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FOREWORD

In the past, farmers in tropical Asia grew traditional rire
cultivars and either relied primarily on cultural, mechanical,
and physical methods cf pest control or practiced no nest
control. Pest.cide application was limited because thc yield
potential of traditional varieties was too low to justify
additional investments. Although pests destroyed part of each
crop. severe outbreaks or epidemics were rare.

The widespread introduction of high-yielding rice cultivars
in Asia in the last two decades and the associated changes in
production practices have improved conditions for insects.
diseases, weeds, and rodents. The higher yield potential of the
new rices also made increased pesticide application
economically attractive to farmers.

The replacement ot traditional contro! methods by
pesticides could increase hazards 1o nontarget organisms,
however, and lead to the development of pesticide resistance
and environmental contarmination. To minimize such
problems, Asian farn.ers must again diversify their pest
control practices — a strategy that scientists now terim
integrated pest manageiment (IPM).

Recently, scientists working in national rice production
programs and at international agricultural research centers
have written extensively about IPM for tropical rice. Many of
the nublications dre research-oriented. fragmented. and too
tzchnical for nonscientists. Furthermore, much of the highly
specialized information often focuses on a sgle species or a
small group of pests

This publication provides practical and comprehensive
information to IPM workers in rice fields throughout troprcat
Asia. It briefly discusses nce plant structure and growth
stages and stresses their relation to pest management. There

. are separate sectiens on cultural control of rice pests.

resistant rice varieties. natural enemtes of rnce insect pests,
and pesticides. The biology and management of the major

. groups of rice pests - - insects. diseases. weeds, and rodents

— are discussed In separate sections Finally. integiated
control measures for the entire rice pest complex and the

implementation of IPM strategies at the farmer level are
described.

This volume represents the combined efforts of many
persons. The style and first drait of the text were developed by
W. H. Reissig of the New York Agricultural Experiment
Station, Geneva. New York, USA, during a 1979-80 sabbatic
leave at IRRI. Reissig's firsthand experi: nce in developing IPM
strategies for farmers gave him the necessary background to
organize the information in a useful form. E. A. Heinrichs, |RRI
entomologist, reviewed the technical matenal and worked with
IRRI editors and artists after Reissig's departure
J. A Litsinger, IRRI cropping systems entomologist, provided
technical information on the biology and management of
many insect pests and composed the section on cultural
control. K. Moody, IRRI agronomist. supplied technica!
information and reviewed the section on biology and control
of weeds L. A Fiedler, a research biologist from the Denver
Wildlite Research Center. stationed at the National Crop
Protection Center, University of the Philippines at Los Banos,
acted as technical consultant in the preparation of the section
on Biology and Management of Riceland Rats in Southeast
Asia. T. W. Mew, IRR! plant pathotogist. provided technical
information and reviewed the section on disease
management. A. T. Barrion, IRRI entomology department
senior re:2arch assistant. served as technical consultant and
worked with artists in the preparation of the section on
Natural Enemies of Rice Insect Pests.

This volime can be easily translated into the various
tanguages of Southeaast Asia and serve as a key source of
mformation for IPM training programs. We hope that it will
stimulate the implementation of IPM technology by rice
farmers in tropical Asia as well as the development of similar
publications for other rice-growing regions.

M. S. Swaminathan
Director General
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PREFACE

During the past decade, scientists have developed the concept
of integrated pest management (IPM) for rice. IPM technology
has been generated by scientists working in national .\.ce
production programs and at international agricultural research
centers, but only a limited imount of this technology has been
tested in pilot IPM programs in tropical Asian countries.

The rate of adoption of IPM technology by farmers has
been slow, perhaps because of these reasons: 1) some of the
technology developed is either ineffective, economically
unattractive to farmers, or difficult to implement; and
2) applied research scientists, extensinn nfficers, and farmers
lack understanding of the principles and practices involved
and the economic benefits from iPM.

There have been much interest and activity in IPM training
from the international level to the level of farmers in tropical
Asia. This manual was deveioped 1) to provide a source bcok
for the training of extension officers who, in turn, will train
farmers and implement rice IPM programs; and 2) to
encourage applied research scientists to develop more
effective IPM technology.

Among the topics are the principles of IPM and information
on rice morphology and growth stages. which are necessary
in the development of sampling methods and timing of control
practices, and insects, weeds, diseases and rodents of major
impnrtance in tropical Asia. Details of the geographic
distribution, life cycle of the pests, and damage they cause are
described and ilustrated. The integration of sampling
methods, economic thresholds, pesticides, resistant varieties,
and natural enemies in the management of pests is explained.

Numerous references were consulted in the writing of this
manual. The sources of information and iliustrations include
the audiotutorial modules in pest control developed at IRRI
and the following books: The world's worst weeds, distribution
and biology. L. G. Holm, D. L. Plucknett, and J. V. Pancho,

University Press, Hawaii, 1977; Rice virus diseases, K. C. Ling,
IRRI, 1972; The virus diseases of the rice plani, The Johns
Hopkins Press, 1967; Rice diseases, S. H. Ou, Commonwealth
Agricultural Bureaux, 1977; A farmer's primer on growing rice,
B. S. Vergara, IRRI, 1981; Principles and practices of rice
producticn, S. K. de Datta, John Wiley and Sons, 1981;
Monograph of insect pests and the natural enemies of rice,
Plant Protection Department, Hunan Agricultural Academy
Institute, Changsha, China, 1978; Insect pests of rice, M. D.
Pathak, IRRI, 1977; The major insect pests of the rice plant,
The Johns Hopkins Press, 1967; and Pests of rice, D. H. Grist
and R. J. W. Lever, Longmans. We acknowledge the
individuals who contributed to the production of this manual.
Danilo Amatin did the artwork on the insect pests, natural
enemies, weeds, and diseases and Oscilr Figuracion, Rebecca
Brown, John Figarola, and J . .eph Figarola, the illustrations.
Rowena Dagang coordinated the movement of text and
illustrative materials. Ram Cabrera, Fidelite Manto, and
Patricio Mamon are responsible for the design and layout. The
text was edited by T. R. Hargrove, head of the Communication
and Publications Department, and G. S. Argosino, assistant
editor. Individuals consulted during the writing and review of
the text and figures were the late K. C. Ling, and F. Nuque of
the Plant Pathology Department; V. A. Dyck of the
Entomology Department; and R. Sancher, M. Mabbayad, and
R. Lubigan of the Agronomy Department.

Our efforts in producing this manual will be rictily rewarded
it it serves as a catalyst in the implementation of IPM strategy
in the rice fields of farmers in tropical Asia.

W. H. Reissig, E. A. Heinrichs,
J. A. Litsinger, K. Moody, L. Fiedler,
T. W. Mew, and A, T. Barrion
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Introduction

In Asia, losses from insects, diseases, weeds, ]
and vertebrate pests that attack rice are difficult ™\ ;_’)
to quantify. “‘K 2

Insect Disease

. -4'.’-
Rice field \

‘/V;leed Rat
Chronic pests -—— weeds, most leaf-feeding Vield loss
insects, stem borers, most funga! diseases — Hgh
annually reduce yields, but seldom cause
epidemics. The pests are routinely controlled
or are tolerated.
Acute pests — rats, blast, virus and bacterial r L—»—Epidemics from
diseases, lcafhoppers and planthoppers — acule pesls
infrequently occur in epidemic proportions, but
they cause great economic concern to the
regions affected and their control is difficult.
/L‘hranic pests
MVWJ\/
Low 1,\r JA lL Y ‘FAI Jl s l;—
o} 2 4 6 8 0
Years

Pest epidemics have been recorded ever
since rice was cultivated by man Pests such as
rats, rice blast, armyworms, locusts, and brown
planthopper have historically challenged rice
farmers who have responded with highly
creative pest control measures such as control
of the whitebacked planthopper by plugging
the levees to raise the water level, pouring
whale oil on the water surface and dislodging
hoppers from the plants into the whale oil-
treated water.

Historically, epidemics were associated with
severe weather conditions such as extreme
temperature fluctuations. drought, typhoons, or
floods. Such weather conditions suppressed
the natural enermies of rats and insects and
allowed the entry of disease organisms into the
plant.
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In recent years, the need to intensify rice
production to feed a rapidly expanding
population has brought about rapid cnanges in
rice production technology. Many of these
changes have created greater frequencies of
pest epidemics.

¢ Expansion of farinland planted to rice has

1) aided pests whose greatly lowered
populations during the dispersal phase of
their life cycies was due to failure to find a
suitable host, 2) allowed isolated pests to
spread into new areas, and 3) increased
the number of pest species, which
transferred from wild hosts to rice when
their natural habitats were destroyr 1.

* New irrigation systems have 1) allowed dry
season rice cropping to unieash pests
whose numbers were annually depressed
during a rice-free dry season, and 2)
favored aquatic pests because of more
stable water delivery to paddies.

e Development of -.ow varieties has 1) led to
replacement of traditional varieties —
which had been selected by farmers for
stable resistance, particularly to diseases
— with modern varieties possessing
narrower-based and less stable resistarce,
2) increased pests favored by high tillering
plant types. 3) allowed year-round
cropping by introducing photoperiod
inscositivity, and 4) increased the yield
potential, making it more economical to
attempt pest control measures that before
would have been unprofitable.

Fertilizer usage increased with the
development of fertilizer-responsive
varieties which, in turn, have increased
pest abundance. Weeds take up fertitizer
and grow faster than rice. Insects multiply
faster with better nutrition. Fertilizer
increases the plant’s susceptibility to
diseases. Dense growing piants provide
shelter for rats.

I T

W vww




¢ Pesticide use has expanded in response to
more pest problems and higher profits that
could be realized from proper use.
Farmers, however, often misuse pesticides
by:

1. choosing the wrong pesticide,

2. applying un a calendar-based schedule
without regard to pest numbers,

3. using rates that are too low or too high,
and

4. not using enough water to thoroughly
cover the plants.

Pesticide misuse may:

1) fail to kill the target pest and increase
either its number (resurgence) or that of a
formerly minor pest (secondary pest
outhreak), 2) cause pesticide-resistant
populations, 3) seriously harm the farmer
during application, or the nontarget
organisms in the environment either
directly or idirectly.

The pest problems brought about by the
new techinology are by no means unique to
rice All too often. however. the immediate
solution to a pest problem has meant repeated
apphcations of pesticides.

The concept of pest controt changed with
the advent of modern synthetic pesticides
which were inexpensive and easy to apply. and
gave immediate results Durnng the peslicide
era, the concept of control meant eradication.
which sought total elimination of pests.

The concept of eradication has now been
replaced with the concept of management,
where the goal is to reduce pest populations to
levels that are uneconomical to control. Low
pest populations are tolerated.

1. Econuiiic injury level: the pest population

1S large enough to cause crop losses
costing more than the control.
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Integrated pest management is a strategy or
plan that utilizes various tactics or control
methods — cultural, plant resistance,
biological, and chemical — in a harmonious
way. Control actions are based on frequent
monitoring of pests.

Integrated pest management depends on
multidisciplinary ecological strategies to weigh
the effect of each tactic, as part of the
agroecosystem, in producing the least
disturbance and yield loss in the long run.

No pest control strategy increases potential
yield. Such strategies can only ensure that the
maximum yield physioiogically obtainable in a
particular fielc and season will not be
significantly reduced by pests.
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Rice Plant Structure and Growth Stages

In a pest management
program, familiarity with the
different parts and growth
stages of the iice plant is
important.

Insects, diseases, and the
damage they cause are
found only on certain parts
of the plant.

Neck rot

planthopper

The life cycle of many pests F
is closely linked with the

development of the rice Insect Q -I# SO q s q _

plant

Many crop management

practices must be applied
only at certain rice growth
stages.
FERTILIZER

A

|
'

,.:'ﬁ
Seedbed

3 n e EENE »
,:‘s,‘.-,n,,xar;;| RN A : .. . ) i . -

ST WL N .
= “ ar W o Loledd e . s oo DI N Y
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STRUCTURE OF THE RICE PLANT

The tilier

The tiller is a shoot that
includes the roots, stem, and
leaves. It miay or may not
have a panicle.

/=
N

Tiiler

Panicle

The rice leaf

Parts of a rice leaf

Leaf blade

Ligule

)
Auricle Coliar

Leaf sheath

Arrangement of leaves on a

stem

e The top leaf just below the
panicle is called the flag
leaf.

e The leaves grow alternately
on the stem.

/

N
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The rice stem

The culm, or jointed stem, of
rice is made up of a series of
nodes and internodes. The
node is the solid part of the
stern. The internode is the
portion of the stem between
the nodes.

Internodes

The panicle
The smallest unit of the pani-
cle is the spikelet.

At flowering, the floral parts . ‘Aniper
can be seen between the %
lemma and palea.

The mature grain is covered
by the rice hull (lemma and

palea).
Panicle Spikelet Mature
at flowering spikelat
RIPENING mmsmcmnd)
GROWTH STAGES

The growth cycle consists of
steps of development culled
growth stages. Each slage
has been assigned a number
and a name.

Stage 0 — germination to
emergence

The first stage covers the
period from germination untit
the emergence of the first
leaf.

L— I i
0 1 2 3
Days after seeding




12 INTEGRATED PEST MANAGEMENT IN RICE

Stage 1 — seedling stage

The seedling stage covers the
period after the emergence of
the first leaf until just before
the first tiller appears.

12 15
Days after seeding

'8

Stage 2 — lillering stage
The tillering stage exlends
from the appearance of the
first tilter until the maximum
number of tillers is reached.

Days ofter seeding

Stage 3 — stem elongation
Stem elongation begins late
in the tillering stage and ends
just before panicle initiation.

Days after seeding




Stage 4 — panicie initiation
At the panicle itiation stage,
the panicle develops and
grows intc a white feathery
cone. creating a bulge at the
base of the leaf sheath near
the bottom of the tiller.

Stage 5  panicle
development

The panicle grows and
extends upward mside the
flag leaf sheath and the
sptkelets develop. At the end
of this stage, the panicie
causes the flag leaf sheath to
swell (booting)

Stage 6 - flowering

The flowering siege begins
when the panicles emerge
from the teaf sheath (head-
ing} It ends with pothnation
and ferthization

RICE PLANT STRL.CTURE AND GROWTH STAGES 13
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60 64 68 T2
Diays atter sesding

\ . banicle N AN / L (.-’ L
\ },JL; {haading ! \ 2 N JUp—
i \ Ly \ Y 4 ‘« :
Y . N ‘ ) < N . oo

Flowering

72 73 76 ’B 80
Days afrer seedwy




14 INTEGRATED PEST MANAGEMENT N RICE

Stage 7 — milk grain stage
At the milk stage, the grain
contains a white liquid that
can be squeezed out with the
fingers. The panicles are
green and the flag leaves are
green and erect.

Stage 8 — dough grain stage
The milky portion of the grain
turns into a soft and then a
hard dough. The gran turns
yellow and the whole /ield
appears yellowish

Stage 9 — mature grain stage
The grain s full-size. hard,
and yenow The upper leaves
are dry and the panicles hend
toward the ground.

[ 1 L 1 L 1 )
8e 84 86 88 9SG 9z 94
Days from seeding
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General rice growth stages
The nine individual growth
stages combine into three

general growth stages:
1. vegetative stage — from 2. reproductive stage — from 3. ripening stage — from

germination to panicle panicle initiation to flowering to maturity.
initiation flowering

1/20-day varisty

§
z - &
£ o ®
v
5 =
Vegetative phase a Reproductive phase Ripening phase
(55 days) (35 days) {30 days)

=

150-day variety

c

L

- [ =

2 g B

E c‘x;:) o
[+

3 2 E

5 g

Vegetative phase a Reproductive phase Ripening phase
(85 days) (35 days) { (30days)

100 110 120 130 140 150

—g* T ¥ T T T T
2 30 40 150 60 70

Days from sowing

The number of days in the
reproductive phase and that
in the ripening phase are the
same among most rice
varieties.

The number of days in the
vegetative phase varies in dif-
ferent varieties.
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Insect Pests of Rice

Insect pests are particularly
abundant on rice grown in
the tropics About 30 differant

General characteristics of
insects

General lite cycle

Insects have two common
general types of development
or metamorphosis

Gradual rmetamornhosis

Insects with gradual meta-
morphosis go through the
egq. nymphal, and adult
stages

Nymphal stages may te
simiar to adults but lack
completely developed wings
and sexual organs

species are of major impor-
tance in tropical Asia.
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Insects have

Head ~_

Thorox —

Abdomen —

L~
Lo

Three body regions Six legs
Antennoe
IEAY - :
A . 5 N
LI ‘.‘\ r
0 : v ”/t“; N
| A \ PR S T v "
L e ’ F * ’
. LA
I pon r f

One or 2 pairs of wings

One pair of antennae

RS - e

'

Adults and nymphs both feed
on the plant and cause
simidar damage

Bugs teathoppers, and plant-
noppars are examiples of
insects with graduoal
metamaorphosis
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Complete metamorphosis

Insects with complete
metamorphosis go through
the egq, larval, pupal, and
adult stages.

In some insects with
complete metamorphosis
(stem borers, armyworms,
gall midge, whorl maggot)
larvae feed on the plant and
cause damage.

v

Adults do not feed upon or
injure the plant.

In other species (hispa) both
the larva and adult feed upon
and damage the plant.

Most insect pests of rice
can be divided into two
groups on the basis of their
mouthparts:

Chewing insects remove
pieces of plant tissue. They
may eat holes in the leaves or
tunnel in the stem.

Lorvae

Adults

Hispa
" &

~ .\ /‘ >

\o ./
<
L -

- ‘_":\, ,‘FL»—
~F \-’ 2 ﬁ
-;" . ! (r‘:,

ST T,
T ~

N ] s \
Adult

Sucking insect

Grasshopper

Sucking insects pierce the
plant tissue and remove plant
sap. Plants damaged by
insects with sucking mouth-
parts may wilt or lose their
green color. Sucking insects
such as leathoppers or plant-
hoppers may also transmit
virus diseases.

Planthopper




Rice insects can also be
classified according to the
plant parts upon which they
feed:

The biology and
management of all insect
pests attacking the various
growth stages of rice are
covered in this Guide. Insects
aitacking rice grain in
storage were not included.
The insect pests are
presented and grouped in the
chronological order in which
they would attack a crop
from sowing to harvest.
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Leaf insects

Stem insects

Root insects

Seed in soil

Vegetative stoge

Reproductive stage Ripening staye

Scientific names are used to
avoid confusion since
common names of insects
may vary among different
countries.

Example of insect classification

Common name - Rice brown planthopper
Order - Homoptera

Family — Delphacidae

Scientific name — Niaparvata lugens (Stal)

Genus

Species

Taxonomist originally
describing species
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Description of insect pests in
this Guide

Each insect pest or group of
pests is described in a
common format.

Pest status Potentiol Prevalence within
severity favorabre habitar Cantrol

Insects are designated as oL ® Rorely abundant
either major or minor pests ow ® Abundant some r
based on‘a combinatign of ® Maderate + years in limited 'reqgs + :ge;unv'conlrolled @ Minor pest

® Abundant some y2urs tHheut ;
three factors: ® High ov:r lorqne oreo‘;) ®Major pest
e Severity of economic loss ® Abundant most years
it over large area

(high, moderate, low)
¢ Frequency of occurrence

and area affected within the The pest status designation  of any pest may vary consi-

insects’ potential habitat. reflects only the general derably in localized areas and
® Ease of control (difficult, status of the insect species change through time.

readily controlled). throughout Asia. The status

¢ Environment
The preferred habitats or species were divided into
locations of insect pest three general categories:

~ ~;yr’“' e 7‘ "

i o~ \ |

P LY
— rainfed upland rice — rainfed wetland rice — irrigated wetland rice
fields (unpuddied, fields (puddied, flooded tields (puddled and
nonflooded) after rains) fiood.d)

e Distributicn
The distributior of major
pest species throughout
Asia is indicated. This
distribution is only a
general classification which
may be incomplete in some
areas and change with
time.

s ALSTRALIA \




e Development and actual
size

The actual size of the
various life stages of the
insect pests is presented
along with detailed
drawings and an indication
of the duration of each
stage under average
conditions.

Location and behavior

The location and behavior
of various life stages of
major insect pests are
deacribed.

* Host range

The major species of host
plants for each insect
species are listed

Darnage

The type of damage caused
by each inse. . pest is de-
scrihed and illustrated
Changes in ric.e plant color
caused by insect injury are
difficult to illustrate in tine
drawings.

INSECT PESTSOF RICE 23

Actua! size
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Deveiopment

Five nympha! stages
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Management

The section un management
for each insect pest or group
of species includes the
following tactics arranged in
the order in which they
should be addressed in a
pest management program:

Economic thresholds

The eccnomic thresholds
presentad in this publication
are only general guidelines.
Threshold values differ by
location. The values may also
be affected by crop age and
simultaneous infestations of
multiple pests.

Above the sconomic
threshold, economic injury
occurs, while below it no
control is necessary.

INTEGRATED PEST MANAGEMENT IN RICE

Control tactics
Cultural practices Varietal resistance
1 2
Natural enemies Insecticides
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SOIL PESTS

ANTS (HYMENOPTERA: FORMICIDAE)

Several species of red or
black soil-inhabiting ants
remove rice seed from newly
sown fields in rainfed areas.
Ants cat. be distinguished
from other insects by the
presence of the pedicel
between the thorax and
ahdomen.

Pest status

Although ant populations in
nonflooded rice fizlds are
high, the greater tillering of
the surviving plants normally
compensates for loss of
stand due to seed removal.

Ants are readily controlled by

insecticide.

Ants are most prevalent in
upland environiments but
also occur in dry-seeded rice

Uplund

Ants’ nests are below the
soll surface in upiand fields,
but are confined to rice
levees in rainfed wetland
fields.

Pedicel

Thorax Abdomen

Potential Prevalence within
severity favorable habitat
Aburdant most
Moderate + years aver large +
areas

fields in rainfed wetlands.
They are not a problem in
puddled fields.

Wi, s W\,
\\\*.(;,‘ - W \(44_/'
‘/‘(,“ y o3
I DN
. I i
(3 o : 7
> rr ! g
'.,” y ; ‘}3 7

FId o S

Rainfed wetland

2

Flooded wetland ]'

R G,
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Control
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Ants remain in their nests
during the day and forage at
night.

Damage

Ants store rice seed from the

field in nests below ground.
The result is loss of piant

stand.

Management
Cultural control. increacing
the seeding rate
compensates for ant-caused
losses and may be less
expensive than tnsecticides.
Resistant varieties. No va-
riety is resistant to ants.
Biological control. Natural
enemies are not important in
controlling ants.

Chemical control. Treating
seed with insecticide is the
most effective way of
controlling ants. Insecticide
in powder form readily sticks
to rice grains and makes it
unnecessary to wet seeds or
use a sticker.

There is no economic
threshold for ants.

|
|
l 13

powder

f )
i Insecticide

- insecticive
.f

© e mmate

seed
| ke
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L IR S
. -

Shake in piastic bag




TERMITES (ISOPTERA: TERMITIDAE AND RHINOTERMITIDAE)

. . — - T

Termite -:22 kinown as white
ants becauze 0f the overall Pedicel ubsent
similarity to ants in body / N
shape, wings, and the caste PR N L N

. { e ? . . ,
system of workers, soldiers, \ P A7 Abdomen 3
kings, and queens. Termites, N Trera e
however, lack a pedicel. \-\: e b 2

TCRMITE
Ped:cei present
S / /// }
/ﬁ/- Thorax J U At.domen
Sl N
.
\ M\\ r‘R { ~
<
AN
Pest status Potential Prevalence within
Even though they are severity favorable hobitat Control
permanent residents of
nonflooded environments, Horel Readi
. ; arely eadily

termltes‘rarely attack rice and Moderate + Abundant + controfied
are readily controlled with
insecticide.

soils in rainfed wetland areas.
Sustained flooding kills them.

Termites can be a problem
inupland environments. but
also occur In light-textured

.\:

&
L7
W

ARG

Lplenag Roinfed wetlond

ML G - - -« vy
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- Minor
= pest

Some grassland termites ;
make permanent nests |
composed of many tunnels :
deep in the soil. Other
species make nests as
mounds above the grcund.
The tunnels are lined with
body waste to secal the walls
so that high hurnidity can be
maintaned
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Distribution in Asia.

Damage

Most grassland termites lack
symbiotic protozoa to digest
cellulose. Instead they
culture fungi in underground
fungal combs. Fungal combs
are made by termite workers
of partly digested plant
material. This plant material
becomes innoculated with the
fungi and the termites later
eat the combs. Workers are
constantly constructing and
eating fungal combs in their
nests.

Termites prefer dead to
living plants but when their
preferred food is gone, they
feed on living roots. After
land preparation, the termite
workers feed on living plants.
They tunnel through plant
stems and eat roots, causing
the plants to become stunted,
then wilt. Damaged plants
can easily be pulled by hand.

Droughts, when rice is not
vigorously growing,
encourage termites to attack
a standing crop.

Management

Cultural control. To take
advantage of termites’
preference for dead plant
material, farmers can divert
the pest from the growing
crop by putting crop residue
in the field at planting.

AUSTRALLA

Soldiers

Macrotermes gilvus ( Hagen )
( Termitidae )

Heterotermes phiippinensis (Light)
{ Rhinotermitidae )

Coptotermes formosanus ( Shiraki)

(Rhinotermitidae )




Chemical control. Treating
the seeds with insecticide at
planting is usualiy effective
against termites. If higher
dosages are required,
granules are applied i the
seed furrows or hills.

Decision on insecticide
use should be based on the
history of damage in a
particular field or perhaps
portions of a field.
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WHITE GRUBS (COLEOPTERA SCARABAEIDAE)

The large larvae of scarab
beetles are called white
grubs. Grubs are larvae that
five in soil. White grubs can
be distinguished from other
sol-inhabiting larvae by the
swollen end of thair
abdomens

There are rmany speccies of
white grubs, but none s
widely distributed in Asta
White grubs as a group are
common to all countres

White grub species can be
awided into two groups -~

Pest status

White grubs attack only
portions of a field, but can
recur annually Mature larvae
cannot be economically
controlled with insecticide.

Potential
severity

Moderate

Prevalence within
tavorable habitat

Abundint most
+ years in imited
arens

the chafers in which only the
larvae feed on plant roots
and the black beetles in
which only the adults are
root feeders.

B3oa Deetle

Hererony crus

Conrtro!

Minor
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+ Difficutt nests




30 INTEGRATED PEST MANAGEMENT IN RICE

White grubs are restricted
to nenflooded environments.
They are most common in

[
:

e
+
”,v" r""'
n'
neop

Hplandy

Distribution in Asia.

Development and actual size
White grubs typicaily have a
1-year life cycle in the tro-

o

Loto! sire

A | 1 B Lo o

upland rice but can occur in
rainfed wetland areas with
very light-textured soils.
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pics. In temperate regions 2-
year life cycles are coramon.
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Adult. Beetles are grey,
tan, dark-brown, or black.
Aduits develop in
underground pupal cells
where they rest as larvae in a
dormant state during the
unfavorable dry season. After
the first soaking rains that
mark the beginning of the
rainy season, the larvae
develop into pupae and
the pupae into adults which
emerge from the ground and
fly to nearby trees.

Adult beetles rest in the
trees during the day and
become active at night when
they feed on tree foliage,
mate. and fly to nearby fields
to lay eggs.

Adults are attracted to a
fight trap at night. Largest
catches are during a new
moon.

Eggs are laid singly in
moist soil by the burrowing
females. Tilled fields with soft

" texture are preferred sites for
egg-laying

Chafer females may lay 50
eggs in their lifetime of se-
veral weeks. Black beetle
adults hve about one year.

Egg. Eggs deposited singly
are ovoid and creamy white
vath a leather-hke shell

The egg stage is highly
susceptible to dry weather
and must be in moist soil to
hatch

INSECT PESTS OF RICE 31

9000 o, oo)
OO0

o' “e-coogﬁ o
RO IR
2990 20 0 O 06 20,08¢ soesy
>0 09\ %50,

2 (29 00(\0 500 0 )
0,99)ec) nanob ,U‘, 017
y O“' 00,0057 0o n; 520

BEEIER T v

S We1 5eas0n

Dry season —
|

e i

S\ S &
SRR « 1/ ‘ ' [/
e o
A LA PSR x,

!

Larva. White grub larvae
are difficult to classify into
spectes without a microscope
for examining body hairs
They have a hight to dark
brown head and a white
body.
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The strict soil moisture
requirements of white grub
larvae help explain their
uneven distribution. Larvae
desiccate if the soil is dry,
and they drown in heavy clay
soils after a heavy rainfail.

White grub larvae can be
found near the soil surface
during rainy periods.

Larvae burrow down se-
veral meters in the soil during
the dry season to form
compact celis in which to
pupate.

Pupa. The pupat cells
protect the dark brown pupae
irom drying o

Damage

Black beetle adults burrow
in the soil and feed on roots
The larvae feed entirely on
organic matter and do not
attack living roots.

Chafer adults are foliage
feeders on a wide variety of
trees. Larvae feed on roots of
living plants. They dig
through the soil with their
powerful legs and feed on
their backs.

Rice is a preferred host
because of its fibrous root
system. Rice plants become
stunted and wilt as a result of
root loss Damage to the crop
under drought stress is
higher because plants are
less able to produce new
roots
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Most cf the damage from
chafers occurs from the last-
stage larva.

Damage within a tield is
normally patchy because the
chafer grubs a. d black
beeties are not evenly
distributed.

The same fields tend to be
reinfested year after year.

Plant hosts. Chafer larvae
and black beetle adults feed
on a wide variety of plant
species but prefer plants with
fibrous root systems.

Management

Cultural control. Delaying
land preparation until most
chafer adults pass their egg-
faying phase or die reduces
the field population.

Resistant varieties. There
are no varieties resistant to
white grubs.

Root consumption (%)

100

50
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Biolcgical control. Several
specialized scolid wasps can
parasitize white grub larvae
in the soit. Their control
effect, however, is minimal.

Nematodes also parasitize
white grubs.

Chemical control.

® Insecticide application.
Granular insecticides ap-
plied in crop furrows or
hills at sowing are the only
practical chemical contro!
measure against white
grubs. Granules covered by
soll at planting remain
active for several weeks

Low insecticide dosages
are effective against first- or
second-stage chafer larvae,
which are prevalent at the
beginning of the rainy
season when rice 15 sown.
Insecticide control of third-
stage white grubs 15
impractical after the
damage is seen. Insecticide
sprays on the soil are
ineffective.

e Scouting. Because 1t 1s
impra“tical to apply
insecticide to the soil after
the crop 1s planted,
scouting and economic
thresholds cannot be used.
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Campsomeris marginefla modesta { Smith) 1

{Scolidae }
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If early planting 1s not
practical or does not
provide satistactory control,
insecticide should be ap-
plied at sowing time to
fields which have a history
of white grub damage.




