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ABSTRACT A method for screening seedling and older rice plants for resistance to Mythimna se-
parata (Walker) and Spodoptera mauritia acronyclOides (Guenee) was developed. In all seedling stage
tests, many entries were readily fed upon, and when the most susceptible entries were consumed, the
nonpreferred varieties were also heavily damaged. The most resistant varieties in the seedling stage
were those belonging to the wild rice groups, especially group II, which has a different genomic
constitution than Oryza sativa. In tests involving older plants, IR20, IR46, and B-44I-B-126-1-2-3
were heavily damaged when infested with 2nd- and 3rd-instar larvae.

Armyworms constitute a sporadic but potentially se-
rious limitation to rice production in several Asian coun-
tries. Several species can cause large losses when
outbreaks occur. Outbreaks of the rice earcutting cat-
erpillar, Mythimna separata (Walker), depend on heavy
rains in monsoon regions. These conditions arc favor-
able for widespread oviposition, because the moths are
capable of far-ranging flight and dispersal. The earcut-
ting caterpillar has a wide host range, including sugar-
cane, sorghum, maize, wheat, and many species of
grasses. The rice swarming caterpillar, Spodoptera
mauritia acronyctoides (Guenee), is another sporadic
pest occasionally causing severe losses to rice crops. It
is also polyphagus and infests various graminaceous crops.
Both species can cause severe damage to rice plants in
nursery beds. The carcutting caterpillar is also notorious
for cutting the ears or panicles of plants before harvest,
as well as feeding on the lemma, palea, and anthers
during the flowering stage.

Soejitno and Vredon (1976) reported rearing Spodop-
tera mauritia successfully for many generations under
laboratory conditions. However, no details on method-
ology were given. Hattori and Atsusawa (1980) used a
simple artificial diet to facilitate the mass rearing of M.
separata. Development, viability, and fecundity of in-
dividuals appeared to be approximately the same with
this diet as with other food sources.

Few references on resistance to armyworms in rice
were found. Dar et al. (1979) found differences in per-
cent damaged panicles and average number of the ear-
cutting caterpillar among eight varieties in a field test.
However, no indication was given of whether or not
varieties were in the same physiological stage of growth.
Such differences could significantly affect caterpillar be-
havior. Pophali et al. (1980) found grain loss varied
from 0.20 to 0.50 t1ha, which was 3.6 to 22.0% of
production, among II varieties in a field test. Soejitno
and Vredon (1976) screened 462 local varieties in the
seedling stage for resistance to S. mauritia under green-
house conditions. Only two varieties, Jambrek (no. 4792)
and Jawa serut (no. 4650), had a low infestation level.
Fifty-two varieties were moderately damaged, and the
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rest were completely destroyed. More recently, Wise-
man (1981) used a mechanical "bazooka" for dispen-
sing larvae to evaluate seedling sorghum for fall
armyworm, Spodoptera frugiperda (J. E. Smith), rc-
sistance. The objectives of ths study were: (1) to develop
a reliable method of screening rice for resistance to M.
separata and S. mauritia acronyctoides and (2) to de-
termine if differences in resistance to armyworms exist
in commercial and exotic rice breeding material.

Materials and Methods
Rearing

Adults wcre confined in cages (55 by 55 by 98 cm)
made of mesh wire just small enough (0.3 em bctwcen
strands) to enclose the moths and fcd on a 25% honey
solution. Egg deposition occurred on folded paper hung
from the top of the cages. The paper holding the eggs
was removed daily from the cages and placed in jars
closed with a lid and kept in the dark in the laboratory
at room temperature. Upon hatching, I st-instar larvae
were mixed with a small amount of ground corn cob
grits added to the jar and scattered on 7- to 10-day old
seedlings of a susceptible rice variety grown in seed
boxes 60 by 105 by 8 em. After 3 to 5 days, larvae
were transferred to plastic trays 30 by 36 by 10 em
containing cut leaves of rice or other grasses. Larvae
were confined in the tray with a cloth mesh held in place
on the top with a rubber band. Food was changed every
other day. When larvae reached the 5th instal', 0.5 cm
of soil was added to the bottom of the tray to provide a
pupation site. When changing food, we examined the
soil for pupae and transferred them to a dish that was
then placed in the cage for adult emergence.

