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In a continuation. of the studies on the dwarf disease of rice plant
(FukusHI 1934) an attempt was made to gain an insight into the special re-
lation of certain leafhoppers to the virus of this disorder. The results of
experiments performed during a period from 1934 to 1939 will be presented
in this paper, especially laying stress upon the transmission of the virus
through some eggs of the insect vector during several generations.
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The relation of Nephotettix apicalis cincticeps
to the virus of dwarf disease of rice plant

1) Transmission of the virus through the eggs of leafhoppers

As previously reported the virus under consideration may be trans-
mitted through the eggs from a viruliferous feiale leafhopper to its progeny
of the 2nd generation. It has been also stated that certain leafhoppers
emerged from these viruliferous eggs may be capable of producing infections
in healthy plants and retain the infectivity through their entire life without
having renewed access to a source of virus. Accordingly an attempt was
made to determine how and to what extent the virus may be passed on
to the offspring of leafhoppers.

The experimental procedure, briefly stated, consists of picking up the
nymphs bred from infective female leafhoppers, immediately upon hatching,
to cage them singly on healthy rice seedling plants and subsequently trans-
ferring them daily to successive new healthy plants. The viruliferous females
found among these 2nd generation individuals are paired with nonviruliferous
males and their offspring are also transferred to healthy plants as soon as
they have hatched. Thereafter they are likewise transferred daily to new
healthy plants in order to keep them from renewed access to a source of
infection.  In a similar way the experiment was continued as long as a
viruliferous female was available among the progeny of the leafhoppers.

Since it appears appropriate to describe in detail the procedure followed
an account of it will be given.  Each series of experiments was started
with a viruliferous female leafhopper which had been obtained by confining
single nymphs of the 3rd or 4th instars reared on affected plants upon healthy
rice plants in separate glass tubes until they grew into adults and proved
to be infective. The glass tube used was, as previously stated, 30-40 cm.
long by 3cm. in diameter closed at the upper end with a thin cotton cloth
and put on a young rice plant of the variety, Bozu No. 5, 10-30 days
after germination. A male leafhopper, viruliferous or nonviruliferous, was
introduced into the tube enclosing the viruliferous female, 7 to 10 days
after the last moulting of the latter, because some female leafhoppers show
a tendency not readily to mate with males, as they approach old age.
In order to obtain a male leafhopper which had never coupled, single
 nymphs were confined on rice plants in separate glass tubes and allowed
to remain there until they became adults. When such a male was intro-
duced into the glass tube enclosing a female, mating of them took place
before long.  After pairing with the male, the female leafhopper was
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transferred to successive new healthy plants at one day intervals. One
to several days after mating the female leafhopper began to lay eggs and
usually continued to do so for a period of 1 to z weeks or longer under

Eggs of the leafhopper, Neplotettiz apicads cincticers UnL.
(=N, bipunctatus cineticefsy (% ca. 30)

the writer's experimental conditions. The eggs were deposited in the
tissues of leafsheaths of rice plant, generally 1 to 10 or sometimes more in
a place and thrust transversely into the tissues lying one under the other.
The eggs are about 1 mm. long, creamy white, elongate, and slightly
curved tapering at the end. At first the eggs were scarcely visible since
they had been pushed in so deeply that they were entirely imbedded in
the tissues. However a few days after oviposition the spot where the eggs
are deposited becomes easily discernible by its more or less raised surface
and their shapes as well as the location of eyes are distinctly seen by
means of transmitted light. (Pl. IV. figs. 1 & 2)

The eggs hatch in 8 to 13 days under favorable conditions but require
a still longer time at lower temperatures. It is extremely important to
pick up the nymphs in the act of emerging from the eggs so that they
have no opportunity to feed upon the plants on which the eggs have been
deposited and which may have contracted the disease in consequence of
infestation by the infective parents.  For this purpose it was very con-
venient to control the time of hatching adequately as follows. The plants
harbouring the full grown eggs which would hatch in a day or two were
placed in a cool place and covered with wooden boxes in the evening.
In the next morning, when these plants were transferred to a sunny
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warm place in the greenhouse, some of these eggs might soon begin to
hatch out while the others were anticipated likewise to hatch in the follow-
ing days. In the process of hatching the nymph forces its way, anterior
end first, from the egg shell (chorion) and makes its appearance through
the suture between the culm and the leafsheath. This is accomplished by
an undulating movement of the body, which reaches a position more or
less perpendicular to the plant surface before the unfolding of appendages.
(PL IV. fig. 3 & 4). As the appendages unfold the contortions of the body
become more vigorous until the tiny nymph gains a foothold on the plant

Adults of the leafhopper, Nephotettix apicalis cincticeps UHL. (X 10)

surface and gets entirely out of the membrane. (amnion?) (Pl IV. fig. 5
& PL. V. fig. 6). The process is completed in I0 to 15 minutes. During
the latter part of the hatching process, when the appendages have been
unfolded the opportunity is afforded to lift the nymph off and transfer it
to a healthy plant. The transfer can be effected by means of a sharpened
pencil the tip of which is slightly moistened with spittle. The nymph
was confined singly to a healthy rice plant in a glass tube and transferred
daily to successive new healthy plants. Some difficulties were experienced
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to manipulate the tiny nymphs of 2 to 5 days of age, since they were
very sensitive and leap with surprising agility. Thus a number of nymphs
were lost or accidentally killed during their transfer. As has been previ-
ously reported most of the nymphs are not infective immediately after the
emergence from eggs and a period from 1 to 18 days, usually more than
5 days must elapse before they become capable of producing infections in
healthy plants. Hence it is probable that most nymphs will not pick up
the virus through feeding upon the rice plants on which they are allowed
to remain for § days immediately after the emergence from eggs. If some
of them should produce infections in the plants on which they feed during
this period, they should be discarded. In the later experiments, therefore,
this procedure was followed and proved to be very helpful.  Thereafter
each nymph was transferred daily to successive new healthy plants. As
the nymphs confined in glass tubes grow old they can be more readily
transferred. By means of patting the glass tube the nymph was induced
to hop from the rice plant to the wall of the tube which was promptly
lifted placing the hand over the opening in the bottom to prevent the
escape of the insect.  The tube was inclined at about 45 degrees and
gently set upright placing over a new healthy plant lest the insect should
drop out of it. The glass tube was then patted again on the side to cause
the nymph inside to fall on the leaf of rice plant or on the soil enclosed.
In most cases the nymphs dropped on the soil would migrate to the plants
crawling up the stems but sometimes they climb up the walls of the tubes
and should be dropped repeatedly until they succeed in reaching the rice
plants since most younger nymphs are unable to migrate by themselves
from the walls of glass tubes to the enclosed plants. Occasionally some
nymphs could be transferred to the rice plant which had been brought in
contact with the wall of glass tube in neighbourhood of the point where
the insect was located. After the nymph has migrated to the plant care
should be taken lest the leaf of rice plant comes in contact with the wall
of glass tube bridging over the space between them because the insect
may crawl along the leaf to reach the glass tube and eventually go astray.
The insects almost in the 4th instar as well as in the subsequent stages
can readily migrate by themselves to the enclosed plants no matter where on
the walls of glass tubes they may locate. As stated before, insect transfers
were made before the window in a small room. Since the leafhopper has
a tendency to leap or fly towards a light source, any individual that escaped
went to the window and could be easily recaptured by means of the pipette
method originally used by Kunker (1926).
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The viruliferous females found among the 2nd generation individuals
were paired with nonviruliferous males. For this purpose a supply of non-
viruliferous leafhoppers was maintained on healthy rice plants in insect-proof
cages in the green house. The offspring of the 3rd generation were also
transferred to healthy plants as soon as they had hatched and subsequently,
or after 5 days, transferred daily to successive new healthy plants. In a
similar manner the experiment was continued as long as a viruliferous
female was secured among the progeny of the leafhoppers. As a long
period was required to complete one experiment series some difficulties
were encountered during the course of the work. In spite of scrupulous
care some younger larvae were lost or accidentally killed in transferring
them and certain others died prematurely for some obscure reason. Some-
times no viruliferous females were produced ar they, if any, would not
pair with males or died without laying eggs, contrary to expectation. In
such cases the experiment was unavoidably ended. After all, during the
past 5 years, 2 cases each were secured of transmission of the virus through
eggs to the progeny of the 3rd and 4th generations as well as 1 case of
transmission to the 7th generation.  The results of the experiments will
be presented in detail.

EXPERIMENT 1.

May 4, 1934, about 80 leafhoppers were furnished to the writer through
the courtesy of Prof. T. WATANABE of the Utsunomiya College of Agri-
culture and Forestry who had collected them feeding on Astragalus sinicus
L. grown on rice fields in the vicinity of Utsunomiya.  All but one of
them proved free from virus as mentioned in the previous paper. May
18, the offspring of the nonviruliferous leafhoppers were introduced into
an insect-proof cage enclosing dwarf diseased rice plants to feed on them
for about a month.  When these insects became adults, in order to test
their infectivity, they were confined individually in glass tubes each enclosing
a healthy rice plant.  Of 46 insects including 26-males and 20 females
tested, [ male and 2 females proved to be viruliferous. One of the latter
designated as f27, after mating with a nonviruliferous male, laid eggs which
hatched out after about 2 weeks. Single nymphs which had just emerged
from these eggs were transferred to a young healthy rice plant in a glass
tube. Subsequently they were transferred daily to successive new healthy
plants. Much difficulty was experienced to manipulate these young nymphs
2-5 days of age which were very active and some of them were eventually
lost. All but one of 10 leafhoppers which survived for a sufficiently long
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period proved to be infective, indicating that the virus had been transmitted
through the eggs to the progeny of the 2nd generation.

Table 1. Infectivity of the progeny of f27

Insect No. Date of emergence from egg Sex Virulence
f27-1 July 14 male infective
fzy-2 15 female ”

f 27_3 ” ” »

f27-4 19 » noninfective
f27-5 ” male infective
f27_6 ' ”» k2] ”

f 29-7 24 » »

f27-8 ‘ ” female ”

f27-9 » male »
f27-10 25 » »

Six of these insects, from f27-1 to f27-5 and f27-10 were suc-
cessfully transferred daily to new healthy plants through their entire life
and 2 of them, attaining maturity, became infective females, one of which
was designated as fz7-z. August 20, a nonviruliferous male was introduced
into the glass tube enclosing this infective female which had emerged into
the adult stage 7 days before. - After pairing, the insect, f27-2 also was
transferred daily to successive new healthy plants and 8 days later it began to
lay eggs.  This leafhopper emerged from the egg on July 15, became adult
on Aug. 13 and ‘died on Sept. 7 after having laid 3% eggs and produced
infections in 38 plants as will be shown in the following table.