MOLE CRICKET (ORTHOPTERA:

GRYLLOTALPIDAE)

The mole cricket Gryliotalpa
orientalis (== africana)
Burmeister is a soil-
inhabiting insect. Adults and
nymphs feed on roots. The
insect is readily identifiable
by its large size, enlarged
front legs and prothorax,
rudimentary hind wings, and
anal cerci.

== Prothorax

== Rudimentary hind wing

- - Cercus

Pest status

Mole crickets only
occasionally become
sufficiently abundant to kilt
patches of young plants.
They can be readily
controlied with insecticide
mixed with bait.

They occur in all rice
environments but are more
prevalent in nonflooded

Potential Prevalence within
severity favorable habitat Control
Abundont most
Moderate + years in fimited + eadly
areas

uptand fields with moist soll
that is easily tunneled.

Distribution in Asia
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Development and actual size

Actual size

Development
Five 1o six nymphal stages

() ——

Hytmnph

Adult

O 1 5 il
tlontng

Adult. The tan to dark brown
adults have enlarged front
lens desianed for diaaing
tunnels in the soil. The first
segment of the thorax is
cniargcd tu lieip Hie ifisect
push its way through the soil
Curing the night. adults
actively dig branched
burrows or search for food
such as seceds or other
inseclts aboveground. During
the day, they are
underground.

Aduits are frequently seen
swimming in flooded fields
during puddling for wetland
rice. Flooding causes them to
leave their burrows.
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Because mole crickets
cannot survive underwa‘er,
they make their burrows in
rice bunds in flooded fields.
Generally, they live in
nonflooded fields.

Adults are strong fliers
despite their short wines, ar:d
are attracted to a light trap at
night.

Egg. The white eggs are
faid in masses of 30-50 in
hardened cells beneath the
soil surface. Each female
may lay several hundred
eggs during its lifetime of
more than 6 months.

Nymph. The tan nyrnohs
also burrow in the soil at
night and feed on roots.

Damage

Plants in a seedbed or during
the early tillering period have
small root systems and can
be killed by rnole crickets if
the field is not flooded. Mole
crickets cannot kill older
plants because the root
systems are large.

Burrow

Flooded

Nonflooded

Burrow
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The pattern of damage in a
field is not uniform. Damage
is normally in patches.
Normally damage is greater S
near the field borders. €y V'Jﬁf’f‘.'.xm
, ‘ "ﬁr!w”'ﬂ
J[f’.’k&*
Plant hosts. Mole crickets
feed on a wide range of
plants with fibrous root / .
systems. %\ a8
(T
JR A
(AN 0 g
- q Ll
pE
( ‘\“ \
1%
,‘l
Ly
'Z’R?‘
Rice Maize Echinochloo
SR - amm e e am n e — e - - -
Management
Cultural control. Maintaining
standing water in the field
prevents mole crickets from
tunneling in the soil and .. .
damaging the crop BT ANy A
{f# IRRERER R
o AR ERRR AR
B ERRRIARLN S
SR F.
Resistant varieties. There f@,w‘f ¥ P EFY by ’5 ‘)
are no varieties resistant to - u ¥y ¢ 4% 1Y ¥/ S
the mole cricket. : — : .ﬂg ,_‘ﬁ ~d 1’{ p nt
2 e ot g “ o m .‘,v :
v, wah € Resistance
Biological control. Mole N - - ) -
crickets are cannibalistic,
thus regulating their own
numbers. A sphecid wasp
and nematodes parasitize
nymphs and adults
Lorra luzonensis { Rohwer ) Mermis nigrescens ( Dujardin)
{ Sphecidae ) (Mermithuae)




Chemical control.

e Insecticide application.
Poisoned bait made from
moistened rice bran and
liquid or powdar insecticide
can be placed in the field or
on rice bunds to kiil night-
foraging mole crickets.

Granular insecticides
applied in the soll are
effective but are costly.

e Scouting. Visit the field
weekly from the scedbed
stage through crop tillering.
Look for dead plants
throughout the field.

Apply poisoned bait
when dead plants are
found. No economic thres-
hold has been established
for mole crickets.
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Poisoned bait =
rice bran +insecticide

R Adiiti 74" f

Foliar sprays are not
effective.

TEy

L Domaée

Scouting fr canirol

Seediing

Seedbed

Pankle
inttiotion

\\‘x, ‘i'

{y

SR ._T!, S

60
Doys after seeding

Flowenng

Mature grain
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RICE ROOT WEEVILS {COLEOPTERA: CURCULIONIDAE)

Weevils can be distinguished
from other beetles by their
long snouts. The most widely
known —- the American rice
water weevil Lissorhootrus
oryzophilus Kuschel —
occurs in the Americas ¢
receiiiy entered Japan.
Several root weevils feed
on rice in tropical and
temperate Asia. The
discussion focuses on three
of the most widely distributed
rice root weevils in Asia;
Echinocnemus squameus
Billberg of Japan. Korea, and
China; Echinocnemus oryzae
Marshall, and Hydronomidius
molitor Faust of India.

Lissorhoptrus ot yzophilug Echinocnemus squameus

Hydronomidius molitor Echinocnemus or yzae
Pest Sta'us, ) Potentral Prevalence within
Root weevils are readily severity favorable hotstot Conlrol
controlled by insecticide. :
Much of the root damage Abundant sorme Headly Minor
they cause can be tolerated. Moderale + mn:-’:.;),:med + controtied = pests
Root weevils are adapted not occur in upland

to survive underwater and do environments.

. PR YL . “.'»-
» v iR -(....‘.{q g
T ehm om Ctd PR S A

ST

~t

Irrigated wetiand

Fﬁ"‘“"“'

Upland

Distribution in Asia.

AUSTHELIA




Development and actual size
The life cycles of the three
species are similar and are
discussed as one. Dormancy
during the larval period
extends the developmental
period.

Adult. The grey black
adults emerge from
underground pupa!l cells after
the onset of rains. Theu
behavior is similar to that of
white grub beetles; however,
they do not fly away from the
fields.

Adult weevils feed on
leaves before going
underwater to lay eggs at the
base of plants.

Egg. Oblong white eggs
-re laid singly under the soil,
next to newly transplanted
rice seedlings
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— 1

Four lorvol stages

»

a4 a6

FOCG =PI
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Larva. The larvae remain
submerged underground,
feeding on rice roots.
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On their backs, larvae have
special paired tubercles that
take in oxygen from the
roots.

With the onset of the dry
season or winter, the larvae
tunnel deepr into the soil to
construct pupal chambers

They remain underground
through the dry se:ason or
winter, in dormancy.

Fubercle
\ In root
~

Pupa. The larvae pupate in ‘
the early monsoon or spring " o .
in underground cells. | ' !

Damage

Adults feed on leaves of
newly transplanted rice. but
seldom cause economic
damage.

Larvae feeding on roots
dunng the wet season cause
plants to become stunted and
produce fewer tillers. Plants
at tillering stage show more
damage symptoms than
plants after tillering.

Root weevils are unevenly
distributed. When abundant,
they can kill young rice
plants.
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Plant hosts. Larvae feed on
other grasses besides rice.

AN

Rice Fimbristylis Echinochloo

Management oS

Cultural control. Doubte- Larva 0 pupal cen ﬂ'{ \

cropping flooded rice kills gt

larvae in their pupal cells.
Crops whose planting is

delayed escape the peak

larval attack.

[ tary plasted crop ]

Ll_o?e planted crop ]

TS ——

Resistant varieties. No re-
sistant varielies are
commercially available.

Biological control. The role
of natural enemies has not
been determined.

Chemical control.

® [nsecticide application .
Applying granutar
insecticide effectively
controls larvae and is more
efficient than applying
foliar sprays to control the
adults.

e
ArAL \4\_\“,(«.;&.\./

——- -

To control larvae in
chronically infested areas,
rice seedling roots should
be soaked in insecticide for
6 hours before
transplanting.

" e T N
N MSecricipe sow ™
ZCTicioe SOUT

Seedling soak
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e Scouting. Visit the field
each week during the
vegetauve stage and look
for larvae or their damage
symptoms.

Puli up 20 plants at
random within a field and
record the percentage of
infested hills.

E..oadcast granular
insecticide when the
economic threst.old is
reached.

Seedhng

L Damage l
IScouting for c_c.)r-ﬂr:l
9 Tor el
Fanicle

imhchion

Flowering

Malture grain

¥ (R AR EANEE EEE N
20 ¥ FEAFS Y YRR R
LR N EA R R R RN R
RN AL AL EEEE SRR
IR AN LKL IR AR R A ER
R v A KRN E ARy b
AR NS R LR TR
AN N R SN S R RS
AR AN LA RN
I EREEETE RN EE TR R
¥vereéxvpey ) L N
¥ ¥ L S LR
KAB o, k¥t o4 S3i3
¥y RN LN SN R
VA Rl I N [ \*W
IRANER N R RN E N 5 SN |
RS AL EE R TS TN
LB ARAAREE AR KN R N
AR LN NN N R S
AR RS AR AR E R RN T
i N
Infested hills (%)
20
et
o} ]
o contro mps:gﬁgn Flowenng Mature grain
Seedling recessary .
///\ ., A/

Days atter seeding
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ROOT APHIDS (HOMOFTERA: APHIDIDAE)

Aphids are soft-bodied
insects that live in colonies
composed of nymphs and
aduits. Winged adults have
transparent wings. Several
species feed in colonies on
rice roots just below the soil

surface.
Tetraneura ~igrabdomingls ( Sosoki ) Georco lucifuga { Zehntner )
Pest stalu; Potertiol Prevalence within
Root aphids seldom are severity favorable habitat Control
widaespread, even within a
field. Control by insecticides Abundant some Minor
is difficult because the Moderute + years in limited + Dif ticult = pests
insects are located below the areas
soil surface.

Distribution in Asia.

Root aphids occur only in
well-drained soils in rainfed N
environments. maalion

infed wetland Irric ited wetland
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Development and actual size
Eggs develop and rernain
inside the female, which
gives birth to nymphs.

Adult. Root aphid species
are composed entirely of
females since no males
occur. The yellow or dark
orange females produce

offspring without mating — a

process called
parthenogenesis.

Two adult forms occur —
winged and nonwinged.

Winged adulits fly into the
rice field from their
alternative plant hosts. They
produce young. which
become wingless adults.

Several generations occur
on rice. The winged aduits
produced when the crop is
near maturity fly off to seek
new plant hosts

Adults occur on roots just
below ground level, in
cavities made by ants around
the root system.

Each female produces 35-
45 nymphs in a lifetime of 2-3
weeks.

—

l dcrual sive
.

Four nymphat stages
Development

I‘/>.< \

N\

0 Q
38

Tetraneura nigrisbdominahis { Sosaki )

PR ———

Aphid
generghons

Wingless
udults

l,"/

Hice crop

] i

g e %
.3,T .

., "
v v
. .
i i
[\ ':‘f?\*\.:;'
Mut s ngrngh J

Nymph. Nymphs are
transperted from root to root
by tending ants. Around the
roots the ants construct
spaces for nymphs to live in.

Tending ants feed on the
honeydew produced by
aphids.




Damage

Adults and nymphs remove
plant fluids with their sucking
mouthparts.

Removal of plant cap by a
high number of aphids
causes the leaves to turn
yellow and become stunted.

Plant hosts. Rice root
aphids have many hosts in
the grass family.

Management
Cultural control. No practical
cultural control methods are
known.

Resistant varieties No re-
sistant varieties are known

Biological control. Tending
ants protect the aphids from
many natural eneinies, for
eaarnple. lady beetles that

INSECT PESTS OF RICE

Aphid populations occur
unevenly from hill to hill, and
damage symptoms are not
uniform across a field.
Damage is greater during
periods of drought stress.

47

Sugarcane Echinochloo

Elousing Wheat

Plant
Resistance

prey on nymphs and adults
and nematodes that
parasitize nymphs and adults.

Predator Parasite

Caccinella repanda
{ Thunbarg)

Menochilus sexmaculatus
{ Fabricius)

Synharmonia octomaculata
( Fabricius)

Mermis sp
(Mermithidae )
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Chemical control.

® Insecticide application.
Because aphids are found
below the soil surface,
control by foliar
insecticides is effective only
if spray nozzles are
directed at the base of the
plants and high volumes of
water are used.

Granular insecticides
must be placed at the base
of each hill and covered by
raking soil over the
granules.

Raking granules into

Applying granules
the soil

* Scouting. Visit the field

each week beginning from [ Domage

the late tillering stage to

flowering. Cross the field at

each visit and look for signs L Scouting for control ]

of yellowing or stunting.
Pon:cle Flowering Moture gran
intighon

Seedbed

Days after seeding
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PESTS AT THE VEGETATIVE STAGE
SEEDLING MAGGOTS (DIPTERA: MUSCIDAE)

There are several species of
small flies in the genus
Atherigona which, as legless
larvae (maggots), feed within
developing rice tillers. The
adult flies are similar in
appearance to houseflies.
They prefer to lay eggs only

on seedling stage rice plants, ) \
hence the name seedling
maggot.
Atherigona oryzae ( Matloch ) Atherigona exigua ( Stein)
Pest status
Seedling maggots are highly Potential Prevalence within
seasonal in occurence and severity favorable habitot Control
can be readily controlled with
insecticide. However use of Moderate Abundant in most Readily _ Major
economic threshnlds in the h'.‘;,, * o + controlled = pests
. . ng
field to be protected is

difficult because the attack
begins at crop emergence.

They are restricted to
upland rice and do not occur
in flooded wetlands.

.

)
Irrigated wetland

HoW]
‘i‘

Upland

=
EX
I
&
%
&
a
3
a

Distribution in Asia




Development and actual size

Adult. Adults are strong fliers
but do not migrate. They are
active only during the day.

Flies are highly attracted to
plants less than one month
old, and a femaie may lay 100
eggs during a lifetime of 3-7
days.

Adult occurrence is highly
seasonal. Damaging
infestation levels normally
occur during a period of 2-3
months, beginning several
months after the onset of the
rainy season.

Adults are not attracted to
a light trap.
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Actual size
*
—-— [ ]
Development
Three lorval stoges
] Larva
Egq
{ 1 L 1 1
o} 4 20 24 A

Days

Peak
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Adult flies are highly

attracted to fish meal bait and
can be captured in an ——~— Inverted glass jor
inverted wire mesh cone trap

set over seedling rice and the
bait. Adult flies will always fly
upward and after they enter
the trap from below will be
captured in the glass jar. Mesh screen

\
e

Meial sicke
in ground

Egg. The white elongate
cgys are laid singly on the
leaf blades of rice seedlings,
and adhere to the plant by a
sticky substance secreted by
the female.

Larva. The maggot-like
larva emerges from the egg
and moves down the leaf
blade on a film of dew in
early morning. Each larva
enters a tiller and feeds on
internal tissue.

Pupa. The maggot passes
three larval stages before it is
ready to pupate in the soil or
stems. Pupae are brown.

Damage

Larvae feed by moving their deadhearts similar to those tissue along the margins and
hardened mouth hook back due to stem borers. Larvae are readily torn by the wind.
and forth in a rasping motion.  feed on the decaying tissues. As a result the leaves become
Larval feeding in the zone of Tillers that survive exhibit ragged and exhibit symptoms
new tiller development can discolored or transparent similar to whorl maggot

kil tillers and form patches of damaged ieaf damage.




During severe infestation,
the field may have to be
replanted.

Normally, the plants can
recover, but maturity is
delayed by 7-10 days.

Plant hosts. The larvae
develop equally well on rice
and many plants of the grass
family.

INSECT PESTS OF RICE 53

q
I Growth duration of undamuged plants —l
[ Growth duration of seedling fly-domoged plants
Panicle Flowering Mature grain
initigtion
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Rice Maize Sorghum Millot Wheat

Barley Cynocon Panicurn Pennisatum
Management [ ’ T o
Cultural control. The most v
practical control method is to
avoid planting during peak
seedling maggot abundance.
/, ///// 744
ey, T i
LYl 15,7777/ / AR Il lidi4
A /G Y
Plunting at beginnming of rainy seaton Eropes seedhng fles
Delayed.planting High seedling fly numbers
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Resistant varieties. No re-
sistant varieties are
commercially available.

Biological control. Natural
enemies attack all stages of
seedling maggots.
Trichogrammatid and
eulophid wasps parasitize
eggs.

Eulophid and braconid
wasps parasitize the larval
stage.

Spiders prey on adult flies.

Plant
Resistance

Trichogruming sp

{ Trichogrammatdae)

Terrastichus sp

Opws sp
( Eulophidae)

{ Braconidae )

Clubrwne jopcricons { Buesenberg

8 Strand } { Clubiomidae)

Jeoscona theisi { Walckenaer )

Araneus nustus (L Koch)
{ Araneidoe )

{ Araneidae )

7N\

[: L

I B
.\ k3
ENy I
%‘Cj )

Argiape catenuigta ( Doleschall )

{ Araneidae )

Oxyopes javanus { Thorell )

L Oxyopidae )

Tetragnatha javana { Thoreil )
{ Tetragnathidae)

Tetragnathg nitens { Audouin }
{ Tetragrathidae)




Chemical control.

® [nsecticide application. If
the crop will be planted
during¢ the period of peak
infest:ition, insecticide is
mos’ efficient as seed
troatment.

Granules are inefficient
because of the high dosage
necessary.

After the crop is planted,
foliar sprays are the only
practical control method
but several applications
may be necessary. The first
application must be within
one week after crop
emergence.

e Scouting. Sampling is
based on damaged leaves.
Because the damage
symptoms appear after the
critical control period.
sample a neighbor's field
planted 1-2 weeks ahead.

seed

Insecticida
+

e "

VA

[ eof domoge_]

Scouting
for contral

Newghboring field
planted i- 2 weehks

ahead

L o

Panicle
nhiahicn
(TR
— AL
co A F‘{y‘
“ IR
1y NI Vg
< b N
~d 8 ~J
)
40 60

Days after seeding
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INSECT PESTS OF RICE 55

Flowering

i

\|'

R

1
i/
s

IOO

Mature groin

120



58 INTEGRATED PEST MANAGEMENT IN RICE

TEBRR R ER e
B B A e e e e e 2 S

R o e B Bk
£ >R e B P
e i S .
I W e T P e e
NGhibeal ok s b L

&
¥
A"
¥
O hills

ok S ok S T )
B B e g e e 2 e D I
B BB PR
AR E R D ey
Sl b R i R T
B> e Xehe B X 3 e X e e e e % S

Cross that field and remove

5 leaves from each piant in

3]
—
o]
73
c .
Sg
T >
QO ©
o9
ES
QO
T
co
< —
gl
Q
&L

Control
necessary

(from neighbor's field }

Mature grain

Flowering

No controf
necessary

Seediing maggo! - domaged leaves (%)

30

Use an insecticide if the
economic threshold is

reached.

5 Econormic
threshold [

Days after seeding



INSECT PESTS, OF RICE 57

RICE WHORL MAGGOTS (DIPTERA: EPHYDRIDAE)

Rice whorl maggots of the
genus Hydrellia are similar to
seedling maggots, but occur
in wetland environments. The
adults are attracted to young
transplanted rice fields with
standing water. The larvae
feed within developing leaf
whorls. Three species occui
in Asia.

Hydrellia griseola is a leaf
miner, not a true whorl
maggot. Damage from it is
similar to that caused by
another fly, Pseudona-
pomyza asiatica, whose
larvae tunnel within leaves,
creating cleared trails or
mines that become bigger as
the larvae grow.

Pest status

Whort maggots have
increased in importance
because of irrigation systems
that 1) ensure standing water
in paddies during the
vegetative stage, 2) allow the
presence of host plants year-
round, an:i 3) favor the
transplanting of young
seedlings. Use of economic
threshiolds in the field to be

Whorl maggots live in
aquatic habitats and do not
occeur in upland rice.

Hydrellio griseolo( Fallen)

P Damage
I " {mine)
! ‘T (
I
: :‘\ Pupa
K
I 9
F‘seudonnpomygg asiatica { Lperncer ) [ b
J :
Potenhic! Prevalence within
severity favorable habitat Contral
Moderate Abundant most
to + jears, over wide + Dif ficult = Meosj'm
high ar2as pests

protected is difficult becaiise
the attack begins at
transplanting.

Y

Rainfed wetlan,
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Distribution in Asia.

A
AUSTR LA \
Development and actual size
Actuo! size
—— - E ]
Development

Three larval stages

Adutlt

Days

24 34

Adult. Adults are grey with
transparent wings.

The adult flies reinain in
lowland areas and do not
migrate long distances after
reachirig adulthooc. They are
very difficult to identify in the

field because they resemble
other flies such as Notiphila
spp. that live on
decomposing organic matter
in rice fields. Notiphila eggs
are large and are faid in
masses.

Whorl maggot

Notiphila eJgs

Notiphilg similis Maijere




The adults are active
during the day, locating rice
fields by reflected sunlight
from the water surface. They
rest on rice leaves near the
water.

Adults no longer find rice

once the crop canopy closes.

Therefore, direct-seeded
fields or seedbeds are not
highly attractive to aduits.
Eggs are only found along
the edges of flooded
seedbeds.

Each female lays an
average of 100 eggs during
its lifetime of 3-7 days.

Adults are not attracted to
a light trap.

Egg. The femaie lays eggs
singly on leaves during the
first 30 days after
transplanting. The elongate,
white eggs are readily seen
with the naked eye. A gluey
substance secreted by the
female causes the eggs to
stick to leaves.
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Transplanted rice

AN
ﬁwnfn

Direct-seeded rice

Lorva

Larva. Upon hatching, the
legless larvae are transparent
to light cream in color. They
wiggle down the leaf blade
on a film of dew to the base
of the tillers. Older larvae are
yellow.
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Pupa. The dark brown
pupae are found inside older
tillers.

Damage

Larvae rasp plant tissues with
their hardened mouth hooks.
They eat the tissue of
unopened leaves. When the
leaves grow out, the damage
becomes visible.

Damaged leaves have
white or transparent patches
near the edges after they
unfold. No deadhearts are
caused by whorl maggot
feeding.

A lightly damaged ieaf has
only pinhole feeding areas.

The severely damaged
leaves break from the wind.

Plants can recover from
whorl maggot damage if no
other pests are present. but
maturation may be delayed
7-10 days

Damaged plants are
stunted and set few tillers.

Yield loss occurs if other
pests such as caseworm and
stem borer infest the plants
during the first 30 days after
transplanting, and thus re-
strict the plants’ ability to
recover.

Mouth
hook

Older larvae feed on
developing leaves at the base
of rice plants in the zone of
new developing tillers.

R i e =

Growth durationt of undamoged crop

Days after seeding

Y.eld l0ss
High
)
Whori ioggot Whorlmoggo? Whorl moqqo!
Cosemr m Caseworm

S'em borer

I; Crowth duration of whor! moggot domaged crop
tarecle Flowering Mature grain
intiation
Seedling , /T
o \\' .
7
Seedbed st 1
- e
40




Plant hosts. Rice is the
preferred host but whorl

INSECT PESTS OF RICE

maggots can develop on a
number of grasses.

Leptochioa

61

Echinochioo

Ponicum wild rices

Management

Cultural control. Because
adults are attracted to
standing water, draining the
paddy at intervals during the
first 30 days after
transplanting reduces egg
laying. Drained fields,
however, allow more weeds
to grow.

Crop establishment
methods that enable the
plants to cover the water
surface most rapidly result in
low and, often, insignificant
damage from whor| maggot.

Direct seed rather than
transplant.

Transplant older seedlings.

\ iy/’

Drain field
for 3—4 days

can flanasannaaoffas

i L M-;

Young seedling 0ld seedling
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Resistant varieties. No re-
sistant varieties are
commercially available.

Biological control.
Trichogrammatid wasps
parasitize and dolicopodid
flies prey upon the exposed
eggs on leaves; eulophid and
braconid wasps parasitize the
larvae.

Whorl maggot adults are
preyed upon by ephydrid
flies and spiders.
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Plant
Resistance

High tillering varieties can
tolerate greater whorl maggot
numbers than low tillering
varieties can.

High tillering

Low tillering

A

Tetrushichus sp
{ Eulophidae )

Opius sp
( Braconidae )

Dolichopus sp

Syntormon sp

Qchihera brevitibialis de Meijere

Oxyopes javanus ( Thorell )

( Ephydridae ) { Oxyopidae )
4\\ /.!
N 4
o A
S
N 11§
“(i,’} | 4
/‘:7 A‘.' ‘\\\:
Egg cocoon / ‘\ Egg cocoon
Lycose pseudoannulata { Boesenberg 8 Strand ) Neoscona theisi ( Walckenaer )
( Lycosidae ) { Araneidoe)




Chemical control.

e [nsecticide control. There
are four methods of
insecticide application for
whorl maggot control:

1. Soil incorporation of
systemic granules during
last harrowing before
transplanting,

2. Soaking seedlings
overnight in systemic
insecticide solution,

3. Coating the roots for 1
second in a runny
mixture of paddy mud
and insecticide, then
drying overnight before
transplanting. ZnO,
powder can be added to
the slurry in zinc
deficient areas,

4. Paddy water broadcast
of nonsystemic granules
on standing water in
field, or

5. Foliar sprays — normally
the least effective
method — one and two
weeks after
transplanting.

e Scouting. Sampling is
based on number of eggs.
Leaf damage symptoms are
too delayed to be used as a
timely unit of measurement.
Scout a low-lying
neighboring field planted 1-
2 weeks earlier or the field
itself up to 1 week after
transplanting. There is no
need to scout a densely
planted seedbed. Direct
seeded rice should be
scouted within the first
week.

INSECT PESTS OF RICE
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While crossing the paddy,
randomly select 20 hilis and
record the number of eggs , :
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RICE CASEWORM (LEPIDOPTERA: PYRALIDAE)

The caseworm Nymphula
depunctalis (Guenée) is an
aquatic insect. The damaging
stage is the larvae that live in
sections of leaves cut from
young rice plants and rolled
into tubes called cases.

A number of related e
species occur in Asia, but N.
depunctalis is the most
widely distributed. N. vittalis
and N. fengwhanalis occur in
China. Not all feed on rice.
Paraponyx diminutalis and P.
fluctuosalis feed on aquatic
weeds.
Nyrnphula depunctalis Nymphula v_n«!g_h_s
—“—(Eenﬂée) - h i—éfe;mer)
Nymphuia tengwhanats Poriponyx fluctuosalis
(Pryer) T { Zeller)
Paraponyx diminutals
o ( Sflelie_f;)v/d—‘
Pest ?tatus Patential Prevalence within
In a field, damaged plants severity favarable habitat Contrel
occur in patches. They ———
normally recover from the Abundant most Readi Minor o
effects of leaf removal in the Moderate + years In limited + com,o"'ed = pest '
early growth stages. areas
Irrigation, which ensures S o
prolonged standing water in )
the vegetative stage, abundance. The larvae are

increases the pest's very sensitive to insecticide.
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The caseworm occurs only  and rainfed wetland envi-
ronments and is more preva-

in rice fields with ste.nding

water. It is found in irrigated lent in the rainy season.

Distribution in Asia.

Development and actual size
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serEan, Sl
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Mature larva Pupg Adult
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Days

Adult. The adult moth is
bright white with light brown
and black spots. It can be
distinguished from related
species by its wing markings.

Adutt
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The caseworim moth hides
in rice fields during the day
and lays eggs at night.

Moths normally do not
migrate further than one
kilometer after becoming
adults. Each female lays
about 50 eggs during its
lifetime of less than one
week.

Moths are highly attracted
to a ligh: trap. Catches are
highest during a new moon.

Egg. Eggs are pale vellow.
disc-like, and irregular in
shape. They are laid in
batches of about 20 on the
undersides of leaves floating
on water. The eggs turn dark
vellow as they mature.

Larva. Newly hatched lar-
vae remove the surface of
young leaves. Older, pale
green larvae have branched,
thread-like gills along the
sides of their badies and can
only take in oxygen from
water.
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Larvae make their cases
from leaf sections cut at right
angles from leaf tips.

The larvae rol! the leaf
sections around their bodies
and secure them with silk.

Water is trapped inside the
leaf cases, which are open
only at the head end. During
the day, the larvae hide in
their cases while floating on
the water surface. At night
they crawl up rice plants to
feed, still within their cases.
Cases are replaced with each
molt.

Pupa. When the larva is
ready to pupate, it crawls on
a plant and it attaches its
case on a tiller above the
water.

The larva spins a silk
cocoon around its body
inside the larval case where it
pupates.

Damage
Damage can begin in a
flooded seedbed, but does
not occur after maximum till-
ering. The larvae feed by
scraping patches of green
tissue from young leaves.
causing only the white
epidermis to remain
Caseworm damage can be
distinguished from that of
other pests in two ways:
® The ladder-like appearance
of the removed leaf tissue.
resulting from the back and
forth motion of the head
during feeding.

® Leaves cut at right angles
as with a pair of scissors.




The pattern of damage is
not uniform because the
larvae floating in their
cases are often carried to
one side of the paddy by
wind or water currents.

Along a slope, larvae in
cases will be carried in
runoff water to the lower-
lying fields where damage
will be more concentrated.

Damaged plants can
recover if no other
defoliating pests are
present, but maturation
may be delayed 7-10 days.

Yield loss occurs if other
nondefoliating pests such
as whorl maggot and stem
borer infest the plants
during the first 30 days
after transplanting. Such,
pests restrict the plants’
ability to recover. Damaged
plants become stunted and
produce fewer tillers.

e

WAL TN oo
" _\‘-'\‘Y“ ,‘)l'ﬁ:{M'

,-.",‘..:.;-r,,,\ R T T
B \"'lb;'.u.-l: tL’i»‘.an;'A--‘-‘z v

' -

INSECT PESTS OF RICE 69

,-,
S50
o
o u-c.
LAkl
24
et
R02s S 0%
ST

70-

Loy
T OC Gy
Oros
Do

)

¥
(3
Q
;.
(24
o0
6.
&
0

Growth duration of undamaged crop

Growth duration of caseworm ~amuged crop

rield loss

Days after seeding

High

o L 1

Caseworm

Caseworm
Whor I’moggo!
Stem borer

Caseworm
Whori maggot

Panicle Flowening Mature gramn
inhigton
Seediing , - \ \\]\l e
! 4 J‘ (
RN N ." /’
Seedbed \ ;’ T ~
fr LT
T r r
20 40 €0

130



70 INTEGRATED PEST MANAGEMENT IN RICE

Flant hosts. Larvae prefer
actively growing lzaves and
although they can survive on
several grassy weed species,
rice is their 'nain host.

Management

Cultural control. A
nonflooded seedbed is
protected from caseworm
attack.

Transplanting older seed-
lings limits the period of
larval attack.

Draining the paddy for
several days kills caseworm
larvae, but weeds become a
potential problem.

