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ABSTRACT Rice seedlings grown in soil treated with neem, Azadirachta indica A. Juss,
seed cake at rates of ~150 kg/ha had a significantly lower incidence of infection of rice
tungro bacilliform and spherical virusestransmitted by the leafhopper, Nephotettix virescens
(Distant), than did untreated seedlings. Protection with neem seed cakes at 250 kg/ha was
comparable with that provided by application of carbofuran 3G at 0,75 kg (AI)/ha. Electronic
monitoring showed that the insect fed mainly on the phloem of untreated plants, but changed
to xylem ingestion on neem-treated plants. Reduction in the incidence of phloem-specific
tungro viruses in neem-treated plants was thus attributed to a shift in insect feeding from
phloem to xylem vessels.
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TUNGRO, a viral disease in tropical Asia, strikes
suddenly and destroys large tracts of the rice crop.
Infected plants show severe stunting and leaf yel-
lowing, The disease is caused by rice tungro ba-
cilliform (RTBV) and rice tungro spherical viruses
(RTSV) (Hibino 1983). RTBV causes mild symp-
toms, which in some rice varieties disappear as
plants age; however, the presence of RTBV plus
RTSV causes distinct symptoms and severe yield
loss (Panda et at 1984). RTBV is dependent on
RTSV for its transmission by the leafhopper. RTSV
is independently transmissible by the vector, but
infected rice plants do not exhibit distinct symp-
toms, These semi persistent viruses are transmitted
most efficiently by a leafhopper, Nephotettix vi-
rescens (Distant) (Ling 1972, Hibino 1983).

Tungro disease control with insecticides is often
ineffective and expensive (Heinrichs & Rapusas
1983). Even repeated treatments in a field with
high viruliferous vector populations fail to control
tungro because the insect can readily transmit the
viruses before it is killed, Use of leafhopper-resis-
tant varieties may not ensure complete protection
from tungro infection because resistance to the vec-
tor is not necessarily correlated with resistance to
the virus, For example, 'IR8' rice is moderately
resistant to N. virescens, but susceptible to tungro
infection (Ling 1972). Recently, 'IR36', a popular
rice having a broad genetic base and planted in
almost 11 million ha, succumbed to tungro disease
in many areas in the Philippines, Although varieties
highly resistant to the vector may be effective in
controlling tungro disease, intensive planting of such
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varieties may lead to selection of vector biotypes
that are adapted to resistant varieties (Heinrichs &
Rapusas 1983). Biological control, despite a fairly
large complex of parasites and predators, has not
succeeded because routine insecticide treatments
directed at the pest also destroy its natural enemies.
Often, the crop is already infected even before the
vector's natural enemies arrive and multiply in the
field.

Because insect damage to plants results from
direct feeding or from indirect transmission of vi-
ruses during feeding, antifeedants offer a novel
approach in vector and disease management (Ma-
riappan & Saxena 1983). Antifeedants are not nec-
essarily toxic to insects, but when contacted, they
prevent or interrupt feeding activity.

The insect antifeedant properties of the Indian
neem tree, Azadirachta indica A. Juss, are well
known and have been reviewed in depth (Schmut-
terer et al. 1981, Schmutterer & Ascher 1984, Ja-
cobson 1986). The active principal components, or
"bitters," in neem have been identified as limo-
noids, a group of stereochemically homogeneous
tetranortriterpenoids (Rembold et al. 1984). Azadi-
rachtin, the best known neem limonoid, has shown
selective activity against many pest species affect-
ing agriculture and health.

Neem is widely distributed in most rice-produc-
ing countries of Asia and Africa, Centuries before
commercial insecticides were available, neem de-
rivatives were used in the Indian subcontinent to
protect agricultural crops from insects (Saxena et
al. 1984). Neem cake, a bulky residue of neem seeds
after oil expulsion, was applied to protect crops
from pests as early as 1932, Neem-cake application
rendered the water of the paddy land very bitter,
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Table 1. Infection with RTBV and RTSV in TNI rice
seedlings grown in soil treated with neem cake or carbo-
furan granules

Table 2. Means of various events in feeding bouts of
N. virescens on neem cake-treated or control rice plants
during 180 min

% seedlings infected" Sali- Phloem Xylem
Neem cake Probes inges- inges-

(k~/ha) RTBV + RTBV RTSV
Treatment (no.) vat ion tion tion

RTSV (min) (min) (min)
25 50a 25abc 5bc Neem cake (250 kg/hal 19.2 18.4 1.4 32.4
50 43ab 42a 5bc NS NS •• ••
75 45ab 20abc 17a Control (untreated) 21.1 16.5 42.0 11.2

150 30b 13bc 2bc
250 28bc 15bc 2bc •• , P < 0.01; NS, not significant; t tests of neem treatment versuso (untreated) 58a 32ab Dc control. Data are averages of 15 replications. For each replication,
Carbofuran 3G a new plant and a new insect were used.