Screening

Entries were planted in rows I cm apart in boxes 110
by 65 by 7 cm or in 3.5-cm2 compartments in boxes 110
by 65 by 7 cm (252 compartments per box) or in no. 3
IQ-cm-diameter pots placed next to each other. Soil which
had been sifted through a mesh screen was used to fill
the boxes or pots. Seeding rates varied with the amount
of seed available. We used a modified bazooka called
the Davis inoculator (Davis and Oswalt 1979) to dis-
perse armyworm larvae on seedling plants. Seven to 10
days after seeding, plants were infested with newly
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"Damage rating (1-9 scale) (average of four replications).
bMeans followed by a common leiter in a column are not significantly

different at the 5% level by Duncan's multiple range test.

Table 2.-Damage ratings for advanced screening of IR, wild rice
group I, leaf folder set, and U.S. varieties when infested 7 and 10
days after seeding with M. separata

Rearing

No major problems were encountered with the rearing
procedure described. Eggs hatched in 4 to 5 days at
room temperature (20 to 24°C), and the larval period
varied from 18 to 25 days. The pupal period was 7 days.
The preoviposition period was 2 to 3 days, so the whole
life cycle from egg to egg was completed in 31 to 43

] I entries from test 3, three from test 2, three IR vari-
eties, lET 6073, and B 441-B-\26-3-2-1.

Test 6.-Ninety-five wild rice group II varieties. IR20,
IR34, lET 6073, and B 441-B-126-3-2-] were trans-
planted to 10-cm-diameter pots, infested 3 weeks after
planting, and screened for resislance to Ist-instar S.
mauritia. Wild rice group II varieties possess a different
genomic constitution than O. sativa.

Test 7.-Maximum tillering stage plants of IR20, IR46,
and B 441-B-126-3-2-t were transplanted from the field
into no. 10 pots 25 cm in diameter in the greenhouse.
Plants were infested in a no-choice test with 25 2nd- or
15 3rd-instar M. separata by putting a cone made from
filter paper in the middle of the hill above the water in
the pot and hand placing caterpillars in the cones before
caging. Percent defoliation was estimated 10 days later.

Results

10-day
meana.h

7.5a-d
6.3def
6.3def
7.0a-e
6.8b-f
6.3def
6.8b-f
5.51'
6.3def
6.0ef
6.0ef
7.5a-d
7.3a-e
7.5a-d
8.0ab
7.8abc
6.8b-f
7.0a-e
7.0a-c
7.3a-e
8.3a
6.5c-f
7.0a-e
7.8abc
7.3a-e
8.0ab
7.5a-d
8.0ab
7.5a-d
7.8abe

7-Day
Mean'Lb

7.0a-e
6.3c-f
6.5b-1'
5.8d-g
6.5b-1'
5.5el'g
6.Od-g
5.3fg
5.5efg
5.8d-g
4.5g
7.0a-e
7.0a-e
7.3a-d
8.3a
8.0ab
6.3c-1'
7.0a-c
8.3a
6.5b-f
7.3a-d
6.0d-g
7.3a-d
7.3a-d
6.3c-f
6.8a-f
7.3a-d
6.8a-f
7.8abc
7.3a-d

Gp. I wild rice
Gp. I wild rice
Gp. I wild rice
Gp. [ wild rice
Gp. [ wild rice
Gp. [ wild rice
Gp. [ wild rice
Gp. I wild rice
Gp. I wild rice
Gp. I wild rice
Gp. I wild rice
U.S. variety
U.S. variety
U.S. variety
U.S. varicty
U.S. variety
U.S. variety
U.S. variety
U.S. variety
U.S. variety
U.S. variety
U.S. variety
Leaf folder screening set
Leaf folder screening set
Leaf folder screening set
IRRI
IRRI
IRRI
IRRI
IRRI

SourceTreatment

WR 63
WR 68
WR 69
WR 97
WR 104
WR 116
WR 117
WR 140
WR 149
WR 150
WR 155
SI 150
SI 154
SI 157
SI 158
SI 169
SI 174
SI 176
SI 177
SI 178
SI 188
SI 193
PTB 33
TKM 6
w 1263 (Acc.11057)
B-441-B-126-3-2-1
lET 6073
IR34
IR52
IR46

I <10 I (}"'25
2 1(}...20 2 25-50
3 2(}...30 3 5(}"'75
4 3a-40 4 75-100
5 40-50
6 50-60
7 60-70
8 70-80
9 80-90

hatched Ist-instar larvae by mixing larvae with ground
eorn cob grits (no. 2040 from Anderson Co. (Maumee,
Ohio) and applying them uniformly over the planted
rows, compartments, or pots with the inoculator at the
rate of one larva per one to two seedlings. In one test
involving wild rice group [[lines, seedlings were trans-
planted to no. 3 lO-cm-diameter pots placed next to each
other and infested 3 weeks after planting. Boxes or pots
were placed in water and covered with cages to prevent
predation. Plants were examined daily. When the most
susceptible entry or check had been heavily damaged,
entries were graded, using one of the two rating scales
shown in Table I.