Resistan! varieties. No re-
sistant varieties are
commercially available.

Paspalum

- -
~ A ’ITY
e S l“" \
“ Xy
/\.h.’.
Cynodon Wild rices

Plant
Resistance
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Biological control. A
braconid wasp parasitizes the
larval stage. The larvae of
hydrophilid and dytiscid

s
~Tad
s
Do
. i
g

JoTk
water beetles prey on the i__ - 78N
caseworm larvae. Spiders S G aRt
prey on adult moths. RN ’,‘/' ;v..\\‘
\ i ;)(7' Y
',‘:l\ I !
ﬁ 1 I
iy [ \
I 1\
Dachusa sp } Hydrophilus affinis { Sharp) Berosus sp
| { Braconidae ) L ( Hydrophitidae ) L Aijdr'oift\rlh‘d(je”)' ]
| )
. g
L i L‘
\ " e L
- Nalald
15
’J'{ )
IR S
I vy
; )
) \
Laccophilus difficilis { Sharp) Neoscona theis: { Waickenaer } Argiope catenulota ( Doleschall )
. Dytiscidoe)  p o { Aranedoe ) | . (Aronedoe) e

/N

Araneus inustus (L Koch) Oxyopes jovanus { Thorell ) Lycosa pseudoannulata ( Boesenberq
(Arar . .ae} { Oxyopidae ) 8 Strand ) ¢ Lycosidae ) |
| g

Tetragnatha nitens { Audouin ) Clubiong .apuricoly ( Buesenbery
(Tef.agnahidoe) 8 Stand) (Clubionidae)

Caseworm eggs and larvae ; .]
are protected from the attack
of many natural enemies
because eggs are laid in
water and the farval stage
remains in cases floating on
water.

Noturoi
Enemies
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Chemucal control.

® Insecticide appiication.
Caseworm larvae are hughly
susceptible to insecticides
and are readily controlled
with foliar sprays ot
granules in the paddy
water.

e Scouling. Sampling 1s
based on plant damage
Scout seedbeds weekly for
signs of larval feeding

Direct-seeded and
transplanted fields should be
scouted weekly until
maximum tillering. Damage
symptoms appear at once on
tha crop, therefore, fields
st ould be scouted even
du-ing rains.

Look at the number of
insect-damaged and
undamaged leaves on 5
leaves from each of 20 hills
chosen at random.
Combine the damage
caused by other leaf-
feeding pests with that
caused by caseworm.

INTEGRATED PEST MANAGEMENT IN RICE
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Determine the
percentage of leaves
showing signs of feeding
from case:worm (cut leaves
or leaves with tissue scraped
away) and from other leaf-
feeding pests.

The economic threshold is
based on the percentage of
leaves damaged by leaf-
feeding insects. The rice
plants’ tolerance for
defoliation decreases with
age. Seedbed damage is
readily compensated for by
the plant.

Damaged leaves (%)
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RICE GREEN SEMILOOPER (LEPIDOPTERA; NOCTUIDAE)

Naranga aenescens Moore is
a moth whose green larvae
feed on leaves. The larvae
move by arching their backs
in the shape of a loop.
Semilooper means "haif-
looper” as the larva does not
arch its back as completely
as true loopers.

Pest status

Populations are normally
hela in check by parasites
and pathogens but high
numbers occasionally occur.
Larvae are readily contolled
by insecticide.

The green semilooper s
found only iri v. 2tland envi-
ronments and is ahundant in
the rainy season.

Upland

Potential Prevalence within
severity favorable habitat Control
Abundant some R .
eadil Minor
Moderate + years in imited + com,o”gd = pest
arecs

Irrigated wetlkand
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Distribution in Asia

Development and actual size

Adult. Moths are yellow-
orange with two diagonal,
dark-red bands on each fore
wing.

Adctus’ size

Deveiopment

Three larva: stages

Pupa

Adult

Doys

Adults hide in rice fields or

in grassy areas at the base of
plants during the day and
become active at night.

22




Each female lays 50-100
eggs during its lifetime of
3 to 5 days.

Moths are highly attracted
to a tight trap and catches
are high during a n~w moon
phase.

Egg. The spherical eggs
are yellow when newly laid
and develop purple markings
when mature. They are laid
on leaves in clusters up to 15
each.

Larva. The head of the
larva is yellow-green. Narrow
white lines run along the light
green body.

The larvae draw their hind
legs forward, arching their
backs when they move.

Pupa. When ready to
pupate, the larva forms a
pupal chamber by folding a
rice leaf over and securing it
with silk.

The pupa is light brown
and smooth bodied. In
temperate regions, it may lie
dormant during periods of
low temperature.

Damage
Larvae feed on leaf blades
and prefer actively growing
plants, from the seedbed
througt. ihe tillering stage.
Young larvae scrape the
leaf tissue from leaf blades.
Older larvae eat large
areas on the edges of leaves
to form notches.
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Young plants can normally
recover from efoliation
caused by the semilooper,
but yield loss occurs if other
nondefoliating pests such as
whori maggot and stem borer
feed at the same time.

Plant hosts. The larvae
also feed on grassy weeds.

Management
Cultural control. Heavily
fertilized crops result in high
semilooper numbers.

Use only an optimal
amount of fertilizer and split
the applications.

Resistant varieties. No re-
sistant varieties have been
developed for rice
semilooper.

Yield loss
High

Low L_n

Semilooper

Sernilooper Sernilonper
+ +
Whorl rmaggot  Whort maggot
+

Stem barer

Rice Echinochloa

Eleusine

FERTICZER|
\ Pancle
Tillering inhghan

Seedling

1
) 30 a0 50 60 70

s

Oays after seeding

Plant
Resistance

90




Biological control. Small
trichogrammatid wasps para-
sitize eggs. Ichneumonid,
braconid, elasmid, eulophid,
and chalcid wasps parasitize
the larvae and pupae.

Fungi also attack the
larvae.

Spiders feed on adult
moths in the crop canopy.
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Brachymeria lasus { Walker )
( Chalcididae )

Trichogramma nr ostrinioe ( Pang
k & Chen ) ( Trichogrammatidce }

Cotesia flavipas (Cameron)
( Braconidae) _j

Elasmus sp
(Elasmidae)

Charops brachypterum { Cameron }
{ Ichneumonidae )

N

ltoplectis narangae { Ashmead )

( Ichneumonidae )

Cotesia ruficrus { Holiday )
( Braconidae )

{ Eulophidae }

Euplectus chapadae { Ashmead )

Apanteles angustibasis ( Gahan )

{ Braconidae )

Pupal cocoon

8 Strand ) { Lycosidae )

LyL05a pseutoanrulata { Boeserberg |

Neoscona theisi{ Walckenaer )

{ Araneidae ) L

Qxyopes javonus (Thorelt) |
( Oxyopidae ) J

-

Argiope catenulata { Doleschall )
{ Araneidae )

—

Clupione -nnuricol (Buumnben;

8 Strand ) ( Clubiomdae)

Tetragnatha nitens (Audouin )

(

o

Aroneus inustus ( L Koch )

( Araneidae )

__ {Tetragnathidoe) |
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Chemical control.

& Insecticide application. The
green semilooper is readily
controlled with insecticide.
Foliar sprays or systemic
granules are eftective.

e Scouting. Visit the field
weekly during early crop
growth. A wet seedbed
should be scouted.

Select 5 leaves from
each of 20 randomly
selected hills across the
field. Record the number of
leaves damaged by all leaf-
feeding insects combined.
It is impractical to record
early vegetative stage
damage from ea.h leaf-
feeding pest separately.
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Apply insecticide when Damaged leaves (%)
the economic threshold is
reached. Rice at se -u'ing 50
stage can compensate
more from leaf damage
than older plants. 40 |-

Economic
threshold §

Control

- No control necessary
nacessary
0+
Panicle Flowering Mature grain

20 - initiation

i Seedling
10

Seedbed

20

Days after seeding

RICE GREEN HAIRY CATERPILLAR (LEPIDOPTERA: NOCTUIDAE)

The Rivula atimeta (Swinhoe)
moth, whose green caterpillar
feeds on the leaves of rice at
the vegetative stage, pro-
duces damage similar to that

from the rice green Mature larva
semilooper.
Pest status Potential Prevalence within
Damage potential is severity favorable habitat Contral
moderate because the plants
can, to a large extent, recover Abundant some . .
' rgs ) limited Readily - Minor
from defoliation at the vegeta- Moderote + years o mite + controlled = pest
tive stage.

Green hairy caterpillar
incidence is normally low vield Toss
and can be readily controlled High
with insecticide.

The pest causes more
damage to the rice crop
when it occurs with other
pest species that are not
themselves defoliators.

. . Green hairy Green haolry  Green hair
The green hairy caterpillar catorpillar coterplllory coterpiliar

occurs in wetland
environments where the
fields have standing water. Stern borer

+ +
Whort maggot  Whorl maqggot
+

LK SRR

Irrigated wetlond
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Distribution in Asia. -~
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Development and actual size
Actual size
Adult. The adult moth of
either sex is white grey or
light brown. Each female can . — o
lay 100-150 eggs in a lifetime
of 6 days.
Oevedopment
Five larval stages
Eqg Yaung larva Mature lorva
Pupa Adult
| L 1 i I
0 3 13 18 24

The adults are active at

night and hide under the
cover of vegetation during /
the day with their heads O

pointed down.




Adults are attracted to a
light trap. Greatest numbers
appear during a new moon.

Egg. The spherical, pale-
green eggs are laid singly on
leaf blades.

Lsrva. The pale-green
larvae can be distinguished
from similar species by the
presence of the long thread-
like hairs on their bodies,
hence the name green hairy
caterpillar.

Pupa. When ready to
pupate, the larvae spin a
cocoon of silk on a leaf
blade.

Damage

Damage produced by the
green hairy caterpillar is
similar to that caused by the
green semilooper.
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Plant hosts. The larvae
also feed on grassy weeds.

Management
Cultural control. Heavily
fertilized crops resuit in high
numbers of this pest.

Lise only an optimal
amount of fertilizer.

Resistant varieties. There
are no commercially available
resistant varieties.

Biological conudl. Eqggs
are parasitized by
trichogrammatid wasps.

Ichneumonid wasps para-
sitize the larval stage.

Larvae are attacked by
fungi.

Adult metihs are captured
by spideis.

Chemical control.
Chemical control measures
for the green hairy caterpillar
are similar to those used for
the green semilooper.

Rice

Echinochloo

Leersio

Plant
Resistance
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Trichogramma nr evanescens

{ Trichogrammatidae )

{ Westwood ) Itoplectis narangae { Ashmead )

{ Ichneumonidae )

Diseased arva of Rivula

Argiope catenulata ( Doleschail )
( Araneidae )

Egqg cocoon

Tetragnatha maxillosa { Boasenberg 8 Strand )
{ Tetragnothidoe )

Egg cocoon

Araneus inustus (L. Koch )
( Araneidoe }

EQg cocoon




RICE LEAF BEETLE (COLEOPTERA: CHRYSOMELIDAE)

Oulema (= Lema) oryzae
(Kuwayama) is a defoliator
that is restricted to tempera e
rice growing regions of East
Asia.

Pest stalus
The rice leaf beetle causes
only moderate damage and
can readily be controlled with
insecticide.

It is found in upland and
wet!ond environments.

Potential
severily

Moderate

Distribution in Asia

Development and actual size
The rice leaf beetle has only
one generation in a year.

Prevolence within
favorable habitat

Abundont some
+ years in limited
areas

Caontrol

Readily
controlied

Imgated wetlond

AUSTRALIA
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Adult. The adult beetle has
shiny, dull black wing covers
and a reddish-brown thorax.

It feeds on leaves over a
period of about 3 months and
then hibernates in winter
under plant litter and
vegetation.

In spring, the previous
year's adults emerge from
overwintering sites to lay

eqgs.

Adults are not attracted to
a light trap.

Egg. The oval black eggs
are laid in masses on the leaf
blades.

Larva. The brown larvae
are globular in shape and are
covered with their own
excreta as camouflage.




Pupa. The larvae spin a
white cocoon for pupation.
They pupate on the plant in
wetland areas and in the soil
in dryland areas. The naked
pupa is yellow.

Damage

Both the larva and the adult
beetle feed on leaves. The
larvae skeletonize leaf blades
in a linear fashion.

Heavy feeding causes the
rice plant to become stunted
and reduces tillering.

Plant hosts. The rice leaf
beetle has many alternative
hosts in the grass family.

Stunted

Undamaged
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Management
Cultural control. No practical
cultural control methods are
known.

Resistant varieties. No
resistant varieties are
available commercially.

Biological control. A
pteromalid wasp parasitizes
the larva and a pentatomid
bug preys on both adults and
larvae.

Chemizal control.
e Insecticide spplication.

>
Foliar sprays are the most 50 oth ¥
practical chemical control J \JS‘ s
method. e N

Granules are not
effective.

e Scouting. Fields should be
monitored during the
vegetative stage. Each
week look for adults in the
field.

Randomly choose 20
hills to record the number
of beetles,

Cultural
cottra

Plant
Resistance

Trichomalopsis apanteloctena
(Crawford }( Pteromalidae ) J

Zincrona caerulea Linneaus

(Pentatomidae )
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Apply insecticide when
the economic threshold is
reached.

Beetles (no./ 20 hills )
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RICE THRIPS (THYSANOPTERA: THRIPIDAE)

Stenchaetothrips (= Balio-
thrips = Thrips) biformis (=
oryzae) (Bagnall) is a small
insect barely visible to the
naked eye. Feeding by adults
and nymphs causes leaves to
roll along the longitudinal
axis to form a protected
chamber. Adults are found
inside rolled leaves on the
upper parts of the plant.

Pest status

Thrips outbreaks are
normally small in scale and
plants can recover from
much of the damage. Thrips
are controlled with
insecticide.

Thrips are present in ali
rice environments, but they
are most abundant during

I

Potential Brevalence within
severity favorable habiia! Control
Abundant some Readil Miror
Moderate + years in limited + controlled = Dot
areas

periods of dry weather.
Heavy rainfall washes them
off the plants.

Rainfed wetlond

Q
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Distribution in Asia.

Development and actual size
Thrips have a shor life cycle
and can muitiply rapidly.

Adult. The dark brown
adults have narrow, light
brown fringed wings that lie
along the insects' backs
when they are at rest.

AUTTRALKA

St s1ze

Developrnent
Four farval stages

E99 Young larva

Adult
1 ! 1 1 1 ‘{ = !
[¢] 3 I7 9 22 40

Adults are day-flying
insects and are not attracted
to a light trap.




Despite their small size
and fragile appearance,
thrips can travel long dis-
tances. They migrate during
the day and seek out newly
planted rice fields or other
grassy hosts.

Egg. Females sometimes
produce ferti'e eggs without
mating. A female lays about
25 eggs in a lifetime of 2
weeks.

Eggs are laid on the
youngest rice leaves on the
surface facing the stem. The
female cuts the leaf blade
tissue with her ovipositor and
lays cream-colored eggs
singly into the ieaf tissue.
The upper half of the egqg is
exposed on the leaf surface.

Larva. The yellow larvae
feed on leaf tissue on the
upper part of the plant.

They remain on the same
plant in which they hatched.

Pupa. When the larva
matures, it stops feeding and
is transformed into a dark
brown prepupa protected in a
rolled leaf blade.

The prepupa is then
transformed into a pupa,
which has long wing pads.

Damage

Larvae and adults have
rasping mouthparts. They
have only one mandible,
which is used to puncture
leaf tissue. The maxillae and
mouth cone, which form a
tube, are used to suck leaf
sap.
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Generation 4

Generaotion 3

Increased nuMbers se———————
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Migration
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Larvae and adults feed on
plant sap from wounds.
Adults and nymphs feed
extensively on leaf blades.
Damaged leaves have silvery
streaks; the extensive re-
moval of green leaf tissue
causes oniy a translucent
epidermis to remain.

Damaged leaves curl
inward longitudinally from
the edges, forming a
protective chamber for adults
and nymphs.

Leaf tips then dry up,
particularly when the crop is
under drought stress.

Plant hosts.

Echinochloa

Leersio

Management

Cultural control. Flooding the
field to submerge plants for 2
days effectively controls
thrips.

Resistant varieties. No re-
sistant varicties are
commercially available.

Biological control. The
effectiveness of parasites,
predators, and pathogens
against thrips has not been
determined.




Chenucal control.

® [nsecticide application.
Thrips are readily
controlled with insecticide
Apply insecticide sprays,
dusts, or systemic granules

e Scouting. Sampling is
based on the percentage of
leaves showing thrips
damage.

Visit the field weekly.
from the seedbed to
panicle inttiation.

Pick 5 leaves from each
of 20 randomly selected
hills across the field and
record the number of
damaged leaves.
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Apply insecticide when
the economic threshold is
reached.

Thrips domaged leaves (%

25 ,
20
omrql nacessary
15} Economic threshold
ok No control necessory Panicle Flowering Matwre grain
[¢] initiation
Seedling [~ f
Seedbed '
= § T T T
o] 20 40 60

Days afler seeding

RICE GALL MIDGE (DIPTERA: CECIDOMYIIDAE)

Orseolia (= Pachydiplosis)
oryzae (Wood-{Aason) is a
small fly similar in
appearance and size to a
gnat or mosquita. The
maggoet-like larva feeds
inside developing tillers,
causing their base to swell as
galls.

Pest status
The gall midge causes high
economic loss almost every
year in areas where it occurs.
Resistant varieties are
available, but they are highly
location specific because of
the many gall midge
biotypes.

Gall midge becomes
highly abundant during the
rainy season in irrigated or

Goll midge
Potential Prevalence within
severity favorable habitat Contro!
Abundont most .Difficyl! witb )
High + years over large + insecticides if = MUJ;J'
areas no resistant pes
variety

rainfed wetland
~nvironments. it is not a pest
in upland rice areas.
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It may also occur in
relatively low numbers in the damage
dry season in irrigated areas
when fields are continuously
flooded.

Gall midge aburidance is

favored by cloudy or rainy

weather. Cloudy skies ——— | _ Ropid mcrease of

rnce goll midge

Dnzzing rain ————

Low

damoge 25-35°C
Wet segson  Dry seoson
crop crop

Distribution in Asia.

AUSTRALIA

Development and actual size

Actu suze

Developmen!

Three to four larvol stoges

J—

Young lorva

Malure lorvo

Adult

Days

Adult. The male has a yellow-
brown body and is smaller
than the female which has a
bright-red abdomen.

Adults are weak fliers and
do not migrate, a fact which
explains their 'ocalized
distribution.
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Gall midge adults emerge
at the start of the monsoonal
rains from wild rice and grass
alternative hosts where they
complete one to two

|

Genergtinon 4 J

l Geveration 3

|

generations until the rice
crop is planted. / L

Generation | ]

wild rice and grosses

YVy #43 =&

Poncle
it ton

Adults are highly attracted
to a light trap. Numbers are
highest during a full moon.

Females lay eggs singly or
in groups of three to four on
the undersurface near the
base of leaf blades.

Each female lays several
hundred eggs in its lifetime of

4 days.

Egg. Newly laid eggs vary
in color from white to pink,
red, or yellow, but ali become
shiny amber before hatching.

Eggs require high relative
humidity (80-90%) for
developrnent and hatching.

Larva. The maggot-iike
larvae are grey-white after /7
hatching. It takes them about
6 hours to move down the
teaf blade on a film of dew.
Larvae die if hurnidity is low

for more than 24 hours.
Mature lorvo

They mcve between the
leaf sheath and the stem until
they reach the growing point
of the apical or side buds at a
node.

The larvae feed inside the
developing buds, the zone of
differentiation of new tillers.

A hollow chamber, called a
gali, forms around the
developing iarva. The tubular
gall enlarges at the base as
the larva feeds. It elongates
and emerges as an abnormal
tiller which is light green.

Egqs

Young larva

Larvo

Bud of new hiller

The tubular gall is capped
by a solid plug of plant tissue
at the base of the point where
the leaf forms.

The larvae pupate at the
base of the gall.

They remain dormant
| during the dry season in
i dormant buds of alternative
hosts.




Pupa. The pupa is light
pink and becomes red before
emergence of the adult
midge.

The pupa has abdominal
spines which it uses to brace
itself while wiggling to the
top of the gall in preparation
for emergence as an adult.

The pupa makes a hole at
the top of the gall and

Damage

‘The gall midge turns the
tillers into tubular galls that
do not bear panicles.

By the time galls are
observed (larger than 3 mmy,
the larvae have developed
and pupated, and adults have
ererged.

The galls continue to grow
after adults have emerged

A completely developed
gallis a silvery-white hollow
tube 1 cm wide and 10-30 cm
long. The tubular gafls are
called onion leaves o1
silvershoots.

Early infestation causes
excessive compensatory till-
ering. but these new tillers
often become infested and
few bear panicles.

Information on the
mechanism of gall
developmer.t is lacking.
Either the direct feeding or a
chemical secretion by the
farva stimulates the leaf
shizath to grow around the
insect into an oval chamber
which then develops into the
gall.

Galls appear within a week
after the larvae enter the
growing point.

Tre gall midge damages
rice from the seedbed to the
end of the tillering stage.

Pupu

Goll

chamber -

| Gall o
forming R
\ e =T
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Glow<ng/"" ‘
point

OV — Lo
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cavity

Noswver 77

shoot \1
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[
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UNER]
Wy
H . |'| ’,
[ Seudbed N ./
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G 20 G0 00
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Young larvae cannot
survive past the vegetative
stage because there are no
actively growing buds for
them to attack.
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extends its body halfway
through it, and the adult
emerges.

Adult emergence usually
takes place at night.




96 INTEGRATED PEST MANAGEMENT IN RICE

Plant hosts. Some grassy
weeds can serve as hosts but

are less suitable than rice or
wild rices.

Wild rices Echinochloa

. 'P\' - ,‘t‘\ / s \\
P B3 ):fr L \\'
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/schoemum Paonicumn Brachisria Pospalum Rottbosiig

Management
Cultural control. Control or
remove grassy weeds or wild
rice alternative hosts from
surrounding areas and rice
fields.

Plow fields after harvest
Keep fallow land free of off-
season plant hosts

Plants at the vegetative
stage are more susceptible to
gall midge attack. Delay the
wet season planting of
photoperiod-sensitive
varieties as long as possible
after the monsoon begins to
reduce the length of the
vegetative period.

Plant photoperiod-
insensitive varieties as early
as possible at the beginning

. S - vege'tive stage before gali
Photoperiod-insensitve varetes 1

midge populatioris transfer
from alternative hosts.

T
ey
e
A

High

Low

of the we! season to allow the
crop to complete the

Time —— f

Pant
now

Tmeg ——e



Avoid staggered ages of
fields by planting
neighboring fields within 3
weeks in an area.

Use only moderate
amounts of nitrogen fertilizer
and split applications over
three growth stages.

Resistant varieties.
Planting a resistant variety is
the most effective means of
preventing gall midge
damage.

The gaii midge has several
kiotypes or local populations
that damage certain resistant
varieties. Therefore, a variety
resistant in one country may
not be resistant in another.
Even within a country, such
as India, a variety may be re-
sistant in some areas but
susceptible in others.

Biological control. A
predatory phytoseiid mite
attacks gall midge eggs.
Several platygasterid,
eupeimid, and pteromelid
wasps parasitize the larvae.
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Amblyseius imbricatus Corpuz
8 Rimando { Phytoseiidae }

Platyqaster oryzae Camercn

( Platyqosteridae )
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Pupal cocoons

Neanastatus cinctiventris
{ Eupeimidoe)

Girault

Neunastatus oryzae Ferrigre

( Eupelmidae )

Propicroscystus mirificus ( Girault)
{ Pteromalidoe ) _J
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Spiders feed on the adult
idges.

Chemical control.
Insecticide application. It is
difficult to control the gall
midge with insecticide
tecause the l'irvae are
protected inside the plant
or gall.

Granules are usualiy
more effective than sprays
fer galt midge control, but
only if the fields have
standing water.

Scouting. Aduit activity
should be monitored from
the seedbed to panicle
initiation.

Apply insecticide after
the peak periods of aduit
flight.

Tetragnatt mandibulata
(Walckenaer) ( Tetragnathidae )

{ Araneidae }

Argiope catenulata{ Doleschall )

Neoscona theisi{ Walchkenaer }
{ Araneidae }

Yoy

Furthermore, the adults
remain active 2-4 months
during crop growth.

’ L
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Days after seeding

l Galls and sever shoots
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times cach week ¥ Uk}t
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Days after seeding

Number of adults captured in ight trap
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Days ofter seeding
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In areas of chironic and
severe infestation,
preventive applications of
systemic granular
insecticide in the seedbed
or soaking seedlings before
transplanting may be
warranted.
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Insecticide

Dc?/s of control
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Seedbed

Panicle
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ARMYWORMS AND CUTWORMS (LEPIDOPTERA. NOCTUIDAE)

Many species of armyworms
and cutworms zitack rice.
Their life cycles, damage,
and management are similar.

Armyworm larvae can
become highly abundant and
move in large groups, like an
“army"” from field to field.

Armyworms and cutworms
cut off seedlings at ground
level. This behavior gives the
cutworms their name.

Discussion focuses on
three of the most common
species: rice ear-cutting
caterpillar Mythimna (=
Pseucaletia — Leucania =
Cirphis) separati (=
unipuncta) (Walker), rice
swarrning caterpillar
Soodoptera mauritia
(Boisduval), and common
cutworm Spodoptera (=
Prodenia) litura (Fabricius).

Spudoptera engBlu_(Wulker)

Spodoptera exiqua (Hubnar )

Mythimno separata

Spodoptera mauritia

Spodoptera litura
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Pest status Potential Preval th

I revalence within
Armywqrm and cutwerm severity favorable habitat Control
populations are highly
localized and normally are

Abundant some .

held below threshold levels Moderate + yeors n imited + ol = M
by parasites. areas

They occur in all rice
envirunments. but are less
prevalent in irrigated wetland
rice. They are more abundant

in the rainy season because
of the increased availability of
their alternative hosts, the
grassy weeds.
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Development and actuai size
The life cycles of armyworms
and cutworms are similar.

Mythimng separata

Actual size

Development

F~e to six lsnval skages

— e hetyilien il oy : »
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_ ATy s P P e
£ag Young larva Mature 1va
Adult
Pupa
Dormancy
L I 1 = i |
0 9 37 53 60

Days

Spodoptera mauritia

Actua! size

Five larval stages
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Young tarva Mature larva
Adult
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Spodoplera litura

Actual sie

Five larval stages

e Younq larvo Mature larva

Adult

Days

Adult. Rice ear-cutting
caterpiliar moths are pale red
brown. The front wings have
two pale round spots, and
the hind wings are dark on
top and white underneath.

Rice-swarming carterpillar
moths are dark brown. The
front wings are brown or
grey, with dark brown and
dark yellow spots and one
grey wavy line pear the apical
margin. The hind wings are
white.

Spodpotgg mauritia

Active

Moths ot the common
cutworm are dark purple
brownr The front wings are a
mixture of black spots and
white and yellow wavy
stripes. The hind wings are
white.

Spodoptera liturg

Adults are strong flyers
and can migrate tens and
even hundreds of kilometers.

They hide during the day at
the base of rice plants and
grassy weeds.

At night they fly, mate, or
lay eggs.




Each female lays 800-1,000
eggs during its lifetime of
about one week.

Armyworm and cutworm
moths are highly attracted to
light traps. Numbers are
highest during a new moon.

Egg. Eggs of armyworms
and cutworms are laid in
masses of about 100. They
are spherical.

Rice ear-cutting caterpillar
eggs are cemr:nted between
the base of the leaf sheath
and stem and are noi
covered with hair. Eggs turn
from green white to yellow as
they mature.

Rice swarming caterpillar
and common cutworm eggs
are laicl on leaf blades ard
are covered by body hairs

Larva. The head of the rice
ear-cutting larva is orange or
brown. Four fongitudinal light
grey to black stripes run
along the green to pink body.

The head of the rice
swarming caterpillar is a
mottled tght brown. Three
longitudinal pale brown or
red stripes and black
crescent-shaped spots lie
along the dark green body.

The common cutworm’s
head is black to dull brown,
with a yellow V-shaped
marking.

A bright yeltow stripe
running down the back has
pale vellow stripes on each
side. Black crescent spots lie
next to the stripes.

Mythimna separata
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and

from the female moth. Eggs
change from white to yellow
as they mature.

I\_A_yfhimno separata

Spodoptera mauritio

Spodcptera litura

Spodopterg litura

The body is grey to
blackish green.

The larvae hatch during
the early morning and feed
together on the tips of leaves.
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During the day the larvae T
hide on the ground under
leaf litter in dryland fields and
on plants above the water in
wetland fields. The bodies of
resting larvae assume the
shape of the letter C.

Larvae feed it the upper
parts of the rice plant on
cloudy days and during the
night.

Pupa. Armyworms and
cutworms prefer to pupate in
the soil.

Larvde pupate at the base
of the rice plants in dryland
fields.

Larvae pupate on the
plants in wetland fields or in’
grassy areas along field
borders.

Pupa Z] Pupa
Myfhxrnnu separota Spodopt_eg mauritio Spodoptera litura

s
‘-x'}‘.{fl /l




Damage

The larval stages of
armyworm and cutworm
moths feed mainly on leaves.
Larvae feeding on leaf blades
remove large areas either
from leaf tips or along the
margins.

Older larvae can consume
much more than younger
larvae.

Armyworms and cutworms
become active with the
coming of monsoonal rains.
They produce several
generations on grassy weeds
and then move to rice
seedbeds and fields.

Larvae cut off young seed-
lings at the base. Rice
panicles may be cut by larval
feeding.

Qutbreaks occur after
periods of prolonged drought
followed by heavy rain. The
drought kills natural enemies
and floods concentrate the
armyworms and cutworms
on rice plants,

Weeds and rice grow
luxuriantly after a prolonged
drought because of the
nitrogen mineralization in the
soil. Armyworms and
cutworms feeding on the
naturally fertilized plants
produced more offspring.
Most of the offspring survives
because of the absence of
natural enemies.
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Plant hosts. Armyworms
and cutworms have many
alternative hosts. Not all are

grasses and no preference is
shown for rice.

Rice

Wheat

Sugarcane

Cabbage

Cats

Sorghum

Castor

Echinochivo

Mungbean

Sweet potato
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Management

Cultural control. Establish
seedbeds in sites far from
large areas of weeds and
grasses so that armyworms
and cutworms cannot mi-
grate from alternative hosts.

Remove weeds from areas T e
cutside of fields. " Tl A
Plow all fallow land.