Table 2. Results of daily transfers of f27-2 to test plants

July 15-16 16-17 17-18 18-19 1G=20 20-21 2I-22 22-23 23-24 24~25 25-26 26-27 27~28
- = = - == - 4+ +]+ + + +

.

July 28-29 29-30 30-3I 3I-Aug. I 1~z 2-3 34 4-5 56 6-7 7-8 89

£+ o+ o+ I+ + + + F* + +  +
Aug. 9-10 IO-II II-I2 I2-13 I3~14 I4-I5 I5-I6 16~17 17-18 18-19 19-20 20-21 2I-22

— + + + | + + + + + + + - +
Aug. 22-23 23-24 24-25 25-26 26-27 27-28 28-29 29~30 30-31 31-Sept. I -2 2-3

+ 4+ o+ o+ = o+ o+ o+ 4 ox x -
Sept. 3-4 4-5 5-6 6-7

— — + -—

“The sign (+) indicates positive infection, (—) no infection, (x) plant died,
( | ) moulting-and (||} the last moulting.
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From the 335 eggs deposited by the leafhopper, f27-2, 26 nymphs
were successfully transferred to healthy plants as soon as they had hatched
out.  Six of these larvae were transferred separately to successive new
healthy plants every day, 9 of them were allowed to remain singly in
separate glass tubes enclosing healthy rice plants and the others were lost
All the 15 insects which survived long enough
proved to be viruliferous indicating that ‘the virus had been transmitted
through eggs to the progeny of the 3rd generation.

on the occasion of transfer.

Table 3.

Infectivity of the progeny of fz7-2

Insect No.

Date of oviposition

Date of emergence from egg

Sex

Virulence

f27-2-1
f27-2-2
f27-2-3
f277-2-4
f27~2~5
f27~2-6
f2y-2-7
f27-2-8
f27-2-9
f27-2-10
f27-2-11
f27-2~12
f27-2-13
f27-2~14
f27~2-15

Aug. 29
31

Sept. I

2

Sept. 12
14

infective

n stands for a nymph which died prematurely

Six leafhoppers which were transferred daily to new healthy plants
caused infections in 13, 55, 35, II, 50 and 28 plants, respectively, as
shown in the following table.

Table 4. Results of daily transfers of infective progeny

of f27-2 to test plants

Insect No.

Sept. I2-13 I3~14 I4-15 I5-16 16~17 17-18 18-19 19~20 20-2I 21-22 22-23

f 27-2-1
f 27-2-9
f 27-2~10
f27-2-11
f 27~2-14
f 27-2-15
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Insect No.  Sept. 23-24 24-25 25-26 26-27 27-28 28-29 29-30 30-Oct. 1 1-2 2=3

f27-2-1 + | x + + + - + + + +
f27-2-9 - -1+ + + + + + + o+
f 27-2-10 — - | - — - + 4+ - - | -
f27-2-11 -~ - | - - - — + + - | +
f27-2-14 — - — -_ — - - — - -
f27-2-15 - = — -1 - - + - - +

Oct. 3-4 4-5 5-6 6-7 7-8 8-9 g-10 IO-II II-I2 I2-13 13-14

f27-2-1 + +

f27-2-9 + + + + o+ 4+ 4+ + ]+ + 4+
f27~2-10 — - + + + + + + + + +
f27-2-11 + + + + + + + +

f27-2-14 - - =1+ + + + + + + +
f27-2-15 + - + + 4+ + 4+ +l1+ o+ 4+

Oct. 14-15 15-16 16-17 17-18 18-19 1g-20 20-21 21-22 22-23 23~24 24-2§

f27-2-1

f27-2-9 + X + + + + o+ o+ X + +

f27-2-10 +  + + + x o+ + + ]+ + o+

f27-2-11

f27-2-14 + + + + + o+ + o+ - o+ o+

fa7-2-15 + o+ o+ o+ o+ x o+ o+ o+ o+ O+
Oct. 25-26 26~27 27-28 2‘8-29 29-30 30-31 3I-Nov.I I-2 2-3 34

f27-2-1

f27-2-9 + + o+ o+ o+ O+ + + x4+

f27-2-10 + + + + b + x x x | x

f27-2-11

f27-2-14 + + + + | % + x + + % ||

f27-2-15 + o+ 4+ + I+ o+ x x - x
Nov. 4-5 5-6 6~7 7-8 8-9 ¢-I0 I0~II II-12 I2-13 I3-14 I4-I5

f27-2-1

f27-2-9 X X + + o+ x + + + o+ 4+

f27-2-10 X x X X x + + + + + +

f2y7-2~11

f27-2-14 +. x4+ o+ o+ o+ o+ o+ o+ o+ o+

f27-2-15 - x - — - x - —_
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Insect No. Nov. 15-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23 23-24 24-25 25~26

f27-2-1

f27-2-9 + + + o+ + + o+ o+ x + +
f27-2-10 + + 4+ x

f27-2-11

f27-2-14 + = 4+ + + + + x 4+ 4+ o+
f27-2-15

Nov. 26~27 27-28 28-29 29-30 30-Dec.1 -2 2-3 34 4-5 5-~6

f27-2-1

f27-2-9 X X

f27-2-10

f27-2-11

f27~2-14 +  + X% X x X + o+ X x
f2y~2-15

Dec. 6-7 7-8 8-9 o-Io

f27-2-1

f27-2-9

f 27-2-10

f27~2-11

f27-2-14 + X X +
f27-2-15

The leafhopper of the 3rd generation designated f27-2-9 only, was
a female and after mating with a nonviruliferous male, laid 4 eggs which
were left unnoticed until the larvae had hatched out of them. Hence the
experiment could not be extended further.

As shown above, the female leafhopper, f27 emerging from a virulifer-
ous egg was capable of producing infections in 38 plants on which it was
confined for 24 hours on consecutive days and moreover of transmitting
the virus to at least 15 eggs developing progeny which could produce
infections in 201 healthy plants without again having renewed access to
an affected plant.

The results of Experiment 1 are presented in the following diagrams.



FURTHER STUDIES ON THE DWARF DISEASE OF RICE PLANT 93

Diagram 1.
@
2
,eszQQS:ss'%g@
X ’.O..,....(“’
O gooocoooogoooooom
s 5 5 2

()
@ O indicate infective and noninfective leafhoppers, respectively

Diagram 2.
Results of daily transfers of infective leafhoppers to test plants in Exp. 1

Days

y 0 10 20 30 0 50 60 » 0
f27~2  |eeo.... . . JUREERPP Sy ;
f27..2_1 ........ —_
fo7-2-g |or------ x—xx .
f27-2-10 ............... . x RemX XXX A B[N X R ormmm
f27_2_11 ceevesenonlos m—my—
f27_?2_14 ................. . [ T - KK X Kt K
f27-2-15 frevreceses — RO I .

non-infective period (each dot represents one day)
infective period
X X X X unknown because the test plants were killed

EXPERIMENT 2.

A portion of the progeny of the leafhopper, 27 mentioned in the
foregoing experiment was maintained on dwarf diseased rice plants in an
insect-proof cage in the green house. April 2, 1936, 12 larvae from this
cage were transferred singly into glass tubes enclosing healthy rice plants
in order to find infective females. Thus an infective female designated as
f187 was secured. April 23 this insect having proved to be infective was
mated with a nonviruliferous male,  The nymphs of the 2nd generation
were transferred singly to healthy rice plants enclosed in separate glass
tubes immediately upon emergence from eggs.  After that they were
provided daily with successive new healthy plants. Of 4 insects which
survived for a sufficiently long period 2 individuals proved to be infective.
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Table 5. Infectivity of the progeny of {187
Insect No. Date of emergence from egg Sex Virulence
f187-4 May 7 male noninfective
fi187-7 ” female »
f187-9 10 male infective
f187-11 »o female ”

The infective female, f 187—11 hatched out of the egg on May 10 and

emerged into the adult stage on June 9. It was weakly infective producing
infections in only 11 of 85 plants on each of which it had been confined
for one day. It remained noninfective throughout its nymphal stage and
did not betray its infectivity until 5 days after the last moulting.

Table 6. Results of daily transfers of f187-11 to test plants

May

May

June

June

June

July

July

1I0-11 II-12 I2-13 I3~I4 I4~-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22 22-23
e B

23-24 24-25 25-26 26-27 27-28 28-29 29-30 30-31 3I-JuneI I~2 2-3 3-4

4-5' 5-6 6-7 7=-8 8-9 g~10 10-II II-I2 I2-13 13-14 I4-I§5 I5-16 I16-17
- - - — - - - - - + + - +
17-18 18-19 16~20 20-21 21-22 22-23 23-24 24~25 25~26 2€-27 27-28 28-29 26-30
- + - - - - 4+ = -+ 4+ o+ o+
30-July 1 -2 2-3 34 4-5 86 6~7 9-8 8-9 ¢~IO IO-II II-I2
—_ — — — — + X — + —_ —_ —

12-13 13-14 14~1I5 I5~-16 1617 17-18 I8-19 IG-20 20~2I1 2I-22 22-23 23-24 24~25

25~26 26-27 27-28 28-29 2¢-30 30~31 3I-Aug. I -2 2-3 34 4~5 56

On June 13, six days after the emergence into adult stage this insect

was paired with a nonviruliferous male and began to lay eggs on the next

day.

The nymphs of the 3rd generation were also transferred singly

immediately on hatching, to healthy plants enclosed in separate glass tubes.
Fourteen of 21 leafhoppers surviving for a sufficiently long period proved
to be infective as shown in the following table.
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Table 7. Infectivity of the progeny of f187-11"

Insect No. Date of oviposition Date of emergence from egg Virulence
f187-11-1 June 15 June 27 infective
f187—11—2 » » »
f187-11-3 ” ” »
f187-11—4 ” ” »
f187-11-5 16 » noninfective
f187-11-6 » ” »
f187-11-y 17 28 infective
f187~11-8 ” ” »
f187-11-9 18 29 ”
f187-11~-10 ” » »
f187-11-11 » ” noninfective
f187-11-12 » » infective
f187-11-13 » ” ”
f187-11-14 » ” ”
f187-11-15 20 July 1 ”
f187-11-16 » 2 noninfective
f187-11-17 22 4 infective
f187-11-18 » » _noninfective
f 187-11~19 24 5 »
f187-11-20 ” » infective
f187-11-21 ” . » B noninfective

The results of this experiment also indicate that the virus has been
transmitted through eggs of the leafhopper passing on to the 3rd genera-
tion.  Since the virulence of the female of the 2nd generation, f187-11
appeared to be rather weak the experiment was not extended further.
The summarized results of Experiment 2 are shown in the following

diagram.
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@O indicate infective and noninfective leafhoppers, respectively

EXPERIMENT 3.

