insects were moved 
to a 7 C environment on the
 
second day, the percentage of infective insects became low. 
When the
 
insects were transferred back to 
room temperature on the third day, the
 
percentage of infective insects was higher than that at 
7°C on the second
 
day and higher than that of the control insects on the third day.
 
Apparently, the insect infectivity was retained at 
7°C on the second day.
 

Treaanevt 3. Insects kept at 7°C 
on the first day after acquisition feeding
 
had low infectivity. When they were transferred to room temperature on 
the
 
second and third days, the percentages of infective insects became much
 
higher than that of the control insects on the second and third days. 
That
 
demonstrated the lower rate at which infectivity was lost at 
70C. However,
 
infectivity on the third day was much lower than on 
the second day, again
 
suggesting loss of infectivity with time at 
room temperature.
 

TLeabonent 4. The infectivity of the insects kept at 7°C for the first two
 
days was low. 
When the insects were transferred to room temperature on 
the
 
third day, the percentage of infective insects was much higher than that in
 
the three other treatments on the third day. 
 This again showed that loss
 
of infectivity occurred at 
a much lower rate at 
7°C even for two consecutive
 

days.
 

DISCUSSION
 

Temperature is 
one climatic factor that directly affects the development
 
(Yamamoto and Suenaga, 1956), 
movement (Akino, 1969) and probing (Naito and
 
Masaki, 1967; Oya and Sato, 1973) of the rice green leafhopper, Nephotettix
 
cfncticepz, which is 
a vector of several rice virus and virus-like diseases.
 
Our study revealed that tungro-viruliferous N. v-&tescens 
lives longer at a
 
lower temperature (Table 3). 
 The aphid Cepitophorum fagaefotU, a vector
 
of strawberry yellows virus complex (Miller, 1952), 
as well as Amphoophoma
 
eactucae, a vector of sowthistle yellow vein virus 
(Duffus, 1963), have been
 
found to follow a similar pattern. Temperature also affects the virus in
 
the host plant. For instance, the mnvement of rice stripe virus in rice
 
plants was retarded when the plants were treated with cool water (Sonku dnd
 
Sakurai, 1973). 
 Such effects may be associated with the effect of
 
temperature on the transmission of virus to rice plants by insect vector.
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Temperature has been reported to affect virus transmission (acquisition and
 

inoculation) by uch insect vectors as 
aphids (Stegwee, 1960; Sylvester and
 

Richardson, 1966; Rochow, 1967), and leafhoppers (Maramorosch, 1950; Sinha,
 

1967). The effects of temperature on the transmission by _nsect vectors of
 

rice virus and virus-like diseases such as black-streaked dwarf (Ishii and
 

Yoshimura, 1973), dwarf (Ishii et al., 1970), stripe (Yasuo et al., 1965)
 

and yellow dwarf (Iwahashi et al., 1964; Nagai et al., 1964; Tshii et al.,
 

1969) have also been investigated. The results of our study on the effect
 

of temperature on the tramsission of the rice tungro virus by N. uve cens
 
followed the general trend that transmission increases to a maximum with
 

increasing temperature. However, our results indicate that low temperature
 

affects the acquisition of the virus by the insect more than it affects
 

the inoculation of the virus into the rice plant by the insect 
(Fig. 1).
 

Similar results were reported by Sylvester and Richardson (1966) for the
 

pea aphid, Ac2yrthosiphum pisum, that transmits the pea enation nosaic virus.
 

Although temperature may affect the spread of tungro disease to 
some extent
 

(Table 1), the temperature in most tropical regions may not drastically
 

affect transmission of the virus by the insect vector under natural
 

conditions when the virus source is present in sufficient quantity in the
 

rice field. In the tropics, the range of temperatures during a rice growing
 

season is comparatively narrow and the minimum temperature is seldom
 

deleteriously low. For instance, the minimum and maximum temperatures in
 

Los Bafios, Philippines, during 25 years were 15.6 and 37.8°C, respectively
 

(University of the Philippines, 1972). Our results show no striking
 

difference in transmission neither for acquisition feeding at temperatures
 

between 25 and 38 C, nor for inoculation feeding at temperatures between 20
 

and 380C (Fig. 1).
 