Resistant varicties. No re-

sistant varieties are
commercially available. P'ant

Biological control. Natural S e
enemies play a xey role in B
keeping armyworm and
cutworm numbers below \\\\o_\
economic injury levels. Q "\j 9.._/' E
’ ’ *l X‘\\)
A0

Eggs are parasitized by
scelionid and

fha}:('llqd\hf/ﬁlsps as well as by Telenomus sp Trichogramma ivelae Pong 8
achinid ties. {Scelionidae) Chen { Trichogrammatidae )

trichogramimatid wasps.
Larvae are parasitized by
braconid, eulophid, and
Ants and wasps also prey .
on larvae and spiders prey on R
moths.

Euplectrus chapodae ( Ashmeod ) Brachymeria losus { Walke-) rPalexorista lucagus Walker
(Eulophidae ) {Chalcididae) ' { Tachinidae )

o N XY
¢ ‘:\};AW - \ /
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V

Argyrophylax nigrotibialis Baranov Odontoponera transversa smith Ropalidia fasciato Fabricius

{ Tachinidae ) { ForrRchdEiT T Vespidae)
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A polyhedrosis virus
attacxs the larval stage. Dead
virus-infected larvae hang
ump from the plants.

>hemical control.

® Insecticide application.
Sprays are more effective
than granules.

High dosagzs are
required to kil large
armyworm and cutworm
larvae because insecticide
toxicity is positively related
to insect body weight.

Since inseciicide breaks
down rapidly in direct
sunlight and high
temperature, spray late in
the afternoon before the

e Scouting. Scout the fields
weekly from the seedbed to
crop maturity.

Lycosa pseudoannulala Boesenberg

8 Strand ) ( Lycosidae )

Oxyopes javanus { Thorel )
{ Oxyopidae )

.
'll

X/

' “X/(
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W

larvae ieave their resting
places to climb up the
plants,

Spray only areas where
darrage occurs. Normally,
darnage is concentrated in
certain areas of the field.

Dumage

Scouting for control

Fanicle
inthation

Seedling /-~
//-/>/ A
- 1y

Flowering

Days after seedng




Field sampling is based
on plant damage as a
percentage of either
damaged leaves or cut
panicles. Randomly select 5
leaves or panicles in each
of 20 nills across the field.

Determine percentage of
damaged leaves or cut
panicles from armyworm or
cutworm feeding. Apply
insecticide when the
economic threshold is
reached.
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GRASSHOPPERS, KATYDIDS. AND FIELD CRICKETS (ORTHOPTERA)

Grasshoppers are adapted to
grasslands because they feed
on a wide array of grasses
Their hind legs are enlarged,
giving the insects the ability
to hop away for a quick
escape.

Some grasshopper species
migrate in swarms and are
calied locusts.

Meadow grasshoppars
(katydids) can be
distinguished from other
grasshoppers by the long
thread-like antennae
elongatec ovipositor of the
fem: 'c, and 4-segmented
tarsi.

Acridid grassheppers have
antennae shorter than their
body '~ngth

Rice velds are habitats for
many grasshopper species
whose nymphs and adults
defoliate plants.

Pest status

Grasshoppers are localized in
dry regions and can be
readily controlled with
insecticide. Locust outbreaks
occur less frequently than in
the past decades because
more of their natural nabitats
have been cultivated.

o |
b

Locusta migratery mari'ensis

Oxya japonica japonica

Sterocatantops splendens
{ Thunberg) { Acrididoe)

Gastrimargus marmoratus

i Sesonule mundata (‘Watker )

{ Acrididoe)

Acrida wilemsei { Dirsh)

Ailopus thalassinus tamuius
( Acrididos) Fabricius

Atractomorpha psittacing psittacingl

_(Thunberq ) {Acrididae) (Acrididae) {de Haan) { Pyrgomorphidaa)
Potenhai Prevaience within
severity favorable hatstat Controi
Abyndont scme i
) Readily - Minor
Moderate + years i hirr..ec + controtiad = pests
areos




Most grasshopper species
that occur in rice fields are
nonsw=-7ing, and
consequen'y cause minimal
damage. When they become
abundant locusts can de-
stroy a rice crop.

Distribution in Asia.
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Oxya japonica japerica

Hieroglyphus banion
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.// ~ Locusta migratoria maniionsis \\ AN




112 INTEGRATED PEST MANAGEMENT IN RICE

Locusts normally are in low
numbers in favored grassland

. . Miyrating
breeding areas typical o* Sororms
regions of low rainfall. (!'g.
Occasionally the breeding y %1.
sites experience periods of ,// T 4
high rainfall, and the AN

W 1,11 4,7
. . A 7Y
resulting vigorous growth of
host plants favors a rapid Low poputation Lexuniant growth Crowding Long-winged

. . N of locusts of grosses of locusts locusts
increase in locust numbers. 9 v v

Crowding causes the
succeeding generations of — Pronotum arched
locusts to change into
migratory forms, which are
raore robust and have well-
developed wings. These
ntigratory forms fly in
swarms to infest new areas.

—-- Pronotum saddle - shaped

Non-migratory Migratory

Grasshoppers and locusts rainfed areas. Grasshoppers

are found in all rice ocuur in irrigated rice
environmeins, but are surrounded by grassiand
generally more prevalent in breeding grounds.

{ . 1 H
3 - i

! !

‘L

Dpd W | Y AR
Romfed we!!ond Irngared wetland
Development and actual size
Oxya japonica jgponicu
Actuol size
; T,

Development

Five to nine nymphol stoges

) —— ey -

Eqgg Nymph

! { | 1 |
o] | 2 3 4q
Months




Hieroglyphus boniaon

HONWC 51

Cevelgpment

g3

0 3

-

Six to seven nymphal stages

Months

Locusta migratoria manilensis

dowal sice

Developrment

Fi.e fo six nyr

Egq

nphol stages

-

Adult. The body of Oxya
japonica japonica is bright
green with a yellow-green
stripe running from the head
along the back. A black stripe
runs along each side of the
body.

&

Montts

Oxya japonica japonica

e
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The body of Hieroglyphus
banian is dull green or
yellow-brown and has no
stripes. The antennae are
brown with yellow rings. The

enlarged pair of legs is green.

113
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The body of Locusta
migratoria manilensis is
hrown with no stripes. Tne
hirnd wings are dark yellow at
the bases. The entarged leas
are brown

Each female tays 100-300
eggs n a hfetime of several
months.

Egg. Eggs are i in
compact masses (o oy of
35-100 eggs. They are:
covered with a frothy
secretion to protect them
from desiccation Depending
on the spacies, eqggs are
either white or yellow and the
froth bubbles are either white
or brown

Egg pod: are deposited m
the sol in grasslands or
dryland rice fields. or behind
the leaf sheaths i wetland
rice fieids

Nyrmiph The body of the
Oxya jéapemca [apomnicad
nymph is green. Two narrow
red-brown bands run down
its back from the compound
eyes to the bases of the
wings.

The body of the nymph of
Hieroglyphus banian is red-
brown, later becomirig green.
It has two broad strnipes along
the back.

INTEGRATED PEST MANAGEMENT IN RICE

Adults feed on rice foliage
with their chewing
mouthparts. They are active
at night: during the day they
remain hidden at the basc of
plents

Dxye joponica joponica

The body of the nymph of
Locusta mugratoria
manilensis 1s brown-green to
brown-orange Two narrow
black stripes lie behind the
compound eyes and a much
broader stripe 1s along the
shoulders of the pronotum
and wing buds

\\'4 /




Like the adults, the
nymphs hide from birds at
the base of plants during the
day and feed on rice foliage
at the night.

Damage

Grasshoppers can damage
iice at all stages of crep
growth. The damage caused
by meadow grasshoppers to
rice grains is partially
outweighed by their role as
predators. Conocephalus is
an important stem borer egg
predator.

Field crickets (gryllids)
normally feed on seeds,
roots, or leaves of young
seedlings.
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Loxobtemmus haani Saussure
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Euscyrtus concinnus Haan |
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crickets defoliate rice plants
by removing the central
portions of leaves. In
contrast, grasshoppers feed
on the leaf margins

Field crickets have long
antennae as do katydids but
have 3-segmiented tarsi They
resemble mole crickets but I
lack enlarged front legs ‘

Some species of field ‘

Cricket
7’ damage

on rice leaves from the
margins of leaf biades. ;
creating cutout areas. Grass- A 4
hcppers are large enough to Ol e
feed even on the midrib. ) !

They also can cut rice

panicies as armyworms do.

Adults and nymphs feed |
|

—

Swarming locusts can

J i remove most of the foliage in
: ( arice field leaving only the

‘ bases of tillers.

Piant hosts. Grasshoppers
have an extremely wide host
range and show no distinct
preference for rice.

A\ . b - \
. )‘ ~ (== i f‘
! \ AN
r. AR r L
f NN
i
e/
,‘% . _
Rice Maize Sorghum

{

Sugarcane Millet Echinochloo




Management
Cultural control. No effective
cultural control methods are
known.

Resistant varieties. No vari-
ety is resistant to grass-
hoppers or locusts.

Biological controi.
Different scelionid parasitic
wasps can locate
grasshopper eggs in the soil
or on plants. Those adapted
to locating eggs in the soil
have elongated abdomens.

Nymphs and adults are
killed by parasitic flies,
nematodes, and fungal
pathogens.

Birds, frogs, and web-
spinning spiders are the
major predators.

Chemicai control.

¢ Insecticide application.
Poisoned baits are used to
control locusts in their
grassland breeding
qrounds.

Locusts are attracted to
salty rice bran. Bait is made
by moistening rice bran
with salt water

Insecticide 1s then adced
and the dried poisoned bhait
IS spread on the ground
among swarms of nymphs.

r
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i
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-
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s R ea Ry .l.;‘.‘:""
, 2 R i .

Plant
Resistance
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{ Scelionidae )

Hexamermis sp
(Mermithidage)

ftana sp
tHanidae ]

Macroteleia nr indica (Sharmg)

i
|
|
{

L

Entomophthora nr gryll) Fresenius |

NN,

A
iRl

A

Scelio sp
{ Scelionidae )

|

( Entomophthoraceas)

[ 1}

"s Ao

b

1
(<
g0
L
N/
~rgiope ca'ervlata { Doleschall )
L Aranedae )

L

Poro_lhereii_o sp

{ Tachinidae )

Ploceus philippinus (£ innasus j

 Plgceidae)
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Grasshoppers in rice
fields are contiolled by fo-
liar sprays.

Granules are not
effective against
grasshoppers.

e Scouting. Locust breeding
areas are well-known and
are continually monitored
for the development of
migratory forms. Once
migratory forms are
sighted, a campaign to
control them is initiated
before swarms develop and
leave the area.

Grasshoppers can
damage rice fields
throughout rice growth.

Visit the field each week,
picking 5 leaves from each
of 20 randomly selected
hills, across the field.

Determine tne
percentage of damaged
leaves or panicles. Leaf
damage from grasshoppers
and other defoliating insect
pests should be combined
to form the threshold value.
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Spray insecticide when
the economic threshold is
reached.
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Damaoged leaves / hill (%)

| Seedbed

No control S
necessary -

1

Flowennb )

Mature grain

Panicle
intighon

T T
60 BO 100 120
Days ufter seading

RICE LEAFFOLDERS (LEPIDOPTERA: PYRALIDAE)

Four species of leaffolders
occur in Asia.
Cnaphalocrocis medinalis is
more common than
Marasmia (= Susumia)
exigua, Marasmia patnalis, or
Marasmia rurelis.

Tke four are closely
related moths and can be
distinguished by wing
markings.

To form a protective
feeding chamber, the larva
folds a leaf biade together by
attaching to the leaf margins
silk strands that shrink upon
drying.

R

Ciephalucrocis medinahs, (Guenee)

O OO SO S O

Marasmig patnols { Bradley)

Marasm-: - 1.3 (Butler)

Marasmia rurahs (Walker)

e ek e )




120

Pest status

Rice leaffolders are wide-
spread and often cause
significant yield loss. They
have increased in importance
in areas where rice is heavily
fertilized and is cropped in
both the wet and dry
seasons. Outbreaks accur

Leaffolders occur in all
environments and are more
abundant in the rainy season.

[ e e

Upland

Distribution in Asia.
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Potential
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Development and actual size
Because Cnaphalocrocis is
more common, its biology,
damage, and management
will be described.

Acdult. The adult moth is
yellow brown. When at rest, it
is in the shape of an equal-
sided triangle. As in most
species, the male is slightly
smaller than the female.

Moths may migrate up to
scveral kilometers afier
reaching aduli .ood.

The female attracts its
mate by giving off a chemical
called a pheromone. Mating
and egg laying occur at
night. Each female lays about
300 eggs during its lifetime of
3-7 days.

Adults hide on rice and
grassy weeds during the day
to escape predation by birds
and only take short flights
when disturbed.
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Craphalocrocis medinalis

Actuol size
. - A S '
Development
Five 1o six larval stages
o
. ?!vi -
0 — == —— oIS —— ] -
b
El
Eqgg Young larva Moture larva
Puna !
L 1 L L L J
o] 5 30 37 a7
Days
Marasmia exigug
Actal sie
- B A
Development

Six laryal stages

— apeorny, — STCCCEL LD, —

N Young larva Mature larva

Eqg

I} ! 1 1 t

0 5 33 a2 48
Days
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Aduits are attracted to light |~
at night but are seldom
caught in light traps.

Egg. The disc-shaped,
ovoid eggs are laid in
batches of 10-12in a line
parallel to the midrib, either
on the upper or the lower leaf
surfaces.

The egg masses are dif-
ficult to see vith the naked
eye. £ggs turn from trans-
parent to a cream color as
they mature.

Larva. After hatching, the
young larvae craw! to the
base of the youngest
unopened leaves and begin
to feed.

They migrate to older
leaves from the second larval
stage onwa.d.

Only one larva feeds within
a tubular feeding chamber.
Some feeding chambers are
made from leaves bent tip
down.

The larva remains within

the foided leaf, feeding by
scraping the ieaf surface

tissue. Each larva may feed in Apex of [N

three to four Iraves during its D;’or}ofhl.;m Y| . A
lifetime. stroig i Convex Margin of Y
etim . . 457 oranotum ~pronotum WA
Mature larvae are yellowish P angulated X
green with dark-hrown e "
heads. They jump or wiggle e m
rapidly when touched. a ‘35 e
) o
., )
" ‘) e
o L
£
bia
bood b
by
1
L
W Heart-shaped
gg T anal shield
Cnaphalocrocis medir 1lis Marasmia xigua Murusmjg patnalis Marasmia ruralis

Pupa. The larvae pupate in
loosealy woven strands of silk
threads on leaf blades and
rice stubble.

The pupa turns from bright
yellow to brown as it
develops.

Pung




Damage
The removal of leaf tissue bv
a larva within a feeding
chambe' causes longitudinal
white and transparent streaks
on the leaf blade.

Each leaf blade may
contain several feeding
streaks.

When infestation is high,
each plant may contain many
folded leaves. Heavily
damaged leaves become dry
and highly infested fields
appear scorched.

Yield loss is high when the
flag leaf is damaged.

Plant hosts. The larvae
feed on rice, weeds, and
crops within the grass family.

Larva!
feeding ——-
chomber

—

Maize, sorghum, and
sugarcane are minor hosts.
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Rice

Panicum

Echinachloa

Peann/iseturm

Eleusine

Isachne

Leorsia

Brachiaria
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Management
Cultural control. High
infestation occurs from high (FrmeeER]  [Fermuzed] [FeRTILZER
use of nitrogenous fertilizer.
Split fertilizer application L———\ L—- N
during the growing season N\ Ponde
and reduce the amount. Tilerng inihotion
Seediing . )\

Higher infestation occurs
in areas where the rice crop
is shaded iy trees.

Remove grassy weeds
from rice fields and sur-
rounding borders to prevent
the buildup of rice leaffolders
on alternative hosts.

Resistant varieties. No re-
sistant varieties are
commercially available.

dierr
i i i

e |
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Doys after seeding
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Resistance
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Biological control High
natural montality occurs from
the activity of beneficial
arthropods, which attack leaf-
folders at every growth stage.

Tiny trichogrammatid
wasps develop, one each
insiae an egg, killing the ‘
leaffolder larva before it
hatches.

Many species of wasps —
braconids, ichneumonids, ;
chalcids, elasmids, and
encyntids — parasitize the
larval and pupal stages. Dead |
larvae infected with fungi are
flattened and stick to the
leaves while those killed by
viruses turn black and hang
from leaves.

Crickets prey on eggs and
ants and beeties prey on the
larval stage.

Cpiders capture adult
moths

Cardiocailes philippinensis [

|
|
|
|

Ashmead { Braconidae)

\ ’

N 7
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L

‘y
.
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¥
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heli o

v
Temelucha stangli (Ashmead )
( Ichneumanidae )

~ .
R~ B
\\; ‘?/ r\f:_—_//'
VB4
Elasmus sp

(Elasmidae)

Trichogramma sp
(Trichogrammatidae )

Apanteles cypris ( Nixcn|

( Braconidaa }

Macrocentrus philippinensis
(Ashmead ) { Braconidae

Pupal cocoon

Copidosoma sp
{ Encyrtidae)

L.

Temelucha philippinensis { Ashmead )

Trichomma craphalocross (Uchida

{ Ichneumonidae )

Fungus- infected Jarva

{ Ichngumonidas )
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Randomly pick 5 leaves from ’

each of 2 hills across the
field. Take note of leaffolder
moths while walking across
the field.

Increase sampling
frequency to twice a week
when moths are found while
walking in the field or in
pheromone traps.

Apply insecticide whar
the economiic threshoia i1s
reached The economic
threshold is lower when the
flag leaves are present.
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Scirpophoga incertulas

Actual size

asose N ’

Five lorval stoges

1, T TR T
—— IS e (L DTy

Young larva Mature lorva

Adutt

0 5 35 44 54

Scirpophaga innotata

Actual swe

Five lorvol stoges

————

s i;\/\“}-«/wﬂ'

—_—

tarva

Egg mass

{ 1 | 1 1
0 9 3 42 51

Days

Sesamia infarens

Actvol size

Develaprnent

Five larval stages

O — o= — przmremen —

Eqq Young larva Mature lorva

Days



Adult. Adults are quiet
during the day, hiding among
the rice plants or weeds near
the hieic. When disturhed
they fly only a tew meters.
The moths are active at night
and fly to rice fields to lay
eggs.

Stem borer moths are
strong fliers, but normally
range within 2 km from their
ongin

Each female lays 200-300
eqqs during a hfetime of 4
days.

Adults are attracted to a
light trap. The greatest
numbers are caught during a
new moon

Egg. Eggs are laid in
masses of 5-200 on rice
leaves or leaf sheaths. Egg
shape. appearance of the eqg
mass, and location on the
rlant are specific
characteristics that vary
among species.

Larva. Newly hatched
larvae often suspend
themseives from leaves by a
silken thread and are blown
to other plants. Others make
a tube from cut leaves, fall on
the water. and swim or drift
to nearby plants. Young
larvae feed on leaves and leaf
sheaths.

INSECT FLSTS OF RICE
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Medium-aged larvae
penetrate the leaf sheath and
feed between the sheath and
tiller for several days before
entering the stem. Older
larvae feed inside the stem
near the base of the plant.
Mature larvae inside the stem
may move below the soil
surface and hibernate when
conditions are unfavorable.

Pupa. Larvae pupate inside
the stems near the ground or
several centimeters below the
soil surface.

Aduits emerge from the
pupal case and crawl out of
the rice stem through the exit
hole cut previously by the
mature larvae.

Striped stem borer

Distribution in Asia.

The striped stem borer moth
is straw to light brown with
silvery scales and a row of
black dots at the tip of the
fore wing; the hind wing is
yellow-white.

The eggs are disc-like,
pale yellow, and overlap in
the egg mass.

AUSTRALA

Mature lgrvo

The larva has a yellow-
brown head. It gats its name
from three dorsal and two
lateral brown stripes along its
body.

In temperate regions the
larvae overwinter in rice
straw or rice stubble.

The pupa is dark brown.



Fiant hosts. The larvae can
develop on maize or grassy

weeds, but prefer rice.
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Phragmites

i AR STy
SN pay

Zirania

Panicum

Distinguishing
characteristics

* Many larvae may be found
in one rice stem.

® £Egg masses are deposited
near the base of leaves or
leaf sheaths and are not
covered with hair.

e The striped stem borer is
most abundant in
temperate regions and in
areas that do not flood.

Dark-headed stem borer

Distribution in Asia

The adult moth is straw to
light brown with silver scales
and several black dots at the
tip of the fore wing; the hind
wing is yellow-white.
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The scale-like pale-yeliow
eggs overlap in the egg mass.

The larva has a black head
and tlack connecting
thoracic plate; hence, its
name.

On the abdomen, three
dorsal and two lateral brown
stripes are distinct.

The pupa is yellow-brown
with two distinct bumps at
the front of the head.
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Plant hosts. Rice is not the
only preferred host.

Sugarcane Sacciolepsis

Scirpus Sefaria Echinochlioa

Distinguishing

characteristics

¢ Eggs are laid in rows near
the base of the leaves and
on leaf sheaths, and are not
covered with hair.

¢ The head of the dark-
headed stem borer larva is
darker than the head of the
striped stem borer larva.

¢ One larva generally tunnels
in a single stem.

® The dark-headed stem
borer is normally not
abundan* in rice, except in
Malaysia.




Yellow stem borer

Distribution in Asia

The male and female yellow
stem borer moths differ in
appearance. The male is light
brown with numerous small
brownish dots, five along the
subterminal area and eight or
nine near the tip of the tore
wing. The female is straw-
colored, becoming darker
toward the tip. and has a very
distinct black spot in the
center of each fore wing. The
hind wings are pale and
straw-colored.

The disc-like eggs are Lud
in oval batches and are
covered with a mat of tan
anal hairs from the female
moth.

The larvae have small
orange heads. This stem
borer gets its name from its
pale, hairless yellow body.
The larva is the overwintering
stage in temperate regions.

The pupae are elongated
and ye ow-white.

Plant host. The larva feeds
only on rice and related wild
rices.

Distinguishing

[ 23 13 ; ;
chnaracteristics
®

Egg masses are laid near
leaf tips and are covered
with hair.
® Only one larva occurs in a
stem.
¢ The pupae are found at the
extreme base of the plant.
often helow the soil.
¢ The yellow stem borer is
most abundant in aquatic
habitats where flooding
occurs and in places where
multiple rice crops are
grown annually. Larvae seal
entrance holes with silk to
make stems watertight.
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Distinguishing
characteristics. The egg
mass, larva, and pupa of the
white stem borer are similar
to those of the yellow stem
borer.

e The white stem borer
occurs predominantly in
areas where there is only
one wet season rice crop a
year and the stubble is left
undisturbed during the dry
season.

The larvae remain dormant
at the base of the plants
during the dry season.

Pink stem borer
Distribution in Asii

The pink stem borer belongs
to a family different from that
of the other stem borers. It is
related to cutworms and
armyworms.

The adultis rabust and tar
with dark brown markings
From a central pomt i the
fore wing. a typical radiation
of grey-black lines spreads
toward the wing tips, ending
in a thin terminal line of dark
spots. The hind wings are
white.

The bead-like egys are laid
in rows and are not covered
with hair

The larva has an orange-
red head. Its body I1s purple-
pink on top and white below.

The pupa is dark brown
and robust.
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Plant hosts. The larvae
have a wide host range.

Distinguishing
characteristics

* The eggs are laid betweszn
the leaf sheath and the
stem and are ot covered
with hair.

e Larvae may pupate
between the leaf sheath
and the stem, instead of
inside the stem.

e

~

Wild rices

Panicum

Oats

Paspalum




Damage
The larvae that have
penetrated a tilier feed on the
inner surface of the stem
walls and thus interrupt the
movement of water and
nutrients.

Tunneling by the {arvae
weakens rice stems, which
then break easily.

Damage depends on the
age of the plant when it is
attacked.

If damage occurs when the
plants are young, the central
leaves of the damaged tillers
turn brown. This damage is
called deadhearts.

If the damage occurs after
the spikelets form, panicles
turn white and no grain filling
orcurs. The damaged
panicles are called
whiteheads.

Tiller damage from
diseases such as kresek
resembles deadhearts.
Drought can also cause
whiteheads.

Paricles damaged by stem
borers can easily be pulled
out by hand and may show
insect feeding near the base.
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Stem borer damaged tillers
are filled with frass (waste
from the digestive tract) and
have larval entrance and exit
holes.






® Remove rice stubb.e and
straw.

Plow stubble immediate-
ly after harvest to destroy
yellow and white stem
borer larvae and pupae.

Cut stubble close to the
ground so that many of the
remaining striped, dark-
headed, and pink stem
borer larvae are removed
with the straw.

Burn or sun-dry straw
after threshing to destroy
stem borer larvae.

* Avoid excessive nitrogen
fertilizer by splitting fer-
tilizer applications.

* Remove seedlings with
stem borer egg masses
before transplanting.

¢ Flooding a field will not
control all stem borers.
The yellow stem borer is in
fact a major pest of
deepwater rice and the
larvae can complete their
development.

Resistant varieties. Many
improved varieties have
moderate resistance to stem
borers.
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Because some chemicals
in the rice plant affect the
moth, the plant becomes less
attractive for egg laying and
larvae that emerge have a
lower rate of survival, are
small, and take a longer time
to mature.

High tillering varieties can
compensate more for
deadhcarts during the
tillering stage than low
tillering varieties can.

High tillering

Low tillering

Biological control. Stem
borer eggs are parasitized by
small trichogramratio,
scelionid. and eulophid

wasps. The parasite
preferences for stem borer
species differ. Parasitization
rates are normally very high.,

Trichogrammo japonicum
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Eulophid wasps have
elongated ovipositors and
can lay their eggs in stem
borer eggs, even if the latter
are covered with a mat of
Rair. Scelionid wasps,
however, parasitize stem
borer eggs while the moth is
In the act of oviposition —
before the egas are covered
with hair. The wasp iocates
the female moths, possibly
by the windborne chemical
sex pheromone given off by
the female moth to attract a
mate. The wasp attaches
itself to the tuft of anal hair
near the female meth's ovi-
positor and watits for the
moth to lay eggs.

Egg masses are also the
food of several predators
Tettigoniid and gryltid
predators prefer yellow and
white stem borer egg masses
and consume the hair mat
covering the eqgs as well as
the underlying eggs.

The larval and pupal
stages are attacked by a
large number of parasites,

Rhaconotus schoenobivorus
( Rohwer ) { Braconidae) |

Chelonus munakatoe { Munabata )
Broconidoe)

MR
\\\“:‘\ \"-\\ \‘\

e
S EFAR
f("' A =

| Conocephalus longipennis { Haan)

" (Tettigoniidag)

but parasitization rates are
otten very low.

Tropobracan schoenobii { Vierack)
( Braconidae)

] Hygroplitis russatus { Haliday)
L . (Broconidne)

Telenomus

on the ang! hair tuft
of yellow stem borer
female moth

Metioche vittaticolls { St4!)
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Formicomus braminus (L_a Fe

Bracon chinensis ( Szepligeti )
{ Braconidae)

Elogmus albop’. tus (Crawford)

—

" (Elornidoe)

Cotesig flavipes (Cameron)
( Braconidae)

Exoryzo schoenoli * iikinson)
{ Braconida. )

Sanectere ) { Anthicidae )

—
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Isetima sp

( lcﬁ—nﬁm—omdo‘s)

Carabid ground beetles
prey on larvae, and spiders
prey on adult moths.

Several species of fungi
can infect the larval stage
and consume the stem borer
at the base of stems wtien it
is about to pupate. The:
Cordyceps fungus grows
long, noodle-like arms from
the stem borer’s body.

Temelucna phitippinensis { Ashmead )
{ tehneumonidce )

INTEGRATED PEST MANAGEMENT iN RICE

Temelucha stangli (Ashmead )

( lchneumonidoe ) J

Xanthopimpla stermmator

Itoolectis narangae ( Ashmead )
( lchneumonidae _J

{ Thunberg) (ichneumonidae)

) | | (Tuchln

~ /-

Ophloneu nlgro!oscinto {Schmidt -

" Goabel HCuro ldoe)

Gxyopes jovanus  Thoreli )

( Oxyopcdm )

Lycosa ps eudoonnulolo (Boesenberg

a Strund ) ( Lycos.doe )

Beauveria bassiona { Balsomo) Vuillemin

Entomophthoroceas)

Az

Cordyceps sp

(Entomophihoracea)

Idue)

Sturmiopsis inferens { Townsend )

Goryphus basilaris { Holmgren)

i lchmumomdoe)




Chemical control.

e Insecticide application.
Because stem borer larvae
enter tillers, controlling
them with insecticide is
often difficult.

1. Tillering stage. If fields
are flooded during the
tillering stage, sprays and
granules are equally
effective.

if the paddy water depth
is less than 5 cm, sprays
can be used.

2. Panicle initiation to
flowering. After the crop
reaches maximum tillering,
granules are not effective
and only spray
formulations should be
used.

Scouting. Scouting
considers the percentage of
tillers showing deadhearts.

Visit the fields weekly
from the tillering stage to
flowering.

Record the number of
deadhearts and healthy tilie:s
in 20 randomly chosen hills
across the field. Take note of
moths while crossing the
field.
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Apply insecticide when
the economic threshold is
reached.

Egg masses in seedbeds
and in the field can become
sufficiently abundant to
cause concern. Often,
however, they are highly
parasitized and insecticide
application will be
counterproductive.

When moths or egg
masses are evident encrease
sampling frequency to twice
a week.

Collect 20 egg masses
from the field and hold them
in sealed jars or plastic bags
for several days until small
larvae or wasps emerge. If
more than half of the egg
masses are parasitized, then
do not apply insecticide. If
less than half of the egg
masses are parasitized, apply
iiisecticide if the egg mass
population reaches the
economic threshold.

Deadbearts (%)

No control necessary

Control necessary ~

10 Econcmic threshold B e A

Seadling

sl

Panicle
initiation

60

Days ofter seeding

Egg masses{no /20 hills)

2 et Economic threshold [

No control necessary

Seedling

Panicle Flowering
initigtion

Mature grain

60

Days ofter seeding




RICE BLACK BUGS (HEM!PTERA: PENTATOMIDAE)
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Two species of rice black

bugs are impertant in Asia:
the Malayan rice black bug
Scotinophara coarctata
(Fabricius) and the Japanese
rice black bug Scotinophara
lurida (Burmeister).

Spine onanterior margin of
pronotum pointed sideward

m 3 Latera! morgin
- S slightly concove

{p —=—— Shoulder spine short and
slightly pointed

ote]

Swobtupinrg iurids

——— Sping ananterice margin of
pranotum pointed forward

Loteroi margin wavy

Shoulder spine long and
nointed

There are many other
species of similar-looking
bugs in rice fieids, but they
are rarely abundant.