As stated above, a portion of the off-
spring of the leafhopper, f27 was main-
tained on dwarf diseased rice plants in
an insect-proof cage in the green house.
On June 30, 1936, six nymphs from
this cage were confined singly in glass
tubes enclosing healthy rice plants in
order to obtain infective females. An
infective female designated as f19g was
thus secured and mated with a virulifer-
ous male on July 17. On July 29 and
31, respectively, 8 and 3 nymphs were
hatched out of eggs laid by this insect.
These nymphs were transferred singly
immediately on hatching, to individual
healthy rice plants enclosed in separate
glass tubes. Subsequently they were
transferred daily to successive new test
plants. Of 6 leafhoppers which survived
for a sufficiently long period 3 individuals
proved to be infective.

Table 8.
Infectivity of the progeny of figg

Insect |Date of emergence} o Viralence
No. from egg
T f196-3 July 29 male |infective
f 1965 ” 2] ”
f195-6 » female ?
f1gc—7 ” ? noninfective
f1gc-8 » male ”
frog-9 3t 7 "

The infective female, f199-6 emerg-
ed from the egg on July 29 and into
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the adult stage on Aug. 21. It became infective 11 days after hatching
from the egg, producing infections in 25 of 40 test plants on each of which
it Had been confined for one day.

Table g. Results of daily transfers. of f199-6 to test plants

July 2¢-30 30-31 31-Aug. I -2 2-3 3-4 4-5 56 6~7 7-8 8-9 g-10

- - - - - - - - -] - + +
Aug. I0-1I 11-12 12-I3 I3-14 I4-15 15-16 16-I7 17—18 18-19 1g-20 20-2I 21-22 22-23

+ 4+ [+ - 4+ + + o+ o+ A+ U4+ o+
Aug. 23-24 24-25 25-26 26-27 27-28 28-29 29~30 30-31 31-Sept. I -2 2~3 34

+ + + o+ o+ o+ o+ = - + o+ =
Sept. 4-5 56 €-7

+ + —

On Aug. 24, three days after its last moulting this insect was paired
with a nonviruliferous male and from the next day on it intermittently
laid eggs for 13 days. The nymphs derived from these eggs were transferred
singly immediately on hatching to individual healthy rice plants enclosed
in separate glass tubes and. after that they were transferred daily to suc-
cessive new healthy plants. Twenty larvae were lifted on hatching but
only a half of them survived long enough, the others having been lost or
having died during the course of experiment. Only one of the 10 insects

of the 3rd generation proved to be infective. It was a male designated
f199-6-5.
Table 10. Infectivity of the progeny of fi1gg-6

Insect No. | Date of oviposition | Date of emergence from egg Sex Virulence
f19c—€-1 Aug. 25 Sept. 4 female noninfective
f199—6—2 bl 2 ” ”
f19c-6—3 » . ”» male »
f199_6_4 ” 2 ” 1”
frgg—€—3 ” ” ” infective
f19c-€-6 ” ” ” noninfective
frge—€-8 30 9 female ”
f196—€-10 » ” male »
f19c-6-15 31 10 ” ”
f199~6_x8 17 " 1 ”

The leafhopper f199-6-5 became infective 25 days after hatching and
produced infections in 33 of 67 rice plants on each of which it had been
confined for one day as shown in the following table.
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Table 11. Results of daily transfers of f19g9-6-5 to test plants

Sept. 4-5 56 6-7 7-8 89 g-I10 IO-II II-12 I2-13 I13-14 X415 I5~16 16-17

Sept. 17-18 18-19 19-20 20-21 21-22 22-23 23—24 24—25 25-26 26-27 27-28 28-29 2¢-30

- - = - =] - - - = -+ o+
Sept. 30-Oct. 1 -2 2-3 34 4-5 56 67 %8 89 g-I0 IOo-II II-Iz
+ +fI+ - = + + + = = - +
Oct. 12-13 13-14 I4-15 15-~16 16~17 17-18 18-19 16-20 20-21 2I-22 22-23 23-24 24~25
+ - + -+ - + + + -+ + + + +
Oct. 25-26 26-27 27-28 28-29 29-30 30-31 3I1-Nov.1 -2 2-3 3-4 4~5 5-6
+ + - - 4+ + + + +  x o+ o+

Nov. €-7 7-8 89 g¢-IO
+ + + +

The progeny of the 3rd generation were reared in a glass house
where a low temperature prevailed.  Under such condition a much pro-
longed incubation period was usually required for the virus in the plant
and consequently it took a much longer time to decide whether or not a
leafhopper was infective. On the other hand, as stated before, some female
leafhoppers would show a tendency not to mate readily with males as
they approached old age. Accordingly 2 females of the 3rd generation,
f199-6~1 and f199-6-2 were allowed to mate with nonviruliferous males
on Oct. 12 without waiting for their betraying infectivity. =~ Thosé 2 females
eventually proved to be noninfective but some of their offspring produced
infections in test plants to which they had been transferred immediately
upon emergence from eggs as shown in Tables 12 and 13.

Table 12. Infectivity of the progeny of f1gg-6-1

Insect No. Date of oviposition | Date of emergence from egg Sex Virulence
f 199-6-1-1 Oct. 14 Oct. 27 female | noninfective
f 19g-6-1-2 » » male »
f199—6—1—3 ’” 2 1 ’
f199—6-1-4 » 30 » »

f 199—6—1—5 ” »” »” ”
f 199~6~1-6 ” » » »
f19g~6-1-7 ” ” ' female ”
f 199-6-1—9 17 Nov. 3 male infective

f 199-6-1-10 » » ? noninfective
f196-6~1-11 ” ” male ”

f 199'—6“1—12 » ” ” 2
f199_6_1_13 ” ” ” 3
f199-6~1-14 ” ” ” infective
f19g~-6~1-16 26 5 female | noninfective
f199-6-1-17 ” ” ” ”

f 199-6-1-18 ” 7 ” ”
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The leafhoppers, f199-6-1-8 and f199—6-1-13 killed the plants on
which they had been confined and so it was not decided whether
they were infective. Two of 16 individuals of the 4th generation proved
to be infective.

Table 13. Infectivity of the progeny of f199-6-2

Insect No. Date of oviposition | Date of emergence from egg Sex Virulence
f19g—6~2-1 Oct. 13 Oct. 27 female noninfective
f199-6-2-2 » » male »

f 19g-6~2-3 15 30 » infective
f199-6~2—4 » ” ” noninfective
f199-6-2-35 ” ” female ”
f19g-6-2-6 ” » » »

f 199-€-2~7 » » n »
f196-6-2—3 » » male - | inofective

f 19g-6-2-10 ” ” » noninfective
f 19g—6—2~11 ” ” » »
figg—6—-2-12 26 Nov. 5 n »
fr9g-£~2-13 ” ” male ”
f196~6-2-14 » » female ”
f199-6-2~15 ” ” » ?

f 196~6-2-16 ” » n ”
f196-6-2-17 ” » n ”

f 199-6-2—-18 27 7 male »
f196-6-2~19 » ” female »

f 196-6~2-20 » ” male "

f 19g~£~2-21 ” ” n ”
fi19g-€-2-22 ” 9 female ”
f199-6-2-23 ” ” » »

n stands for nymphs which died bremature]y
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The leafhopper, fi1gg-6-2-8 killed the test plant and accordingly it
was impossible to decide whether it was infective.  In this case 2 of 22
individuals of the 4th generation proved to be infective. ~The summarized
results of Experiment 3 are presented in the following diagrams.
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EXPERIMENT 4.

On April 14, 1937 about 60 leafhoppers were collected on Astragalus
sinfcus L. growing on the rice fields in the vicinity of Utsunomiya. A
majority of them were at their nymphal stage. They were confined singly on
individual young healthy rice plants enclosed in a glass tube to test their infec-
tivity. Only one of them proved to be infective furnishing further evidence
to indicate that the virus under consideration may overwinter in its insect
carrier. In the middle of June, 12 and 2 nonviruliferous female and male
leafhoppers, respectively were introduced into an insect proof cage enclosing
dwarf diseased rice plants. On July 17 their offspring in the 3rd or 4th
instar were confined singly each on a healthy rice plant enclosed in a glass
tube to test their infectivity and an infective female designated h66 was
thus secured. On July 31 this insect was found to be infective and was
mated with a nonviruliferous male 2 days later.  Thereafter this female
leafhopper laid more than 30 eggs which hatched in 10 to 15 days. Sixteen.
nymphs were lifted immediately on emergence from eggs transferring
singly each to a young healthy rice plant enclosed in a glass tube. After
7 days they were transferred daily to successive new healthy rice plants. -
Only 5 of them survived for a sufficiently long period producing 3 infective

individuals.
Table 14. Infectivity of the progeny of h66

Insect No. Date of emergence from egg Sex Virulence
h66~4 Aug. 26 female noninfective
h66-3 ” » infective
h66-8 ” male noninfective
h66-14 27 female infective
h66_15 ” ” "

The infective female of the Z/X)d generation designated as h66-5 became
infective 11 days after emergence from the egg and produced infections in
30 out of 41 rice plants on which it had been confined for one day, as
shown in Table 15. '
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Table 15. Results of daily transfers of h66-5 to test plants

Aug. 26-27 27-28 28-29 20-30 30-31 3I-Sept. I 12 2-3 34 4~5 56 6-7

- - = = = = R X + o+
Sept. 7-8 8-9 G-10 10-II II-12 I2~13 I3-I4 I4~1§ I5-16 16-17 17-18 18~I9 19—20

- X |- - 4+ + +[]4+ + + + - +
Sept. 20-21 21-22 22-23 23-24 24~25 25~26 26-27 27-28 28-29 29-30 30-Oct. X 1-2

+ + + [ + + + + + + + + +
Oct. 2-3 3-4 4~5 ©&56 €7 58 89 G-10 I0-II II-I2 I2-13 I3-14

+ - + - - + + - + + + +

On Oct. 4, eleven days after emergence into the adult stage, this
insect was paired with a nonviruliferous male. It began to lay eggs on
the next day. Twenty nymphs of the 3rd generation were lifted immediately
on hatching and transferred singly each to a healthy rice plant in a glass
tube where they were allowed to remain for 5 days. Thereafter they
were transferred daily to successive new healthy rice plants. Two of 12
leafhoppers which had survived long enough proved to be infective.