(0.75 k~ [AI]/ha) 12c 10c lOab

• Avera!\e of four replications. In a column, means followed by
the same letter are not significantly different (P < 0.05; Duncan's
[1951] multiple range test).

thus discouraging pest attack (Bengal Department
of Agriculture 1932).

Trials at the International Rice Research Insti-
tute, Los Banos, Laguna, Philippines, showed that
tungro incidence was generally lower in rice fields
where a mixture of neem cake and urea (3:10) was
applied than in urea-treated control plots (Saxena
et al. 1984). Recently, we have demonstrated that
on rice plants sprayed with neem oil, N. virescens
became restless, probed repeatedly, salivated pro-
fusely, ingested mainly from xylem tissue (Saxena
& Khan 1985), and failed to transmit the rice tun-
gro virus (Mariappan & Saxena 1983). In the pres-
ent study, we investigated the effect of applying
neem cake to rice plants on the feeding activity of
N. virescens and subsequent transmission of RTBV
and RTSV.

Materials and Methods

Inoculation Procedure. Ten-d-old leafhopper-
susceptible 'Taichung Native l' (TN1) rice seed-
lings were grown in a greenhouse in soil mixed
with neem cake at 25, 50, 75, 150, and 250 kgjha.
Two controls were used: one set was untreated and
the other was treated with carbofuran 3G granules
at 0.75 kg (AI)jha. Tungro-infected TNI rice plants
containing both RTBV and RTSV were used as
source plants.

Newly emerged N. virescens females, reared on
virus-free 45-d-old TNI plants, were allowed to
feed for 3 d on the source plants. Treated and
control seedlings were placed in test tubes (15 by
1.5 cm) covered with polyvinyl caps and arranged
in racks, by treatment, in a randomized complete-
block design. Two viruliferous females were re-
leased into each test tube and permitted to feed
for 24 h. For disease development, inoculated seed-
lings were transplanted inside an insect-proof cage
in separate plots (50 by 50 cm) for each replication.
The design was a randomized complete block. The
experiment was replicated four times using 80 vir-
uliferous insects and 40 treated or control plants
for each replication.

Enzyme-linked Immunosorbent Assay (ELISA).
Inoculated seedlings were harvested after 13 d and
processed for ELISA to detect RTBV or RTSV.
ELISA was done as described by Clark & Adams
(1977) and modified for the tungro viruses (N.B.B.,
unpublished data). Immunoglobulins G (lgG) from
serum against rice tungro bacilliform virus (RTBV)
(titer = 1:1,280) and against rice tungro spherical
virus (RTSV) (titer = 1:640) at 1 f.Lgand 4 IoLgIgG,
respectively, per ml of the 0.05 M carbonate buffer,
pH 9.6 (200 f.LIper well) were used to sensitize
Immulon II microtiter plate (Dynatech, Alexan-
dria, Va.) for 3 h at 4°C. After the plate was washed
with 0.01 M phosphate buffer (pH 7.4) containing
0.05% Tween 20 (PBS-T), each well was filled with
extracts of the rice seedlings homogenized in PBS-T,
(1 ml per seedling) with a leaf-tissue press grinder
(Erich Pollahne, 3015 Wennigsen am Diester, FRG)
and incubated overnight at 4°C. The plate was
washed as described and the wells were filled with
their corresponding (homologous) IgG conjugated
with alkaline phosphatase (type VII S, Sigma
Chemical, St. Louis, Mo.) at a dilution of 1 and 2
loLlconjugate for RTBV and RTSV, respectively,
per 1 ml of PBS-T. Alkaline phosphatase was con-
jugated with IgG by the procedure of Clark &
Adams (1977) using 0.2% glutaeraldehyde. After
incubation for 4 h at 2l-25°C, the plate was washed
as described and the substrate, p-nitophenyl phos-
phate (Sigma) with 1 mgjmll0% diethanolamine,
pH 9.8, was added. The reaction was allowed to
proceed for 15 min and was then stopped using 50
loLlof 3 N NaOH per well. The reaction was eval-
uated visually and with a minireader (model
MR590, Dynatech). The control was a homogenate
from rice seedlings exposed to nonviruliferous N.
virescens. Any absorbance greater than the mean
absorbance of the control ±4 SD of the control was
considered a positive reaction. Disease transmission
was measured as the number of infected rice seed-
lings.