No field tests were conducted but boot stage plants
were infested in the greenhouse by placing a cone made
from filter paper in the canopy of a hill and hand placing
older larvae in the cones. Damage ratings for percent
defoliation were made 7 to 2\ days later. A randomized
complete block design with three to five replications was
used in all tests. All tests were conducted in a green-
house where temperatures ranged from 20 to 35°C, and
the following comparisons were made.

Test I.-Twenty-four IR varieties and lET 6073, sug-
gested by Dar et al. (1979) to be nonprefen-ed in the
field, were planted in rows and screened for resistance
to Ist-instar larvae of M. separata.

Test 2.-Thirty entries planted in 3.5-cm' compart-
ments were screened for resistance to first instar S.
mauritia. Twenty of the 30 entries were from the leaf
folder screening set, a group of varieties being tested
for resistance to another lepidopterous leaf feeder. The
other lO consisted of nine IR varieties and lET 6073.

Test 3.-Forty-nine U.S. varieties, 9 IR varieties, and
lET 6073 were planted in 3.5-cm' compartments and
screened for resistance to first instar M. separata.

Test 4.-Eighty-one wild rice group I varieties, IR20,
IR34, and lET 6073 were planted in 3.5-cm' compart-
ments and screened for resistance to first ins tar M. se-
parMa. Wild rice grOup I varieties are close relatives of
Oryza sativa.

Test 5.-Thirty entries planted in 3.5-cm' compart-
ments were screened for resistance to Ist-instar M. se-
parata by infesting seedlings 7 and 10 days after seeding.
This was an advanced screening test to evaluate the ma-
terial which had been least damaged in the preceeding
four experiments. ]ncluded were II entries from test 4,

Damage rating Defoliation % Damage rating Defoliation %

Table I.-Two rating scales used to grade damaged entries
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Table 3.-Damage ratings for wild rice group II varieties when seedlings were infested with S. mauritia

Treatment no. Wild rice no. Mean" Treatment no. Wild rice no. Mean" Treatment no. Wild rice no.

\ 199 3.0 34 237 3.0 67 274 3.3
2 200 2.7 35 239 3.8 68 275 2.0
3 202 1.3 36 240 2.7 69 276 2.0
4 203 2.0 37 241 2.7 70 278 2.0
5 204 1.3 38 242 2.7 7\ 280 2.7
6 205 1.7 39 243 3.0 72 281 1.0
7 208 1.3 40 244 2.3 73 282 1.7
8 209 3.7 41 245 3.3 74 283 2.3
9 210 3.3 42 247 2.7 75 284 2.3

10 21 ] 2.3 43 248 1.7 76 286 2.3
II 212 3.0 44 249 3.3 77 287 2.7
12 213 1.0 45 251 2.0 78 288 3.7
13 214 2.7 46 252 2.0 79 290 1.3
14 215 1.7 47 253 2.3 80 291 2.0
15 216 1.0 48 254 2.0 81 292 2.3
16 2\7 2.0 49 255 2.0 82 293 3.3
17 2\8 1.7 50 256 2.7 83 294 2.3
18 2\9 2.0 5] 257 2.3 84 295 2.0
\9 220 1.7 52 258 2.0 85 296 1.3
20 221 2.0 53 259 2.3 86 299 3.0
21 222 2.7 54 260 2.3 87 300 1.7
22 223 4.0 55 261 2.5 88 303 1.7
23 224 3.7 56 262 3.0 89 304 1.7
24 225 2.3 57 263 3.0 90 305 2.3
25 226 3.3 58 264 3.0 91 306 2.7
26 227 2.3 59 265 2.3 92 308 1.0
27 228 1.7 60 266 2.7 93 309 3.0
28 229 2.3 6\ 267 2.3 94 310 2.3
29 230 2.3 62 269 2.0 95 311 2.0
30 23] 2.3 63 270 2.0 96 441 2.7
3\ 232 2.3 64 271 2.0 97 IR34 3.3
32 233 2.7 65 272 1.7 98 IR20 4.0
33 236 3.0 66 273 1.7 99 IET-6073 3.7

"Damage rating (1-4 scale) (averaged of three replicates). LSD = 0.9 at 5% level. 1.2 at \% level.

days. Although no precise records were kept of the time
required to maintain the colonies, changing the food
material for the larvae every other day was the most
time-consuming task, and a procedure employing an ar-
tificial diet would be much more efficient.