Table 16. Infectivity of the progeny of h66-g

Insect No. Date of oviposition Date of emergence from egg Sex Virulence
h66-5-1 Oct. 5 Oct. 20 n noninfective
h6€-5-4 8 » male infective
h6€-5-5 ” ” n noninfective
hé€-5-6 9 ” female infective
h66-5—7 ” ; ” n noninfective
" h66-5-8 » » female ”
h6€~5—g 10 ” n ”
h66-5-11 12 » n »
h66-5—12 ” ” male ”
h66~5-13 ” ” female ”
h66-5-17 13 21 male ”
h66-5-19 ” 22 female »

n stands for nymphs which died prematurely
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The results of daily transfers of the infective leafhoppers, h66-5-4
and h66-5-6 to successive healthy rice plants are shown in the following

table.

Table 17. -

Results of daily transfers of the infective progeny of h66-5 to test plants.

Insect No. Oct. 20-21 21I-22 22~23 23-24 24-25 25-26 26-27 27-28 28-29 29-30 30-3I
h66-5—4 - — - - - | - — - -} - -
hé66-5-6 - - — - -] = — - - - —-

Oct. 31-Nov. 1 I-2 2-3 34 45 56 6€-7 7-8 8-9 o-I0
h66-5-4 - - - = =] - 4+ + + 4+
hé€-5-6 - - + + + + + + | + +

Nov. I0-11 II-12 I2~13 13-I4 14-I§ 15-16 16-17 17-18 18-19 19-20 20-21I
h66-5-4 + + + + + + + + o+ o+ |+
h66-5-6 + + + + - - = = = = -

Nov. 21-22 22~23 23-24 24~-25 25—26 26-27 27-28 28-29 2¢-30 30-Dec. 1
h66-5—4 + + 4+ 4+ o+ = o+ o+ o+ |+
h66-5-6 —_ —_ — —_ —_ — —_ —_ —_ —_

Dec. 1-2 2-3 34 4-5 5§56 €67 7-8 8-9 G~I0 IO-II II-I2
h66-5~4 I R s A T
h66-5-6 - - - — —_ — _ - - -

Dec. 12-13 I3-14 14~1I5 15-16 16-17 17-18 18-19 1G—20 20-2I 2I-22 22-23
h66-5-4 - - - - - - - - - - -
h66-5-6

Dec. 23-24 2425 25-26 26~-27 27-28 28-29 2¢~30 30-31 3I-Jan.I -2
h6€-5-4 - - - - - - - - - -
h66-5-6

Jan. 2-3 34 4-5 56 €-7 78 E&-20
B66-5-4 - - - = = - %
h66~5-6

As shown above the infective male, h66-5—4 became infective 18 days
after emergence from the egg and continued to be so for about a month
but was noninfective during the next month as if it had exhausted the
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virus. However it produced infection in a plant on which it was allowed
to feed for the last 12 days of its life. After all this insect produced in-
fections in 30 of 70 and more test plants on which it had been confined
for one day. The female, h66-5-6 became infective 14 days after hatching
and produced infections in 12 of 46 rice plants on which it was allowed
to feed for one day.  On Nov. 23, nine days after emergence into the
adult stage it was mated with a nonviruliferous male and began to lay
eggs 2 days later. = Thirteen larvae of the 4th generation were lifted
immiediately on emergence from ‘eggs and transferred singly each to a
healthy rice plant enclosed in a glass tube where they were allowed to
remain for 7 days.  Thereafter they were transferred daily to successive
new healthy plants. All but one of 11 leafhoppers which survived for a
sufficiently long period proved to be infective.

Table 18. Infectivity of the progeny of h66-5-6

Insect No. | Date of oviposition | Date of emergence from egg Sex Virulence
h6€-5—€~1 Nov. 25 Dec. 4 male ‘infective
h6€—5-6-2 » » n »
h6€-5-€6~3 » » female ”
h6€-5-€—4 26 6 ” noninfective
h6€—5-6—5 » B ” infective
h66-5-6-6 ‘ 27 9 . male »
h6€-5-€-8 28 10 female ”
h6€-5-6—9 o IL male ”
h6€-5-€~11 ” l[3 » »
h6€—-5-6-12 Dec. 2 14 female ”
h6€-5-6-13 T 4 16 ‘ n »

n stands for nymphs which died prematurely

The leafhopper, h66-5-6-4 which survived for 71 days was transferred
daily to new healthy plants during 50 days but allowed to feed on one
rice plant for the last 20 days. In no case, however, did it produce in-
fections in test plants. The results of daily transfers of some leafhoppers
of the 4th generation are shown in the following table.
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Table

19.

Results of daily transfers of the progeny of h66-5-6 to test plants

Insect No. Dec. 4~5 5-6 6-7 7-8 8-9 g¢~I0 IO~II II~I2 I2~I3 I3~I4 I4-1§
hé€-5-£—1 — —_ —_ - — —_ — — — —_— +
h6€6-5-€~6 - - - — - -_
h6€-5-6-9 - — — —_
h6€—5~6-11 — —
h6€-5-£-12 —
h6€~5-6-13
Dec. 15~16 16—£7 17-18 18~19 I1Gg-20 20-21 21-22 22~23 23-24 24—25. 25-26
h66-5~6~1 + + x +  x + X + + + 4+
h66-5-6-6 —_ — —_ - —_ —- — - - —_ —
h66-5-6-9 — _ - — - | - —_ — — —_ —
h6€~5-€~11 - - - - - - - -] - - -
h6€-5-6-12 - —_ - -— —_ —_ —_ - | - —_ —_
h6€—:-(—13 — —_ — _ — — — -— - -
Dec. 2€~27 27-28 28-29 26~30 30-3I 3I-Jan. I 1—2 2-3 34 4~5
h6€—5-£-1 + + 4+ o+ + 4+ + +  + o+
h6€-5-£--6 - — - - - + - — - -
h6€-5—€—9 - | - + — - - + — —_ —_
h6€—5-€-11 -] - - - + - - - - —
h6€~5~6-12 - -+ = = =] + 4+ o+ o+
h6€-5-€-13 - - - - — — — - —~ —
Jan. 56 6~7 7-8 8-9 ¢-I0 IO~II II-12 I2-13 I3~I4 I4-15 I5-I6
h6€-5-€-1 + + 4+ 4+ o+ + o+ x + + +
h6€-5-€-5 - - - — - — — —_ — — —_
h6€—35-€~9 - - - - + — - - | + b -
h6€-5—£-11 — —_ — —_ -— —_ - | - — — —_
h6€-3-£-12 + + + + + + + | + + =+ +
hé€-5-£-13 -+ — —_ — —_ + — — — — p%
Jan. 1€-17 17-18 18-19 16-20 20~21 2I-22. 22-23 23-24 24-25§ 25-26 26-27
h6€-5-6~1 + + o+ 4+ o+ + o+ o+ o+ o+ x
h6€-5—-£-6 — — . - - - - — — -
h6€-5-f-9 — + - -~ - -~ — - - - -
h6€-5—€-11 - - - = —~ — - - - - —
h6€-5-£-12 + 0+ + + + + + + + + +
h6€-35-£-13 +
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Insect No.  Jan. 27-28 28-29 29~30 30~3@ 3I-Feb. I -2 2-3 34 4~5 56

h66-5-6-1 + 4+ o+ - 4+ + + + + o+
h66-5-6-6

h66-5~6-9 - - - = = U
h66~5~6-11 —_ —_ — —_ - — + - —_ —_
h66-5-6-12 + + + + + + + 4+ + 4+
h66-5-6-13

Feb. 6-7 %7-8 8-9 9~I0 IO~II II-I2 I12-13 I3-~14 I14-15 15-16 1€-17

h66-5-6-1 + o+ + + - -

h66-5-6-6

h66-5-6-9 - - — —- — - — - - - -
h66--5—6-11 - — — + — + —_ — — + _—
h66-5~6-12 + + +

h66-5-6-13

Feb, 17-18 18-19

h66--5-6-1

h66—5—6-6

h66-5-6~9 - - —(19-24)
h66-5-6-11 —_ 4 —(19~11I 10)
h66—-5-6-12

h66-5-6~13

As shown above the leafhopper, h66-5-6-1 became infective 11 days
after emergence from the egg and remained viruliferous throughout its
subsequent life producing infections in 52 plants.  The insect h66-5-6-9
became infective 18 days after hatching but proved to be weakly virulent
producing infections in 5 of 59 plants. on each of which it had been
confined for one day.  The insect h66-5-6-11 also became infective 18
days after hatching and was infective to the same degree as the insect
just mentioned.  The female leafhopper, h66-5-6-12 was evidently in-
fective 15 days after emergence from the egg and appeared to be very
virulent but it was killed accidentally after it had produced infections in
40 plants. The insect h66-5-6-13 became infective 21 days after hatching
and died prematurely producing infections in only 3 plants.  In short, 2
individuals of the 4th generation were remarkably infective whereas the
other 4 were weakly virulent. The other insects, h66-5-6-2, h66-5-6-3,
h66-5-6-5 and h66-5-6-8 became infective before they were transferred
daily to new healthy plants and so all were discarded. From the results
of this experiment it is evident that the virus under consideration was
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transmitted through the eggs of leafhopper to the progeny of the 4th

generation. .
The results of Experiment 4 are presented in the following diagrams.

Diagram 6.

®00000000m
100000000000
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0

@0 indicate infective and noninfective leafhoppers, respectively

Diagram 7.
Results of daily transfers of infective progeny of h66 to test plants
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h66—g—6-13 [rererere Weeerenenns oo vameeasxm
............ noninfective period (each dot represents one day)

infective period
X %X X X unknown because the test plants were killed

EXPERIMENT 5.

On Jan. 25, 1938 a nonviruliferous female leafhopper was mated with
an infective male, h66-5-6-1 and their offspring were reared on dwarf
diseased rice plants in an insect-proof cage in the green house. On Mar.
20, some nymphs in the 3rd or 4th instar were confined singly each on
a young healthy rice plant enclosed in a glass tube to test their infectivity.
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On April 7 an infective female designated as hgg was secured and paired
with an infective male. Ten nymphs of the znd generation were lifted
immediately on emergence from eggs transferring singly each to a young
healthy rice plant enclosed in a glass tube. They were allowed to remain
there for 5 days and thereafter transferred daily to successive new healthy
plants.  Two of them died prematurely and the remainder all proved to
be infective. '

Table 20. Infectivity of the progeny of hgg

Insect No. Date of emergence from egg Sex Virulence
hgg—1 April 19 female infective
hgg—2 » n ”
hgg-3 » female »
hog—4 » male ”
hgg—5 " n ”
hgg-6 ” female ”
hgg-8 21 ” ”
hgg—10 » ” ”

n stands for nymphs which died prematurely

The results of daily transfers of the infective females, hgg—1 and h99—
will be shown below.

Table 2 I.