Data were subjected to analysis of variance and
means were compared with Duncan's (1951) mul-
tiple range test at P < 0.05.

Electronic Recording of Feeding Behavior. The
feeding behavior of N. virescens on 30-d-old TNl
plants grown in soil treated with neem cake at 250
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Fig. 1. Electronically recorded waveforms during N. virescens feeding on (a) untreated TNl plants (control)
and on (b) TNl plants grown in soil treated with 250 kg neem cake/ha. The insect fed mainly on the phloem of
control plants but switched to xylem drinking in neem cake-treated rice plants.

kg/ha was recorded with an electronic monitoring
device (Khan & Saxena 1984b) and the feeding
activity was compared with that on the untreated
control plants for 180 min. Both treatments were
replicated 15 times using 15 different individuals
on 15 different plant samples. All recordings were
done at 27 ± 2°C.

Means of various events in feeding behavior of
the insects on neem cake-treated and untreated
control plants were compared using t tests.

Results and Discussion

Neem cake application reduced seedling infec-
tion by tungro-associated viruses (Table 1). Infec-
tion by RTBV plus RTSV occurred in 58% of the
untreated control seedlings; 32% had RTBV only.
Percentage of infection with RTBV and RTSV was
significantly (P = 0.05) lower in seedlings treated
at 150 or 250 kg/ha neem cake. Neem cake applied
at 250 kg/ha provided protection against tungro
virus infection comparable with that provided by
the carbofuran treatment.

Waveforms associated with insect feeding on
neem cake-treated plants differed from those on
the control (Table 2; Fig. 1). The insect fed mainly
on the phloem of control plants, but changed to
xylem feeding on neem-treated plants. However,

there was no difference in probing frequency and
duration of salivation. The feeding behavior was
comparable with that on resistant rice varieties
(Khan & Saxena 1984a) or on neem oil-treated rice
plants (Saxena & Khan 1985).

The shift of N. virescens feeding from the phloem
to the xylem on rice plants grown in soil treated
with neem cake could be an effect of azadirachtin.
The systemic antifeedant action of three neem
products against the desert locust, Schistocerca gre-
garia, has been reported (Gill & Lewis 1971). The
locust only slightly damaged bean plants grown in
treated soil. Increased drinking by N. virescens
from xylem vessels may have been due to its effort
to excrete harmful chemicals from the body. In
hemipterans, drinking helps maintain a sufficiently
large water turnover for the removal of toxicants
(Stobbart & Shaw 1974). Azadirachtin also has di-
uretic effects on insects (Rembold et al. 1984).

The rice tungro-associated viruses are phloem-
specific. Even in plants with severe disease symp-
toms, virus particles have not been detected in xy-
lem or mesophyll tissue (Favali et al. 1975). Thus,
if a leafhopper feeds less on the phloem, it has a
lower probability of acquiring or transmitting the
virus. The observed reduction of tungro incidence
in rice plants grown in soil treated with neem cake
could, therefore, be attributed to a shift in N. vi-
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rescens feeding from phloem to xylem vessels on
neem cake-treated plants.

In developing countries where the cost of insec-
ticides is prohibitive, neem-cake application on seed
beds and fields can protect rice from tungro infec-
tion. Neem cake is safe for natural enemies of rice
leafhoppers and planthoppers (Saxena et al. 1984).
Neem cake also inhibits nitrification of urea when
applied to rice fields (Reddy & Prasad 1975, Grant
et al. 1983). In contrast, carbofuran, recommended
for tungro control, is reported to be degraded rap-
idly by microbes in some soils (Fox 1983). Although
not cultivated commercially, neem is grown over
large areas in several rice-growing countries of Asia
and Africa. India's 14 million trees produce about
83,000 tons of oil and 332,000 tons of cake annually.
The tree becomes fully productive in about 10 yr.
In one season, a tree produces 30-50 kg of fruit.
Thirty kilograms of neem seeds yield 6 kg of oil
and 24 kg of cake. In India, 1 kg of neem cake
costs less than US $0.05.

The potential of such an abundant, easily avail-
able, safe, and inexpensive natural by-product has
not been exploited for pest management because
of the advent and acceptance of highly effective,
broad-spectrum, synthetic insecticides. However,
the increased cost and growing awareness of prob-
lems associated with synthetic insecticides suggests
the use of neem seed derivatives for insect pest
management by small-scale rice farmers.
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