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crotophos, Lannate, UC·30045, UC-34096, and VCS-
506.

The location of the tests did not affect results. In
I'lorida, population pressure can be extreme resulting
in 100% damaged plants in untreated checks. Mate-
rials and rates whidl prevented damage in one area
of Florida gave comparable results in the other area
with similar population pressure.
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Ability of Nephotettix apicali/ to Transmit the Rice Tungro Virus2

K. C. LING'

The International Rice Research Institute, Los Batios, Laguna, The Philippines

ABSTRACT
The transmission of tungro disease of rice in the Phil·

ippines and oE similar diseases in other countries by
Nephotettix imjJietieejJs Ishihara is now generally ac-
cepted. On the other hand, the transmission of the
disease by N. ajJiealis (Motschulsky) has not yet been
established, with contradictory results being reported in
the literature. To help settle the problem, a taxonomic·
transmission study was made and the results arc present-
ed in this paper.

N. aPiealis was found to be capable of transmitting
the rice tungro virus. However, the percentage of active
transmitters varied among the insects collected from dif-
ferent localities or even from the same locality. A higher
percentage of positive transmission was obtained by test-
ing the insects daily after an acquisition feeding for 5

The transmIssIOn of rice tungTO and of similar
diseases by Nephotettix imPicticeps Ishihara has been
demonstrated by investigators in different rice-grow·
ing countries sudl as India (tungro-John 1968; leaf
yellowing-Raychaudhuri et aI. 1967), Indonesia
(tungro-Rivera et aI. ~968), Malaysia. (penyakit

merah-Ou et aI. 1965, SlI1gh 1969), PakIstan (tun.
gl'O-Nuque and Miah 1969), Philippines (tpngro-
Ling 1966, Rivera and au 1965), and Thailand
(tungro-Lamey et a1. 1967; yellow-orange leaf-

Wathanakul and Weerapat 1969) .
TIle transmission of the disease by N. apicalis

(l\fotsdllIlsky) , on the other hand, has not yet been
settled, with contradictory results being reponed in
the literature even from tlle same country. Positive
transmission of the disease by N. apicalis has been
reported by several investigators (Fajardo et a1.
1964, Rivera and Ling: Wathanakul et a1. 1968,
W'athanakul and Weerapat 1969). However, similar
attempts by others have failed (John 1968, Lamey
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days and after providing them with daily reacq uisitiun
feedings.

The virus-vector interaction of N. aPicalis did not dif-
fer fundamentalIy from that oE N. imjJietieeps. The
virus did not persist in the vector. However, lV. aPiealis
was less able to transmit the tungro virus than N. illt·
Pietieeps because the percentage of active transmitters,
virus retention period, and number oE disease-trallsmit-
ting days of the fanner species were significalltly lower
than those of the latter.

The morphological features of the active transmitters
of N. apicalis such as location oE tegminal spots, length
of aedeagus, arrangement of teeth on aedeaglls, and
number oE teeth did lIot differ significantly from those
of the nonactive transmitters.

et aI. 1967, Ling 1968, Raydullldhuri et aI. 19G7,
Singh 1969). Since the general morphology of N.
apicalis appears similar to that of N. illlfJictit:eps and
both species are widely distributed in the tropical
region (Nasu 1969), a taxonomic-transmission study
has been suggested by some workers to help settle
the problem. This paper reports the results obtained
[rom one sudl study.

MATERIALSA:\'D l\h:TIIODs.-N. afJicalis insects were
collected from dilIerent localities in the Philippines
or from the same locality but at different dates. After
acquisition feeding on tungl'O.diseasl'd plants, the
male adults were tested individually for their infec-
tivity by a method described earlier (Ling- 19GG).
The external morphological features of illdividual
insects were examined after inoculation feeding, and
the genitalia of the insects were dissected after soak·
ing in 10% KOH solution. The aedeagus was ex.
amined under a high-power microscope.

In some cases, the insects were allowed a daily re-
acquisition feeding, i.e., after acquisition feeding, the
insects were used for transmission tests conducted
daily from 8 AM to 5 PM and confined individually on
diseased leaves in test tubes until the succeeding test.

The transmissive ability of N. aPicalis was com-
pared with that of N. impicticeps reared on cag'ed
rice plants .