Screening

Test 1.-IRI552, IR20, IR26, and IR42 were the most
susceptible entries of the 25 tested. The susceptibility
of IRI552 in this greenhouse test would agree with field
observations which suggest it is highly preferred by M.
separata. IR34, IR46, and IR52 were least damaged,
although not significantly (P < 0.05) less than a number
of other entries.

Test 2.-Of the leaf folder set, Ptb 33, TKM 6, and
W 1263 (Ace. 11057) were least affected by S. mauritia.
TNI was the most damaged. Of the other 10 entries,
IR34 was least damaged and IR20 most fed upon, sug-
gesting that S. mauritia and M. separata respond the
same to whatever influences their feeding on seedling
plants.

Test 3.-Varieties 46 IR 438, we no. 6, Nira (A),
Watkins Early Money Maker, and Nirex were the U.S.
entries least damaged, although not significantly (P <
0.05) less than several other entries. Eighteen entries

were not significantly different in damage from IR20,
the most severely damaged entry.

Test 4.-Although most of the entries were heavily
damaged, a small number were exhibiting less damage
when IR20, IR34, and lET 6073 were showing a dam-
age rating of 9.0. WR no. 63, 68, 116, 140, ISO, and
153 had the lowest amount of injury among the entries
tested. However, they were not significantly (P < 0.05)
different from a number of other entries.

Test 5.-Results of the advanced screening tests in-
fested 7 and 10 days after seeding are presented in Table
2. Similar results were obtained in both tests, indicating
no effect of time of infestation. Of the 11 U. S. varieties
tested, SI 174 and SI 193 had the least amount of injury
in both tests, although they wcre not significantly dif-
ferent from many others. Of the I I wild rice group I
varieties, WR 140 and ISO had the least amount of in-
jury in both tests but again they were not significantly
(P < 0.05) less damaged than several other entries. The
II wild rice group I varieties had less damage (average
of 5.9 and 6.4) than the II U.S. varieties (average of
7.2 and 7.4), the three varieties from the leaf folder
screening set (average of 7.0 and 7.4), and the remain-
ing five varieties (average of 7.2 and 7.8).

Test 6.-Results of the screening test involving wild
rice group II entries are shown in Table 3. Twenty-one
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of the 95 wild rices had a damage rating of 1.0 to 1.7,
whereas the remainder ranged from 2.0 to 4.0 on a scale
of 1 (least damaged) to 4 (most damaged). Visual ob-
servations suggested that several entries in this test were
the most nonpreferred of all materials tested in these
experiments, including the previous five trials, and may
be the best sources of resistance to armyworms availa-
ble.

Test 7.-1R20 and IR46 were significantly more de-
foliated (97 and 98%, respectively) than the other va-
riety (6-441-6-126-1-2-3) (78%) when infested with 2nd-
instar M. seperata in a no-choice test. However, all
three varieties were heavily damaged. There was no sig-
nificant (P < 0.05) difference in percent defoliation when
the same three varieties were infested with 3rd-instar
larvae in a no-choice test.

Discussion
These studies indicate that the methods tested for

screening seedling and boot stage rice for resistance
(planting in rows, compartments, or pots) yield repro-
ducible data and could be used to study resistance in
rice to armyworms. In all seedling stage tests, many
entries were readily fed upon and when the most sus-
ceptible entries were consumed, the nonpreferred vari-
etie~ were also often heavily damaged. The most resistant
vari,cties in the seedling stage were those belonging to
the wild rice groups, especially group II. In the tests
involving boot stage plants, all three entries were heav-
ily damaged when infested with 2nd- and 3rd-instar lar-
vae. suggesting that resistance to migrating hordes of
armyworms which have developed on other hosts may
be impossible.

No studies were conducted to determine if differences
in ear cutting by M. separata occur in the material tested,
but these could be conducted in the field or greenhouse

by the method employed to infest boot stage plants.
Other future studies might be conducted to determine if
differences in rates of development, ovipositional pref-
erence, survival of I st-instar larvae in the field, and
other insect plant interactions occur among the suscep-
tible and more resistant material detected in this study.
Preliminary studies on the rate of development on some
of the group II resistant material suggested that there
may be some antibiosis involved. However, these stud-
ies were conducted on plants of different ages. Since
I st-instar larvae prefer succulent, young tissue, such
studies should be conducted on plants of the same phys-
iological age.
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