LFAELEESA Al 2z
Kor. J. Pl. Prot. Vol.16, No.®, p. 79~85(1977)

Studies on Economic Damage of Korean
Rice Pests

H. D. Catling and S. C. Lee*

FAO Plant Protection Project, Suweon, Korea

*Institute of Agricultural Science, Suweon, Korea

o

HERS N wE BT
H.D. Catling » 271

T RTINS T 3
*ENRRE BEEMRER

ABSTRACT

Four experiments were carried out under farmer's field conditions to determine economic threshold
levels of major rice pests and attempt a reduction in the number of insecticide applications. In the
experiments were included chsck treatments, insecticide schedules representing the official recommenda-
tions to farmers, and several corrective treatments. A careful record was kept of insect pest densities
and disease incidence.

i) In the north at Suweon and Icheon where Chilo suppresalis.(Walk.), the striped rice borer, was
active in the first generation, no significant yield differences were obtained between plots recei-
ving several insscticide applications and those left totally unprotectzd. The mean yields were high
(5.2—7. 6t/ha).

ii) First generation borer activity rising to 8.6% injured tillers was below the economic threshold
since no yield reduction was recorded in eithar japonica varieties or the high-yielding Tongil variety.

iii) Evidence was obtained that borer damage was made good by replacement of infested tillers
(compensatory growth). C. suppressalis populations were always low in the second generation.

iv) The experimental results obtained at Suweon and Icheon do not justify the present official re-
commendations of §—7 pesticide applications.

v) Further south at Iri a substantial yield reduction occurred due to an early outbreak of stripe
disease transmitted by Laodelphax striatellus (Fallén), the small brown planthopper; a mean of
1-2 individuals/hill was recorded immediately after transplanting. C. suppressalis probably con-
tributed to this yield reduction.

vi) Several applications against the vector failed to prevent the rapid spread of stripe to the
susceptible variety in the Iri experiment; in surrounding fields the resistant Tongil varivety was
ralatively unaffected.

vii) Pests of lesser importance were Nephotettiz cinctieps (Uhler), Nilaparvata Iugens (Stil),
Sogatella furcifera (Horv.), and leaf ‘miners.



INTRODUCTION

Despite exhaustive work in Korea on chemical con-
trol, studied on varietal resitance, and the development
of a pest forecasting system, little attention has been
paid to the accurate determination of crop losses in rice
due to insect pests and diseases. There has been a ten-
dency to equate crop injury with crop loss or make sim-
ple estimates of crop loss making nc allowance for com-
pensatory growth. In fact, no field experiments have
yet been reported which attempt to directly determine
crop loss due to the main pests-including the striped
borer, Chilo suppressalis (Walk.), the main and key
pest of rice in Korea (Anonymous, 1973). Crop losses
in rice were estimated at 20.8%, about one third, 7.4%,
being ascribed to insect pests (Anymous, 1968).

As in neighbouring Japan and Taiwan, pesticides
have been used in Korea at a steadily increasing rate
during the past decade. In 1965 Korean farmers applied
an average of slightly less than one application to their
annual rice crop. Based on actual pesticide consumption
this rose to a national average of about three applica-
tions in 1971 and nearly four in 1974. During 1972
farmers in some important rice-growing areas (e.g. Hae-
nam) made 10 abplications; several plots on Government
research stations demonstrating new high-yielding varie-
ties 15 applications of pesticide. Present recommendations
call for 5-6 applications to standard japonica varieties
and 6-7 for the new high-yeilding Tongil lines which
are more susceptible to certain pests and disease. In
such a control strategy the dangers and side-effects of
heavy pesticide use are generally overlooked or under-
estimated and alternative measures rarely considered.
Already some of the classic signs of excessive pesticide
use are apparent in Korea (Catling, 1973).

The field experiments described here were designed
to start fixing the economic threshold levels of main
rice pests, determine whether current pest control re-
commendations are justified, and ascertain whether the

number of applications can be reduced.