Temperature affects the capacity of N. viescens 
to transmit rice tungro
 

virus. When the temperature ranged between 13 and 340C, the infective
 

capacity increased as temperature increased. Based on data obtained from
 

serial transmission at 30-minute intervals for 10 hours 
(Table 2), an
 

infective insect can infect a maximum of about 40 seedlings/day at 340 C,
 

but it can infect only 31 seedlings/day at 13 C. Both values are greater
 

than the 30 infected seedlings/infective insect per day previously reported
 

(Ling, 1974). It is recognized that a more "efficient" infective insect may
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infect more seedlings under more favorable conditions. At present it is not
 
clear whether an infective insect can infect more rice seedlings during its
 

entire life at a high temperature or at a low one because at a higher
 

temperature the insect has a higher infective capacity (Table 2), 
but a
 

shorter life span (Table 3).
 

Temperature affects the retention of thp plant virus by its insect vector.
 

Aphid--borne plant viruses are often retained longer by the insect vector at
 

lower temperatures (Kassanis, 1941; Miller, 1952; Bradley, 1954; Sylvester,
 

1954; Heinze, 1959; Cockbain et al., 1963; Sylvester and Richardson, 1966).
 

The fact that leafhopper transmitted plant viruses are mostly persistent
 

limits the study of the effect of temperature on the retention period.
 

Nevertheless, our results (Fig. 2) show the retention period of the tungro
 

virus by N. vi4Le.5ceju to be longer at 130C than at 320C. 

The results from maintaining viruliferous insects at 7 C (Fig. 3) show that
 

at that temperature infectivity does not increase, nor does the virus become
 

persistent in the vector; however, the rate of loss of infectivity is low,
 

suggesting thrat 
the retention period may be extended by low temperature.
 

The longest retention period found was 22 days after acquisition feeding
 

(Fig. 2). The retention period could be longer if a large sample of
 

viruliferous insects were tested at 
a low temperature, which is more
 

favorable for virus retention.
 

Rice tungro and similar diseases, such as leaf yellowing in India, penyakit
 
habang and cetla pance in Indonesia, penyak t merah in Malaysia, and
 

yellow--orange leaf in Thailand, are transmitted by N. virecens, previously
 

known as N. &npicticep6 (Ghauri, 1971) and by other names 
(Ling, 1973), and
 

by other leafhopper vectors 
(Ling, 1972, 1973). Tungro virus does not
 

persist in N. vOAuicens (Ling, 1966) 
nor in N. nigopictuit (Ling, 1970),
 

previously known as N. apicaLi6 (Ghauri, 1971). 
 Other investigators in
 

Bangladesh (Galvez-E. and Miah, 1969; Nuque and Miah, 1969), 
India (John,
 

1968), Indonesia (Rivera et al., 1968; Tantera, 1973), Malaysia (Lim, 1969;
 

Singh, 1969; Ting and Paramsothy, 1970), the Philippines (Rivera and Ou,
 

1967), and Thailand (Lamey et al., 1967; Wathanakul et al., 1968; Wathanakul
 

and Weerapat, 1969) have show that the tungro and similar viruses do not
 

persist in N. virescens.
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The longest retention periods previously cbtained were 6 days after
 

acquisition feeding in Thailand (Wathanakul and Weerapat, 1969), and 5 days
 

in the Philippines (Ling, 1966) and Malaysia (Ting and Paramsothy, 1970).
 

The retention period is a major criterion for grouping insect-borne plant
 

viruses. Watson and Robert- (1939), who initiated the system for grouping,
 

suggested that insect-transmitted plant viruses may be divided into two
 

groups according to their relationships with their insect vectors. The
 

first, which may be called the "persistent viruses", survive in their
 

vectors for lon., periods, sometimes for weeks or months; the second, the
 
'nonpersistent viruses", survive in their vectors for only a short period,
 

always less 
than that during which they remain active in untreated infective
 

plant sap. Later, Watson and Roberts (1940) added the latent period as a
 

criterion for grouping the viruses. Day and Venables (1961) set up rather
 

precise definitions for persistent and nonpersistent. Although the grouping
 

system has its limitation, it is well accepted by investigators in the field.
 

The interaction between the tungro virus and the vector N. v Le6cen's is
 

characterized by an absence of a demonstrable latent period, 
a gradual
 

decrease in the vector's infectivity with time after acquisition feeding,
 

transstadial blockage (loss of infectivity of the inject due to molting),
 

and recovery of infectivity by reacquisition feeding (Ling, 1972). None of
 

these characteristics except the retention period precludes grouping the
 

tungro virus in the nonpersistent group. The 5-day retention period
 

previously obtained in the Philippines is too long compared with that of
 

nonpersistent viruses transmitted by aphids. Furthermore, because Watson
 

and Roberts (1939) did not specify the duration of "a short period" and
 

because the duration of activity of the tungro virus in untreated infective
 

plant sap remains unknown, Ling (1966) suggested that the tungro virus is
 

nonpersistent in the rice leafhopper if "short" refers to a duration of not
 

longer than 1 week. This statement should now be examined in view of the
 

present findings that some insects retain infectivity for more than 3 weeks,
 

a period that does not fit the description for nonpersistent viruses.
 