Scotinopharo porva ( Yang)

Ny ¢

Scotinophara atfinis { Hoglund )

&

Scotinophors tarsalis{Voll

Scatinophora inermis { Haghund )

Scotinophara ochroceo { Distant)
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Pest status Potential Prevalence within

[ wi
The Malayan and Japanese severity favoroble habital Control
black bugs often are abun-
dant in their preferred ' Abundant most Mo
habitats. Because chemical High + yars over + Difficult = s
control is difficult, yield large areas pes
losses are often high.

Both species occur in
wetland environments but
S. coarctata prefers swampy
areas.
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Adult. The shiny dark brown
or black adults aggregate at
the base of rice plants
immediately above the water
level during the day. They
move up the rice plants at
niqgl.t and use their sucking
muuthparts to remove piant
sap from tillers.

The long-living adults pass
the winter or dry season in a
dormant state in cracks in the
soil in grassy areas. With
favorable weather they fly to
the rice crop and reproduce
over several generations.
They return to their resting
sites after rice harvest.
Adults are capable of
migrating long distances.

Aduits are highly attracted
to a light trap, and catches
are highest during a full
moon.
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I Generatian 3 l

I Generation 2 l

I Generation | l

Rice crop

Adults give off an offensive
odor when disturbed.

A female lays about 200
eggs during her lifetime.

Egg. The greenish pink
eggs are laid in masses of up
to 15 in several paraltel rows
on lower leaves near the
water level.

149
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Nyrnph. The nymphs are
hrown and yellow with black
spots.

Like the adults, they
remain at the base of the
plants or in cracks in the soil
during the day and feed at
night.

Damage
Sap removal by adults and
nymphs causes plants to turn
reddish brown or yellow.
Stem nodes are preferred
feeding sites because large
sap reservoirs occur there
which meet the high feeding
requirements of these
relatively large insects

During the tillering stage,
black bug feeding causes
stunted growth and reduced
tilter number

After the booting stage.
attacked plants have stunted
panicles, incomplete panicle
exsertion, and panicles with
empty grains (whiteheads).

Plants can wilt and die
from the feeding of high
numbers of black bugs or
suffer bugburn much like
that caused by planthoppers.

Scnm\ogh ¥t

Health, {Jamaged

vegetatve stage

raaithy Bugburn

Reproauctive stage
9




Plant hosts. Nymphs and

adulls have a wide range of
alternative hosts.

Management

Cultural control. Remove
weeds from the field to allow
more sunlight to reach the
base of rice plants.

Plant an early-maturing
variety to reduce population
buildup of black bugs.
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® Scouting. Visit the field
weeekly during the entire
rice crop period to record
b'ack bug numbers.

Randomly select 20 hills
across the field and count
the number of adults and
nymphs.

Use insecticide when the
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RICE HISPA (COLEOPTERA: CHRYSOMELIDAE)

Hispa means spiny. Dicla- {

dispa (= Hispa) armigera
{Oliver) is a beetle covered
with many short spines. Eoth
the larva and adult damage
rice leaves.

A related hispa species,
Leptispa pygmoea Baly,
causes the same type of
damage as the rice hispa.

Diclodispg armigera Leplispa pyymaeo
Pest status Potenticl Prevalence with
H | revalence within
AIthOUgh hlspa rgaches severily favorubte habitat Control
outbreak proportions from
time to time, ;hg areas Abundant most Minor
affected are limited and the Moderate + years over large + Difticutt =

= pests

insect can readily be areas
controlled with insecticide.

Hispa is prevalent in where rice grows throughout
wetland rice environments, the year. It is more abundant
particularly irrigated areas in the rainy season.
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Distribution in Asia.
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Develcpment and actual size
Dicladispa armigera

Actuo! size

Deveoprent

Four larval stages

0-—1

Eqgg Young larva
. . Mature larva Pupa
Adult. The adult is bive-black
and shiny. Its wing covers
have many spines. i 1 1 ] 1
Adults are not attracted to o} 4 19 24 40
a light trap. Days

They are active during the
day when they feed and
disperse.

Each female lays about 50
€ggs during its lifetime of 1-2
months. During the dry
season, adult numbers in
rainfed areas decline when
the area of host plants is
reduced.

Egg. The white, oval eggs
are laid singly near the tips of
young leaves. They are
partially inserted into the
lower leaf surfaces, and are
partially covered with a dark
secretion from the female.

Larva. After hatching, the
flat white larvae tunnel inside
the leaves as leaftminers.

The larvae ea’ the center
leaf tissue, leaving only a
transparent skin on the top
and bottom of the leaves.

A larva completes its
deveiopment inside a leaf.
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Pupa. The brown pupa
develops inside the leaf mine.

Damage
Both the aduits and larvae
feed on rice leaves, preferring
plants at the vegetative stage.
Adults scrape the upper leaf
surface tissue and leave
white streaks of uneaten
lower epidermis between the
parallel leaf veins.

Larval mines are irregutar,
semitransparent patches that
run parallel to the ieaf veins.

in severe infestations, the
leaves dry and turn brown so
that the damaged field has a
burned appearance.

Plant hosts. The rice hispa
feeds mainly on rice, but also
survives on grassy weeds and
crops such as wheat.
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Management
Cuiltural control. Close
spacing results in greater leaf
densities that can tolerate
higher hispa numbers.
Removing grassy weeds in
and near rice fields removes
alternative hosts.

Planting early at the
beginning of the monsoon
rains is a method that allows
a field to escape hispa build-
up on alternative hosts or
other rice fields.

Hand picking damaged
leaves removes larvae from
the field and prevents hispa
buildizp. Damaged leaves can
be removed until booting.

A piece of rope soaked in
a mixture of 1 part kerosene
and 1 part water can be
pulled through the leaf
canopy.

Resistant varieties. No re-
sistant varieties are
commercially available.
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Bracon hispae ( Viereck)
( Braconidne)

Biological control. The role
of natural enemies has not
been fully assessed.
However, seveial braconid
wasps parasitize the larvae.
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Chemical control.

® Insecticide application.
Chemicals play an
important role in rice hispa
control.

Aaults are more exposed
and susceptible to insecti-
cide than are the larvae,
which are protected in leat
mines.

Sprays and dusts are
usually more effective than
granular formulations.

¢ Scouting. Starting with the
seedbed, check for the
presence of adults.

Weekly from trans-
planting to panicie
initiation, count the number
of adults and farval mines
on 5 leaves in each of 20
randomly chosen hills
across the paddy.
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Apply insecticide when the
economic threshold is
reached for either adults or
larval mines.

Adults (no./ hill)
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MEALYBUG (HOMOPTERA: PSEUDOCOCCIDAE)

Mealybugs are plant-sucking,
relatively immobile insects
related to scales. They
secrete white filaments of
wax to cover themselves.
Brevennia (= Heterococcus,
= Ripersia) rehi (= oryzae)
(Lindinger) is the main
mealybug pest of rice i Asia.

Pest status

Mealybugs are abundant
during droughts when rice
plants can least tolerate
removal of plant sap. But
large populations are
infrequent. Control by
insecticide is difficult
because mealybugs are

Sy
Id

Potential Prevalence within
severiy favorable habitat Control
Abundant some
toderate + yeurs i hrmited + Dif ficutt

areqas

protected behind leaf sheaths
and their waxy coating.

= Minor
pes!
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The mealybug is found in and is not prevalent in
1ainfed rice environments, irrigated rice.
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Development and actual size Actual size
' . L) .
Deveicprment
Three nymphal stages
{
0

Adult. The males and females
do not look alike.

The females are wingless,
soft-bodied, pink, and
covered with waxy threads.

The males which are
smaller have wings and are
|.ale yellow.




The females remain
stationary on the stems
behind leaf sheaths at the
bdse of plants.

Each female lays about
100 eggs during her 2-week
lifetime.

Egg. The yellow-white
eggs are laid in chains on
waxy threads.

The eggs hatch within 6
hours.

Nymph. The young
nymphs are white and
become pale yellow and later
pale pink. At first they take
shelter under the body of the
female; later they move from
plant to plani hy crawling
(crawler stage), cr may be
dispersed in the wind.

After the dispersal period,
the nymphs settie down on a
rice tiller behind a lzaf sheath
and feed. They tend to feed
in groups.

Damage

Nymphs and adults remove
plant sap. Under conditions
that favor high populations,
mealybug feeding causes the
leaves to turn yellow. The
plants become stunted.

The pattern of damaged
plants is not uniform because
mealybug numbers vary
greatly betweer hills.
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Dry spells result in a large
population buildup of mealy-
bugs and damage to
drought-stressed plants can
be high.

Plant hosts. The meaiybug
can develop on grassy
weeds. It shows no distinct
preference for rice.

Management

Cultural control. Remove and
destroy infested plants at the
first sign of mealybug
damage.

Resistant varieties No re-
sistant vareties are
commercially available.

Biological control. Mealy-
bugs give off honeydew and
are tended by ants which
prctect them from most
predators and parasites.

Echinochioo

Cyperus

" Plant
'Resistance




Lady beetles are the main

natural enemies of mealybug.

Chemical control.

® [nsecticide application. The
waxy secretions covering
the mealybugs and their
habit of living behind leaf
sheaths protect them from
insecticide.

As damaged fields have
no standing water,
broadcasting of granules is
impractical.

Foliar sprays are effective if
the nozzle is directed to the
base of plants.

e Scouting. Mealybugs can
infest the rice crop from till-
ering to harvest.

Mealybug abundance is
recorded as percentage of
plants infested with
colonies.
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Menochiius sexmacutatus (Fabricius}

s

Q
,ﬁ\.. . ole .
/ \‘\\v v

N
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L Scouting for control

Panicle
imtiation

Days ofter seeding

Flowering

Mature grain
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Visit the field each week
and look at the base of 20
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hills across the field.

Mature grain

Panicle

>
2
[%ed
@
o
o
c
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=
S
A2

§ Economic threshold
No control necessary

Days afler seeding

Hills with mealybug colonies{%)

40
20+

Apply insecticide when
the economic threshold is

reached.
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PESTS AT THE REPRODUCTIVE STAGE

RICE GREENHORNED CATERPILLAR (LEPIDOPTERA: SATYRIDAE)

Melanitis lada ismene
(Cramer) is a large butterfly. Anterior Ang!
its greenhorned caterpillar fubercle tubercle ]

I
|
has two prominent horns i
(tubercles) on the head and !
two at the end of the |
abdomen. l‘

Pest status
tu Potential Prevalence within

Due to the low reproductive severity fororable hobitat Control
potential of the pest and the
activity of its natural enemies,

. v~ birrsi]]- Rarely Readily Minor

e 3, ) —

greenhorned raterpillar Low + abundant + controlled = Dest
numbers are usually t0o low
to cause economic toss

The pest occwrs in all nce
cnvironments, but is more
prevalentin rainfed o2 ~as

Upland

Distribution in Asia
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Development and actual size

Actua! siee
o
Three lorvii stuges
Developrment
—— o ——

Egg Young larva Mature larva

l |

(6] 4

Adult. The dull, dark brown
butterfly has a pair of large.
spherical, white and brown
spots on ~ich fore wirg and
target-like spots on the
underwings. The wings are
folded above the body when
the insect is at rest. it flies at
dusk, making darting
movements among the rice
plants.

Egg. The peari-like eggs
are laid singly or in rows on
rice leaves and are difficult
to see.

‘ Ao
"'.” .(’ , J’,
A, LA // ;
r/ ’/
i g~

/i

Each female lays 50-100
€ggs in its lifetime of about 2
weeks.

Adults are not attracted to
a light trap

‘,




Larva. The yellow-green
larva blends into the rice
foliage and., in spite of its
large size, may be
overiooked.

The body is coveied with
small, yellow, bead-like hairs.

The head is flat and
square.

Damage

The large larvae feed on the
margins and tips of leaf
blades and remove feaf tissue
and veins.

Damage symploms are
similar to those from other
large defoliating insects, such
as armyworms and grass-
hoppers that feed on rice.

Yield loss occurs because
of remcval of leaf tissue.

Plant hosts. The larvae
feed on the leaves of rice and
wild grasses.

Management

Cultural control. No effective

cultural control practices

have been developed.
Resistant varieties. No re-

sistant varieties have been

developed.

Larva

Pupa. The chrysalis
containing the pupa is green
and smooth. it is suspended
from the leaves.

T ] B

Rice Echinochioa

CulLural ’ Plant
control Resistance
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Randomly pick 5 leaves
from each of 20 hills across
the paddy.

Yield loss is related to
the degree of detoliation;
therefore, there is no need
to distinguish leaves
damaged by the
greenhorned caterpillar
from leaves damaged by
other pests such as

_oarmyworms, cutworms,

grasshoppers, and rnice
skippers

The economic threshold
Is based on percentage of
damaged leaves due to all
pests that remove leaf
tissue.

Apply insecticide when
the economic threshold is
reached.
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RICE SKIPPERS (LEPIDOPTERA: HESPER!IDAE)

Pelopidas mathias (Fabricius) , \
and Parnara guttata (Bremer \/
and Grey) are the most Y ‘
widespread rice field species
of these day-flying skipper
hutterflies. Skippers are sc
named because of their fasi
and erratic flight behavior —
they skip from plant to plant.

The two species can be
separated in the adult stage
by the pattern of spots on the
wings and spines on the
second pair of legs. The
distinguishing larval
characteristic is banding on
the head.

Second leg { #510) Larve! head Second leg{//a) Lorval head
Barnara quttata Pelapidas mathias
Pest status Potentiol Prevalence within
The larvae rarely abound in severity faverable hobitg! Control
rice fields and occasions of
yield loss from skippers are L Rarely . Readily _ Minor
rare. oW + abundont : controlled = pests

Skippers occur in all rice
environments but are more
prevalent in rau.*ed rice.

Distribution in Asia
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Develcoment and actual size

Actwol size
L]
v
Aduit. Adults are light brown Development . )
with orange markings and Ive lanval stages
white spots.

Egq Young larva

Mature larva P
upa

L 1 L 1
o] 4 20 42 60
Days

Skipper butterfies are
active during the day and rest
at night.
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Egg. The white spherical
eggs are laid singly. They are
glued on leaf blades by the
female.

Larva. Skipper larvae are
similar in size and coloration
to those of the greenhorned
caterpillar, but have no
horns.

Skipper larvae rest at the
base of plants during the day
and feed on leaf blades at
night.

Young larvae roll portions
of the leaf blade to make a
protected chamber where
they rest during the day.

Pupa. The larva ties a leaf
or leaves together with silken
threads to form a tube where
it will pupate. The light brown
or light green pupa rests in a
bed of silk and has a pointed
end which is attached to the
folded leaf.



L]

Damage
Rice skippers produce
damage similar to that
caused by the greenhorned
caterpilllar.

The larvae feed on rice
foliage.

Plant hosts. Skipper larvae
feed on many plants of the
grass family.

Management

Cultural control. No effective

cultura! control methods

have been developed.
Resistant varieties. There

are no commercially available

resistant varieties.

Biological control. Rice
skipper populations are
regulated by a wide variety of
natural enemies.

Eggs aie parasitized by
trichogrammatid wasps.

Many species of
ichneumonid, braconid,
chalcid, and eulophid wasps
and tachinid flies parasitize
the larvae.
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Rice Sugarcane

Paspalum

Sorghum

Eleusine

Andropogon

Cultural
contra

Plant
Resistance

Trichogramma sp
(Trichogrammatidae )

Campolex japonicys Comeron

Charops brachypterum ( Cameron )

{ Ichneumonidoe )

{ lchneumonidae )

Xanthopimpia punctata ( Fabricus )
{ Imrvs-umonldae\

Coccygomimus parnarae { Viereck |

{lchneumondae §

— - J—

Pimgla luctuosa { Smith)

{Tchneumanidae )
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Larvae are preyed upon

by earwigs and reduviid bugs.

Large orb-web spinning
spiders capture skipper
adults in flight.

Chemical control.
Chemical control, scouting,
sampling, and economic
threshold level for the rice

Cotesia ruficrus ( Haliday )
( Broconidae )

(Braconidae)

Apenteles baoris { Wilkinson)

Brachymerio lasus ( Waiker )

Pediobius sp.
( Chalcididae }

{ Eulophidae)

Pseudoperichaeto insidiosa( Robineau -
Desvoidy) { Tachinidae)

Nemorilla maculosa{Meigen)

Thecozarcilia parnarus { Chao)
( Tachinidae)

{ Tachinidae )

Exorista japonica { Townsend )
( Tochinidce )

Ceromyia sitacea { Meigen )

Clytho argentea { Eqger |
{ Tochinidae) ¢ 1da

{ Techiridae)

- -

~,

¢

Ot
=
7=

iz L =
n TR

i

|

Proreus simulans{Stat)
(Chalisochidoe)

R TS §

(1)
t
)

J ,,‘!2 A('ik"‘k“k j‘/_‘:"“zf\
LA Vi
\\ ‘\’,I :‘.( \(R;

4 % ]

Rhinocoris fﬁscipss(Fubriclus)
{ Reduviidoe )

Scipinia bg_r_ri(_i_o Stat
(Reduviidae)

: ,}: i
g

\\ .
N/

Argiape cotenulata ( Doleschall )

{ Araneidae }

skipper are similar to those
for the greenhorned
caterpillar.




RICE BROWN PLANTHOPPER (HOMOPTERA: DELPHACIDAE)

Nilaparvata lugens (Stal) is
probably the miost serious
insect pest of rice in Asia. Its
feeding causes plants to wilt
and ca'!ses a symptom called
hopperburn. it also transmits
grassy stunt and ragged
stunt virus diseases.

Pest status

INSECT PESTS OF RICE

; Potential Prevalence within

The ”C? brown p!anthopper severity favorable habitat Control

has a high capacity to

reprodu’ce.. Frequently, . High direct Abundant some Difficult with

farmers’ misuse of insecticide damage ond + in fimi + isecticides if = Mojor
amage o years in limitea no resistant = pest

causes outbreaks of virus 17ansmission areas variety

hopperburn and/or virus

diseases over large areas.
The development of biotypes
often reduces the life-span of

insecticide is lessened
because the hoppers are

an umbrella to protect the
insects from the spray

<15

found at the base of plants
and the crop canopy acts as

droplets.

resistant rice varieties. The
effectiveness of control by

become abundant in rainfed
wetland environments. It is
rare in upland rice.

The brown planthopper is
mainly a pest of irrigated
wetland rice, but it can also

,7' — Pt
S AT jg};w e L\z\&uu

Im;;a!ed werland

bpland

Distribution in Asia.
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Development and actual slze

Actuo! size

Development

Five nymphal stoges

N/

Small nymph

Large nymph

21
Days

Adult. Short-winged
(brachypterous) and long-
winged ( macropterous)
adults occur in both sexes.
Short-winged forms cannot
fly but remain in the field to
feed and reproduce. Long-
winged form disperse.

Transparent
short wing

Brachypterous adult Macropterous adult
('short-winged) (long-winged)

v .

| Generation 3 I

r Generation 2

Generation 1 I\ P

U
Ponicle 4 h)wumq Mahwe groin

i nhation -

Seeding , .~ - \\ i \\ / 4. f

[N - Yo . AN \ "
Seedbed \ Lt o ( l l ) \\§‘V '

L N
""_..._T_.!’.m e e —— , ......
20 40 60

Days after seeding



Macropterous females lay
about 100 eggs and
brachypterous females 300
eggs during a lifetime of
about 2 weeks. Openings for
eggs are made in the tillers
by the saw-like ovipositor.

Adults suck the plant sap
irom the base of plants where
they stay day and night.

Long-w 1ged adults are
highly attracted to a light
trap. Highest catches occur
during a full moon.

A related species, Nilapar-
vata bakeri (Muir), often con-
fused with the brown plant-

Frons excavated

Mesothorax with
twao grayish stripes
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hopper, is found in light trap
collections but is not a pest
of rice.

'____Paramere
. bifurcated

Nilaparvata bakeri

Frons not excavated

Mesothorax with
three brown stripes

Nilaparvata lugens

Light veins

Paramere

— mat bifurcated
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Egg. The white eggs are
inserted into the midrib or
leaf sheath in masses of 8-16.

Eggs are covered by a
dome-shaped egg plug
secreted by the female. Red
eye spots develop at the head
end before the eggs hatch.

Nymph. Nymphs are found
near the base of tiliers where
it is shady and humidity is
high. Young nymphs are
white, turning brown as they
mature.

As with all leafthoppers and
planthoppers, nymphs and
adults move laterally like
crabs to the opposite side of
tillers when disturbed.
Nymphs feed on the same
tillers in which they hatched
and, unlike those of other
hopper species, can become
highly aggregated.

The wing pads of mature
nymphs are light brown and
opaque; short-winged adults
have transparent wings.

Damage

Nymphs and adults insert
their sucking mouthparts into
the plant tissue and remove
plant sap from phloem cells.
The brown planthopper
removes more plant sap than
it can digest. The excess
plant sap, which is high in
sugars, is expelled from the
body as haneydew. The
honeydew drops fall on the
base of plants and in time
turn black from infection by a
sooty mold tungus.
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During the act of feeding,
the brown planthoppers
secrete solid feeding sheaths
into the plant tissue to form a
feeding tube. The feeding
sheaths block the flow of
plant sap.

Tvie brown planthopper
may remove enough sap or
block its flow to cause the
tillers to dry and turn brown,
producing hopperburn
during later yrowth stayes.
Hopperburn occurs more
rapidly during cloudy
weaather. Photosynthesis
during sunny days allows the
plant to recover from sap
removal by hoppers.

The brown planthopper
also transmits ragged stunt
and grassy swnt viruses.

Brown planthopper
outbreaks are associated with
development of irrigatic 1
systems to allow year-round
rice cropping (thus
continuous planthopper
buildup), excessive fertilizer
usage that results in higher
planthopper populations, and
the use of insecticides that
kill natural enemies.

Feeding

Heod sheaths

-

o X
%m@.ﬁ‘;;; '
- WL

Salivary glonds

Hopper
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Plant hosts. The brown
planthopper is restricted to
rice and wild rices, but
reproduction can occur on
Leersia hexandra.

Management

Cultural control. Grow no
more than two rice crops per
year. Create a rice-free
period during the year with
early-maturing varieties, plant
neighboring fields within 3
weeks of each other, and
plow down volunteer . 3*non
after harvest.

Use fertilizer judiciously.
Split nitrogen applications
three times diiring crop
growth.

To reduce brown plant-
hopper populations, drain the
field for 3 or 4 days during
infestations.

Rice Wild rices

Lesrsig

DRY SEASCN CROP

Field 5

WET SEASON CROP

Field 5

Field 4

&
Field 3 f 'Lig,,

Field 4

Field 3

Field 2 =
Field 1

Field 2

Field 1

] 1 i I 1 1 { 1 1 1 1
Feb Mar Apr May Jun Jul Aug Sep QOct Nov Dec
f e N
(o— ‘*@ L Rk e ’
) s : :
(FEWTILITER] (FERTLUZER, |FERTILITER|
e LR
AR Y A e
/ \ Ponck
7 Tillerng initiation
/ /
/ /
/ /
Seedling /
\
TR ! . . 1 1
] 20 30 40 70 80 90

for 3-3 deys




Eliminate virus sources in
rice and weeds by plowing
down rice stubble and
ratenn.

Piant seedbed in areas as
far as possible from lights
and sources of virus
infection. Lights attract virus-
infected hoppers, nd weeds
are alternative host. f virus
and virus-carrying hoppers

Resistant varieties
Planting a resistant variety is
an effective way of
controlling brown
planthopper.

Brown ptanthopper
numbers decrease on resis-
tant vaneties because of the
presence of toxic chemicals
produced by the plants.

If varieties with the same
genes for high levels of re-
sistance are widely planted,
however, new biotypes or
field populations capable of
attacking he resistant
varieties can develop through
natural selection.

Early-maturing varieties
act to reduce brown plant-
hopper population
development.
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L_ate-moturing variety

Partial
generalion 4

lBrown plonthopper qcnevoﬁon'.':l

Eown planthopner generation 2]

[Browr\ planthopper ganerotion | I

Panicie
initiation

Flowering

Mature gran

Higher planthopper popula-
tions per area occur on high
tillering varieties because of
the increased plant surface
on which to feed.

Biological control. Many
parasites, predators, and
pathogens attack all stages of
the brown planthopper and
effectively control this pest
under most situations.
Improper use of insecticide,
however, can ki!' the natural
enemies and thus lead to
dramatic brown rlanthopper
outbreaks.

EQgs are parasitized by
mymarid, trichogrammatid,
and eulophid wasps.

Mirid bugs and phytoseiid
mites prey on eggs.

Elenchid strepsipterans,
dryinid wasps, and
nematodes parasitize
nymphs and adults.

60

160

High tillering Low tillening
1
'*-* l. -
.y

@ £
N e e
; T b e e

7 '};;l‘ AN L
TN

Anagrus optabilis { Perkins |

{ tymarioge |

e e e

Cyrtortunus ividipenmis { Reuter

{Miridae)

Tetrastichus formosanus {Timberlake )
( Eulophidae )}

S

|

Amblysews nr calorgi {Corpuz B

Rimandn } { Phytoseiidae )

Elenchus yasur.iatsui { Kifune et
Hiroshima) ( Elenchidae )

Echthrodeiphex bicotor (Esckr &
V. Dryimdae)

Heshimote

{ Dryinidcs)

Pseudogonatopus sarawaki { Mocrar)

e i

ﬂoplogonotop_us Sg
{ Dryinidoe)




Aquatic predators under
the water surface (hydrophid
and dytiscid beetles and
damselfly and dragonfly
immatures) and those that
swim on the surface (nepid,
microveliid, and mesoveliid
bugs) prey on hoppers that
Teed near the water or fall
into the water.

Beetles and spiders
actively search the foliage for
brown planthopper nymphg
and adults. Dragonflies and
damselflies prey on moving
adults and nymphs.

Fungal! pathogens infect
brow.) planthopper nymphs
and adults. After the death of
the hoppers, the fungi grow
out of the corpses.
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Monogonatopus orientalis ( Rohwer )
{ Dryinidae)

Pupal cocoon

Hexamermis sp
{ Mermithidce)

Hydrophilus affinis ( Sharp )
( Hydraphilidoe )

Cybister sp
( Dytiscidae)

Pantalo flavescens{Fabricius)
{ Libellulidoe)

Orthethrum sp.
( Libellulidge)

A
VA A

sy

4

Ranatra dimidiata ( Montadon )
{ Nepidoe)

Microvelia douglusi atrolineata
(Bergroth) (Veliidae)

Mesovelia vittigera ( Horvath)
( Mesoveliidae )

Paederus fuscipes ( Curtis)

(Staphyiinidae)

N
L

Micraspis crocea { Mulsant)
{ Coccinellidoe)

¥

i
N
2o

Ophionea ishii { Habu)
{Carabidce)

Callitrichia formosana{Qi)

( Micryphantidae )

Egg cocoon




184 INTEGRATED PEST MANAGEMENT IN RICE

Clubiona :aporicola (Boesenberg
& Strand ) ( Clubionidae)

Neoscona theisi { Walckenaer )
( Araneidae )

Araneus inustus{L. Koch)
{ Araneidae }

Lycosa pseudoonnulata(Boesenberg
8 Strand ) ( Lycosidae }

Crocothemis servilia { Drury)

Agriocnemis femina feming (Brauer)

Beauveria bassiana { Balsamo 8

Erynia delphacis (Hori)

( Libellulidae) { Coenagrionidae) Vuillemin)(_éntomophthoroceoe) { Entomophthoraceae )
'//
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Metorhizium anisoplige ( Sorokin) Hirsutello citriformis { Speare)
( Entomophthoraceae ) ( Stilbaceae )
Chemical control. Granules are less effec-

® /nsecticide application.
Insecticide to control
brown planthopper usually
is not necessary in fields
planted to a resistant
variety.

Apply an effective insecti-
cide un susceptible
varieties whenever the
brown planthopper
population reaches the
economic threshold.

tive than sprays or dusts,
particularly when applied to
older plants with a greater
biomass.




Applying insecticide
when long-winged adults
are numerous will kill
natural enemies and not
the eggs. When the eggs
hatch, most nymphs will
survive,

Applying insecticide
when the population is
mostly young nymphs is
wasteful. Predators
normally will lower their
numbers and young
nymphs cannot camage
the crop.

Insecticide applied to the
tops of plants will not reach
the brown planthopper
below.

Applying insecticide to
fields of rice varieties
susceptible to the brown
planthopper may cause the
number of brown
planthoppers to be higher
than when no insecticide is
applied. This dramatic
contradiction of the
expected outcome is called
resurgence.

Do not apply an
insecticide that causes
resurgence.

e Scouting. Visit the fields
weekly from the seedbed to
dough grain stage.
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Brown planthopper {no )

=== ield not treated with insecticides

I"s~__//

=== Nonresistant rice varieties treoted with insecticides causing resurgence

1 1 i 1 1

20 30 40 50 60 70 80 90

Days after seeding

100 o 120

Damage

Scouting for control

Ponicle

_Ponicl Flowering
initigtion

Maoture grain

60
Days after sesding
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Pick 20 hilis at random
across the paddy. Hit each
hill several times with the
hand and count the
number of mature nymphs
that fali on the water.
Mature nymphs are brown
and immature nymphs are
white.

Deterrnine the average
number of tillers per hill.

No action is reauired
until the number or mature
nymphs reaches one per
tiller. When that occurs,
visit the field every 3 tc 4
days thereafter. If the
population of mature
nymphs increases beyond
one per tiller, spray the
base of the plants.

20 hills
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Seedling

Scout every 3~ 4 days
No conirol necessory

Panicle
initiation

Flowering

Mature grain

Days after seeding




SMALLER BROWN PLANTHOPPER (HOMOPTERA: DELPHACIDAE)

Laodelphax striatellus
(Fa'len) appears like the
brown planthopper but is
smaller.

Pest status

The smaller brown
planthopper transmits black-
streaked dwarf and stripe
virus diseases and remains as
a vector throughout its life
after feeding on one virus-
infected plant. However, it
can be readily controlied with
insecticide.

Itis found in all rice envi-
ronments but is restricted to
temperate climates.
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Translucent wing

White
medion
carlna

! 1 Genitalio
Slender past-tiblal ,* :
spur with very s . \\\
small spines ’}Eluck Y N
Spines / lateral \‘_F/ \
absent / carlno
Laadelphgx striatellus
Potential Prevalence within
severity favorable habitat Control
Abundant most .
Readil — Minor
Moderate + yeorso?ggg large + controlled = pest
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Distribution in Asia.
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Development and actual size
The life cycle of the smaller
brown planthopper is longer
than that of other plant-
hoppers because of the
cooler climates in which it
lives.

Adult. The adults are
smaller than those of the
brown or whitebacked plant-
hoppers. The head is pale
yellow. The thorax at the
juncture of the wings of the
male is black, and that of the
female is pale yellow mediaily
and black along the lateral
margins. There are black
dots between the wings at
the end of the body.

Long- and short-winged
forms occur. Long-winged
adults fly to rice nurseries
and newly transplanted fields
in the spring from winter
wheat, barley, or grasses.