METHODS

Experimental sites. In 1973 three field experiments
were carried out; one at Suweon in a farmer's field,

one at Icheon 35 km east of Suweon, and another at

Iri 175 km south of Suweon. Another experiment was
conducted at Icheon in 1974.

Experimental lay-out. Randomized complete blocks;
five replications; plot size 90m® except for Suweon at
63m? plot shape near to square. From wind roses
drawn for Suweon and Iri no predominant wind direc-
tion was indicated and thus no special lay-out was used
to reduce the effects of uneven distribution of insects.
The 1973 experiments were laid out to accommodate
eight treatments, six to receive corrective applications
depending on pest densities indicated by regular insect
counts. However, only 4—5 different treatments were
applied leaving more than one check treatment. The
1974 experiment consisted of five treatments including
a single check treatment.

Cultural details. Varieties; Minehikari (Suweon),
Akibare (Iri), Tongil (Icheon) Standard fertilization,
spacing, irrigation and weed control were practised.
Transplanting took place at the end of May or early
June, harvesting at the end of September or in October.
All cultural practices were typical of the surrounding
farmers. Yield determinations were made by harvesting
a random 20 m® area in each plot.

Insect counts. C. suppressalis and major hopper species
were assessed, mostly at weekly intervals, by direct
counts of rice hills from the seedbed stage to harves]
ting. Direct counts were made on 20—45 hills/ploti
lower numbers being taken towards the end of the sea
son when thz hills were larger and the insect popula
tions clearly below economic threshold levels. C. supf
pressalis density was.measured by counting egg masses
sheath damage and dead hearts in the first gemeration
and whiteheads in 20 m3/plot immediately prior 4
harvesting. Tillers with sheath damage or with de
heart were recorded as “injured”. In addition, hoppj
were sampled at less regular intervals by sweepnettiﬂ
up to heading stage at 10 sweeps/plot. Also observatio
were made on other insects, diseases and plant growf1

Insecticide treatments. Besides the unsprayed checl
the following treatments, based on the official Gove
ment pest forecasting system, were used in vari
combinations: a) very early (vE) applied seven d:
after transplanting against first generation C. supp
salis; b) early (E) applied 4—7 days after peak n‘]

activity of first generation, early to mid tillering st



) late (L) applied 4-7 days after peak moth activity
f generation, early to mid heading stage. Pesticides
rere applied to seedbeds on a corrective basis. Insecti-
ides, used at standard rates, were largely those selec-
ve materials commonly used in Korea: cartap WP
Padan), chlorphenamidine WP or G (Galecron), dia-
inon EC (Vasudin), feathion EC (Lebaycid). No pe-

iicides were applied for disease control.

RESULTS

uweon-1973

No insecticides were necessary for the seedbed. There

was a single early treatment of chlorphenamdine (E)
an early treatment of chlorphenamidine followed by a
late treatment of cartap (E+4L); and a single late treat-
ment of cartap (L).

Damage by C. suppressalis larvae increased during
the first generation, the assessment on July 11 indicating
an average of 1,15 injured tillers/hill in untreated plots
(Fig. 1.). Less damage occurred in plots receiving an
early treatment but due mainly to between plot variation
these differences were not statistically signifcant. Num-
bers of whitheads at harvesting were low (less than

0.29%), treated plots having fewer whitehsads.

Table 1. Yields of raw rice in metric toas per hsctare (t/ha) at experimental sites in Korea. Insecticide
treatments: O-check (no insecticide); vE-very early; E-early; M-medium; L-late.

Suweon 1973

Icheon 1973 Iri 1973 Icheon 1974

O 5. 18t/ha @] 7. 28t/ha (0] 0. 83t/ha 0 7. 68t/ha
E 5. 10 E 7.70 E4+M 1. 50 E 7.75
E4L 540 E+L 7.70 E4+M+L 1.50 E+L 7.62
L 4,98 L 7. 60 M 1.25 L 7.70
CV- 5.80% CV- 3.36% M+L 1.15 vE-+E4L 7.72

N.S. NS, CV- 21.23% CV- 4.77%

Significant F=6, 19** N.S.