To amend the statement, four alternatives might be considered.
 

1. The present data could be disregarded under the rationale that the
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retention test was not made at a normal temperature, which is
 
difficult to define. Logically, the question is raised as to
 
whether cold temperatu  in winter and warm temperature in summer
 

are normal.
 

2. The nonpersistence period can be modified by amending the retention
 
period from 1 week to 2, 3, or several weeks. The designation of a
 
precise time period for retention is arbitrary. In fact, the time
 

period becomes uncertain if it has to be amended whenever a new,
 

longer retention period is found.
 

3. Three possibilities can be explored for the reclassification of the
 

tungro virus-vector relationship.
 

a. Classify the tungro virus as semipersistent. Sylvester (1969)
 

mentioned that tungro virus of rice appears to have a
 
semipersistent relationship with its leafhopper vector. 
That
 

was accepted by Nault et al. 
(1973). The semipersistent
 

category, intermediate between persistent and nonpersistent, was
 
proposed by Sylvester (1956) on 
the basis of the differences
 

between beet mosaic and beet yellows in the time (seconds versus'
 
hours) of acquisition, inoculation, and retention by the green
 

peach aphid, Myzu6 p icae. Later, Sylvester (1958)
 
characterized and compared the virus-vector interactions of
 
nonpersistent, semipersistent, and persistent viruses among
 

aphids. 
To consider the tungro virus as semipersistent would
 

raise certain difficulties.
 

(1) The tungro virus would not fit into the hypothetical scheme
 

proposed by Sylvester (1958). 
 In defining the relationship
 
of various groups of arthropod vectors of plant viruses, the
 

scheme places aphids and leafhoppers in two separate groups.
 

This is well accepted because the vectors are distinctly
 

different and so, 
the virus-aphid and the virus-leafhopper
 

interactions may not be identical. 
That may be Sylvester's
 

(1958) reason to 
include three subgroups (nonpersistent,
 

semipersistent, and persistent) in the aphids group, and four
 

rubgroups (non-. or low-multiplying, multiplying, cercopids,
 

and sharpshooters) in the leafhoppers group.
 

(2) There appears to be no logical foundation for considering the
 

tungro virus to be semipersistent. Sylvester (1969) stated
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that semipersistent is a comparative term and must be
 

considered in context with the nonpersistent and persistent
 

types. Because intermediate cannot exist without two
 

extremes, and because there is no known nonpersistent
 

leafhopper-transmitted virus, it does not seem logical to
 

create an intermediate based on criteria of only one of the
 

extremes (persistent type). Hence, if the tungro virus were
 

indeed semipersistent, it could be classified as such only
 

when a typical case of nonpersistent leafhopper-transmitted
 

virus is identified.
 

(3) A retention period of 3 weeks seems too long for a
 

semipersistent group. Without specifying the retention
 

period of the semipersistent group, Sylvester (1956) noted
 

the beet yellows virus as a typical example and reported that
 

its retention half-life by the green peach aphid is about 8
 

hours. That means a 50% reduction in insect infectivity or
 

number of infective insects every 8 hours. It also means
 

that the probability of having a retention period of 3 weeks
 

for the semipersistent group is 1.08 x 10-16%, even assuming
 

100% infectivity or infective insects after acquisition
 

feeding. Later, Sylvester (1958) designated "hours to days"
 

and "days to life" as the retention periods of semipersistent
 

and persistent groups, respectively. It is difficult to
 

decide, however, where the "days" of the semipersistent group
 

end and the "days" of the persistent group begin.
 

(4) The transstadial blockage of tungro virus (Ling, 1966) seems
 

incompatible with one characteristic given by Sylvester (1958)
 

for the semipersistent group. In a table for the operational
 

classification of the vector-virus relationship found among
 

aphids, he speculated that retention (ecdysis) is "not
 

normally possible" for the nonpersistent and "possible" for
 

the semipersistent; he noted, however, that these assumptions
 

were theoretical and not confirmed experimentally.
 

(5) Difficulty may arise in grouping other leafhopper-transmitted
 

viruses if the tungro virus is classified as semipersistent.
 

