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Abstract

Six rice varieties previously recorded as being moderately
to highly resistant to the yellow borer, Tr*poryza incertulas
(Walker), together with a susceptible chec , were utilized in
studies to determine the development of'dead hearts', the effect
of host plants on survival and development of larvae, and the ef-
fect of infestation on tillering ability. Symptoms of damage app-
eared earlier in susceptible than in resistant varieties and the
age of the plants at the time of infestation appeared to significa-
ntly influence their susceptibility to the yellow borer. The lar-
vae reared on resistant varieties had lower survival and weigh-
ed less than those reared on the susceptible variety. Both res-
istant and susceptible varieties produced additional tillers und-
er heavy infestation. The tillering ability was independent of
the degree of susceptibility of a variety.

Introd uction

Much information has been published on the varietal differ-
ences in the reactions of host plants to insect pest infestations
(Snelling, 1941; Painter, 1951, 1958; Beck, 1965; Pathak, 19-
70). These reactions result in the classification of host plants
as resistant or susceptible. According to Painter (1951), true
resistance may be expressed as antfbtos is ; where the insect di-
es after it begins to feed and the plant resumes normal growth,
or whene the effect is manifested as a reduction in population arrl
size of individuals. It may be expr-e ssed as tolerance, where tbe
plant indulges the insect by a form of compensation or by exhibi-
ting little damage in the presence of an insect population which
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would normally destroy susceptible plants. True resistance co-
uld also be non-preference, where the insects refrain from us-
ing the plant for oviposition, food or shelter. These terms re-
flect the totality of the effects of infestation both on the host pl-
ant and on the insect pests themselves. In Asia, the yellow bo-
rer, Tryporyza incertulas (Walker), and the striped borer,
Chile suppressaUs (Walker) are major pests of rice and are wi-
'deiY distributed from India to Japan. They are said to be resp-
onsible for a steady annual damage of the order of 5 to 10 per-
cent of the rice crop, with catastrophic outbreaks of up to 60
percent damage (Jepson, 1954).

Studies using C. sU:\rressalis showed that the amount of da-
mage done to the plant, t e survival and development of the lar-
vae were remarkably influenced by varietal susceptibility (Pa-
thak, 1967; Munakata and Okamotor, 1967). Very little work of
this type has been done on T. incertulas, apparently owing to la-
ck of an appropriate mass rearing technique for this insect and
the extreme sensitivity of larvae to mechanical disturbances. Th-
ese difficulties were to a very large extent eliminated in the pre-
sent study which deals with the biological interactions between
T. incertulas and resistant and susceptible rice varieties.

Materials and Methods

The experiments were conducted at the International Rice
Research Institute, Los Banos, Philippines. In a previous sc-
reening (Akinsola, 1979), the following rice varieties were id-
entified as highly resistant to the yellow borer, T. incertulas:
WC 1251 and WC 1263. Kipusa, Taitung 16, IR 'ZOand TKM 6
were moderately resistant, while IR 8 was susceptible. The
seven varieties were planted in 30 ern diameter clay pots which
had been filled with soil previously mixed with 5 gm of ammonium
sulphate. Two 20-day old seedlings of the test varieties were
transplanted into each pot and the experiment which was conduc-
ted in an insectary was replicated 15 times. Yellow borer egg
masses were obtained by caging field collected female moths on
potted susceptible Rexcr'o rice plants. At 30, 50 and 70 days
after SOWing,the test varieties were infested with newly hatch-
ed larvae at the rate of one larva per tiller. Infested stems sh-
owed 'dead hearts', a condition whereby the growing central sp-
indle is killed owing to larval internal feeding within the stem.
At 5, 10, 20 and 30 days after infestation, dead hearts' were
recorded. In the same way, 50-day old plants of each of the se-
ven varieties were infested with newly hatched larvae and ten



Reactions of resistant and susceptible rice varieties to the yellow borer. 105

hills of each variety uprooted and carefully dissected at 10 20
and 30 days after infestation. The number of surviving lar~ae
and their weights were recorded.