Hopper populations were low until early Augst when
szak of Laodzlphax striatellus (Fallén), the small
}wn planthopper, and a small rise of Sogatella furci-
-a (Horv.), white back planthopper, were recorded
—9 individuals/hill, both species), but by this time
hills were large enough to toleratz such densities.
symptoms of virus diszase were observed. Low
nbers of Nilaparvata lugens (Stil), brown plant-
»per, appzared at thz end of July. Lzaf miner dam-
was fairly severe soon after treatments large
nbers of adults being collected in sweepnets towards
end of June, but a complete recovery took place
ing the tillering stage.
"ield differences between treatentms were non-signi-
int (Table 1).
teon-1973
gain, no treatments were necessary for the seedbed.
: same schedule of treatments was applied as at
veon except that the early treatment was applied one
'k later to correspond with the timming of surroun-
3 farmers.
lightly higher numbers of C. suppressalis eggs were

ided than at Suweon. Mean larval damage for all

plots receiving no insecticide by July 12 was 40.2%
injured hills and 1,38 injured tillers/hill (Fig. 1). For
the treated plots the means were 25,0 and 0. 48 respe-
ctively, these differences being statistically significant
(F=3.59%*%), Numbers of whiteheads were slightly
highsr than Suweon—0.09-0.289% in treated and 0.83%
in untreated plots. Differences in percentage whiteheads
between sprayed and unsprayed, and between one and
two applications, were statistically significant (F==4,
87*%).

Hopper populations were lower than Suweon, small
peaks of L. striatellus and S. furcifera being recorded
in early August, and thus no specific hopper sprays
were applied. As at Suweon, no symptoms of virus
disease were observed. The occurrence of other insects
was also very similar, N. lugens appearing in low
numbers from July onwards.

Small yield difference between treatments were not
significant (Table1).

Iri-1973

A very different pattern of insect abundance occurred

at Iri. The season started with high population densities.

of L. striarellus, the seedbed receiving two applications:



of diazinon. On June 21 an early (E) spray of fenth-
ion was applied aganst L. striatellus at population
densities of 1—2 individuals/hill (Fig. 2) and first
generation C. suppressalis, to experiment treatments
2,3 and 4. Fenthion was appl\ied again (M) to experi-
ment 2—7 on July 6 when another outbreax of L.

striatellus occurred. A late spray (L) of cartap was

applied on August 18 for second generation C. suppres-
salis. The Iri experiment thus consisted of the following
treatments: unsprayed check; E-4-M; E4-M-+L; M;M-+-L.

Damage by C. supperessalis larvae was considerably
higher than at Suweon or Icheon (Fig. 1). On July 10
all hills in unsprayed plots were damaged with means

of 3.7 —4.4 injured tillers/hill, while in the three
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Fig. 1. Larval activity of first generation Chilo suppressalis (Walk.) in three experiments in Korea, 1973, accor
ding to various insecticide schedules. Check-no insecticide, E-early application, M-medium, L-late.
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TFig. 2. Population fluctuations of Laodelphaz striatellus(Fallén) at Iri, Korea, in 1973 according to various
secticids schedules. Cheek-no insecticide, E-early application, M-medium. Arrows indicatetiming of sprays agai
L. striatellus. A late application is not shown since it had little effect on the population.



sprayed treatments 78—88% of the hills were damaged
with 1. 7—2.7 injured tillers/hill. By July 24 there were
6 injured tillers/hill in the unsprayed plots. Differe-
nces in larval damage betwesn sprayed and unsprayed
treatments were highly significent (F=18.9%*). Though
numbers of whiteheads were low and treatment differen-
ses were non-significant, there was a tendency for fe-
wer whitheads in sprayed plots and none were recorded
n the plots receiving early sprays.