Results of daily transfers of infective offspring of hgg to test plants

Insect No.  Apr. I6-20 20-21 21-22 22-23 23-24 24~25 25-26 26-27 27-28 28-29 2¢-30
hog-1 - - - - == = == = =
hgg-8 - -— - - -] - — - | -

Apr. 30-May I -2 2-3 3~4 4-5 56 6-7 7-8.- &9 ¢-10
hgg~1 + | +  + 4+ o+ + + + o+ o+
hgg-8 - - =t + + + + + + o+

May I0-11 II-I2 12-I3 I3-14 I4-15 I5-16 1€-17 17-18 18-19 I¢-20 2c-21
hgg-1 +i+ + - - - - - - 4+ |-
hgg-8 + + 4+ + o+ o+ o+ o+ + - =
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Insect No. May 21-22 22-23 23-24 2425 25-206 26-27 27-28 28-29 29~30 30-31 3I-I

hgg-1 - - - - + - - - = - %
hgg-8 - - - + + - + o+ = = =

June 1-2 2-3 3-4 4-5 56 6-7 7-8 8-9 g~I0 10-II II-I2
hgg-r. - + + + + - + + + + +
hgg-8 + + o~ -+ =+ o+ 4+ o+ o+

June 12-13 13-14 14-15 I5-16 16-17 17-18 18-19 1g—20 2021 21-22 22-23
hog-1 + -+ -+ = = = = -
hgo-8 + - - - -  + o+

June 23-24 24-25 25-26 26-27 27-28 28-29 2¢g-30 30-July 1 I-2  2-3
hgg-1 - - - - - = = = e
hgg-8

July 3-4 4-5 56 6-7 7-8 8-9 9-10 IO-II II-I2 I2-13 I3-14

hgg~1 - - - - = = - = - =

hgg-8

July 14-15 ¥5-16 16-17 17-18 18-19 ¥9~20 20-21 21-22 22-23 23-24

hog-1 - - - - = = == - -

h99-8

The leafhopper, hgg-1 became infective 12 days after emergence from
the egg and retained its infectivity for 13 days but the virulence decreased
gradually until the virus appeared to be entirely exhausted.  Ultimately
this insect produced infections in 29 of 91 plants on each of which it had
been confined for one day. Seven days after emergence into the adult
stage this female leafhopper was paired with a nonviruliferous male. Six
larvae of the 3rd generation were transferred singly immediately on hatching
each to a young healthy rice plant enclosed in a glass tube. They were
allowed to remain there for 5 days and subsequently transferred daily to
successive new healthy plants. Three of them died prematurely while the
remaining 3 proved to be infective.

The insect, hgg-8 became infective 13 days after hatching and retained
its infectivity for about 50 days producing infections in 31 healthy rice
plants.  Nine days after emergence into the adult stage this female was
mated with a nonviruliferous male and thereafter laid a good many eggs.
Eighteen nymphs derived from these eggs were transferred singly im-
mediately on hatching each to a healthy rice plant enclosed in a glass
tube.  From 5 days after that they were transferred daily to successive
new healthy plants. Twelve of them which survived for a sufflciently long
period proved to be infective.
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Table 22. Infectivity of the progeny of h-gg9-1 and hgg-8

Insect No. | Date of oviposition Date of emergence from egg Sex Virulence
hgg—1-1 May 26 : June 7 female infective
hog—1-2 » 8 ”» »”
hgg-1-35 June 5 19 n ”
hog-8-1 ” ” male ”
hgg—8—2 6 ” female »
hgg-8—4 7 20 2 ”
hgg-8-6 9 23 ” ”
hgg-8-7 10 25 ” »”
hgg—8-9 ” ” male ”
h99—8—10 2 ” . ”» ”
h9g—-8-11 ” » female »
hgg—8-13 »” ” ”» »
hgg-8-14 11 26 male »

" hgc-8-17 13 July 2 female ”
h99—8—18 ’” ” » ”

n stands for nymphs which died prematurely

The results of daily transfers of these leafhoppers to new healthy rice
plants are shown in the following table.

Table 23. Results of daily transfers of some infective progeny
of the 3rd generation to test plants

Insect No.  June 7-8 8-9 9-10 Io-II II-12 I2-13 13-I4 I4-I5 I5-16 16-17 17-18

hgg—1-1 — — - —_ — —_ - - —_ — —
hgg—-1-2 : — — - — - - -] - — -
hgg-8-1 ’
hgg-8-2

hgg-8-4

hgg-8-6

hgg~8-7

hgg-8-9

hgg-8-10

hgg-8-11

hgg-8-13

hgg-8-14

hgg-8-17

hgg-8-18
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Insect No.  June 18-I9 Ig—20 20-21 21-22 22-23 23-24 24~25 25-26 26-27 27-28 28-29

hgg-1-1 - -] - - —_ - - - -} - -
hgg-1-2 — - - - - + + - | + - +
hgg-8-1 —_— —-— -— —_ —_ -] - = — —_
hgg-8—2 - - —_ - - - -
hgg-8—4 - - - - - = = = =]
hgg-8-6 - - - - —_ -
h9g-8-7 - - - -
hgg-8-9 - - -
hgg-8-10 - - - —_
hgg--8-11 — — — —_
hgg-8-13 - - -
hgg-8-14 — — —
hgg-8-17

hgc-8-18

hgg-1-1 - — - - +

hgg-1-2 + + + + + +
hgg-8-1 - - | — — — -] -
hgg-8-2 -~ - - -] - + — + |
hgg-8~4 - - - B - — -
hgg-8-6 - —_ -, - —_ -
hgg-8-7 - - - - = -
hog~8-9 - - - - - -
hgg-8-10 —_ —_ —_ —_ —_ —_
hgg-8-11 — —_ - ~— —_ —_ - | - —_
hgg-8~13 - - -] - - - - - - -
hgg-&-14 — —_ - | - —_ - -1 - - —
hgg-8-17 ‘ - - - - = =1=
hgg-8-18 — —_ — — - — - |

I
!
I
|

July g-Io Io-II II~I2Z 12~13 I3~-14 I4—15 15~16 16-17 17-18 18-19 16-20

+
+

hgg-1-1 +  + o+ il
hgg-1—2 + =1+
hgg-&-1 -1
hgg-8-2 +
hgg-8-4 -
hgg-8-6 -
hog-8-7 — |
hgg~8—9 -
hgg-8-10 -
hgg-8-11 +
hgg-8-13 +
hog-8-14 -
hgg-8-17 -
hgg-8-18 —_ - - — ]

+ 4+ +
++ 4+ o+
+

+ +
+ 4+ 4+
+ 4+ 4+ +
++ + +

I+

-

|

1

|

|

|
I+ + +
1+ 1
|

|

|

|

1
+
+
|

1
+

+ 4+
I
+ 4+
I+ + + + |
[+ + + +
++:++
b4+
O I S o
+ 4+ + o+

1
I
1
|
|
1
|

I
I
I

1l

Ll

bl
b
L+
+ +
+ o+
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Insect No. July 20-21 21-22 22-23 23-24 24-25 25-26 2€-27 27-28 28-29 26-30 30-~3I

hyg-1-1
hgg—1-2
hgg-8-1 :
hgg—-8-2
hoc—S-4
hgc-8-6
hgg-8-7
hog-8-9
hgg-8-10
hgg-8~11
hog¢-8-13
hgg-8-14
hgg-8-17
hg¢-8-18

+ + - + + + + +
+ o+ e
+ - + - =

+ o+

+ 4+ + 4+
I+ + + +
+ o+ +
+ o+ +
+ 1
!
+ +
+
+

I
|
1
!
|
1
]
I
|

1
!
!
X + 1
|
|
+ +
++ +

+ 4+

|+ +
+ +

+ 41

I
I

1
!
l

++ o+ + 4
+ o+ +
I+ +
I+ +

i+ -
-+
+ |

X 4+ ++ |
+ +
+ 4+
+ o+
+ 4+t
+ 4+ +
+ + +
+ o+ + |
+ +
!

July 31-Aug. 1 -z 2—

w
9
»
N
Wt
9
o
o)
)
-
T
o
o0
i
V=3
v}
I
-
[o]

hgg~1-1
hgg—1-2
hgg—8-1
hgg-&-2 + +
hog~8—4
hg-8-6 —
hgy—¢~7 +
hgg-8-9 —
hgg-8-10 —
hgg-8-11

hgg-2-13 - + —
hg¢—8-14 —
hgc—8-17 + .
ho¢—2-18 - -

+
+

+ o+
+ +
++
+ +

+
+

I
!
1

+ 4+t o+
+ 4+ +
+ 4+ +
+
+
++ 4+
+ + +
+
|

+
+
+
|
+
!
I

+

1

[
N
+
+
+
+
+

Aug. I0-1Y II-I2 12-13 I13-14 I4-I5 15-16 1€-17 17-18 18-19 Ig~20 2c-2I

hg¢—1-1 — - -
hgg—1-2
hgg-€-1
hgg—8-2
hge-8-4
hgg—-8-6
hgg-8-7
hgg-8-9

+ +
+
+
+
+
|
+
+
+
+
+

hgg-8~10 — - - - — - —_ — - _ —
hgg-8-11

hgg—8-13 — — — —_ — —_ —_ — —
hog-8-14 ‘

hgg-8-17 + - - + = - = -

hgg-8-18
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Aug. 21-22 22-23 2324 24-25 2§5-26 26-27 27-28 28-29 29-30 30~-31 3I-I

hog-1-1

hgg—1-2

hogg-8-1

hgg-8-2

hgg-8-4

hg¢-8-6

hgg-8-7 + = = = =+ = = = =
hgg-8-9 + + + + o+ 4+
hgg-—8-10 — - - - - - - - - -
hgg-8-11

hgg—8-13

hgg—8-14

hgg-8-17

hgg-8-18

+
+
+
+
1

Sept.” 1-2 2-3 3-4 4-5 56 67 7-8 89 g-10

hgg-1-1
hgg-1-2
hgg—-8—1
hgg-2-2
hgg—8-4
hgg-8-6
hgg-&-7
hg¢~8-9 + + - - + - + - +
hgg-8-10
hgg-8-11
hgg-8-13
hoc-8-14
hgg-&-17
hgg-8-18

As shown above they remained noninfective for 12 to 25 days after
hatching and thereafter retained infectivity for 11 to 59 days.