This virus is no longer unique in lacking persistence in its
 

leafhopper vector. Nault et al. (1973) reported that maize
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chlorotic dwarf virus does not persist in its leafhopper
 

vector, Guaminella nigkfrons. 
Rice waika disease,
 
previously known as wrisei disease (Kawasaki and Okamoto,
 

1974) in Japan and transmitted by the rice green leafhopper,
 

N. cincticep.6, was reported by Hirao et al. 
(1974) These
 

researchers pointed out that the mode of transmission was
 

likely to be of the semi- or nonpersistent type. Nishi et
 

al. (1975) reported that the causal agent of waika disease
 

seemed to be nonpersistent in N. cincticeps and in N.
 
viescens. 
On the basis of available information, the
 
virus-vector relationship of maize chlorotic dwarf and the
 
rice waika may be similar to that of the tungro virus.
 

However, the interaction of beet curly top virus in the
 
United States and its leafhopper vector, CiufeJL
 
teneius, is not identical to the virus-vector interaction
 

of either the tungro virus or the persistent leafhopper

transmitted virus and the vector. 
Comparing beet curly top
 
and rice tungro, Ling (1969) noted that beet curly top virus
 
deviates from a typical persistent, leafhopper-transmitted
 

virus in at least four ways.
 

(a) It has a short latent period of about 4 hours (Bennett
 

and Wallace, 1938).
 

(b) Its infectivity gradually decreases after acquisition
 

feeding (Freitag, 1936; Bennett and Wallace, 1938).
 

However, some insects retain their iniectivity for more
 

than 100 days.
 

(c) A correlation exists between acquisition and infectivity;
 
decreasing the size of the initial virus charge shortens
 
the time over which the leafhoppers are able to produce
 
a maximum amount of infection (Freitag, 1936; Bennett and
 

Wallace, 1938).
 

(d) Infectivity can be increased by reacquisition (Freitag,
 

1936; Bennett and Wallace, 1938).
 

Consequently, the beet curly top virus seems 
to be the best
 
candidate known for an intermediate between rice tungro and
 
a persistent leafhopper-transmitted virus.
 

b. Classify the tungro virus as 
stylet borne. The terms proposed by
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Kennedy et al. (1962) -- the three categories of stylet borne,
 

circulative, and propagative -- are less empirical, but give
 

some indication of the location of the virus in the insect and
 

the route it follows. To illustrate, the tungro virus seems to
 

be stylet borne because of transstadial blockage (Ling, 1966),
 

beet curly top virus seems to be circulative because of
 

transstadial passage (Severin, 1924), and rice dwarf virus seems
 

to be propagative because of transovarial passage (Fukushi,
 

1933). However, Sylvester (1969) admits that the "crucial"
 

experimental tests to determine whether or not the virus is
 

stylet borne or circulative have not been particularly fruitful
 

in the case of semipersistent transmission.
 

c. Classify the tungro virus as nonpropagative. A set of terms
 

emphasizing the multiplication of virus in an insect vector, for
 

instance, "non-" or "low-multiplying" and "multiplying"
 

(Sylvester, 1958) or "nonpropagative" (Ling, 1969) and
 

"propagative", might be considered. 
 The tungro virus might be
 

called nonpropagative (Ling, 1969), as there is no evidence that
 

it multiplies in its insect vector. However, Black (1953)
 

pointed out that there may always be 
an element of uncertainty
 

about those viruses which the evidence indicates do not multiply
 

in the vector, because such evidence is, of necessity, negative.
 

4. There remains no choice, but to propose a riew term - "transitory" 

for leafhopper-transmitted viruses whose virus-vector interaction
 

has the following characteristics:
 

a. The virus does not persist in its leafhopper vector, i.e., the
 

infectivity or percentage of infective insects decreases with
 

time at hourly or daily intervals after acquisition feeding.
 

b. The retention period is generally less than a week but may be
 

longer at low temperatures.
 

c. There is no demonstrable latent period in the leafhopper vector.
 

d. The infectivity is lost due to molting (transstadial blockage).
 

e. The insect needs reacquisition feeding to become reinfective.
 

Thus, the recommendation is that rice tungro virus be designated a transitory,
 

leafhopper-transmitted virus and that the virus-vector interaction be
 

categorized as transitory instead of noupersistent.
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The above five features of virus-vector interaction can be demonstrated by
 
transmission experiments. 
When results of a leafhopper-transmitted virus
 
are contrary to these five virus-leafhopper characteristics it remains
 
classified as a persistent, leafhopper-transmitted virus.
 

Thus, the leafhopper-transmitted viruses can be categorized as transitory
 
and persistent, rather than nonpersistent, semipersistent, and persistent
 

as are the aphid-borne viruses.
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