Nephotetiiz cincticeps(Uhler), rice green leafhopper,
vas most abundant at the end of August (3/hill); N.
ugens peaked a month later, both species being more
‘umerous than at the other sites. S. furcifera was
gain unimportant. On the other hand, severe L. stri-
tellus outbreaks occurred early in the season (Fig.2).
'he spray applied on June 21 when the populations
‘as mainly in the adult stage was not effective for, 12
ays later, densities had risen to an average of 11.5/
I11. The second spray, applied on July 6 when nymphs
ere predominant, resulted in a high mortality, the
ypulation stabilizing around 2—4/hill for the rest of
& season. Stripe disease, first observed on June 26,
as evident in 47—64% of the hills in July. Differences

stripe incidence between sprayed and unsprayed treat-
ents were not significant.

There were highly significant yield difference between
.

treatments (Table 1), The mean vyizld for sprayed
treatments E-+M and E4+M+L(1. 50t/ha) was signifi-
cantly- higher than that for the two unsprayed treatments
(0. 83t/ha).

Icheon-1974

Another experiment on the Tongil variety was carried
out at the same site the following year. No inzect con-
trol was necessary on the sesdbed. Treatments were
the same as in 1973 except that an additional very
early (vE) application was made seven days after
transplanting. Cartap was used for vE and E treatments,
chlorphenamidine for L treatments. In this experiment
all counts were made at seven day intervals, including
observations on plant growth in order to study the
mechanism of compensatory growth.

Fig. 3 shows that the percentage of tillers injured by
C. suppressalis for check and L treatments varied from
4.4—8.6% between June 22 and August 2 (first
generation); the percentage of injured hills varied from
21—46. After June those plots which received an early
application showed less than 1.3% injured tillers and
11% injured hills, thsse difference being statistically
significcant (F==20. 06**) The check and L treatments
showed very similar borer densities. For all other treat-
ments the record was fairly consistent, VE-+E+L giving

the best control. Numbers of whiteheads were again
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3. Larval activity of first generation Chilo suppressalis (Walk.) at Icheon, Korea, in 1974 according to
rious insecticide schedules. Check-no insecticide, vE-very early application, Eearly, L-late.



low: 0.86% for chxk, 0.12% for vE4E+L, and
0.26—0). 48% for other treatments. There were signifi-
cantly fewer whiteheads in the check plots than in all
other treatments (F=8§. 46%*)

During th= vegetative phase there was a clear trend
for more tillers/hill in th2 unprotaztad chz:zk treatment
than in treatments whsre insecticides were effestively

controlling C, between

subppressalis. In six couats
June 22 and July 26 the chezk plots showed a mean
of 1.7(0.9-3.1) tillers/hill traatment
vE+E+L (N=39; sign test significant at 5% level)

This increase in tiller number was very close to the

more than

difference in injured tillers/hill between ths two treat-
ments (msan 1.7; range 0.8-2,7). At heading there
was no difference batwesn treatments in the numbers of
panicles/hill.

Populations of hoppers were very low; L. striatellus
and N. cincticeps peaked in July at eight and 28 in-
dividuals/100 sweeps respeztively. No dissase: was ob-
served in the experiment. Unlike 1973, leaf miners
caused very little early damage.

There were no significant yield differences bstwesn
treatmants (Table 1),

DISCUSSION AND CONCLUSIONS

The four experiments reported in this paper are a
start in th: determination of economic thresholds for
rice pasts in Korea. Ths experimants were conducted
under simulated farmers’ field conditions; fairly large
plots were used; usually many chack or untreated plots
were included which, unliks most conventional chemical
control expariments, were not surrounded by heavily
traated plots; a dstailed record of pest populations was
kept. A

The main pests encountered were C. suppressalis,
and L. striacellus, ths latter transmitting serious stripe
infection at one site. Of minor importance were

S. furcifera and leaf

no other

N. cincticeps, N. lugens,

miner. diseases were

Apart from stripe,
significant.
Economic thresholds for rice borers

Various ezonomic thresholds, usually based on the
proportion of injured or infested itllers, have been given
for C.suppressalis in Japan. Threshold levels of 2-3%
injured tillers (Koyama, 1973); and 3-9% infestad

tillers (Kobayashi, 1971) have been suggested for the
first generation. For the second generation the same
authors proposed 8-18% and 1.0-3.5% injured tillers
respectively. In the Philippines, Pathak and Dyck(1972)
have claimed that up to 10% dead hearts may be toler-
ated up to seven weeks after transplanting provided
that th2 crop is subsequently protected by sprays.