REsuLTs.-Morphological Features.- The morpho.
logical features of the male N. aPicalis adults ex-
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ami ned generally agreed with previous descriptions
(Ishihara ] 961, Ishihara and Kawase ] 968, Nielson
] %8), especially in regard to the presence of a sub.
marginal black band on the vertex. However, there
were deviations in the number and arrangement of
teeth or spines on the aedeagus. The teeth were
g'cncrally arranged in 2 rows but, in some cases, ]-4
tceth were arranged irregularly or almost linearly on
one side or on both sides of these 2 main rows (Fig.
1). Furthermore, the arrangement of the teeth on
the 2 main rows was not always symmetrical or equi-
lIumeral (Fig. 2). The actual number of teeth ob·
served ranged from 10 to 23 with a maximum fre-
Ijuellcy of 14 to ] 7; this was 1I0t in agreement with
the other records of 7 pairs (Ishihara ] 964) or 7
to 9 pa irs (N ielson ] !}(i8) .

The samples of N. illljlictic('ps insects showed a
similar de\'iation in the number and arrang-ement of
teeth (Fig. 3). '.rhe number of teeth observed varied
from 4 to 10 with a maximum frequency of 7 to 8
instead of the earlier reported 4 pairs (Ishihara
1!)(i4) or 3 to 4 pa irs (N ielson ] 968) .

Based on the morphology of the N. aPicalis and
X. imlJirticcllS insects examined, the following key is
proposed for separating these 2 species:

Actkag-us without elong-ated paraphyscs and hardly
constrkted helow paraphyses. Style straight.

I. Vertex with a submarginal black band. Tcgminal
spots orten present and mnAuent a]ong- the
clava] suture. Aedeag-lls with a total of ]0 to
23, mostly 14 to 17 [(,cth. N. apicalis

2. Vertex without a submarginal b]ack band. Teg-
minal spots present or absent; if prescnt, not
confluent along the claval suture. Aedcaglls
with a total of 4 to ]0, mostly 7 to R teeth. " ' ,
, , . , . , . , .... , , , , , , , , , , .. , ' , , , , . , ,N. imPicticeps

Trml,\'missitJIl of tl/{~ T1lI1P;ro VirllS.-Forty-seven
out of 733 insects from 10 samples collected from dif-
ferent localities in the Philippines or from the same
locality but at different dates transmitted the rice
tungro ,virus after an acquisition feeding of 4 to 5
days. The percentages of active transmitters of the
10 collections were 0, 0.9G, 2,00, 2,68, 2.86, 5,00, 8.33,
10.00, J(U)(), and 27.17. The Yariation existed not
only among- the samples collected from different 10-

1'1(;. I.-Portion of acdeag-lls of N. aPicalis showing-
teeth on each sidc of thc 2 main l'O\\'S of tceth.

}<'rG. 2,-Portion of acdeagus of N. ajliralis showing
asymmetrical arrangement o( tecth.

calities but also among those callecled from the same
locality.

When insects were tested daily for 4 consecutive
days after an acquisition feeding of 5 days and after
being provided with daily reacquisition feedings, the
percentages of active transmitters were 14.77 and
'15.00 for 2 collections of 88 and ]00 insects, respec-
tively.

Transmissive A bilily.-The percentage of active
transmitters of 352 N. aPicalis insects tested was sig-
nificantly lower than that of 372 N. imPicticeps in-
sects tested under the same conditions whether or
not there were daily reacquisition feedings Crable
1). Nevertheless, the percentage of active transmit-
ters of both species increased sig'nificantly when daily
reacquisition feedings were provided.

The percentage of infective N. apicalis insects did
not always increase proportionally with the duration
of the acquisition feeding period. The increase de-
pended on the activity of the insects. 1'01' instance,
when a colony with a very low percentage of active
transmitters was used, the percentage of infective
insects remained similar even if the acquisition feed-
ing period varied from 1 to 4 days. However, a
higher percentage of infective insects was often
obtained from an acquisition feeding period of 4 to
5 days than from that of I day.
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FIG. 3.-1)onions of aedeagus of N. illljJie/ieeps showing
arrangement of teeth.

Table I.-Comparison of the average percentage of
active transmitters between NePhotettix impicticeps and
N. aPicalis.
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pic/ieeps. ~o.tl~ species could become re-infective
after reacqulSltlon feeding. In some cases, the pre-
viously noninfective insects became infective after the
2nd acquisition feeding.