The adults suck plant sap
from the base of the plants.

=

Actual size

Deveigpment

Five nymphal stages

Days

Long-winged

adult adult

Adults are highly attracted
to a light trap. Highest
catches are during full moon.

To deposit eggs, the
female cuts openings in the
tillers with its saw-like
ovipositor.

Each female lays 50-200
&ggs during its lifetime of
about 3 weeks.




Egg. The white eggs are
laid in masses in the leaf
midrib or leaf sheath near the
base of the plant. Each egg is
capped with a smali egg

plug.

Nymph. The nymphs are
light to dark brown and feed
at the base of the plant by
removing plant sap. In winter,
the fourth-stage nymph lies
dormant on alternative hosts.

Damage

The smaller brown plant-
hopper does not usually
damage rice by direct
feeding; however, it is an
impurtant transmitter of two
virus diseases: black-streaked
dwarf and stripe.

Plant hosts. The smaller
brown planthopper utilizes a
number of alternative hosts
especially in winter.
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Microvelia douglas: atrolineata
"Bergioth) (Vetdoe:

Mesovelia vittigera (Horvath)

{ Mesovelidae )

Ctubiona japonicola{Boesenberg
& Strand){Clublonidae)

Lycosa pseudoannulata{Boesenberq

8 Strond)( Lycosldae)

Chemical control.

e [nsecticide application.
Calendar-based
applications of insecticide
to the smaller brown
planthopper during the
early growth stages of rice

e Scouting. Nationwide
forecasting systems on
virus diseases transmitted
by the smaller brown
planthopper make control
efforts more efficient.

There is no economic
threshold for the smaller
brown planthopper.

el N .
. / » 'u"‘" .-

o B o : I AR IO AR
o o R

prevent virus infection,

Repeated foliar sprays
are necessary to protect the
crop.

Transmit virus

Plant sampling and control

Seedling /_ -

Seedbed

Ponicle

initiotion

Days after seeding

Flowering

Mature gran
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RICE WHITEBACKED PLANTHOPPER (HOMOPTERA: DELPHACIDAE)

Despite its common name,
Sogatella furcifera cannot be
distinguished from other
planthoppers in the adult
stage by the white band
along the back (thorax)
between the wing bases.

Several related species
occur in rice fields although

rice is not their principal host.

Each can be distinguished by
wing, head, and male
genitalia characters except
for females of S. panicicola
and S. longifurcifera.

Pale yellow

fo hight brown

of
Sogatslia furcifera (Horvarth) Genitalia
Yellowish
brown cheek
\‘ o Geniﬂmu
Pale yeilow
cheek
\ 4
y AN
Sogatodes pusanus (Distant) U Genialia
- I]]/>< Transporent wing \Af‘l
vmhoui bands

= . Block

Sogatelio panicicola (Ishihara)

Sogatella longifurcifera (Esaki &
lshihoro)

. _[chaek
anicicola

S longifurcifera
genmitalia
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Peut status Potentiat Prevalence wti)fhir:
. i hobi Zontrol
Even though it does ot severity fovorable hobita ontro
transmit virus diseases, the
whitebacked planthopper Abundant some Ready Major
.y High + years in limited + ontrolled =

occurs widely and can areas conirote pest
become sufficiently
numerous to kill plants by

hopperburn. If detected in The whitebacked plant-
time, it can be readily hopper occurs in all rice
controlled with insecticide. environments.
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Distribution in Asia

Development and actual size
Adult. The adults are brown
to hlack with a yeliow body
and a conspicuous dorsal
white band between the
junctures of the wings.
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Both long- and short-
winged forms occur only in
the temale. Males are all
long-winged.

The whitebacked plant-
hoppers feed at the base of
the rice plant.

Long-winged adutts enter
the field during the first 30
days after seeding.

Generations that are
completed on the rice c.op
are fewer than those of the
brown planthopper. The
whitebacked planthopper
prefers a younger crop and
produces long-winged
migratory forms before the
plants flower.

Adults are highly attracted
to a light trap. Catches are
highest during full moon.

Lang-winged
adult

Short-winged
adult

!

Generation 2

Generation |

Seediing / :

Ky

Seedbed

Ponicle
initution

Days aoffer seeding




Each female lays 300-500
eggs during a lifetime of
about 2 weeks.

Egg. The eggs are similar
in size and shape to those of
the brown planthopper, but
the egy plug is longer.

Nymph. Young nymphs ot
ail planthoppers appear white
and cannot be differentiated
by species in the field.

Older nymphs of the
whitebacked planthopper
have distinctive black and
white spots on the top of
their abdomen.

Darmage

Nymphs and adults suck sap
from the base of the tillers.
Honeydew production is less
than in the brown plant-
hopper; consequently, sooty-
mold on plants is less of a
symptom of damage.

High populations reniove
enough sap ‘0 cause the
plants to turn orange-yeliow.
Later. the leaves dry and turn
brown

Plant hosts. The
whitebacked planthopper has
a wide host range

Fimbristylis
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Echinochioa

Millet

Hopperburned plants
initially occur in small
patches in uie field. The
patches coalesce if the
population continues ‘o
increase. Damage is most
common during the eariy
reproductive stage.

The whitebacked plant-
hopper does not transmit
virus diseases.

Wild rices
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Management
Cultural control. The cultural

FIRST CROP SECOND CROP

control methods effective
against the brown
planthopper also control the

Field 1 Field 1

whitebacked planthopper.

Field 2 Field 2

K Notice >

Field 3 Field 3

Time

—

Resistant varieties. No re-
sistant varieties are
commercially available for
whitebacked planthopper.

Plant
Resistance

Because the whitebacked
planthopper disperses from
the crop between booting
and flowering, early-maturing
varieties can reduce the
number of whitebacked
planthopger generations.

Early-maturing variety

l Planthopper generation2

L Planthopper generation l

Panick: Flowering Mahsre gran

imhaticn

Seedling

Days ofter seeding

Lote-maturing variety

[ Planthopper generation 3 ]

l Planthopper generation 2 ]

Planthopper gereration | ‘

Ponicle
imitiation

Flowering

I T
60 80

Days after seeding

High-tillering varieties
allow higher numbers of
adults and nymphs on a per-
area basis than low-tillering
varieties.

High tdlering

Low tillering
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RICE GREEN LEAFHOPPERS (HOMOPTERA: CICADELLIDAE)

Four species ot rice green
leafhoppers in the genus
Nephotettix are commonly
found in Asia. They are N.
virescens (= impicliceps),
N. nigropictus (= apicalis),
N. malayanus, and N.
cincticeps.

Pes! status

Adults and nymphs transmit
several serious virus
diseases. When their
populations are high, they
directly damage rice olants.
Green leafhopper
populations can be reaaqily
controlled with resistant
varieties or insecticides, but

By allowing year-round
rice cropping, irrigation has
increased the impcrtance of
these pests. They are
generally not prevalent in

Nephotettix cincticeps

(Uhler)

Nephotettix nigropictus

(Stat)

Nephotettix malayanus
{ ishihara et Kawase)

Nephotettix virescens
{ Distant)

ﬁelock band

v

Green wing

Potentia!
severit

Prevalence within
favarable habitot

High-wirus
transnisston

Abundant rmost
years over large
areqas

prevention of virus infection

is difficult when insect
numbers are high.

upland rice.
Green leathoppers are

more abundant in the rainy

season and on vigorously
growing rice crops.
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Distribution in Asia. N. N.virescens, N. nigropictus,
cincticeps is confined to and N. malayanus are
temperate regions whereas tropical species.
75 v ~Z - v
,»’“\j\’\_, ’ P N \ ’
_f\. CRUVYRE) ,[; _/A\. MUONGER e [;3 s
O f‘"rf‘ — o LR O f‘f . o~
S N e ek B e £ < b
- £8OF : y o v,
\(./"/ysl,\, PECPLEE BEFUBGLL S Lena ﬁﬂdnm L~ M PECPLTS REFU I (F Crind e
AN \LFF,MA:'-.E'AI: , 5\ v AN ur.»wjuu/ - -
Z ¢ FwsTEN N

‘{) AL,
A\

Nephotettix cincticeps ] Nephotettix virescens A

AusThaLA

[N \
—_— . ‘
- T - -
2N PRSP L -

M TAMES
aEE o
PTRY
~
wew o
7’11/) A shvin

)

PP RE B b Ol

e TaN

[N
Nephotettix nigrapictus L ™
- [
g
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Development time for all Vo actaat e
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similar temperature regimes.
The duration of the life ) ) ¥ l
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Five nymphal stoges
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Adult. Adults are pale
green and may have black
markings on the head or
wings. They are highly
mobile and fly when
disturbed in the field.

Adults can fly long dis-
tances, but movement is
normally confined to several
kilometers.

The leafhoppers migrate
into the field soon after the
seedlings emerge and are
most numerous during the
vegetative stage. Adults feed
and rest on the upper
portions of the rice plant.

There are no short-winged
forms in leafthoppers. Each
female lays several hundred
eggs in an average !ife-span
of 3 weeks. Females mahe
openings in the tillers with
their saw-like ovipositors.

Egg. Freshly laid eggs are
white or pale yellow, but later
turn brown and develop red
eyespots.

Aduly

Adults are highly attracted
to a light trap. Catches are
highest during fuill moon.

Eqg




Young plants are preferred
for egg laying. Eggs are
deposited in leaf sheaths or
midribs near the base of the
plant in batches of 8-16.

Nymph. The yellow or pale
green nymphs are most
numerous during the tillering
stage.

They are usually in the
upper parts of the plant in the
morning and move to the
lower parts in the afternoon.

Damage

Green leafhopper aduits and

nymphs disperse in response
to crowding and rarely reach
the high densities necessary

to cause hopperburn.

Nymphs and aduits suck
the sap from the leaves and
tiltars with their sucking
mouthparts. Their feeding
can stunt plant growth.

More serious than direct
feeding injury are the virus
diseases transmitied by both
the adults and nymphs.
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N. nicropictus is less

eftective than the three other

species in virus diseace
transmission.

Plant hosts. N. cincticeps

High

Ability to
transmit
virys

d N. virescens are mor Low ‘ ,
an g vire . ens are more N virescens N. cincticeps N.nigropictus
specific to rice than N. - ~Tond A
nigropictus or N. malayanus. N malayanus

Nephotettix cincticeps

Rice Echinochloa

Echinochloo

Nepho?et_ti_x nigropictus

£z
A,

PRI

Rice Echinochlog Learsig Wild rices

t.ephotettix malayonus

Rice Echinochloo Leersio




Management

Cultural control. Grow no
more than two rice crops per
year. Create rice-free periods
by synchrorious planting,
using eariy-maturing
varieties, and plowing down
stubble after harvest to
minimize green leafhopper
populations and remove virus
sources from the field.

Covering a seedbed with
mesh cloth prevents hoppers
from transmitting viruses at a
time when the crop can be
most zeverely infected.

Place seedbeds away from
lights so as not to attract
virus-infected hoppers.

Virus-infected hoppers
also breed in weedy areas:
therefore, set seedbeds away
from weeds.

Resistant varieties. Many
varieties resistant fo green
leafhoppers are con'mercially
availabla.

Few varieties are resistant
to the virus diseases, but
widespread planting of green
leathopper-resistant varieties
is normally effective in
minimizing virus incidence.
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Early-maturing varieties
reduce the period for green
leafhopper population
increase, but will not directly
prevent virus infection.

E.arly-maturing variety

[Leofhopper generahon 3 j

I Leafhopper generation 2 l

Leafhopper generation

]

Panicit Flowering
nitiation
Seedling -~
/,/é.\/ \\ /
[
/ 7,
}7’ AL
I T
20 40 €60 140
Days after seeding
Late-matunng variety [ teafhopper generation 4 l
I Leafhopper generation 3 l
I Leafhopper generation 2 [
Leafhopper genergtion | i ‘
Ponicie Flowering Mature grom
inHiation

[ e

T

T
40 60 en 100

Days after seeding

T
120 130 140

Biological control. Green
leafhoppers are normally I
held in check by the activities ;
of parasites, predators. and
pathogens.

Eggs are parasitize': by
trichogrammatid and
mymarid wasps and preyed
upon by mirid bugs. i

Pgracentrobio andoi { ishi )

{Trichogrammchidae )

Ohigosita neias { Grault)

( Trichogrammatidae)
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Anagrus optcbilis { Fericns )

{ Mymandce

g}_ogu1oceru3 <D
(Mymaridong )

Cyrtorhinus lividipennis{ Reuter)
(Miridae }










A similar choice of
protection should be
sought immediateiy before
transplanting. Soaking
seedlings in insecticide
solution for 6-12 hours
before transplanting gives
protection tor 20 days,
whereas soil incorporation
or broadcasting of systemic
granules protects the crop
for 40 days.

e Scouting . If a susceptible
variety is used and
preventive insecticide
applications are not carried
out, the crop should be
monitored for green
leafhopper activity.

Green leafhoppers
should be monitored in the
crop from the seedbed to
panicle initiation.

Individual seedbeds and
fields can be sampled with
a sweep net to determine if
chemical centrol is
necessary. Sampling
should be done in the
moining.

A sweep net is parti-
cularly effective in catching
green leafhoppers because
they feed on the upper
portions of the rice plar .

Swing the nat in a “brush
stroke” (following the arc of
a pendulum) for each
sweep.
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Sample twice each week

1 1 | 1

30 40 50 60
Days after seeding

The bottom of the net
should penetrate the rice
canopy during a sweep.

Make 10 sweeps (a sweep
is one pass of the net across
the plants, either to or fro)
while following a diagona!
line across the paddy.

Take sweep net samples
twice a week, from the seed-
ling stage to panicle
initiation.

Count both nymphs and
adults.
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If a sweep net is r.ot
available, plant tapping can
be used. Each week
rando iy pick 20 hilis
across the paddy. Slap the
piants with force several
times with the paim of the
hand. Count both adults
and nymphs that fail on the
water.

Cailculate the average
green leathopper number
per hitl.

Spray a systemic
insecticide when the
economic threshold is
reached.
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RICE ZIGZAG LEAFHOPPER (HOMOPTERA: CICADELLIDAE)

Recilia (= inazuma) dorsalis
(Motschulsky) is a pest
mainly because it transmits

virus diseases. The adult has

dark zigzag markings ori the
wings. Other leafhoppers
having zigzag wing patterns
— Scaphoideus,
Deltocephalus, and Eutettix
are found in iight trap
collections but do not feed
on rice. The zigzag patterns
are more obvious on these
species when they are wet.

Pest status

Zigzag leathopper can
transmit tungro, dwarf, and
orange leaf virus diseases. It
plays a minor role as a pest
because its population is
generally low.

It occurs in all rice envi-
ronments but transmits the
virus diseases only to
wetland rice.

et ' .
FN“"”

gl
'
gl

Uniand

Distribution in Asia

]

|
i
|

Reucil:a dorsalis
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Scaphoideus morcsus

Deltocephalus or yzoe Eutettix sp

{Motschuisky) Melichar Matsumura
Dorent o Prevalence within
cever vy favorable habitat Controt
Rarely Readily — Minor
Moderate + aburdant + controlied = pest

The zigzag leafhopper is
particularly abundant in the
early rainy season.

' Ty
Nvid

Fainfed wetland
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Development and actual size

Actual size
Adult. The adult is readily
recognized by the ' |
characteristic zigzag white
and brcwn pattern on the
front wings. Jevelopment
Deveicpment Five nyrnphal stoges
("
jom— . ——————
Eqy
Young nyrnph
Mature nymph
Lduit
t |
0 2
Days

The adults are highty
mobile and enter rice fields in
the early growth stages.

The zigzag leafhopper is
highly attracted to a light trap
and catches are high during
a full meon.

Each fernale may deposit
100-200 eggs in its lifetime of
10-14 days. 7o lay eggs. she
cuts openings in tillers with
her saw-like ovipositor.

Egg. The white eggs are
laid individually in the leaf
sheaths.

Nymph. The yellowish
brown nymphs are found
both on leaves in the upper
parts of the plant and on
tillers near the base of the
piant.

Nymphs are usuaily more
numerous during the
vegetative stage of rice.
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Damage

Nymphs and adults damage
the plant by sucking sap from
the leaves and leaf sheaths.

Damaged plants have
dried leaf tips and leaf
margins show orange
discoloration.

Later, the who.e leaf
becomes orange and the leaf
margins curl.

Damage symptoms appear
first on older leaves.

Young seedlings wilt and
die when the hopper attacks
in large numbers.

The zigzag leathopper
transmits rice tungro, dwarf,
and orange leaf viruses.

Plant hosts. Alternative
hosts are in the grass family.

}

Rice Echinochroa Lsersia wildrices

Management T
Cultural control. Grassy 1Y - ‘c'is T Ll

weeds and volunteer rice in
fallow fields allow the zigzag
leafhopper and the viruses
they transmit to exist
between rice crops.

S o
=

Keep fallow fields free of
vegetation between rice
crops.

Establish seedbeds away
from weedy areas or lights.







Record the number of
zigzag leafhoppers from 20
randomly selected hills
across the field.

Calculate the number of
zigzag leafhoppers per
tiller.

Spray insecticide when
the economic threshold is
reached.
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RICE WHITE LEAFHOPPER (HOMOPTERA: CICADELLIDAE)

Cofana (= Tettigella =
Cicadelia) spectra (Dis:ant) is
the largest of the rice
leafhoppers and is entirely
white. Other leafhoppers of
minor importance include the
rice orange leathopper Thaia
oryzivora Ghauri and the rice
biue leathopper Zygina
maculifrons (Motschulsky).

Thaia oryzivora Ghauri quo maculifrons ( Motschuisky)

( Cicadeilidae) (Cicadellidae)

Nisia atrovenosa, which
resembles white leafhopper
in appearance, also occurs in
rice fields. It is neither a
delphacid planthopper nor a
cicadellid leafhopper and
feeds on grasses and sedges.

Leafhoppers have tibial
spines and planthoppers
have a tarsal spur. Nisia

prasent

Granulate
. ond veln

,/% A

~ Mcblle

\

atrovenosa has neither of & & Posttiblal Mobils setae
it 2 sour setae absent
these characters and belongs i P " peesent
to the family Meenoplidae. prosent Posttibial
The biology, damage, and uﬁsem
management of only the ric i \ ;
a. gle fe t .?/t e Nisia E!LOVLnOSO‘(Lefh'B”Y) Plcnthopper Leafhopper Ls0ihopper
cv;/‘hlte eadhopper will be ( Moenoplidae) { Delphacidae) {Cicadellidae)  Meenoplidoe)
iscussed.
Pest status Pofential Prevaience within
The rice white leafhopper severity favorable habitat Control

rarely occurs at population
levels that cause yield loss Rorel Reodl .

and does not transmit any Low + Shordy ¥ controlind = “g;l‘i'
virus diseases.

The white leafhopper rainfed wetland rice and is
occurs in all rice more abundant at the end of
environments, but is the rainy season.

particularly associated with
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Dictribution in Asia. v S
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Development and actual size

Actual see
Adult. The large aduits are p 7
grey-white with prominent * ﬁ
wing veins.
Development
Five nymphal stages oy
- AR— 1
Eo9 Young aymph
Malure nyrnph
Adult Adult
| | 1 1
0 6 26 48

Adults rest on the lower
surfaces of leaf blades or on
tillers near the base of plants.

They are agile insects and
hop away when disturbed.

Adults are highly attracted
to a ligiht trap at night.
Catches are abundant during
a full moon.
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£ach female may lay 100-
200 eggs during its lifetime of
3 weeks.

The female cuts into rice
tillers with her saw-like ovi-
positor to create an opening
in which to iay eggs.

Egg. The elongate white
eggs are laid in ieaf sheaths
in rows of 10-15 at the base
of plants above the paddy
water.

The femaie cuvers the egg
masses with a chalky
substance.

Nymph. The pale orange
nymphs feed on tillers just
above the water line.

Damage

Adults and nymphs suck sap
frotn the plants, causing the
tips of leaves to dry up. Later
the whole leaf turns orange
and curls. Piant growth
becomes stunted.

The white leafhopper does
not transmit any plant
viruses.

Nymph populations
usually build up during late
tillering and reproductive
stages of rice growth.

Plant hosts. The white
leathoppper breeds on an
array of plants in the grass
family.

Rice Wheat Barley Sugarcane




Management

Cultural control. Practice
clean culture by removing
weeods from fields during the
rice crop and from rice fields
during fallow periods.

Biological controi. The
action of a wide array of na-
tural enemies attacking all
growth stages normaliy
keeps the white leafhopper
populations below economic
threshold levels.

Eggs are parasitized by
tiny mymarid wasps and are
preyed upon by mirid bugs.
Young nymphs fall prey to
aquatic veliid and mesoveliid
bugs. Strepsiptera are
commonly found as internal
parasites of older nymphs or
adults. Web-building and
hunting spiders capture
many flying aduits.

Chemical control.

® [nsecticide application.
Insecticide spray or dust
formulations are preferred.

Granules are not

effective because the white
leafhopper is abundant
when the plants are fully
grown and are too large.

Echinochloa

Elousine
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Leersla

Plant

Resistance

Gonhatocerus cingulatus{ Perking)

{ tymaridae)

Resistant varieties. No re-

sistant varieties are
commercially available.

Cyrtorhinus lwidipennis  Reuter

‘TMmdue )

_

Microvelia douglasi ctrelineata
(Bergroth] | Veliidae)

Mesovelia vittigera ( Horvath}

{ Mesoveiidae )

Halictophogus spectrus Yang

( Hatictopheaidae)

Araneus inustus { L Koch )

L ( Araneldce } ]

e e e e e




220 INTEGRATED PEST MANAGEMENT IN RICE

¢ Scouting. Begin scouting
weekly from the
midvegetative period until
after fiowering.

Seedped

[ Damage

[ Scouting for control -I

Panle
inthation

Record the number of
leafthoppers on 20

randomly selected hills
across the field.

Determine the average

number of white v
leafhoppers per hill.
Apply insecticide when
the economic threshold is 451
reached.
30 -

Lesthoppersiog /il

&0

Flowerng

Mature grain
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P‘est status ) Potental Prevalence within

Yield loss from rice bugs that severity favorable habitat

feed on grains normally is

minimal because their Abundant most
popuiations are highly Moderare + years over large +
variable, and damage occurs areas

only during a short segment
of crop gtowth. Rice bugs are
found in all rice
environments, but are mare
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Factors that cause high
rice bug populations are
nearby woodlands, extensive
weedy areas neart rice fields,
and staggered rice planting.

Lustribution in Asia

prevalent in rainfed wetland
or upland rice.
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Development and actual size
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Achol size

Development

Five nymphal stages

Mature nymph

Adult

Aduilt. Adults are slender,
have long legs and antennae,
and brown-green bodies.

Rice bugs become active
when the monsoonal rains
begin.

They complete 1-2

Oays

W,

Adult

generations on alternative
grassy weed hosts before

migrating to rice fields during

the flowering stage.

Rice bug generation 2

Rice bug generation 1

Rice bug generation 3

Flowering
vl XA4

Doys after seeding

Do.mancy
1} 1
LA
120
i
Mitking
st
e Mature
' grain
I
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When disturbed, adults fly
and give off an offensive odor
from scent glands on their
abdomens.

Adults are active in the iate
afternoon and early morning.
They rest in grassy areas
during periods of bright
sunshine.

During the dry season,
adults move to wooded areas
where they remain dormant.

They are not readily
collected in a light trap at
night.

Each female may lay se-
veral hundred eggs during a
lifetime of 2-3 montns.

Egg. The dark red-brown,
disc-shaped ¢ggs are laid in
batches of 10-20in 2 or 3
straight rows along the
midrib on the upper surface
of a leaf.

During hatching, the upper
half of the egg breaks away,
leaving a distinct hole.

Suntise

Sunset

T XL G0

Erys

Nymph. The brown-green
nymphs aggregate on rice
plants. They blend with the
foliage and often are
undetected.




Damage

Nymphs and adults prefer to
feed on the endosperm of
rice grains but also suck
plant sap.

They have sucking mouth-
parts. To feed, they secrete a
liquid 1o form a stylet sheath
that hardens around the
point of feeding and holds
the mouthparts in place.
Stylet sheaths are white and
can be seen with the naked
eye.

Rice buigs do not bore a
hole through rice hulls as do
other rice seed bugs. They
enter the rice grain through
the space between the
lemma and the palea.

Stylet sheaths left after
teeding can be found in that
section of rice grains.

Both nymphs and adults
feed on rice grains. They
prefer rice at milk stage but
will also feed on soft and
hard dough rice grains.
Growing nymphs are more
active fooders thon auuits,
but adults cause more total
damage because they feed
over a longer period of time.
Removal of the liquid milky
white endosperm results in a
smaller grain.

Rice bugs do not directly
cause unfilled grains because
they cannot remove ali the
liquid endcsperm from a
developing grain.

When rice bugs feed on
soft or hard dough endo-
sperm in a solid state, they
inject enzymes to predigest

Plant hosts. Many grasses
act as alternative hosts, but
rice and Echinochloa are the
most important.

Stylet sheath

Lemma

Betore milling

A
v

\
|

./

Undamaged

Damaged

After milling

Undamaged

Damaged

Echinochloa
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the carbohydrate. In the
process they contaminate the
grain with microorganisms
that cause grain discoloration
or pecky rice.

Damage from feeding at
this stage impairs grain
quality rather than reduces
grain weight.

Pecky rice grains are more
liable to break during milling
and form broken rice.

Farmers in most countries
do not realize monetary loss
from pecky rice as this
aspect of grain quality is
usually not checked when
the crop is sold.
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Management

Cultural control. Eliminate
grassy weeds from the rice
field, levees, and surrounding
areas.

Avoid staggered planting
of fields in an area.

Resistant varieties. No re-
sistant varieties are
commercially available.

Awned varieties are not
resistant to rice bugs.

Biological control. Small
wasps parasitize the eggs.

A parasitized egg shows a
distinct hole where the wasp
has emerged.

The meadow grasshopper
preys on rice bug eggs.

Spiders prey on nymphs
and adults.

Fungi infect both nymphs
and adults.

FIRST CROP

Field 1

SECOND CROP

Field 2

Field 1

Field 3

Field 2

Field 3

Time ———p»

Plant
Fesistance

Lemmo

Gryon nixoni (Masner)
( Scelionidoe)

Emargence hole of nymph

Normal egg

Emergence hole of parasite

-

Parasltizad egg

I
T e

> T ——

T - e

Conocephalus longlpennis { Haoan )
( Tettigoniidae )

Neoscora theisi {‘Nalckenger )

( Araneidue)

Argiope catenulata ( Doleschall )
{ Araneidae )

Tetragnatha javana ( Thorell )
{ Tetragnathidae )

‘F.

(‘ W

v

Beauveric bass.ana { Bulsarno &

Vullermin){ Enfornophthornceae)




Chernical control.

e Inseclicide application. The
rice bug is readily
controlled with spray or
dust formulations.

Granular insecticides are
ineffective.

® Scouting. Scout the fields
beginning a week before
the rnilk stage and continue
twice weekly until hard
dough stage.

Sample early in the
morning or late in the
afternoon from 20
randomly chosen hills
across the fieid.

Record the number of
rice bugs per hill and apply
insecticide when the
economic threshold is
reached.
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Centrol necessary
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No control necessary

Soft
dough

Hard
dough
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Scouting |
for_control

Flowering
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Mature grae
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RICE PANICLE MITE (ACARINA: TARSONEMIDAE)

Steneotarsonemus spirki
Smiley is a mite that is more
closely related to ticks and
spiders than to insects. It has
four pairs of fegs and an
unsegmented body. Mites are
extremely small and only
someone with a trained eye
can recognize them in the
field. Because of then size,
they are often overlooked as
the cause of stertle panicies

The miost cammaonly
known mite pests on nice are
the red spider mites. As thor
name implies, these mites are
red and spin silk webs They
are most commonly
encountered in greenhouse
cultures of nice, but are rarely
pesis in the field.

Pest status

The panicle mite causes
unfilled grains and cariies
sheath rot fungus. its
population is normally held in
check by natural enemies.
Control by chemicals is
difficult. In tact, the mite’s
emergence as a pest has
been associated with heavy
usage of insecticide.

My PR .

M vy B 8k 1/
o IR LT e L
RASN RN ST RS R v

’

Oligonychus or yzaz
( Tetranvehidoe

Fotentio!
SNenty

High +

{ Hirst)
)

Prevalence within
favorable habitot

Rarely
abundant

Control

Uif ficult

The mite is most ahundant
¢n the second crop of rice or
on a ratoon. As a pest, it is
associated with irrigated rice.

- Minor
pest

e,

l ]

Lptaret

Distribution i Asia. The
panicle mite 1s probably moie
widespread than the records
indicate.




Deveicpment and actual size
The life cycle is longer in
tempearate environments.

Adult. The tarsonemid
mites are transparent and
slightly brownish. The male
and female distinctly differ in
body shape, but earh has
four pairs ot legs. The hind
pair in the male are used as
pinchers for defense; those in
the female are reduced in
size.

Aduits are most common
in the air spaces within the
upper parts of leaf sheaths.
Only when their numbers are
high do they go to the
panicles.

A temale will lay about 50
eggs in its lifetime of 5 days.
Nonfertilized eggs become
male mites.
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Actuol size

Development

Cannot be seen with naked eye

One nympha! stage

Nymphat resting
penad

Female
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Egg. The oveid eggs are
white or opaque and are
deposited singly in the air
spaces of leaf sheaths, within
a colony of mites.

Colony of
panicle mites

Nymph. Unlike the adult
female, the elongate nymph ? ?i
has only three pairs of legs. %j@ }

Nymphs are transported

by male adults. }

The nymph enters a one- d :
day resting period before i\
becoming an aduit. /r“

/
Nymph

Damage

With their needle-like
mouthparts, the mites
remove plant sap from within
leat sheaths. The result is
elongated dark necrotic
streaks that can be seen on
the outer surface.

Needle -like
structure

When their numbers are .
high, thg mites crawl up to “' Unflled grams
the pam.cle and feefj on ';f/ F e grans
developing rice sgielets, M Y.
thus causing empty grains. Y j i ’__A‘rﬁ}s,{

; ) b Y .

Panicles with many N R e ,STA\;&.\
unfilled grains remain erect (%11 ,4,‘-";5; Y (S:f
in the field while undamaged v é" Hie TR Y,
panicles bend because of \ ,/ Vo :‘3 Damaged Normal
their weight. \g e J

/"//

Feeding causes distortion,
shrinkage, and discoloration
of filled grains.
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The panicle mite carries
the resting stage (conidia) ¢ f Coridio of
the sheath rot fungus. sheath rot

Management o

Cultural control. Create a DRY SLASON CRoP WET SEASON CROP
rice-free period by plowing H e .

down rice stubble between Field 5 Field 5

crops and planting

cvsgg;]sbg;iggcfri]egz;ithin3 Field 4 Ic Field

Field 3 Field
Field 2 Field
Field 1 Field

| ] 1 L 1 | 1 t l L 1
Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

- NN

Resistant varieties. No re-
sistant varieties are
commercially available. PI nt

Resistance

Biological control. Several
species of predatory mites
normally maintain the panicle
mite at subeconomic
numbers.