In ths expariments carried out at Suweon and Icheon
in 1973 th: maximum number of injured tillers were
1.4 and 1.7 respectively (or approx. 8% injured til-
lers). At Ichzon in 1974 ths percentage injured tillers
rose to 8,6% in ths untreated plots during ths first
generation. Thase infestation levels produced no reduc-
tion in yield and were thus bzlow ths economic thres-
hold. At Iri in 1973, where early transplanting was
carried out according to offcial recommendations, the
number of injured tillers/hill rose to 7.2. Because of
the severe outbreak of stripe disease it was not possible
to estimate how much borer damage contributed to th
substantial yield loss but with the plants badly we-
akened by the disease there would probably have beexJ
little possibility of normal compensatory growth. Becaus1
of th= low populations of C. suppressalis after th
tillering stage in all experiments, no data on economi
thresholds were obtained for the second generation.

Although the Tongil variety is-believed to be mor
susceptible to rice borers than most standard Kore
japonica varieties, levels of 8.6% injured tillers durin
the first gensration produced no crop loss. Bacause u
treated plots showed heavier tiller damage and high
numbers of whiteheads than treated plots, vigor
compensatory growth is strongly indicated. At Iche
in 1974, where the mechanizm of compensation VJ
studied, more tillers were produced in plots with
avier borer activity, this increase in tillers being dired
proportional to the increased borer activity.

In the first generation there was a direct relations
between percentage injured hills and the mean num
of injured tillers/hill(Fig., 4). Torii (1971) reporte
similar relationship for C. suppressalis in Japan,

regression being useful for sequential sampling.
Economic thresholds for hoppers

Population densities of hopper pests were low
the notable exception of L. siriatells at Iri in 1

Stripe virus transmitted by this vector early in
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»n caused considerable crop loss. The vector was
re in the s=zdbzd and with ealry transplanting the
tings were immediatzly exposed to population den-
3 of 1-2 individuals/hill. Vestor populations had
to 8 individuals/hill by early July. Disease sym-
1s were obszrved b=fore ths first vector spray and
ths economic threshold in young plants is clearly
selow 1-2 hoppars/hill for this species.
leticide recomnendations for Korza rice
Suweon and Ichzon, situatzd north of ths ceatral
growing area of Korea where the incidence of C.
ressalis and hopper pests is more severe (Annony-
i, 1973), there was no difference in yield between
recziving several applications of insecticide and
remaining totally unprotected. Injury by C. sup-
alis was mads gool by compzasatory growth and
acidence of all othar pests and diseases was nezli-
Mean yields for the experiments were high(5, 2-
ha) and close to thosz obtained by surrounding
ers. Thus, official recommendations consisting of
szsticids applications do not appear to be justified
should bz reconsidered:
:rther south at [ri, stripe dis2ase, and probably to

ser extent C. suppressalis, markedly lowered the

yield in 1973, Thsz incidsace of bot factors was in-
creased by early transplanting, and thz use of a susce-
ptible variety further encouraged stripe. Applications
to the se2dbad and an early spray against the vector
shortly after transplanting failed to chack the disease.
Despite a strict spray programme, other early transpl-
anted japonica varieties bzcame hzavily infected during
the sams period at the nearby Crop$ Experimznt Sta-
tion. Yet the stripz-resistant Tongil variety remained
healthy and yielded well-strongly suzgssting that the
use of resistant varieties is th= most effective way of
combating stripe.