The average number of disease-transmitting days,
i.e., the number of days in which the insects trans-
mitted the disease during a given period in days,
were 1.06 and 1.38 for N. aPicalis and N. impicticeps,
respectively. With daily reacquisition feedings, the
average number of disease-transmitting days were
1.28 and 2.70 during a period of 4 consecutive days
for N. aPicalis and N. imPicticeps, respectively. The
differences between the 2 species were highly sig-
nificant (Fig. 5) .

Morphological Features of Active Transmitters.-
The tegminal spots of N. aPicalis mayor may not be
confluent along the claval suture. Of 75 active trans-
mitters examined, 88.0, 2.7, and 9.3% were classified
under 2 spots confluent along the suture, I spot con-
fluent along the suture, and no spot confluent along
the suture, respectively. The corresponding figures
for 106 nonactive transmitters were 86.8, 3.8, and
9.4%.

The aedeagus was 0.41-0.67 mm long' with an aver·
age of 0.51 for 73 active transmitters and 0.45 to
0.62 mm with an avera[!;e of 0.52 for 100 nonactive
transmitters. The difference between active and non-
active transmitters was not statistically sig·nificallt.

FIC., 4.-Daily serial transmiSSIOn of rice tungro virus
by N. i1llPicticeps and N. aPicalis.
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Daily serial transmission tests showed that the
percentage of infective insects of both species. de-
creased gradually with time following the termllla-
tion of acquisition feeding (Fig. 4). Once the insect
lost their infectivity, they remained non infective un·
til their death unless g'iven access to another virus
source. The longest virus retention period of N.
aPicalis (3 days) was shorter than that of N. im-

N. imPieticeps
N. aPiealis
LSD5%

Species
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1;](;. 5.--Comparison of disease-transmitting clays of tun-
gro virus between N. imjlicliccjls and N. aPicalis.

The majority of the insects, regardless of whether
Ihey were acti\'(~ or Ilonactive transmitters, belonged
to the catt'gory in which the teeth were arranged
aSYlllllletrically. There were no striking differences
between the acti\'e and the nonactive transmitters in
reganl to the arrangement of teeth on the aedeagus.

The 73 acti\'C transmitters had 10 to 22 teeth with
an average of ] 5.6, while the 98 nonactive transmit-
ters hall 12 to 23 teeth with an average of ] 6.2. The
ditfercnce was lIot statistically significant.

None of the abm'e morphological features could
he lIsed for separating the active transmitters from
tlll' nonactive ones.

D1SCtiSSlll:-:.-The following general dlaracteristics
of the tllngTl} \"irus were similar in N. aPicalis and in
N. im/Jil'l;('('/IS: (1) the insects lose their infectivity
gradnally with time after the termination of acqui-
sition feeding-; (2) prolong-ing the acquisition feeding
period increascs the pCHTntage of infective insects;
('I) daily reacquisition feeding increases not only
the pcrccntage of infective insects but also the num-
her of llisease-transmiuing days; ('1) once the insects

Jose the infectivity, they remain noninfective until
death; and (5) the insects can regain their infec-
tivity by renewed feeding on virus sources. Conse-
quently, the virus-vector interaction of N. apicali~'
does not differ fundamentally from that of N. imPic.
tieeps. The available evidence seems to establish
that the lUngro virus does not persist in N. aPicalis
although the absence of a definite incubation period
of the virus in the vector and the loss of infectivity
resulting from the molting of the vector have not
been demonstrated due to the poor ability of N.
aPiealis to transmit the virus. The non persistence
of the tungro virus in N. imPietieeps is now general.
ly accepted by research workers in various countries
(John 1968, Lamey et al. 1967, Ling 1966, Nuque
and Miah 1969, Rivera and Ou ] 967, Rivera et a!.
1968, Wathanakul et al. 1968).

The ability of N. aPiealis to transmit the tungro
virus is less than that of N. imjJietieeps because the
percentage of infective insects with or without daily
reacquisition feeding, the length of the virus reten-
tion period in the vector, and the numher of disease-
transmitting days of the former species are signif.
icantly lower than those of the latter.