To study the effect of infestation on tillering, the test var-
ieties were transplanted into 15cm clay pots using one seedling
per pot 20 days after sowing. The number of tillers contained
in each hill was recorded 20 days after transplanting and all the
tillers were infested with newly hatched larvae. The tillers th-
at escaped attack were reinfested ten days later. The experi-
ment had 10 replications and each variety had its own uninfest-
ed control for comparison. The total number of both old and
new tillers produced were recorded 30 days after infestation.

Results and Discussion

DEVELOPMENT OF 'DEAD HEARTS'

Five days after infestation, the percentage of 'dead hearts'
ranged from 20 to 42 on 30-day old plants (Fig. 1), 26 to 60 per-
cent on 50-day old plants (Fig. 2) and 0 to 20 percent on 70-day
old plants (Fig. 3). The percentages of 'dead hearts' at 10 days
after infestation of the 30-day old plants were not significantly
different among varieties. At 20 days after infestation, IR 20
and we 1251 had a significantly lower incidence of 'dead hearts'
than the other varieties but 9 days later all varieties except Ta-
itung 16 had identical percentages of 'dead hearts' (Fig. 1).

Significant differences in 'dead heart' percentages were ob-
tained among different varieties at all sampling occasions when
they were infested at 50 days after sowing (Fig. 2). we 1251
and we 1253 had Significantly less 'dead hearts' at different pe-
riods. Within a variety, there were significant differences in
'dead heart' percentages 5, 10 and 20 days after infestation.
Beyond this period, the 'dead heart' incidence did not increase
significantly in all the varieties as the fully-grown larvae no
longer moved to other tillers and were ready to pupate at the
base of the plants.

The trends were similar for 70-day old plants (Fig. 3). In
all varieties and at all growth stages, the percentage of 'dead
hearts' increased with days after infestation. However, the cu-
rves obtained on 30 and 70-day old plants did not rise as sharp-
ly as those for 50-day old plants. This was attributable to the



106 Akinsola, E. A.

-
fact that the percentage of 'dead hearts' on 30-day old plants, 5
days after infestation was relatively high thus leaving compara-
tively few tillers for reinfestation by the surviving larvae. ALo
fewer larvae successfully bored into the stalk of 70-day old pla-
nts than those on younger plants.

The time uf appearance of symptoms of damage by the borer
larvae depended on the site of boring of the larvae in plants old-
er than 30 days, Although the larvae were placed near the aur-
icle of one of the youngest leaves, some of them wandered about
immediately after release. Those that bored through the apical
region of the plant produced 'dead hearts' much earlier than th-
ose boring near the base of the plant. Consequently, the perce-
ntage of 'dead hearts' was much lower at 5 days after infestation
than at subsequent observations. This was true for both re sist-
ant and susceptible varieties.

Generally the percentage of 'dead hearts' at 5 days after in-
festation was higher on 30-day old plants than on older plants.
This was probably because tillers of the 30-day old plants were
succulent and small and therefore exhibited damage symptoms ea-
rlier than on older plants. Equivalent effects were produced by
boring at the upper or lower parts of the plant.

The correlations between the percentages of 'dead hearts'
at 5 and 30 days after infestation were positively and highly sig-
nificant at all stages of plant growth. For 30, 50 and 70-day ill
plants they were r = 0.538 and r = 0.273 (significant at p 0.01).
The speed with which 'dead hearts' were formed in different va-
rieties might determine the degree of resistance, the sooner they
appeared the more susceptiHe the variety. The age of plants at
infestation was an important factor in the expression of resistan-
ce. Greater variability in the development of 'dead hearts' amo-
ng the varieties was obtained on 50-day old plants and that stage
might be considered optimum for greenhouse evaluation of varie-
tie s , Variety and interaction sums of square s were partitioned
to show the grouping of varieties based on the similarity of their
development of 'dead hearts' from 5 to 30 days after infestationas
well as the 'dead heart' levels. In the case of 30-day old plants,
there were three groups: 1. Taitung 16; 2. IR 8, Kipusa, TKM 6
(5.5), WC 1253; 3. IR 20, WC 1251. There were five distinct
groups on the 50-day old plants. These were, 1. IR 8, 2. Ta.Itung
16; 3. Kipusa; 4. TKM 6 (5.5), IR 20; and 5. WC 1251 WC 1253
The 70-day old plants fell into four distinct groups: 1. IR S,
2. TKM 6 (5.5); 3. IR 20, Taitung 16, Kipusa and 4. WC 1251,
WC 1253.
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According to Kiritani and Iwao (1967) the boring behaviour
of T. incertulas larvae differs markedly according to the stage of
the-rice piant. During pre-heading stage, several larvae bore in
though the hole made by one of them but after heading, the larvae
individually bore into the preduncle and those that hatch out late
become less successful in boring the stalk because of the harden-
ing of the peduncle , Koyama (1955) found that the hardness of the
leaf sheath varied according to variety of rice and those with
soft leaf sheath were more susceptible to the larvae. Also,
seedlings which were 10 days old or less after sowing were
seldom bored into by T. incertulas and the ability to bore in-
to the stem increased-with the age of plant up to 50 days after
sowing. In another experiment in which infestation started at
heading, more larvae were able to bore into the stem at head-
ing but the number decreased sharply as the age of the plant
increased. In this study, there were varietal differences in
the rate of development of 'dead hearts' and the growth stage
at which the plants were infested largely determined the extent
of damage , Effect of host plants on survival and development
of larvae:

There was a wide variation in the survival rate of the lar-
vae reared on different varieties (Fig. 4). Percentage survi-
val was significantly higher for larvae reared on the suscepti-
ble variety CIR8) than those reared on resistant varieties (WC
1251 and WC 1253). At 10 days after infestation, the highest
survival (66 percent) of the larvae was obtained on IR 8 while
it was the least on WC 1251 (29 percent). The same trend was
maintained at all sampling occasions.

Similarly, ther:e were remarkable differences in weights
of the larvae reared on different varieties (Fig. 5), particula-
rly beyond 10 days after infestation. The average weight of tie
larvae 30 days after infestation was Lj.6.2mg on the susceptible
variety IR 8 and only 26.1 mg on the resistant variety WC 125l.
The larvae recovered from all the moderately resistant variet-
ies were heavy and there were no statistically significant diff-
erences between their weights and that of the susceptible var-
iety. Similar variations have been recorded on the survival ra-
te and weights of larvae reared on different rice varieties (Ko-
yama, 1955; Pathak, 1967; Pathak et al , 1971). Studies on Ch-
ilo suppressalis (Walker) showed that the differences in larvaT
survival on susceptible and resistant varieties were not prono-
-uncedduring the first 10 days as they were 15 days and beyond
(Pathak, 1967). It is evident in this investigation that suscep-
t ible and moderately resistant varieties provided better larval
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food than resistant varieties. Extensive use of the resistant \8.-

rieties would be necessary in reducing borer damage and decr-
easing borer population comulati vely.

EFFECT OF INFESTATION ON TILLERING

The borer-infested plants of the test varieties produced mo-
re tillers than the uninfested plants (Table 1). This compensat-
ory ability was, however, stronger in certain varieties than in
others. While there were highly Significant differences (P O.
01) in the number of tillers produced by the infested plants of
Tattung 16, IR 20, TKM 6, IR 8 and WC 1251 over their unin-
fested controls, there was no Significant difference in the num-
ber of tillers produced by infested and uninfested plants of Ki-
pusa , It has generally been claimed that infested plants are
capable of compensatory tillering CMunakata and Okamoto 1967)
In this investigation, the ability to compensate by tillering was
apparently present in both resistant and susceptible varieties.
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,.e 1 - Effect of yellow borer infestation on tillering capacity of

selected rice varieties

n. Variety Tillers CN0 • /hill)l

Uninfested Infested Difference
re
s Taitung 16 8.5 10.6 2.1**

Ki pu sa 7.9 8.2 0.4ns
.f ~~ 20 10.0 14.4 4.4**

:t -=-:ZM 6 (5) 8.2 11.8 3.6**
e ~?_ S 9.3 13.6 4.3**

:......... 1251 13.0 16.6 3.6**
s

'" ~ 1253 7.8 9.2 1.4*-
- .-.-:erage of 10 replications.

• =-=--::: **significant at 5%and 1%levels, respectively.
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Dead hearts and white heads were counted together.
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