Economic thresholds are not static: they fluctuate ac-
cording to changss in cultivation practices, the introdu-
ction of new varieties, and even changss in the price
structure of the crop. Thus this series of field experi-
ments should be extended and repeated in different

ecological areas on thz main varisties grown in Korea.

ACKNOWLEDGEMENTS

The authors thank Mr. S.K.Jin of th= Provincial
Office of Rural Development Expzriment Station, Iri,

for valuable assistance with thz experiment at that site;



Prof. ]J.S. Hyun of the Colleze of Agriculture, Seoul
National University, for lively and constructive discus-
sion on field methods: Mr. O.R. Kim for the usz of

his field at Suweon.

3 0] ki) R B KEES JuEsta g
i el W Wk Bkl Bste] AR &
417 iR} R W e T4 R WeE #Te
At AR SaRRE 2 =9 \Bi7 BkE
BIET RARED Foon, Hd FE R 59 Hdd
H A= I BHe Tk

D) TAeiEme) 5 1 Rsh IEEE R It KK
kORI - B ER ofE EEEE Alel ]
Weiel 7ed] AFFEMEC] fldled, T KELS FoM4
5. 2~7. 6t/ha ¢ o},

i) AAS Rffcl v £k R #Hi— o= B
A= Wie BAE BES = ddd ke HER
o] 8.6%7A LAY EIHR i mEFSE
By B k¥ LT ek

i) ghdel Y BEE WERY REEE WA
Foll a4 fFEd ohe BiRl dolF ok Tihmdel
52 440 MRS ozl Ykt

iv) KESE Fle A Bl FRE S BES K
T 8M KA BB 6~7 HE: ¥R .

v) BRI BB A g Td k3T ErHY
vhEg o] Wiel ARl olz Wl fHm WKE
o Wk delytel. B EHikd APTY Ty @mE
= Y 2ot el e mE ol k&Y W
ol L F9& FlEEMC) glch

vi) A A oE T Bl Bme ZEH BAE 17
ot WEH A &itstA HAAE E5
Jub3ul 2 2 gsled, o g BB Bk
M Hi—-o iy e A 43t

vii) TEulvl 3, Wd T, A5ET Y HdITHE e

Ffko] AL el vh,

=~

LITERATURE CITED

ANONYMOUS, 1968, Request of U.N. Special Fund
Project on Disease and Insect Pest Control om
Plants. Ministry of Agrictulture and Forestry, Re-
public of Korea, 51 p. (mimeograph).

ANONYMOUS,

rice pests. Institue of Agricultural Science, Ofﬁc&

1973. Literature review of Korean

of Rural Development, Suweon, Korea. 46p.

CATLING, H.D., 1973. Revitalization of plant protec:
tion. J. Korea/FAO Assn. 15(6): 5-9, Translateq
into Korean by S.C. Lee.

GOMEZ, K.A., 1972, Techniques for fisld exderiment.
with rice. International Rice Research Institute, Ld
Banos, Philippines, 46p.

KOBAYASHT, T.,Y. NOGUCHI, M. NISHIKINC
S. SUDO, G. IKEMOTO & S. NAGAI, 1971, Pre‘
ictive estimation of the economic effect of insecj
cidal application to rice insects. J. Appl. Ent. Zo
15(3): 121-131, (in Japanese with English suy
mary).

KOYAMA, J., 1973, Studies on the diminution of i
secticide application to rice stem borer, Chilo su
pressalis Walker. 1. The relation between the da:
age caused by rice stem borer and the yield of ri
J. Appl. Ent. Zool. 17:147-153, (in Japanese w
English summary).

PATHAK, M.D. & V.A. DYCK, 1972, Rice inﬁ
control studies at IRRI, Workshop on integra
rice pest control in Southeast Asia. May. 191
International Rice Research Institute, Los Bap
Philippines. 16p.

TORIIL, T., 1971, The development of quantita
occurrence prediction of infestation by the rice st
borer, Chilo suppressalis Walker, in Japan.
tomophaga 16(2):193~207,