N. aPiealis can transmit the tungro virus. A prob.
able reason for the negative results reponed in the
literature is the variability of the active transmitters
among different insect collections. Genetic variabil-
ity among individual insects and among insect colon-
ies is not uncommon (Black 1953). Shinkai (1962)
reported that the percentage of N. cinetieeps (Uhler)
transmitting the rice dwarf virus varied from 0 to
69% according to the locality in Japan. In other
words, if the insect collection used for the transmis-
sion study has a very low percentag'e of active trans-
mitters it would be difficult to obtain positive trans-
mission unless many insects are involved in the ex-
periment. Another possible reason is insufficient ac-
quisition feeding. Since the transmissive efficiency
of N. apicaZ;s is low, the insects have to be provided
with a maximum charge of the virus by prolonging
the acquisition feeding period. Extending such per-
iod to 4 to 5 days would increase the possibility of
positive tungro disease transmission by N. apiealis,
especially when the insects are tested daily and arc
allowed supplementary daily reacquisition feedings.

The number of disease-transmitting' days as defined
above is proposed for comparing the transmissive
ability of 2 or more groups or species of insects.
The number of disease-transmitting days of a non-
persistent virus group is equal to the length of the
retention period following an acquisition feeding if
the daily transmission pattern of the insect is con-
secutive (for a clarification of the term consecutive,
refer to Ling 1969). In the case of the tungTO virus
in N. imjJicticeps and in N. aPiealis, the number of
disease-transmitting days for 1 acquisition feeding
should theoretically be greater than 1.0 but smaller
than 2.0 because more than 50% of the infective in-
sect~ lose their infectivity the following day (Ling
1966). If the insects are exposed to more than I
acquisition feeding, their transmissive ability can he
compared by their number of disease-transmitting
days but not by the length of the virus retention
period, the latter no longer being applicable due to
repeated feeding of the insects on diseased plants.
Furthermore, the disease-transmitting days can also
be used for comparing the transmissive ability of
different groups or species of insects of the persistent
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virus group if the daily transmission pattern of the
insects is intermittent.
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The Survival Value of Its Jumping Cocoons to Bathyptectes ant/rus/
a Parasite of the Alfalfa Weevil2

• 3

W. H. DAY'
Entomology Research Division, Agr. Res. Sen'., USDA, Moorestown, New Jersey OR057

ABSTRACT
The jumping activity of cocoons of Bath)'plectes anul'US

(Thomson) increased about 3·fold when they were ex-
posed to light and/or heat (43°C). When equal num-
bers of cocoons of B. anUnlS and B. ClI1'Culionis (Thom-
son) (the latter species cannot jump) were exposed to
the hyperparasite Dibrach)'s cavlts (Walker) in the ]abor-

1'01'more than 10 years, the USDA has been intra- .
ducing parasites of the alfalfa weevil, Hypera postica
(Gyllenhal), into the eastern United States. Two
of the species that have subsequently become estab-
lished (Brunson and Coles 1968) are the ichneu-
monills Balhyplecles curClllionis (Thomson) and B.
allurliS (Thomson). L. IV[. Walkley (retired), Syste-
matic Entomology Laboratory, Agr. Res. Serv., USDA,
stated in a personal communication (1968) that B.
allll/'llS is the species previously referred to as B. cor-

] Hymenoptera: Ichnclimonidae.
2 Coleoptera: CUI'Clllionidae.
3 Received for publication Aug. 6. 1969.
• The alllhor gratefully acknowledges the assistance of R. 'V.

Fuester, who furnished most of the cocoons lIsed.

atory, 5 times more B. cl/1'Culionis were attacked. These
results suggest that this unusua] behavioral characteristic
increases the survival of diapausing B. anl//'llS larvae in
cocoons by enabling many to escape hyperparasitl's and
unfavorable microclimates in alfa]fa fields.

vina (Thomson) by Chamberlin (1924) and as B.
anura (Walkley 1967) .

In most respects, the 2 species of parasites are much
alike; the eggs, larvae, cocoons (I'ig. I), pupae. and
adults are ~imilar in appearance, both oviposit in
allalfa weevl! larvae and later construct their coroons
inside the weevil cocoon. and both spend the greater
part of the year in alfalfa fields, where they diapause
in their cocoons. The chief differences are in the life
cycle (B. curcl/lionis is bi\'oltine, and B. alllll'llS is
univoltine) and in the behavior of the diapausin!1;
larva in its cocoon (only the larva of B. 1I1l1ll'llS is
capable of the sudden mo\'ement that causes its co-
coon to "jump"). This movement may be as much
as 5 em vertically, more than 15 times the cocoon's