Two infective female leafhoppers, hgg~1-1 and hgg—8-2 were paired with
nonviruliferous males 13 and ¢ days, respectively after emergence into the
adult stage.  From the eggs laid by the former, 45 larvae were lifted
immediately on hatching and reared singly on healthy rice plants trans-
ferring daily to successive new healthy plants. Five of 19 insects which
survived for a sufficiently long period proved to be infective. On the
other hand 6 nymphs were likewise lifted from the eggs laid by hgg-8-2
transferring singly in the usual manner employed in these experiments.
Only 2 of them survived long enough, developing one infective female
leafhopper.
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Table 24. Infectivity of the progeny of the 4th generation

Insect No. Date of oviposition | Date of emergence from egg Sex Virulence
hgg—1-1~2 July 26 Aug. 4 female noninfective
hog-1-1-3 ” » » »
hgg—1-1-35 28 6 ” infective
hgg-1-1-6 29 7 ‘ male »
hgg~1-1-9 Aug. 2 10 ” noninfective
hgg-1-1-11 3 11 ” »
hgg—1-1-13 4 12 ” »
hgg-I1-1~14 » » female »
hog—1-1-15 ” » ” »
hgg~1-1-16 ” ” male infective
hgg-1-1~19 5 ” female noninfective
hgg—1-1-21 oo 13 male ”
hgg-1-1-24 ” ” » infective
hgg-1~1-26 ” ” ” ”
hgg—1-1-27 ” » female noninfective
hgg-I-1-29 6 14 male »
hgg—1-1-31 ” ” ” »
hgg-1-1-32 | - ” » » »
hgg-1-I-4I . 8 16 ” »
hgg—8—2-2 July 28 Aug. 6 » »
hgg-8-2-3 » » female infective

The results of daily transfers of the infective progeny of the 4th
generation to successive new healthy rice plants were as follows.

Table 25. Results of daily transfers of the infective progeny of
the 4th generation to test plants

Insect No. Aug. 6-7 7-8 8-9 g-I0 IO-II II-I2 ¥2-I3 I3-I4 I4~I5 I5-16 1€-I7

hgg—1-1-5 - - - | = - - | = - - - -’
hgg~1~1-6 —_ - - - | - - | = - — —
hgg~1-1-16 - — — — -
h9g-1-1-24 —_ - — -
' hgg—1~1-26 - - — -
hog-8~2-3 e L e
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Insect No. A\ig. 17-18 18-19 19-20 20-21 21-22 22-23 23-24 24—25 25-26 26~27 27-28
hgg-1-1-5 - - = == - = 4+ 4+ | x +
hgg—-1-1-6 —_ - - - | = - - - - — —
hgg~1-1-16 — - - - - —_ - - - + + ]
hog~1-1-24 - - = - - + | + -+ o+ o+
h9g~1-1-26 -] - - - — - - - - + +
hgg-8-2-3 - - - =] - 4+ - =1- -
Aug. 28-29 29~30 30-31 3I-Sept. I 1-2 2-3 3-4 4-5 56 67
hgg~1-1-5 + +  + - + - - + + +
hgg~1-1-6 - - = = + - - + + +
hgg-1-1~16 + 4+ =+ + - - - = -
hgg-1-1-24 + o+ + o+ + x x e
hgg—1-1-26 + o+ o+ o+ + + o+ o+ o+
hgg~8-2-3 i - = = = - =
Sept. 7-8 8-9 9~IO I0~II II-12 I2-13 I3-I4 14-~15 I5-16 16-17 17-18
hgg~1~1-5 - - + - 4+ + - = = 4+ -
hgg—1-1-6 + + + + + o+ - 4+ - = x
hgg—1~1-16 — - - — — - - — - — —
hgg-1-1-24 ’ - - - - - - - —_ — — —
hgg—1-1-26 + + —_ - - + + + X -+ ot
hgg-8-2-3 - - — - - - - - - - _
Sept. 18-19 19—20 20-21 21-22 22~23 23-24 2425 25—26 26-27 27-28 28-29
hgg-1-1-5 + + - - - + + -~ - - -
hog-1-1-6 + - = + - + o+ + + + +
hgg—1-1-16 — — —_ — —_ — — — —_ — —
hgg~1~1-24 — - —_ —_ — — —_ — -— —_ —
hgg~1-1-26 + + + - + + - + - —_ -
hgg—-8-2-3 — - - - — - — - — — -
Sept. 29-30 30-Oct. I -2 2~3 34 45 56 67 7-8 &9
hog—-1-1-5 —_ + + -
hgg-1~-1-6 + + + - + - - - - -
hg9-1-1-16
hgg-1-1-24 — - - -~ — —_ —_ —_ - -
hgg-1-1-26 — — — — — —_ — — —_ —

hgg~8-2-3
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[

Oct. 6-10 I0~II II-I2 I2-13 I3-14 I4-15 I5-16 16-17 17-18 18~19 Ig—20

hog-1-1-5
hog-1-1-6
hgg-1-1-16
hgg-1-1-24
hgg-1-1-26
hgg-8-2-3

Oct. 20-21 2I1~22 22~23 23~24 24-25 25-26 26-27 27—28 28-29 2¢-30 30-3I

hgg-1-1-5
hgg-1-1-6
hgg-1-1~16
h9g~1-1-24
h99-I—I—'26
hg9-8-2-3

Oct. 31-Nov. I I-2  2-3 34

hgg-1-1-5
hgg-1-1-6
hg9-1-1~16
hgg-1-1-24
hgg-1-1-26
hgg-8-2-3

hgg-1-1-3
hgg—~1-1-6
hgg—~1-1-16
hgg-1~1-24
hgg-1-1-26
hgg-8-2-3

Nov. 21-22 22~23 23-24 24~25 25-26 26-27 27-28 28-29 2¢-30 30-Dec. 1

hgg-1-1-5
hgg~1-1-6
hgg~1-1-16
hgg~1-1-24
h9g-1-1-26
hgg—8-2-3
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Dec. 12 2-3 34 45 56 6-7 7-8 89 ¢-Io 10-11

hgg-1-1-5

hgg-1-1-6 - - - 4+ 4+ 4+ + + + -
h9g—1-1-16 ’

h9g—1-1-24

hgg—1-1-26

hgg-8-2-3

As shown above these 4th generation progeny became infective g-235
days after emergence from the eggs and retained infectivity for 8-98 days.
It is obvious that certain leafhoppers exhausted the virus during their daily
transfer to successive new healthy plants since they remained noninfective
for the last 24-33 days before they died.  The infective females, hgg—1-1-5
and hgg-8-~2-3 and noninfective ones, hgg—1-1-3 and hgg—1-1-19 were
paired with nonviruliferous males 8 to 11 days after emergence into the
adult stage. Except hgg-8-2-3 all the insects deposited 17 to 36 eggs.
More than 30 nymphs were lifted from the eggs laid by hgg-1-1-35 im-
mediately on hatching and transferred singly each to a healthy rice plant
enclosed in a glass tube.  After 5 days they were transferred daily to
successive new healthy rice plants.  More than a half of them died pre-
maturely and 11 of the remaining 14 leafhoppers proved to be infective.
Thirty-six and seventeen larvae, respectively, were likewise lifted from the
eggs deposited by hgg-1-1-3 and hgg—1-1-19 and bred singly on healthy
rice plants in separate glass tubes. Twenty-one and six of them survived
for a sufficiently long period producing 18 and 6 infective insects re-
spectively.

Table 26. Infectivity of the progeny of the gth generation

Insect No. Date of oviposition | Date of emergence from egg Sex Virulence
hgg—-1-1-5-2 Sept. 8 Sept. 22 female infective
hgg-1-1-5-3 ” ? n y
hgg-1-1-5-5 ? 7 n ”
hgg-1-1-5-6 ” ” male ”
hgg-1-1-5-7 ” ” n »
hgg-1-1-5-8 10 » n noninfective
hgg—1-1-5-13 ” 25 female infective
h9g-1-1-5-18 11 26 n noninfective
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Insect No, Date of oviposition | Date of emergence from egg Sex Virulence
h9g-1-1~5~20 Sept. I1X Sept. 26 -female infective
hgg—I~I—5-21 » ” ” noninfective
hgg~1-1~5-23 » ” ”» infective
hgg~1~I~3-31 13 28 n ”
h99-1-1~5-32 20 Oct. 8 female »
h9g—1-1-5-34 22 9 n ”
h9G—I-I~3~1 Sept. 4 Sept. 15 female »
hgg—I-I—3-2 » 16 n ”
hgg-1-1~3—4 ” » male ”
hgg—1-1~3-5 7 ” ” "
hgg-1-1~3~7 » » female noninfective
hgg—1-1-3-8 » » male infective
hgg—1~1~3-10 » ” female ”
hgg—I~I~3-11 ” ” male ”
hgg~T~I-3-12 ” » ” noninfective
hgg-1-1-3-15 5 17 ? ”
hg¢—1-1-3-19 6 19 » infective
hgg—1-1-2-20 » 20 ” ”
h9g~1-1-2-21 7 21 n »
hgg—1-1-3-23 ” ” male ”
hgg—1-1-3-24 ” » female ”
hgg-1-1~2-26 ” ” male »
hgg—1-1~3-27 8. 23 ” ”
hog—1-1-~3-29 11 25 ” ”
hog-1-1~3-33 7 ” 7 ”
hgg—1-1-3-34 » 27 female »
hgg~1-1-3-36 Oct. 4 ” »
heg—1-I-16-1 Sept. 12 Sept. 28 ” »
hgg-1-1~-19-2 ” » male ”
hgg-1-1~16-3 ” ” ” ”
hgg-1-1~15-4 ” ? ” ”
hgg-1-1~19-5 7 ” ” ”
h9o~1~1~16-17 } Oct. 4 ” »

n stands for nymphs which died prematurely

It is worthy of note that the females hgg—1-1-3 and hgg-1-1-19
both produced infective progeny notwithstanding the fact that they remained
noninfective throughout their entire life. Such a case was also encountered
in Experiment 3 as has been already mentioned.  This phase of the
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N\
problem will be discussed later. The results of daily transfers of the in-
fective progeny of hgg—1-1-5 to successive healthy plants are presented

in the following table.

Table 27. Results of daily transfer of the infective progeny of
. the 5th generation to test plants

Insect No.

Sept. 22-23 23-24 2425 25-26 26-27 27-28 28-29 2¢-30 30-Oct. 1

hgg—1—-1-5--2
hgg-1-1-5-3
hgg-1-1-5-5
hgg-1-1-5-7
hgg-1-1-5-13
hgg-1-1-5-20
bgg-1-1-5-23
hgg-1-1-5-31
hgg-1-1-5-34

Oct. 2-3

hgg-1-1-5~2
hgg-1-1~5-3
hog—1~1~5-5
hog-1-1-5-7
hgg—1-1-5-13
hgg-1~1-5-20
hgg-1-1-5-23
hgg-1-1-5-~31
hog-1~1-5-34

Oct. 13-14 I4~15 15-16 16-17 17-18 18-19 1G—20 2021 21—

22 22-23 23-24

hgg-1~1-5-2
hgg—1-1-5-3
hgg-1-1-5-3
hog-1-1-5-7
hgg-1-1-5-13
hgg—1-~1-5~20
hgg-1~1-5-23
hgg-1-1-5-31
hgg-1-1-5-14

+ ok o+ o+

|

+ o+ o+ 4

+ o+ o+ o+ 4

]

1

+

X + + + +

R

1

O T N ST

b+ o+ o+ o+
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Insect No.