Ambiysaius sp A Amblyseius sp B
( Phytossiidce) { Phytoseiidae )

An internal parasitic
protozoan also reduces Protozoan parasites
panicle mite numbers.
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Chemical control.

¢ Acaricide application.
Foliar spraying is the only
proven method of applying
acaricides (pesticides that
kill mites).

Minimize acaricide usage

to conserve the number of
beneficial predatory mites.

¢ Scouting. No economic
thresholds have Leen devel-
oped for the panicle mite,
but monitoring leaf sheath
damage may indicate
whether a problem is
developing on the second
crop or ratoon.

Scouling
for control

Ponicle
tnitiation

CLamage

Flowering Maiure gisin

Days ofter saeding



DISEASES




Rice Diseases

A disease i1s an abnorimal
condition that injures the
plant or causes it to function
improperly. Diseases are
readily recognized by their
symptoms — associated vis-
ible changes in the plant

Various agents, acting
gither singly or in combina-
tion cause diseases. The
agents can be biotic (living)
or abiotic (nonliving). Living,
disease-inciting organisis
are called pathogens.

The pathogens of nce Jdis-
eases are bactena, fungi,
nematodes, viruses, and
mycoplasma-ilke organsms.

These pathogens cause
visible disease symntoms on
the entire plant, or on indivi-
dual plant parts such as
leaves, stems, leaf sheaths.
panicles, or grains.

Rice disease symptoms
can be cateqorized in several
groups
1. Overall dwarfing or stunt-

1ing of the plant,

2. Changes in color, such as
yellowing or chlorosis,

3. Necrosis or death of the
tissues (leaf spot, streak,
scald. etc),

4. Willing A 1e to interference
In water movement within
the plant.

5. Unusual development or
transformation of urgans
(false smut, kerriel smut,
etc.).

A disease is the result of
the interactions between a
pathogen and a host in a
favorable environment. A dis-
ease generally ocoeurs
recause the host cultivar is
susceptible. the pathogen
strionas wiralent, and the
crivironment s favorable. An
understanding of the disease
“triangular relationstup” helps
control the disease.

Host
I AN
// \;\

Pathogen—~Environment

An epidemic or serious out-
break of a disease occurs
when a disease increases

RN ST T i

eI

3 ” LY B . K3 . .
Sl v W okl wadis e

over time in a crop
population

Cultural conditions and
cultural practices may influ-
ence disease incidence and
severity. Blast disease 15
more severe in upland thann
lowland growing conditioins.
Nitrogen fertibzer affects
blast deveiopment. The
greaier the rate of nitrogen
application. the more severe
the disease

The biotic environment
may mfluence disease
Tungro incidence and spread
ncrease with anaincrease in
number of its vectar, the vitu-
Alerous green leathopper. As
vectors, the adult insects are
three times more efficient
than nymphs. The mcidence
and spread of rue virus dis-
cases in the tropies are
deternnned by the dispersal,
movement, and migration of
viruhferous vector insects

Host-plant resistance can
control plant diseases But
certam pathogens such as
those that cause blast dis-
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ease are extremely variable;
thus, they can shift rapidly
and shorten the effective life
of aresistant cultivar.

Varietal resistance is essen-
tal as the base of effective
disease control, but other
control measures such as
chenicais are sometimes
necessary. Vanetal resistance
to bactenal blight and grassy
stunt lasts longer than resist-
ance to blast.

A high levei of resistance
to certain nice diseases such
as sheath bhght and stem rot
has not been dentified in
modern rice cultivars. Cultu-
ral practices and chermicals
are presently the most impor-
tant methods for controlling
those diseasca.

Discases that progress
stowly are gencerally man-
aqed more easily than those
that progress rapidly. The
management of rapid-
spreading diseases is difficult



238 INTEGRATED PEST MANAGEMENT IN RICE

RICE BLAST

Rice blast is caused by the
fungus Pyricularia oryzae.

it is one of the most de-
structive diseases of rice,
causing as much as 50% crop
loss in areas where severe
outbreaks occur.

5 " ‘7%

OEM PEa g
Qe of Iy

LYRALLISES

Symptoms

¢ The fungus produces spots
or lesions on leaves, nodes,
and parts of the panicles
and grains. The spots are
elongated and pointed at
each end.

e Severely infected leaves are
kiited.

@ The size and shape of the
spots vary on different rice
varieties.

¢ Infected nodes turn black-
ish and break easily.

¢ Any part of the panicle may
also be infected.

* When the base of the pani-
cle is attacked. it turns
brown and the stem usually
breaks just below the
panicle.
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Disease cycle

e The spores are released by
dew or rain and are carried
in the air to other plarts.

e Then the fungus procuces
fore spores.

¢ Airborne spores called
conidia land on rice leaves.

¢ The spores germinate and
the fungus penetrates the
leaf surface or enters the
leaf through the stomata.

¢ The fungus grows and pro-
duces leaf spots after 4-5
days.

Factors favoring the development and sevarity of rice blast

* A high amount of quick-

acting fertihzer. such as

Blast spores are present in
the air throughout the year
in the tropics, and the dis-
ease develops continuously
Seedlings in the tropics are
often severrly damaged, but
severe infection after trans-
planting is rare.

Blast damages dryland rice
more severely than it does
wetland rice

ammonium sulfate. JNOUNN when leaves are covered
. 3 A Y N
s Cloudy skies, frequent rain, U PN with dew,
and drizzles N Nf N
£ e .

* A relative humidity of 90%
and higher. Long periods

MODERATE 3LAST DAMAGE

[Jamaoge

1

40 60
Daoys of ter seading

80

100 120

Control

Resistant varieties

¢ Planting resistant varieties
is the most practical and
economical way cf control-
ling rice blast.

Chermical control

¢ Several fungicides will con-
trol nice blast on leaves and
panicles. For technical and
economic reasons, chemi-
cals are not widely used for
blast control in the tropics.
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Cultural control

¢ Raise seedlings in wetland
conditions.

® Avoid excess nitrogen
fertilizer.

o Split fertilizer applications.

. ij
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- Avoid excess nitrogen fertiizer
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SHEATH BLIGHT

Sheath biight is caused by
the aerial form of the fungus
Rhizoctonia solani. It occurs
both in the tropics and in the
temperate areas. Severity of
the disease depends on culti-
vaticn, land preparation, var-
ieties, crop management, etc.

Symptoms

\ 3
¢ Sheath blight causes spots o 3 ,
mostly on the leaf sheath, / i i
but spots may also occur (’)’& N
on the leaf blades if condi- A\ 72BN
tions are favorable. rf,&%

¢ Many of the plant's leaves
are killed during severe
infections and yields may
be reduced 20-25% if the
disease develops at booting
stage.

¢ Infection bodies called scle-
rotia form on the spots.
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ways and m wes up
plants.

e The fungus grows on the
plant.

¢ The disease spreads side-

the

e Sclerotia develop on lesions
and drop to the soil.

¢ The sclerotia germinate and

¢ The fungus survives in scle-
rotia in the soil. The sclero-
tia float to the water surface
durmng land preparation.

the fungus penetrates the
plant.

¢ High temperature and
humidity

e High levels of nitrogen
feriilizer

e Growing of high yielding
improved varietios

e The disease is usually first
observed in the field after
plants reach the maximum
titlering stage. Disease inci-
dence increases as the
plants grow older.

G
b

~F A

Level of disease
Highr——~ "~

oW

40

Days after seeding

L 1

100 120 1ac
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Control

—

Resistant varieties

¢ No variety has a high level
of resistance to the disease, ..
but some moderately resist- o
ant varieties have been T
selected.

hon, praspr
an Py
Al

Chemicals

® There are fungicides effica-
cious in controlling the
disease.

~ Sprays should be applied
on the leaf sheath when

infection Is at the maximum
tillering stage, and again at
the booting stage.

1\6‘ 4: i \"x
[,

i

Days ofter seeding

BAKANAE

Bakanae is caused by the
fungus Gibberella fujikuroi.
Severe damage frorn the dis-
ease is rare, but ciop losses
up to 20% may occur in out-
break areas.
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Symptoms

e Infected seedlings may die
during the early tillering

stage.
\ | Ay ¢ Plants infected late in the
i\ n'an season produce only a few
} \{ y N S T tillers and bear empty
= GRS 4y by 1 r panicles.
- LIRS I B ﬁ
SEEDBED
[smproms LATER SEASON SYMPTOMS
1 1 1 i 1
0 20 a0 60 80 100 190

Days ofter seeding

* The disease causes an plant, in the seedbed or
abnormal elongation of the  later in the season.

Disease cycle

® The fungus survives
Letween crops and is car-
ried by infected seeds.

¢ When flowering rice plants
are infected, they may pro-
duce infected seeds.

¢ The spores are carried to
other plants by wind or
water.

® The fungus infects newly
germinated seedlings.

¢ Small infection bodies
called spores are produced
on diseased and dying
stems.

® The fungus grows inside
the plant and moves to the
stem.
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e The development of baka-
nae is favored by high

temperatures and high lev- ont (‘*'\(]’
els of nitrogenous fertilizer. i 1IN/ N
27-30°C ‘) \, - /g
N N
\*N : iN/
FoAdy F
Control
-
Resistant varieties .
e Some varieties are more Fungicide
susceptible to bakanae than
others. Do not plant a sus- @ -

ceptible variety in areas

e

where the disease is zevere
and do not use seeds from
infected fields.

Chemical control

¢ The disease can be effec-
tively controlled by treating
the seeds with fungicides
betore planting

BROWN SPOT

The brown spot disease of
rice is caused by the fungus
Helminthosporium oryzae.

The disease is commen in
soils that are noorly drained
or Jeficient in nutrients. It is
often difficult to separate the
losses caused by brown spot
from those caused by soil
deficiencies.

The disease is rare in rice
crops grown on fertile soil.

Symptoms

® The most common symp-
toms are spots on the leaf
and glumes or grains in the
panicle. A fully developed
spot has the size and shape
of a sesame seed.

¢ Seedling blight may occur
in seedlings grown from
heavily infected seeds.
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¢ Grain becomes infected
when the disease develops
in the panicles.

* The spores germinate and
infect the plant's leaves or
panicles.

e The disease is transmitted
by infected seeds.

or coleoptile.

¢ As the rice grows, spores
are formed on leaf spots.
These spores are then
blown to the leaves and
panicles of other plants.

e The candition of the soil is
important in regulating the
severity of brown spot.

Type of damage

e Plants grown in poorly

drained soils lacking silica,
potzssium, nitrogen, man-

ganese, or magnesium are
easily attacked by the
fungus.

® Brown spot may kill up to
50% of seedlings.

e [t lowers grain quality and
weight.

Brown s

N U

pot

~.

~.

Control

Resistant variety

e Planting a resistant variety
is the most practical way of
controlting brown spot in
areas where the dise 1se i1s
commnn and serious.

Cultural control

* The most effective way of
controlling brown spot is to
grow plants in good soil

and provide adequate
fertilizer.

¢ Disease spores ({erminate
and enter the seedling roots
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Chemical control

o Treating the seeds with
fungicides or hot water will
also help control the
disease.

SHEATH ROT

Sheath rot is caused by the
fungus Acrocylindrium
oryzae.

Littte 1s known abnut crop
losses caused by sheath rot,
but it 1s not uncommon for
10-30% of the tillers to be
infected in fields where the
disease occurs

Symptoms

@ Spots develop on the
uppermost leaf sheaths
enclosing the panicles.

* The young panicles remain
in the leaf sheath or emerge
only partially. Grains remain
unfilled or are discolored.

¢ A whitish, powdery fungal
growth occurs on the pani-
cle inside the sheath.

e Eventually, the panicle may
rot.

Disease cycle

e Little is known about the life
cycle of the funguis.

¢ The disease is usually
found in plants injured by

insects or diseases, particu-
larly stem borer and viruses.

* Hot hum.d weather favors
sheath rot development.




Control

e Little is known about con-
trot of the disease, but some
varieties are more suscepti-
ble than others.
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NARROW BROWN LEAF SPOT

The narrow brown leaf spot
disease is caused by the fun-
gus Cercospora oryzae.

The disease causes serious
losses only on very suscepti-
ble varieties.

Symptoms

e The disease produces tinear
spots, mostly on the leaf
blades. Spots may also
occur on the leaf sheath
and rice hulls.

* Symptoms usually appear
first on the flag leaf during
later growth stages.

o~

N— f
MONGOL A /E\
.

AUSTRALIA

20 40

60
Days aotter seeding
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Disease cycle

e Spores emerge from the
infected plant's stomata and
are blown by wind to infect

nearby plants.

e Disease symptoms first
appear about 3 weeks after
the plant is first infected.

® The fungus grows just
under the leaf surface.

® The fungus enters the leaf

* The spores germinate and
stomata.

start to grow.

Control

Chemical control
¢ Apply fungicides.

Resistant varieties

® Plant a varicety that is less
susceptible tc the disease.
No resistant varieties are
currently available.

STEM ROT

Stem rot, which is caused by
the fungus Helminthosporium E 3
sigmoideum, occurs in almost

every field where rice has

been grown for many years. wan

PEOPLE S REPUBLIC OF CHINA

/ BUTAN

g

~
AUSTHRALIA




Symptoms

® The spots enlarge, the leaf
sheath rots, and eventually
the fungus attacks the stem.

¢ The first symptoms usually
appear during the later rice
growth stages as small
black spots on the leaf
sheath near the water line.

———-—-——:‘

masses of fungi, and small
black infection bodies
called sclerotia.

¢ The stem iodges and rots. If
infected stems are split,
they reveal dark gray

1
=te \W
Seedbed ’
] A 1 | 1 |
0 10 20 30 40 50 60 70

Disease cycle

Days ofter seeding

® The sclerotia float to the
surface of flooded fields
during plowing and other
field operations. They land
on rice leaf sheaths and
cause infection.

e The disease survives
between crops in the sciero-
tia, which are on the straw
or in the upper 5-8 cm of
soll.

Factors causing high levels of
stem rot High
¢ The percentage of infection
is low on normal plants and
high on plants with wounds
from lodging or insect
attack.
High levels of nitrogen and
phosphorus in the soil also
increase the severity of
stem rot.
® Yields of susceptible varie-
ties are reduced. Ustally,
damage from stem rot
reaches its peak at harvest.

Low

Amount of sterm 1ot

FACTCRS CAUSIING HGH
LEVELS (F STEM ROT

High levels of nitrogen and
phosphorus fertitizar

IN[[wiIN]

Plant wounding by insacts
L

Narmal ptant
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Control
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e Burn straw and stubble
after harvest or let straw be
decomposed.

e Drain the field after harvest
and allow the sail to dry
and crack befors irrigating
again.

® Avoid excessive nitrogen
and phosphorus fertilizer.

e Add potash and sodium sil-
icate to the soil to decrease
the severity of the disease.

¢ Chemical control can be
efficacious but spray on the
stem at or before maximum
tillering.

® Plant resistant varieties with
sturdy stem that does not

lodge and break.

FALSE SMUT

False smut is caused by the
fungus Ustilaginoidea virens.

The occurrence of the dis-
ease is believed to indicate a
good year because weather
favorable to the development
of false smut also favors good
crop production.

The disease usually causes
severe damage only In small
areas.

Symptoms

> J
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¢ The fungus changes single
grains of the panicle into
velvety balls, which may
grow to a diameter of 1 cm
or more.

¢ Usually, only a few grains in
a panicle are infected and
the rest are normai.




Disease cycle

RICE DISEASES 249

¢ Eventually the grain or floral
parts are replaced by a
smut ball.

¢ The spores either intect the
developing spikelets at >
flowering stage or the
mature grain later in the
Seasort.

e Small infection bodies
called chtamydospores are
produced on the surface of
the smut balls.

¢ The spores are blown in the
air and infer.t the panicles
of other piants.

Timing of disease development

Flowaring

Initial _V_—"

=

e

LNFECT)ON ]sem\mm INFECTION ]

20

Control

Booting
ﬁ \ g
40 60 80

Duys after seeding

L
100

‘Jsually, no speciat control measures are necessary.

Resistant varieties
® Rice varieties that are less
susceptible to the disease

can e planted.

140
Chemical control
¢ In areas where the disease fungicide just before flower-
may cause economic loss, ing will provide some
spraying or dusting with a control.

Days after seeding

160
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BACTERIAL BLIGHT

Bacterial blight is reported to
have reduced Asia’'s annual
rice production by as much
as 60%.

Bacterial blight is caused
by Xanthomonas campestris
pv. oryzae, an organism
closely related to the bactena
causing bactenal leaf streak.

The bacterium has races
that differ in their ability to
infect different resistant rice
varieties.

Symptoms
The disease has several forms of symptoms.

Leaf bhght symptoms

* Lesions appear first, at
at.out the heading stage, as
water-soaked stripes on the

® |In the seedbed. bactenal leat margm
blight tirst causes tiny

water-soaked spots on the

margin of mature lower

leaves. The spots enlarge,

the leaves turn yellow. and

dry and wilt.

N

Seedbed symptoms

See'fued /

1 1 1

e Bacterial ooze drops on
young lesions

® Milky or cloudy dewdrops
appear on the surface of
young lesions in the
morning.

¢ The lesions enlarge, the
edges become wavy, and
turn yellow or light brown

As the disease advances,
the lesions cover the whole
leaf blade, and turn greyish
and later white.

Later segson leaf symptoms

1 J 1 1 i

30 a0 50

60 70 80

Days after seeding
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Kresek symptoms

o Kresek symptoms usually e Kresek symptoms some-
occur 2-6 weeks after the times resembie rice stem
seedling stage. borer damage.
o Leaves become water- * Then the whole plant wilts

soaked and fold und roll up and dies.
along the midrib.

@m begin I ‘

v 1
1 | 1 . i | i i 1 1 )| ,’ 1

0 10 20 30 a0 50 60 70 80 90 100 1c 120
Days ofter seeding

Seedbed

Separating kresek damage from stem borer injury

To distinguish kresek symp-
toms from rice stem borer

damage, cut off the lower part C )

of the plant and squeeze it K L
between tne fingers. A yellow- NI e
ish bacterial ooze will appear PN

at the cut ends if kresek is ked
present. ‘ R ‘\&

Pale yellow symptoms

e Pale yellow occurs in the
tropics. but is not common.

e Older teaves of infected
plants are a normal green.,
but the youngest leaves are
yellow or have a yellow
stripe.
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Disease cycle

After the imtial leaf lesions
appear, bacteria from ooze
droplets on the leaf surface
are spread throughout an
area by wind and rain,
particularly typhoons or
irrigation water.

P ",

The bacteria multiply inside
the plant and enter the
veins of the leaf. Bacteria
that enter the roots plug the
water-conducting tissue
and cause the plant to wiit.

High temperature and A
humidity during crop
growth increase the inci- ~ 31°C
dence of bacterial blight.

~ 22°C

Rice plants can become
infected with bacterial
blight from many sources:
diseased stubble, diseased
seeds, paddy water, and
diseased straw.

The bacteria enter through
the water pores of the
hydathodes or wounds of the
leaf or root and multiply
inside the plant.

Hosts

—
The disease can survive in 7 }?‘ e
several species of weeds if Gy »»"1,.5\;. i

rice is not available.

VI

AR




Control

In the tropics, planting of re-
sistant varieties is currently
the only practical way of con-
trolling bacteriai blight.

—
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BACTERIAL LEAF STREAK

The bacteria causing the dis-
ease Xanthomonas campes-
tris pv. oryzicola is closely
related to the bacteria caus-
ing bacteral bhght, but it
infects different species of
plants and attacks the rice
plant In a different way.

Under favorable weather
condtitions, losses from bacte-
riat leaf streak may be as
serious as those from bacte-
rial blight.

Symptoms

L\,"\

oot s
e s ;

¢ The first syfnp_mfb}ns are
transparent, linear lesions
between the veins. Many

on the lesions.

tiny oozes can be observed

e | ater, the lesions turn
brown, become longer, and
cover the larger veins.

L

The whole leaves of sus-
ceptible varieties may turn
brown and die during the
later stages of disease
development. At this point
the disease symptoms look
the same as those of bacte-
rial blight.
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Disease cycie

The bacteria enter the leaf
through injured tissues or
leat stomata.

The bacteria multiply and
remain in localized tissues
just beneath the surface.
They do not spread
throughout the piant iike
the bacteria causing bacte-

P MLy
S ‘_(/ng

High temperatures and high
humidity favor disease
development.

Bacterial ooze forms small,
round. yellow beads on new
leat tesions.

The bacteria are spread by
wind, rain, irrigation water,
and diseased seeds.

e Bacteria are probably pres- the tropics on cultivated and
ent throughout the year in wild rice or weeds.

o
o
,“Q RN
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BACTERIA PRESENT ALL YEAR )
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Control

The only practical method for
controlling bacterial leaf
streak in the tropics is plant-
ing of resistant varieties.
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TUNGRO VIRUS

Tungro is one of the most
damaging virus diseases of
rice in Southeast Asia.
Periodic outbreaks have
affected thousands of hec-
tares in many countries.

Syniptoms

® Tungro stunts rice plants
and turns the leaves to dif-
ferent snades of yellow or
orange.

Stunting of rice plants
infected at different growth
stages with tungro virus.

auSTRALY

Reduction{%) in height

60

» Yellowing begins at the leaf
tip and may extend down
the biade.

¢ Infected leaves may aiso be
mottled or striped.

e Plants infected during the
early stages of growth are
more severely damaged
than those that are attacked
later.

50+

401~

30t

20

20 30 50

Days ofter sowing when plants were infacted

60
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Yield reduction in rice plants infected at ditferent growth stages with tungro virus.

Reduction{®%}in yield

70
60~
50~
aol
30
20

10+

30

40 50

Days after sowing when plants wera infected

Vactors and transmission

® Tungro virus is transmitted

by several leafhopper

species.

Adults and nymphs are

about equally effective in

transmitting the disease.

» N. viresc20s is the most
effective transmitter of the
VvIrus (see page 204)

N. virescens

N. nigropictus

¢ The insects can pick up the
virus by feeding on the
plant for only a short time
(about 30 minutes) and can
transmit the virus almost

NO LATENT PERIOD

immediately after feeding.
e The virus does not persist in

RETENTION PERIOD

the insect's body. After
each feeding the insect can |

6]

AR. dorsalis
only transmit the virus for
about 5 days. The longest
period is less than a week.

e Although the virus does not
persist in the insect,
leafhoppers can feed and
become reinfective many
times after acquisition
feeding.

o Nymphs lose their infectiv-
ity after each molt.

Transmitter

Non-transmitter
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¢ The availability of infected
host plants determines the
severity of tungro because
the insects must feed
repeatedly on diseased
plants to be continuously
infective.

* Wild rice, ratooning stubble,
and grassy weeds may all
serve as sources of virus
be'ween rice crops.

Sources of tungro virus

-

ratooning stubble

Echinochloa crus-galli

grassy weeds

Cynodon dactylon

GRASSY STUNT VIRUS

The grassy stunt virus has
caused serious damage in
sporadic outbreaks in limited
areas, bul is generally not a
widespread problem.

AUSTRALKA
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¢ Diseased plants are
severely stunted. They
develop excessive tillers
and have a very upright
growth habit.

e Infected plants usually sur-
vive until harvest, but yields
may be reduced.

* Relationship between yield
loss and time of infection.

¢ Yield losses are greater
when plants are infected
early in the season.

Yield loss (%)

® Leaves are short, narrow,
stiff, yellowish green, and
covered with rusty spots or
patches.

1

e No significant yield loss
occurs when plants older
than 60 days after seeding
are infected.

1 1

0] 20 40 60 80 i20 120 140
Doys ofter sowing when plonts ware infected

Vectors and transmission
® The disease is transmitted * Insects can pick up the

by brown planthopper virus by feeding on dis-

nymphs and adults. About eased plants for 5-10 min-

20-40% of insects are able utes. A higher percentage

to transmit the virus. become infected during

longer feeding periods up
to 24 hours.

¢ An average of 10 days must Acquisition Transmission

elapse after the insects feed

on an infected plant before ! 4

they can transmit the LATENT PERIOD

disease.
e Infected insects can trans-

(fjn't the disease until they RETENTION PERIOD IN INSECTS

ie.
i | 1 1 1 1 1 1 1 1 1 1 1
o} 2 4 6 B 10 12 14 1B 18 20 22 24
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e Nymphs do not lose their
infectivity after molting.

¢ The disease is not transmit-
ted through planthopper
£ygs or by the rice seed.

Hosts of the virus

Ry

/% i // ! \\'\"

2
Cultivated rice

- “ .

Many species of wild rices

Disease cycle

* The development »f grassy
stunt virus depenas upon
both the presence of the
brown plarthopper and the
availability of intected host
plants.

e Under favorable conditions,
the brown planthopper mul-
tiplies rapidly and the dis-
ease may increase rapidly.

e Long-winged adults are
more important in spread-
ing the disease than the
short-winged forms that
cannot fly.

259

RICE RAGGED STUNT

,\f\

Ragged stunt is a recently .
discovered virus disease that ? e, f-\,/"’ ‘L s
may greatly reduce vyields in L
rice varieties susceptible to b » ’

the virus and its vector, the I L R

brown planthopper. .
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Symptoms

Symptoms during early
growth stages

20

Days after seeding

7

7

\

¢ Ragged leaves

Symptoms during later
growth stages

* Twisted leaves e Swelling along veins ¢ Plants infected during early

growth stages are often
severely stunted.

\\b /7

H 1 1 l_ 1

90 100 110 120 130
Days after seeding

e Delayed flowering

e Nodal branches ¢ Incomplete panicle e Unfiiled grains

emergence

Vectors and transmission

® Ragged stunt is transmitted
by brown planthopper
nymphs and adults.

® In areas where the virus
occurs, about 40% of the
brown planthoppers can
transmit the disease.




¢ Brown planthopper nymphs
can still transmit the disease
after they molt.

e The virus is not transmitted
through brown planthopper
eggs, the soil, or rice seed.

® The brown plarthopper
cannot transmit the disease
until about 9 days after the
insect has fed on an
infected plant (average la-
tent period).

o After the insects acquire the
disease, they can relain the
virus for 3-35 days. The
average retention time is

_about 2 weeks.

Hosts of the virus

- -

\4///{(

\ \ 3
Acquisition Transmission
period
{
LATENT PERIOD

RETENTION PERIOD IN INSECT
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Oryza sativa Oryza latifolia

Oryza nivara

YELLOW DWARF ISEASE

The yellow dwarf disease is
widely distributed in Asia, but
occurs only occasionally. The
disease is most serious in
Japan and Taiwan. It causes
little yield loss in the tropics
because the plants are
infected during the later
growth stages.

Yellow dwarf is caused by a
virus-like disease agent called
a mycoplasma.
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Symptoms

lowish, and have an
¢ Stunting is more severe

the early growth stage.

¢ Plants are stunted and !
increased number of tillers.

when plants are infected at

¢ Infected plants usually pro-
duce either no panicles or
unfilled grains.

* Plants affected during the
later growth stages may not
develop symptoms before
harvest.

Yellow dwarf
* Leaves are light yellow,
soft, and slightly drocpy.

J

T

Sl

Grassy stunt

spots.

Grassy stunt

¢ Leaves are narrower and
their green color is darker.
They may have many rusty

Vectors and transmission

* A high percentage (70-95%)

of these leafhoppers are
able to transmit the virus

¢ Lealnioppers transmit
yellow dwarf

e Leafthoppers can become
infected after feeding on a
dispased plant.

LCGuIsttion

|

il A
AR /

L4

|

N. cincticeps

¢ The insects cannot transmit
the disease until 20 days
after becoming infected

N. migropictus

N. virescens

(latent period). They remain
infected until they die.

Transmission

¢

ATENT PERIOD

RETENTION PERIOD IN LEAFHOPPER

L i 1 I\ i} i 1
0 2 4 € 5 it 12 i1 16 18 2 22 24 26 28 30 32 ¥ 3% 138
Days

o Nymphs rernain infective

after molts, but the disease

is not transmitted through A

leafhopper eggs. S ?f.v"‘ﬁj
¢ The virus is not transmitted N

through rice seed.

(
U




Disease cycle

® The disease overwinters in
leathoppers and in several
species of wild grasses.

® The buildup of yellow dwarf
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is ve:y slow because of the the slow development of the
long latent period, i.e. from disease in tne plant.

acquisition to transmission,
in the leafhopper vector and

Development of the yellow dwarf disease in the rice plant.

e Under conditions of high
temperature disease
symptoms appear about 30
days after infection.

e Under low temperature
disease symptoms appear
up to 90 days after
infection.

infection Disease symptoms

| )
WARM WEATHER

Disease symptoms

COCOL WEATHER

! ! 1

6] 30 60
Days after infection

{
o |n the tropics, ratoon plants
growing from stubbles may
L he diseased and act as virus
90 sources for later infections.

Control of virus diseases

The development and spread of virus depends upon several factors:

T .
Ve N Number of plant virus
S e A sources

S %

i -“ ‘ N

Number and activity of
insect transmitters

Susceptibility of a rnice va-
riety to the virus and the
tnsect transnutter

The weather \.

Y :
UG e )

The only way to control virus

diseases is to prevent the

Currently, there are no prac-
tical ways of curing a plant

plant from becoming infected. after it becomes infected.

ANEh |
N

L t
Transmission \

Infection

Cure of diseased
plants
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e Virus control programs

should concentrate on pre-
venting disease durning the
early stages of plant
growtih. Infection at that
stage causes the most
damage.

CONTROL VIRUS DISEASES

Control methods

Resistant varietics

¢ Planting rasistant rnce vare-
ties is the simplest. cheap-
est, and most etfective way
of controlting both virus
diseases and vector nsects

A vaniety may be

e resistant to ihe feeding and
development of the insect
transmitter nr

s resistant to the intection
and development of a virus
disease.

Control of vectors

e |t is very difficult to control
virus vector> (leathoppers
and planthoppers) with
insecticides.

BFH (no/tiller)
&

[ * Hopperburn

&= irus tansmission o

iy = = e ‘ ‘/ :

e Only one insect 1s encugh e Itis sometimes difficult to

to infect a plant. High kill insects ginckly enough
populations are not to preveat them from feed-
necessary to cause high ing on plants and transrmit-
tungro infection rates ting the virus. In areas

where virus outbreaks have
recently occurred, protec-

tive insecticide treatments
should be app’ied during
the early growth stages
instead of waiting until
insect transmitters reach
the economic threshold.

e High poputations of leaf-
hoppers and planthoppers
must build up to directly
damage the crop and cause
hopperburm.

e Low inscect populations can
cause high rates of virus
infection
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Controliing vectors in areas
where virus outbreaks have
occurred. el
e Protective insecticide vVl -

oo AR

Protechve insecticide applications

0 20 40 80 100 140
Days affer seeding
e Eliminating sources of virus diseases by eliminating infected plants that serve as sources of disease.