Oct. 24-25 25-26 2€6-27 27-28 28-29 26-30 30-31 3I-Nov. I -2 2-3
hgg—1-1-5~-2 + x + - - - + + + +
hgg~1-1-5-3 + o+ o+ =
hgg—1-1-5-35 + + + + -
h9g—1-1-5-7 + - + + - - - + + +
hgg-1-1-5-13 + .+ + + - - + + + +
hgg—1-1-5-20 + x + + — + —_ + + +
hgg-1-1-5-23 + + + ~— - + + - + +
hgG—1~1-5-31 + +
hgg-1~1-5-34 - - + + + + -+ +

Nov. 34 4-5 56 6-7 7-8 8- ¢—Io 1I0~-IT II-I2 I2-I3 I3-I4
hgg-1-1-5-2 - + + + + + + + + + 0+
hgg-1-1-3-3
hgg—1-1-5-5
hgg-1-1-5-7 - + + - —
hgg-1-1-5-13 + + + + ] + + + + + + -
hgg-1-1-5-20 * - - + + + + + + + +
hgg—i-1-5-23 + - + + + - + + + + +

hgg—1-1-5-31
hg¢—1-1-5-34

Nov. 14~15 15-16 I6-17 17-18 18-19 1G—20 20-2I 21-22 22-23 23-24 24-2%

hgg—1-1~5—2
hgg-1-1-5-3
hgg—1-1-5-5
hg¢—1-1-5-7
hgg-1-1-5-13
hgg—~1-1-5-20
hgg-1-1-5-23
hgg—1-1-5-31
hog-1-1-5-34

+

+ o+ +

+

+ 4+

+ o+

+

+

-+

+

Nov. 25-26 26-27 27-28 28-29 2¢-30 30-Dec. 1

hgg~1-1-5-2

hgg—1-1-5-3

hog-1-1-5-5

hgg-1-1-5-7

hgg—1-1-5-13
hgg~1-1~3~20
hgg~1-1~5-23
hgg-I-1~5-31
hgg-1-1-5-34

+

+ 4+

+

+ + +

-+

+ o+ +

4

+ 4+ 4

+

+ o+ o+

-+

+ o+

++ +
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Dec.

5-6

6-7

7-8

8-9

0~10 IO-II II-I12 I2~I3 I3-14 14-I5 I5-16

hgg-1-1-5-2
hgg-1-1-5-3
hgg-1-1-3-5
hgg-1-1-5-7
h99-1-1-§-13
hgg-1-1-5-20
hgg-1-1-5—23
hgg-1-1-5-31
hgg-1-1-5-34

+

-+

+

+ o+

+ o+ o+ o+

+ o+

Dec. 16-17 17-18 18-19 19—20 2021 21-22 22-23 23-24 24-25 25-26 26-27

hog—1-1-5-2
hog-1-1-5-3
hgg-1-1-5-5
hgg—1-1-5-7
hog-1-1-3-13
hgg-1-1-5-20
hgg-1-1-5-23
hgg-1-1-5-31
hgg—r-1-5-34

+

+ o+

+ o+ x  +

Dec. 2728 28-29 29-30 30-31 31-Jan. I

45 56

hgg-1-1-5-2
hgg-1-1-3-3
hgg-1-1-5-3
hgg—1-1-3~7
hog-1-1-5-13
hgg-1-1-5-20
hg¢—1-1-5-23
h9g-1-1—5-31
h9g-1-1-5-34

-+

Jan.

67

7-8

¢~I0 10-I1

I1-12 I2-13 13-14 I4-1§

1516 16~17

hgg-1-1-3-2
hgg-1-1-5-3
hgg—1-1-5-3
hgg-1-1-5-7
hgg—1-1-5-I3
hg9g—-1-1-5-20
h9g-1-1~5-23
hgg-1-1-5-31
h9g-1-1-5-34

+ o+ - =

+ o+
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Insect No.  Jan. 17-18 18-19 1g—20 20-21 21-22 22-23 23~24 24~25

h9g-1-1-5-2 +

hgg~1-1-5-3

hgg~I-I-5-5

hgg—1~1-5-7

hog-1-1-5-13

hgg-I~1-5-20 + + + + - + + -
hgg-1-1-5-23

h9g~I-1-5-31

hgg-1-1-5-34

As shown above they became infective 16-30 days after hatching and
retained infectivity 83-g7 days at most producing infections in 65-73
healthy rice plants.  The infective females, hgg-1-1-5-2, hgg—1-1-5-13
and hgg-1-1-5—20, 11 or 12 days after emergence into the adult stage, .
were paired with nonviruliferous males. Forty-two and ten nymphs
were lifted from the eggs deposited by the females, hgg-1-1-5-2 and
hgg—1-1-5-13 respectively, immediately on emergence transferring singly
each to a healthy rice plant enclosed in a glass tube.  From five days after
that they were transferred daily to successive new healthy rice plants.
Thirteen and three of them survived for a sufficiently long period to reveal
7 and 3 infective leafhoppers, respectively.  Nine larvae were likewise lifted
from the eggs laid by the insect, hgg-1-1-5-20 and reared singly on
healthy rice plants in separate glass tubes. Seven of them surviving long
enough proved to be infective.

Table 28. Infectivity of the progeny of the 6th generation

Insect No. Date of oviposition l)atef(:g:;meegrggence Sex Virulence
hoG~I-1-5-2-2 Dec. 1 . Dec. 13 female | noninfective
hgg-1~1-5-2-3 ” 14 ” ”
h¢g~1-1-5-2~6 16 ” infective
hog—~1-1~5-2~7 ” ” male »
h9g-1-I1-5-2~I10 6 . 20 ” i
hgg-1-1-5-2~11 ” ” female »
hgg~1-I1-5~2~13 » 21 n noninfective
hgg—1-1-5-2-~14 ” ” male »
hgg~1-1-§~2~-21 12 25 female | infective
h9G—1-1~5-2-31 15 29 male »
h9g—-1-1-5-2-33 16 ” female ”
hgg-1~1-5-2-39 Jan. 1 Jan. 13 ” noninfective
h99_l—I—5—2—42 ” 3 ” ?”
hgg-1~1-5~13-2 Dec. 2 Dec. 15 male infective
h99—1"1—5—13—3 » » n 22
h9G—1-I—5-I3—5 ” ” female ”
hg9-1-1~5-20~1 Jan. 9 n infective
hgg-1-1~5-20-2 ” n ”
h9g—1-1-5-20~4 . ” n ”
h99~1-1-5~20-5 ”o female ”
hgg-1~1-5-20-6 ” ” ”
h9g~1~1~5-20-8 » n ”
hgg~1-1~-5-20—9 » male ”

n stands for nymphs which died prematurely
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The results of daily transfer of the infective offspring of hgg-1-1-5-2
and hgg-1-1-5-13 to successive new healthy rice plants are shown in the
following table.

Table 29. Results of daily transfer of the infective progeny of
the 6th generation to test plants

Insect No. Dec. 15-16 16-17 17~18 18-19 1g-20 20-21 2I-22 22-23 23~24 24~25 25-26

hgg~1-1-5-2-6 —_ —_— — - - —_ - ] —_ —_ —
h9g-1-1-5-2~7 - - - = - = = = =
hgg-1-1-35-2~10 - — - — - -
hgg-1-1—5-2-I1 — — - - —_ —_
hgg~I—1-5—2—-21 —_
hgg—1-1-5-2-31

h99~1-1-5-2-33

hgg-1-1~5-13-2 - - - - - - - | - - -] -
hgg-1-1-5-13-3 - — -~ = = - - [ = - | - -
h9g~1-1-5-13~5 - - - - - - - - - - -

Dec. 26-27 27-28 28-29 29~30 30-31 3I-Jan. I -2 2-3 3-4 4-%

hgg~1-1—
hgg-1-1-
hgG—1~1~
h9g~1-1-5-2—I1 -] - — - | - —_ — — — —
hgg—1-1-
hog—1-1—
hg9-1-1-5-2-33 -
hgg-1-1-5-13-2 — —_ —_ +
hog—1-1—-5-13-3 - — — + —
h9g-1-1-5-13-5 - + +
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hgg—1-1— —2-6 +
hgg—1—-1-5~
hgg-1—1-
hgg-1~1-5-2~-11 - | - —
hgg-1-1-
hgg-1-T—
hgg—1—1-5-2-33
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Insect No. Jan, 16~17 17~18 18-19 19g—20 20-21 21-22 22-23 23-24 24-25 25-26 26-27
hgg-1-1-3-2-6 + o+ 4+ 4+ o+ o+ o+ o+ 4+ o+ 4
hgg-1-1-5-2-7 + + + + + - + - - -~ +
hgg-1-1-5-2—-10 + + + + ~ + - + i + +
hgg-1-1-5-2—-11 — - + 4 -1 + —_ — — + —
hgg~1-1-5-2-21 + + + + | + + o+ + +  + o+
hgg-1-1-3-2-31 + + + o+ o+ - 4+ o+ -+ o+
hgg~1-1-5-2-33 - | - — - - - - + x + +
hgg-1-1-5-13-2 + |+ + + + + o+ + L+ o+ o+
hog-1-1-5-13-3 + 4+ o+ o+ -+
hgg-1-1-5-13~5 - + 4+ - = 4+ o+ o+ o+ o+ -
Jan. 27-28 28-29 29-30 30-31 31-Feb. 1 1-2  2-3 3-4 4-5 56
hgg-1-1-5-2-6 + o+ ]+ 4+ o+ + + + o+ o+
hgg-1-1~3-2-7 + + + | + + + + +  + o+
hgg-1-1~5-2-10 + + + - + - - + + +
hgg~1-1-5-2-11 + -0+ + o+ -+ - = -
hgg—1-1-5-2-21 + || + -+ x X -+ —_ - + +
hgg~1-1-5-2-31 — - + % X + + — x + |
hgg-t-1-5-2-33  —~  ~ + — 4 - - -1+ o+
hgg~1-1-5-13-2 + o+ o+ + o+ +
hgg—r-1~5-13-3
hgg~1~1-5-13-5 + + - - + e T

Feb. 6-7 78 8-9 g¢-10 10-1I 11-12 I2-13 I3-14 I4-15 15-16 16-17

hgg~1~1-5-2-6 + - + I+ + + + - + + +
hgg—1-1-5-2-7 + 01+ + + + + + + + + +
hgg~1~1-5-2-10 + +  + o+ +  + o+ o+ + + +
hgg-1-1-5-2-11 - - = = = 4+ o+ = = =+
hgg~1-1-5~2-21 + + + + + + + + -+ + +
hgg-1-1-5-2-31 - - + - + + + + + + +
hgg-1-1-5-2-33 + + + - - + + + + [ + +
hgg-1-1-5-13-2

hgg—1-1-5-13-3

hg9—1-1~5-13-5 + + + + + + — + - + +

“eb. 17-18 18~19 19-20 20-21 21-22 22-23 23-24 2425 25-26 26-27 27-28

hgg~1-1-5-2-6 + + - + + + + + + + +
hgg—~1-1~5-2-7 + + - + - + + + + - -
hgg-1-1-§-2-10 + + + 0+ + + + + + o+ +
hgg-1-1-5-2-11 + + - + — + x — + - —
hgg~1-1-5-2~21 -+ + + + + + + + + + +
hgg—1-1~5-2-31 + || + + + + + + + — + -
hgg~1-1~5-2-33 + + + + + 4+ + + + + o+
hgg-1-1-5-13-2

hgg~1~1~5-13-3

4
+
+

bgg-t-1-5-13-5  +
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Insect No. Feb. 28-Mar. 1 1-2 2-3 3-4 4=5 56 6-7 7-8 8- g-lo
hgg—1-1-5-2-6 + X x + + + + + + -
hgg—1-1-5-2-7 ~ + o+ = . o+ =+ o+ o+
hgg~1-1-§-2~10 + + + + - — - — + —
hgg—1-1-5-2-11 — + — — - — —

hgg~1~1~5-2-21 -~ + o+ + -+ + + +
hgg-1-1-5~2-31 + + - + - - + + + +
hgg-1-1-5-2-33 + + 4+ - o+ o+ o+ o+ o+ o+

hgg~1-1-5~13-2 .

hgg~1-1-5-13-3
hgg~1-1-5-13-5

1

Mar. 10~11 II-12 12-13 13-14 I4~15 15-16 16-17 17-18 18-19 19-20 20-2I

hgg-1-1-5-2-6

hgg-1-1-5-2~7

hgg-1~1-5-2~10
hgg~I-1-5—2-11
hgg~1-1-5~2-21
hgg-1-1-5-2-31
hgg~1~1-5-2-33
hgg-1-1-3-13-2
hgg-1-1-5-13-3
hgg~1-1-5-13-5

+
+

+
+
+

+

+

+

+

+

+

Mar. 21~22 22-23 23-24 2

425 25-26 26-27 27-28 28-29 2¢-30 30~31 3I-I
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hgg~1-1-
hgg—1-1-

hgg~1-1—
’ hgg—-l—l—
hgg ~2-31I
hgg-1-1-5-2-33
hgg-1-1-5~13-2
hgg-1-1-5-13-3
hgg—-1-1-5-13-5

v UI\
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T

mu‘u[\m
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9—10 10-11 1I-12

hgg-1-1-5-2-6
hgg-1~1-5-2~7
hgg-1-1-5~2-10
hgg-1-I-5—2-11
hgg—1~1-5-2-21
hgg—1-1-5-2-31
hgg-1-1~5-2-33
hgg-1-1-5-13-2
hgg-1-1-5-13-3
hgg-1-1-5-17-5
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Insect No.  Apr. 1213 13-14 14-15 315-16 1617 17-18 18~1g 1g~20 20-21 21-22 22-23

hgg-1-1-5-2-6 — — - — + — — —_ - — —
hgg~1-1-5-2-7

hgg~1-1-5-2-10

hgg—I-1-5-2-11

hgg—1-1-5-2-21

hgg—1—1-5-2-31 N
hgg—1~1-5-2-33 + - - + + - - - - - -

hgg~1-1-5-13-2
hgg-1-1-5-13-3
hgg-1-1-5-13-5

Apr. 23-24 24~25 25-26 26-27 27-28 28~29 29-May 23

hgg—1-1-5-2-6 — + — — — + +
hgg-1-1~5-2-7

hgg-1~1-5~2~-10

hgg—1-1-5-2-11

hgg~1-1-5-2~21

hgg—1—-1-5-2-31

hgg-t-t-5~2~33  — - -
hgg-1-1-5-135-2
hgg—i-1-5-13-3
hgg—1-1-5~13-3

A few infective leafhoppers were transferred 5 times a day at one
hour intervals to successive new healthy rice plants.  Each of them was
confined on a healthy plant enclosed in a glass tube during the remaining
part of the day. The results of this experiment are shown below.

Table 30. Results of transfer of single infective leafhoppers to
new test plants at one hour intervals

Mar. 6 Mar. 7 Mar. 8 Mar. g
1 2 345 1t 2345 123405 123 4°35
hgg~1-1~5-2-7 = — — — — — + 4+ + - - A+t == ==~
hgg~1~1-5-2-10 ~ — — — — — — — — — -+ 4+ + — —_ — 4 = -
hgg-1-1~5-2-31 — 4+ 4+ — - — 4+ + + — + + + — — + + + + +
Mar. 10 Mar. 11 Mar. 12 Mar. 13
1 2 345 12345 123405 1234735
hgg~1-1-5-2~7 + + + - = + + + -+
hgg-1-1~5-2-10 — — — — — — 4+ F F m e e = = = e -
hgg-1-1-5-2-3t — 4+ + + + + 4+ + - — —~ 4+ — 4+ + + — + — —
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Mar. 14 Mar. 15
1 23435 1 234°75
hgg-1-1-5-2-7
hgg~1~1-5-2-10
hgg-1-1-5-2-31 T R T i e e
" Jan. 26 Jan. 27 Jan. 28 Jan. 29
: I 2345 12345 I 2345 123475
hgg-1-1-35-13-2 —~ + + + + — 4+ + — — -+ + + + +  + + +
hgg-I-1-5-13-5 =~ — %X X — — — —+4 — — 4+ — — — + + -
Jan. 30 Jan, 31
I 2345 12z 34°%5
hgg~-1-1-5-13-2 + - + - - +
hgg-1-1-5-13-5  ~ — — ~ — + +

As shown in Table 29 the leafhoppers of the 6th generation became
infective 12-235 days after emergence from eggs and retained infectivity
for 26-118 days, mostly 53-65 days producing infections in 21-84 healthy
rice plants. Four infective females among them, hgg-1-1-5-2-6, hgg—1~
1-5—2-11, hgg-I1-1-5-2-21 and hgg-1-1-§-2-33, five to eleven days after
emergence into the adult stage were paired with nonviruliferous males but
only the first mentioned one laid a few normal and several abortive eggs
while the others deposited no eggs. On March 16 only one nymph of
the 7th generation immediately on hatching was lifted from an egg laid
by hgg-1-1-5-2-6 and confined on a healthy rice plant in a glass tube,
which subsequently developed the signs of infection. Thus in this experi-
ment the virus has been transmitted through the eggs of the leafhoppers
to the progeny of the 7th generation. It is worthy of note that hgg-1
and its progeny, or 27 leafhoppers in 5 generations, derived from one
viruliferous egg have produced infections in more than one thousand rice
plants when they were confined singly on a healthy plant for one day and
transferred daily to successive new healthy plants.

It is evident that the virus has practically not been reduced in virulence
as a result of its prolonged retention by insect carriers through several
generations as shown in the following table.
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Table 31. Relative infectivity of leafhoppers in successive generations

Insect No. Duration of life l;::?ge;ftgf No. of infections | - Percentage
(in days) hatching produced of infection
hgg-1 96 (Apr.-July ) 11 days 29 , 309
hgg-8 59 (Apr.—]une ) 12 v 3t 52
hgg-1-1 67 (June~Aug.) 26 3z 48
hgg-1-2 63( ") 15 . 39 ' 62
hgg-8-1 41 (June-July ) 21 14 67
hgg-8-2 46 (June-Aug. ) 15 29 63
hgg-8-4 4“4 ) 38 r z
hgg-8-6 43( ” ) 20 11 28
hgg-8-7 68( " ) 20 3t 46
hgg-8-9 77 (June~Sept.) 18 50 65
hgg-8-10 67 (June-Aug. ) 12 22 33
hgg-8-11 28 (June-July ) 14 11 39
hgg-8-13 55 (June-Aug. ) 4 24 44
hgg-8-14 36 ( ” ) 24 10 28
hgg-8-17 47 (July-Aug. ) 15 23 49
hgg-8-18 31 ( » ) 16 10 32
hgg-1-1-5 58 (Aug.~-Oct. ) 18 20 34
hgg-1-1-6 126 (Aug.-Dec. ) 25 42 33
hgg-1-1-16 48 (Aug.—Sept.) 14 6 13
hgg-1-1-24 57 (Aug.-Oct. ) 9 1 19
hgg-1-1-26 58 ( ” ) 13 24 41
hgg-8-2-3 . 55 (Aug.-Sept.) 17 2 4
hgg-1-1-5-2 118 (Sept.-Jan. ) 30 65 55
hgg-1-1-5-3 36 (Sept.—Oct. ) 19 14 39
hgg-1-1-5-3 3¢ 7 ) 25 1 30
hgg-1-1-5-7 47 (Sept.~Nov.) 17 21 44
hgg-1-1-5-13 100 (Sept.~Jan. ) 16 67 67
hgg-1-1-5-20 121 ( ” ) 23 73 60
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Insect No.

Duration of life

Noninfective

period after |

No. of infections

Percentage

(in days) hatching produced of infection
hgg-1-1-5-23 76 (Sept.~Dec.) 24 days 43 57%
hgg-1-1-5-31 28 (Sept.~Oct.) 22 6 21
hgg~-1~1-5-34 34(Sept.-Nov.) 17 6 18
hgg-1-1-5-2-6 135 (Dec.~Apr. ) 17 84 62
hgg-1-1-5-2-7 86 (Dec.~Mar. ) 21 52 6o
hgg-1-1-5-2-10 84( ) 17 52 62
hgg-1-1-5-2-11 77 7 ) 19 23 30
hgg—1~1-5-2-2I 73( ” ) 13 55 75
hgg~-1~1-5-2-31 78 7 ) 15 46 59
hgg-1-1-5-2-33 118 (Dec.~Apr. ) 25 61 52
hgg-1-1-5-13-2 49 (Dec.~Feb. ) 14 30 61
hgg-1-1-5-13-3 39 (Dec.~Jan. ) 13 21 54
hgg-1-1-5-13-5 68 (Dec.—Feb. ) 12 35 51

The results of Experiment 5 are shown summarized in the following

diagrams.



130

Diagram 8.
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Diagram g.

Results of daily transfers of infective progeny of hgg to test plants
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