* Rogue (remove) diseased small percentage of plants
rice plants and weeds from are infected, or when it is
the rnice field. Roguing is done frequently.
successful when only a

e Control or destroy weeds in e Plow under the rice stubble which is & disease source
rice fields, ievees, and sur- immediately after harvest to and breeding place for
rounding areas. prevent ratoon growth, insect transmitters.

Levee ———gapm Rice feld

STEM NEMATODE

o e

§ a3 [Qags
PRI , {I

Damage from the stem nema-
tade Ditylenchus angustus 13
restricted to certain areas
where the climate and cultu-
ral conditions are suitable for
the pest's development.

Rice crops in infected areas
may suffer yield losses rang-
ing from 20 to 90%.
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Symptoms

* The most noticeable symp-
toms are stunting, twisted
stems, and damaged
panicles

¢ Wnen plants are attacked as e Panicles damaged during e Panicles attacked later are
seedlings they are stunted early development remain twisted and detormed and

and have deformed, twisted enclosed in the leaf sheath.  have empty hulls.
leaves. /

/
/

/

/

/

Days afler seeding

Disease cycle

the rice plant. Planits are
first infected when the
nematodes move from the
ground to the growing
points of seedlings several
days old.

When the crop matures, the
nematodes coil up and
become inactive. They
survive between crops in this
colled, inactive state on rice
stubble.

The nematodes live outside

The nematodes do not
enter the leaf, but suck sap
from the outer layers.

As the seedlings grow, the

nematodes move up to the

new tissues. On older plants

they are located

1) On the stem just above the
nodes

2) Inside the rice hiulls

3) At the panicle base




Factors causing serious infestations of the stem nematodes
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/M——.“’ ryq/"

4 1 Iy

1) A distinct wet and dry
season

2) High humidity

3) Large amounts of infested
material remain in the field
afier harvest

Control

Cultural practices help reduce the nematode populations.
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® Burn stubble and plow the * Then dry the fallow field for
field after harvest. 2 or 3 months before plant-
ing another crop.
WHITE TIP

White tip is caused by a nema-
tode or a small eelworm
called Aphesenchoides
bessey!.

Crop losses from white tip
are variable, ranging from 10
to 50%. The disease is usuaily
more serious in temperate
regions than in the tropics.
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Symptoms

® The white tip of leaves is
the most noticeable symp-
tom. Infected leaves are
darker green than the
normal.

¢ Diseased plants are st.nted
and produce small panicles
with fewer grains.

e The hulls and kernels may
be small and deformed

L WHITE T SYMIPTOMS

Stern

elongahon

4

\\‘)\

|4

Disease cycle

60 80
Days after seeding

The population builds up,
and the nematodes move to
the panicles.

As the plants grow, the
nematodes move on the soil
surface or are carried by
irrigation water to other
plants.

The nematode survives
between crops inside the
rice hulls or on the surface

of infested grain.

During the early plant
growth stages nematodes

are found on the inner sur-
face of young folded leaves.
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Control

Resistant varieties

® Some varieties are more
susceptible to white tip than
others.

Cultural control
¢ Treating seeds with hot
water will reduce infertinn

Rice seeds —————————————>— ' . Hot water
=] 52-53%
s for 15
==

| minutes

¢ Planting eclier than usual
may reduce n.‘=ction in EARLY PLANTING —-I
areas commonly affected
by the nematode.

NORMA! sANTING

L L 1 1 1 ! ) ] L 1

Jan Feb Mar Apr May Jun Jul Aug Sep QOct Nov Dec
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Weed Pests of Rice

Weeds reduce rice yields by
competing with the rice
plants for sunlight, moisture,
and soil nutrients.
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Moisture
Sail nutrients
Fertilizer application may not High
increase yields in weedy yleld
fields becatise weeds absorb Weeded field
nitrogen more effectively than - |
the rice plants. \ \} /%
Rt ] /
N2
AW N
\‘ -2
Unweeded field \\{?“} - @ ,) v
j ‘ o
Lw l | ‘\)
yield ‘)

Weeds are also harmful

PAgs

because they may be alter-

nate hosts for insect and dis-
ease pests of rice, and pro- -
vide shelter for rats.
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SEVERITY OF WEEDS IN
DIFFERENT TYPES OF RICE
CULTURE

® Weeds are usually most
serious in drylan ' and dry-
seeded rainfed rice and
may destroy the entire crop
if they are not adequately
controlled.

* Weeds are usually least
serious in irngated trans-
planted fields but may stiii
reduce yields, particularly
when farge amounts of fer-
tilizer are applied to modern
cultivars.

INTEGRATED WEED
CONTROL

* Weeds are most effectively
controlled over a long
period of ime by an inte-
grated program combining
different control methods.

e |f a single control method Is
used for a long time. weed
species resistant to that

INTEGRATED PEST MANAGEMENT IN RICE

WEED SEVERITY

Dryland rice

G e
Lv-,. ‘.:;':p ”f”)»‘“
h"'"w’ N i

Dry-seeded
rainfed rice

./"' ;@,v

w"

Irrigated
transplanted rice

o

i 1 N

| ! .. r“‘:‘ﬁ"

3 R—,, L vy
o‘] ‘.m\vuuwr

method will build up, and
eventually the control mea-
sure will fail

- ]
.}1 Susceptible
weed o808y
I ¢ Hemstam
weed specres,
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TYPES OF WEEDS

Weeds can be divided into
three general types, based on
their appearance:

QGrasses
General characteristics of
grasses

Young grassy weeds can be
distinguished from rice plants.

Sedges

Sedges are similar to grasses

but:

® leaves are aligned up and
down the stem in 5 rows;

¢ stems are usually solid and
triangular.
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e long narrew leaves
e paraliel veins

» round hollow stem

® leaves are aligned up and
down the stem in 2 rows.

* Rice has both a ligule and
an auricle.

¢ Grass, no ligule, no auricle
or

¢ Ligule, nu auricle

)‘:

|
|
|
|

ﬁ%——-wunde

H--—-Ligule
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Broadleaf weeds

Leaves may have various
shapes and arrangements of
veins.

The leaves are usually wider
than those of grasses and
sedges.

Weeds are also sometimes

grouped according to the

length of their life cycle:

® Perennials require more
than 1 year to complete
their life cycle.

e Annuals complete their life
cycle in 1 year or less.

iDENTIFICATION AND ECOLOGY OF COMMON WEEDS IN RICE

COMMELINA BENGHALENSIS L.

Countries in which C. benghalensis is most serious

Tvpe

aunTHagia

g Broadleaf weed

Annual {temperate areas)

Perennial (tropics )

Found in:
¢ dryland rice




Identification
Distinguishing characteristics
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¢ Leaves 6-10 cm long

o Blue flower

e Reddish brown hairs on leaf

N s = f.n,
o ;_‘4 4
e
’ ﬁ E
/’ o~

Reproductior. and
disseminction

This weed reproduces mainly
by seed.

Creeping stems, if cut during
cultivation, root and grow.

sheath
Habitat: dryland rice fields; -
along dikes; field borders; R - S e e
roadsides: banks of irrigation o, X o ‘ R T e * T
ditches o \Jg«: WM EAR———
& The plants root i water- i T RN W e T
saturated soils, but can ez ﬁw%’,‘ T g g
survive after the soil dries. Uk . Y s S 3 d)&’—"‘ s
: . pa § ) Pt N é N . S<¢' Y ¥ "2
* C. benghalensis grows best AR o A P BN ’ ’
when soils are moist and \
fertile, but can persist in ;
sandy or rocky soils. VAT ' a
s v e "”\l‘-—’: Sz e ) \\‘
L o T
i ety : ~ y
’ M";;’:\"— s A '
e [ e A%} } )’: A

Ecology

® The plants may be injured
by cultivation, but stem
cuttings survive on the soil
surface and root again.

¢ The plants form dense pure
stands, smothering low-
growing crops.

[ 1 ot .- \
Jers Fa v

% }U‘\'Av‘l Iy T
- .rﬁi’i‘f.;-}

1
. 1}
\;:‘:1;k | :f./
L e -
Commeling Rice
benghalensis
W
‘ /) | '\ [ A |(/ '
‘X\)/ ) %/ "/%4\ ///A\‘t?‘
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CyYPERUS CiIFFORMIS L.
Countries in which C. difformis is most serinus Type

A

1 year Annual

Found in:
* Wetland rice

Identification
Distinguishing characteristic
Flowers yellowish, very
numerous, and crowded in ;
ovoid masses. > 4

Reproduction and
dissemination ‘
e C. difformis reproduces H‘ :
from seeds. {}, '

i

i

Habitat: grassy swamps.
wetland rice fields, aiong

rivers or streams, open wet e h =
areas v el o "
o C. diffornus grows best i, o oo 4 ’ : LT ¥ L
. - (& 4L N V) LS ’
rich, fertile soils thal are ﬁ :hf‘_,‘(f,gl S/F f r’ ) 7 //' ' ’,‘J«‘T\?i \ ‘.\\;, i K {:/
flooded or very moist { / 4 / -y s \V*
~l ‘ " L.

w,.{'u‘}a’!' i 'fv; 1% v’nﬂ y,jg LE '\"}}v«

S-"&,f ‘%xmfr s
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. ,..»

A,.‘/7

‘ “,;\r[f(




Ecology
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¢ The plant may rapidly cover
the ground because of its /
short life cycle and abun-
“ant sed production. g

. 50,000

seeds /plant

] month

Py
rrprpiet!

Lopipt)!
M

C ditformis

Soi! Nutrients

© The weeds do not shade
rice plants, but may
compete for water and
nutrients.

grass grass

C Jifformis

e C. diffornus may become
the dominant weed in rice
fields when the herbicides
used are effective against
grasses but do not kill
sedges.

* This weed cannot tolerate
deep flooding, and may be
controlled by water
management,

Levee

| evee

//
Shallow water
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CYPERUS IRIA L.
Countries in which C. iria is most serious.

Type

e R A

Ny

Y o G
E . Co By REr Bl B v
RAN A Tt .

[

AN
1 year > Annual

Found in:
® Wetland rice.

¢ Dryland and dry-seeded
wetland rice.

ldentitication

Distinguishing characteristics

¢ Yellowish open flower
® The lower leaf below the
flower is longer than the
flower i

Reproduction and

dissermination

e C. iri.. reproduces from
seeds. Each plant may
produce up to 5.000 seeds.

Habitat: C. iria 1s found in wet
open arcas and in wetland.
dryland, and dry-seeded rice
fields.
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CYPERUS ROTUNDUS L.
Countries in which C. rotundus is most serious. Type

B aalr=

[ iyeor -Perenniul

Found in:
e Dryland rice

Identification
Distinguishing characterisiics

¢ Red or purplish-brown
seed head

¢ Underground stems and
tubers

/'”‘ \:7

i

* 3 rows of leaves near the
plant base

Reproduction and

dissemination

* The plant occasionally
produces seeds.

* The plant usually
reproduces from

underground stems and o
tubers. W=
W




2082

Habitat: fields, roadsides,

edges of woods. banks of

irrigation canals, streams

e The distribution of C.
rotundus is limited mainly
by cool temperatures.

e The weed grows well in
almost every soil type,
elevation, humidity, sotl
moisiure, and pH. Itis
tolerant of high
temperature.

Ecology

e C. rotundus is most serious
n dryland fields where
annual weeds are
controlled efficiently, thus
leaving C. rotundus
uncontroiled.

¢ This weed is highly
competitive with rice for
both moisture and soil
nutrients.

¢ Tubers have a deep root
system and can survive
long periods of drought or
flooding.

INTEGRATED PEST MANAGEMENT IN RICE

Cyperus

\‘\&/, . rotundus

Soil nutrien's




DACTYLOCTENIUM AEGYPTIUM (L..) WILLD.

Countries in which D. aegyptium is most serious. Type
@/ Grass
1 year Annual
Found in:
# Dryland rice

Identification
Distinguishing characteristics

¢ Seed head with 2-7 spikes
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Reproduction and
dissemination
» Each plant may produce ”

up to 60,000 seed= & i
¢ Creeping stems root at w
lower nodes. :
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Habitat

The weed is common in both
cultivated land and waste
areas. It grows well in sandy
soils with low moisture

Ecoiogy
D. aegyptiumn flowers all year
in the tropics.

DIGITARIA CILIARIS (RETZ) KOEL.
Countries in which D. ciliaris is most serious. Type

Found in:
® Dryland rice.

identification
Distinguishing characteristics
Seed head has 3-13 narrow
finger-like projections.




Reproduction and

dissemination

' o Each plant may produce
thousands of seeds.

¢ The weed sometimes
spreads by rooting of the
nodes of stems on the
ground.

Ecology

e D. ciliaris is tolerant of high
temperatures and may
show maximum growth
when other plants are under
stress due to hot, dry
weather.

® The weed is very
competitive because it can
root and spread along the
ground surface. A single
plant may cover 2-3 m-.
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ECHINOCHLOA COLONA (L.; LINK

Countries in which E. colona is most serious.

ALSTRALA

Type
© W Grass
) / r
1 year Annual
Found in:

e Dryland rice and wetland rice
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ldentification

Cistinguishing characteristics
e Slightly spreading growth S el
habit. Less than 1 m high. :

e | eaf blades relatively
narrow.

| ¢
¢ Seed head 6-12 cm long.
e Spikelets 2-3 mm long.

relatively broad, always
awnless (see E. crus-galli).

Reproduction and

dissemination

e Each plant may produce
thousands of seeds.

e Seeds are transported from
field to field by irrigation
water and farm machinery.

Ct
e
l,“‘

ot

‘1
.

e Stems growing sideways on
the ground may also root
and produce new shoots.

Ecology )

® Young seedlings resemble Dry season Rainy season
rice plants. By the time they )
can be recognized and Yol
removed, the crop has ] /\‘\_’>
already been damaged. AR

® £. colona grows rapidly - dddeddal

during the rainy season or

when irrigation water is

abundant. Q/
‘

=t

iy _ﬁ




» This weed is an excellent
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competitor and may
completely crowd out a rice
crop if fields are poorly
managed. Its effects on
yields are similar to those
described for E. crus-galli.

ECHINOCHLOA CRUS-GALLI {L.) BEAUV.
Countries in which E. crus-galli is most serious.

- p\\f . F \\ V G
T wean Ly . rass
N
- noHE A
A O R 1 year Annual
'(// I - PEOPLE 5 MEPU Y b A Ye
T {d SN0 TN - b4
HAN ( ‘:";:/ v
\ \mn, .
h (7‘\—&
}; ? Found in:
P e Wetland rice.
* fq-
mﬂﬂ%"
NDoNESA 0 = N, o
- RN
~
AUSTRALIA
ldentification

Distinguishing characteristics

® Upright growth habit, 1-3m
high.

s Leaf blades relatively wide,
1-2 cm wide, 40 cin long.

® Seed head 6-20 cm long.

¢ Spikelets usually have
awns. Sometimes spikelets
are awnlcss.

e Spikelets 3-3.5 mm long,
relatively narrow (see E
colona).
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Reproduction and Habitat

dissemination ® £, crus-galli prefers wet
e E. crus-galii reproduces by soils and will grow when
seeds. partially submerged.
¢ It grows best in heavy
soils with a high nitrogen
content.
i 0
)
Ecology [
& E. crus-galli grows well
under conditions favorable
to the growth of rice.
® The young weed looks like
a rice seedling and is often
transplanted by mistake.,
¢ Rice yield reductions are
most serious when the
weed grows during the first \N7A
60 days after rice \f/ ~§
- A 1 ) e t L
germinates. 0 20 40 60 100 120
Days ofter seeding
ELEusINE INDICA (L.) GAERTN,
Countries in which E. indica is most serious.
Z v
s ~ '~ Grass
SN
LT
OREL A f sacan 1 year Annual
e (:5:;:..» "ff' 6‘:9
5 Found in:
¢ Dryland rice.

N
s U pat
> «

AUSTRALU
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Identification
Distinguishing characteristic
e windmill-shaped seed head

Reproduction and

dissemination

e £. indica reproduces from
seed. Each plant may
produce as many as 50,000
seeds.

Habitat — along irrigation
canals, cultivated fields and
damp, marshy areas.
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Ecology
e L. indica does not grow well

in the tropics during the dry
season or when the soil is
not moist.

» The weed flowers at day
lengths between 6 and 16
hours.

 In the tropics, E. indica
completes a reproductive
cycle in about 5 weeks.

Dry season

Wet season

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
|
FLOWERING
| | | l 1 1 | 1 ] ] ] 1
2 4 6 8 10 12 14 16 8 20 22 24
Hours of dayhght

Seeds

L

5 weeks




FIMBRISTYLIS MILIACEA (= LITTORALIS) (L.) VAHL
Countries in which F. miliacea is most serious.
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Type

REXCZV R

J@

<«

.
(//ﬂfj::}TfH\\\

Lf

.
kY

Y
\

~

Sedge

e - Perenmil

Found in:
e We'land rice.

Identification
Distinguishing characteristics

¢ Stiff threadlike leaves
arranged in 2 rows

;7 e Leaf bracts shorter than the
- flower

® Three-cornered seeds with
a warty surface

Reproducticn and

dissemination

» £ miliacea reproduces from
seed. Each plant may
produce as many as 10,000
seeds.
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Habitat: fields uncultivated
during the dry season;
submerged rice field: damp,
open waste areas.

o F. miliacea grows well in
damp soil, but may not
become established in
submerged areas.

Ecology

® F. miliacea is becoming
increasingly serious in
wetland rice throughout
Asia.

Many seeds germinate
during the early stages of
rice growth, but some
germination continues
throughout crop
development. This
continuous seed
germination makes it
difficult to control the weed
with a single herbicide
application because
seedlings from later
germinating seeds may
escape.

Herbicide

!

V¥

Woed seodlings

AN

I B

]

20

* F. miliacea is very
competitive for soil

nutrients because its roots

spread more rapidly than
rice roots do.

Days ufter seeding

100 120 140

Rice

N/

Nutrient uptake
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MONOCHORIA VAGINALIS (BURM. F.) PRESL.
Countries in which M vaginalis is most serious. Type

/ 7 \f/
A=Y )
MONGOLIA r«; N
- A CEORE ‘1",
> BT &

NE g
“ LA z?mvu
’ ! year Annual

v WS Found in:
* Wetiand rice.

T T TN T AT T

AuSTRALIA \

ldentification

N

e Shiny heart-shaped leaves

¢ Blue flower on the opposite
side of the stem from the
leaf.

¢ Curved stigma.

Reproduction and

dissemination

® M. vaginalis reproduces
from seeds.
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Habitat — freshwater pools,

mud flats in rivers, flooded

rice fields, along canals and

ditches

¢ The plant roois in mud and
its upper portion grows
above the water.

Ecology

e M. vaginals often produces
higher fresh-weight yields
in rice fields than any other
wead species.

o However. it is relativery
short and shallow rooted,
and may not compete as
successfully for sunlight
and soil nutrients as some
other weeds.
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PASPALUM DISTICHUM L.

Countries in which P. distichum is most serious. Type
™
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% Found in:

e Wetland rice.
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Identification
Distinguishing characteristic

e Seed heads have 2
branches with spikelets on
only 1 side.

Reproduction and

dissemination \
e P._distichum renroguces MY
from pieces of creeping i

y 7

underground stems. fn 6% s
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Habitat

® Flooded fields
e Open fields
e Along irrigation ditches

b "ﬁ M"

Wy =
V" ' '

R P
[ SN
oL

Ecology
e P. distichum can survive (1 \
flooded fields. poorly oY
drained soils, and even in

* The plants produce a thick
gx nat of roots just below the
7{ surface, which may limit the
flow of irrigation water

. when the weeds grow

,,l ) '4,'
well-drained fields. o KR ;.(\,
il TF

beside irrigation canals.

PORTULACA OLERACEA L.

Countries in which P oleracea 1s most serious Type
ﬂ Broadleuf weed
| year Annual
L
Found in:

e Dryland nce




Identification
Distinguishing characteristics
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—

¢ Red ileshy stems that may
be flat on the ground.

e | eaves, broadly rounded at
tips.

¢ Seed capsule that splits
open in the middle.

/’7

Reproduction and
dissemination L
¢ Seeds are spread by water. e
® Pieces of the stem may be -, S - \Water

spread by tools or o R

cultivation. These stem - o -

7 4

pieces root on contacting
the soill.

Habitat -— cultivated fields,

eroded slopes ard clifis

e P. oleracea grows well in
open areas and prefers rich,
moist soit.

.t L - . . .' ,'.'. o
Lt R
S LA i Vi
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Ecology

® A reproductive cycle is
completed every month in
the tropics.

e The weed grows well in a
wide temperature range.

o Lad
.)Q:

Seeds

35°C

15°C

SCIRPUS MARITIMUS L.

Countries in which S. maritimus is most serious Type
- MIRGLIA ) A Sedw
RN O - Sw EORES )Q
;;;p J
. i. "

. e BECPLE § RELLB, < IF O kA s l ] year
A L GHANIS AN g

N r- Baran
:C" w--‘sf wEpas e
é> Found in:

o Wetland rice

Identification
Distinguishing characleristics

e The leaves are narrow and
often as long as the stems.

® The spikelets are grouped
in a dense cluster.

® A narrow leaf (bract) 10-25
cm long is found ji'st below
the seed head.




Reproduction and
dissemination

e S. maritimus reproduces
mainly from tubers and
rhizomes (underground
sterns).

Tubers in the soil produce
new stems when the top
growth is killed or pulled by
hand.

Habitat — along riverbanks,
swamps

Ecology
e S. maritimus grows over a

wide range of temperatures
and photoperiods.

* The weed's stems grow
rapidly {several centimeters
a day) during early rice
growth, and may severely
shade semidwarf rice
cultivars during the first 40
days after seeding or
transplanting.

¢ The weed also competes
effectively with rice for
nitrogen up to 60 days after
seeding.
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|SHAD|NG l
COMPETITION
FOR NiTROGEN

Days ofter seeding
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¢ Most herbicides effective

against annuals do not
control S. maritimus. Herbicides

Annuals

| year

Scirpus maritimus Morochoria vaginalis

Sphenociea reylanica

SPHENOCLEA ZEYLANICA GAERTN.
Countries in which S. zeylanica is most serious

Broadleaf

Annual

Found in:
e Wetland rice.

é 2U5TRALA }




Identification
Distinguishing characteristics
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e Cord-like roots

® Hollow stem

» White, spike-like flower

Reproduction and

dissemination

e S. zeylanicu reproduces
from seeds.

Habitat — Prolonged flooded
wetland rice fields and
swamps.

e S zeylanica grows in
almost any kind of wet
ground at low altitudes.

¢ |t is most common and
serious in wetland rice
fields, and may occasional-
ly be a problem in other
crops such as taro.

R
g@ V% g

y 3
o |
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Methods of weed control

WEEDING

Hand weeding

Hand weeding is the oldest,
simplest, and most direct way
of controlling weeds in rice
fields.

Timing hand weeding

e Hand weeding should be
done early in crop growth.
The exact time depends on
the rice culture.

Advantages of hand weeding

ot

¢ Effective against young

e Weeds growing within hills
and between rows of rice
can be removed without
damaging tr~ rice plants.

Disadvantages of hand weeding

R 1
f‘ﬂ Sai "
'ﬂfd "‘"W«’ e )
" 3:“w“ ‘ﬂ’
gl v .

e |t is laborious and
time-consuming

® Young weed seedlings
cannot be distinguished
from rice plants early i1 the
season, when hand
weeding is most effective.

0 20 40

Days after sceding

80




Techniques

® Perennia!l weeds, which
regrow from underground
structures and are difficult
to control by a single hand
weeding, can be controlled
by repeated hand weedings.

* Young weeds are difficuit to
grasp and can be uprooted
by stirring the soil with the
fingers held apart.

e Larger weeds should be
pulled and removed from
the f;zld, cor buried in the
mud in wetland rice, or left
between rows of dryland
rice to dry.

¢ Hand tools increase the
efficiency of hand weeding
in drier upland soil.
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e More tabor is required to
hand weed as the crop
develops.

Reasons for weeding during early crop growth

o Competition between
weeds and the rice piants
increases and yield losses
increase the longer weeds
remain in the field.

High High
o
£
~
H
$ 3
Low B
9
Q
>
1 P Low e E i
20 40 60 20 a0 60
Timing of hond weeding Timing of hand weeding
(days after transplanting) (days after transpianting)
i y L
h /o
L ! .
; i
";H ' { ¥
.‘;{,4 ‘. ’ ‘by
¥ L. by
AR\

Piie of weens outside field

Man stepping on weed to
bury it

Pile of weeds between rows
of dryland rice
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Mechanical weeding

The push-type rotary weeder
is the most effective mechani-
cal weeder for wetland rice.

Using the mechanical weeder

¢ The rice must be planted in = ®
straight rows in not closer L
than 20- X 20-cm spacing. y__| ®eeoo 20¢m
* The soil must be soft and Path of ee o900
weeder ——

saturated.

QAR

® The weeder cannot work
weeds into the soil in
flooded fields. Weeds float
to the water surface and
may grow again.

¢ If soil is too dry, the weeder
rolls over the soil surface
and the weeds.

pass close enough to the
rice plants to remove all
weeds, so somie additional
hand weeding may be
necessary.

WATER MANAGEMENT

N . M‘ - =
-ontrol of weeds by flooding  f==—x - -

¢ Flooding is an important b ”
management practice in s
controiling weeds. e :

¢ Rice grows and yields just
as well in saturated soil as
in standing water.

ROy LA -~

* A major benelit from
standing water 1s better

weead control,




Problems in controlling

weeds by flooding

Flooding will not control

weeds if:

¢ The water level drops too
low.

e The field is not level and
some areas dry out.

¢ The field occasionally dries
out, allowing weed seeds to
germinate.

Effect of water depth on

weeds

¢ With 1-2 cm water, grasses
are reduced. but some
broadleat weeds and
sedges remain.

¢ With 5-10 cm water. grasses
are almost eliminated but a
few broadleaf weeds and
sedges may remain.

Time ol flooding

¢ Transplanted rice should be
flooded 3-4 days after
transplanting. As the plants
grow the water level can be
raised up to 5-10 cm.

¢ Direct-seeded rice can be

flooded after the seeds
germinate and the crop
becomes established.
Flooding i1s not completely
effective with this planting
system because some
weeds become established
with the young rice plants.
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HERBICIDES

Definition

A herbicide is a chemical
(pesticide) used to kill or
prevent the growth of weeds.
Herbic.des are most effective
when used in combination
with other control methods.

Herbicide map

Advantages of herbicides

% gL
,""v‘ AN .

:h‘}?\?"” y ‘kyqvl' )

¢ Applying herb.cides saves
labor.

¢ Herbicides can be used in
all rice environments,

ff x‘.‘ LI
FA 3 “ﬁ.«.aﬂ“

F vl\r{ M—-A”IJ '\m
fovtertare ea..c

foweo A achind .'f” - ,./
PR ,,.1"':-"_.‘

'. "“
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Disadvantage of herbicides
N
| |

- ey

buildup of weeds.
particularly perennials,

with herbicides.

i ® The continued use of the
. same herbicide leads to a

which are difficult to control
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To prevent this buildup:

S~ M\é»i b‘l tll'(:lf! “Rd

7% "‘2 M%/ %

‘}1

Munqbean

O

K\\' o ,%w )W‘ i

Ay,

Rice

Sty
e SL. 00 250

Herbicide B @

“’ Rotate zrops.

Use several control methiods
together.

The best way of preventing
the buildup of weeds tolerant
of herbicides is to periodically
remove them by hand or by
mechanical weeding.

Timing herbicide applications

W){)—v:_?’ ~

g =
AT L

e M TP

T e o

® Preplanting (before the
crop is planted)

® Preemergence (before
weeas and rice emerge
from the soit)

e Postemergence (after
weeds and rice emerge

from the soil)
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Methods of herbicide action

Contact herbicides Effectiveness of contact
herbicides

S maritimys P distichum
il ¢ Contact herbicides are gen-
T T T erally most effective against
: N;‘ml broadieal weeds and seed-
lings of perennials,
e Contact herbicides kili only & They will not kill established
the plant parts that are perennial weeds.
sprayed.

Not sprayed

¢ Herbicide granules applied
to the soil.

Bhnive
e Systemic herhicides move e Systemic hertudes can be
withiri the plant to kill por- sprayed on the fohage or
tions that were not treated. applied to the soll and

absorbed by the plant's
roots.




WEED PESTS OF RICE 309

Selective arid nonselective herbicices

N

e Selective herbicides kill
some plant species, but do
not damage others.

e Nonselective herbicides will
kill all plants.

Herbicide injury to rice

Improper herbicide use will
WU nce plants
!

¢ Using the wrong herbicide
(nonselective herbicide)

— S

¢ Applying too much herbi-
cide - high rate

/

Rice alive
Yaung plants

23

Weed dead

Woed dead

Rice

Ouder ptants

dead

¢ Applying herbicide at the
wrong time —
postemergence herbicide
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MANAGEMENT OF WEEDS
IN TRANSPLANTED RICE

Weed control 1s less difficult
in tranisplanted rice because
the normal cropping practices
reduce the number of weeds

Land preparation.

- ~ n‘r- .
(RS
VLP\-lul\n\‘m
! E ‘{‘ ¢y Wy
‘7
'y
¢ Piow the field to U PmMIL the ~.u|l and harrow
incorporate weeds left from 2-4 times to destroy weeds
the previous crop or fallow not killed by plowing

pernod into the soil.

s Level the field so that
uniform flooding and water
depth can be maintained

Transplanting

Culnuvar selection \ / \ ; N

e Ataller cultivar producing a v ; V, A \ Sy
large number of tillers will > g A
compete better with weeds AR LY .
than a shorter (semidwarf) =T TN\ LS

cultivar with fewer tillers.

: ' 1 ‘?
N { - RN ‘ ‘\\,//

A \‘ki‘;{# '_i_jf_?i Ak V

Plant spacing

e Closer spaced plants . , “1 e \6/
compete more effectively K4 ’ "
against weeds. Spacing |
transplanted rice hills 15 - :
15 cm apart should =
minimize weed competition.

15¢m
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Flooding

¢+ Flood the fielids 2-3 days
after transplanting.

* Maintain 5-1C cm ot
standing wat::r
continuousty throughout
the season.

In areas where weed
problems are severe or land
preparatron and the water
supply dre inadequate,
additional weed control may
be necessary.

Fertilizer application

¢ In transolanted rice. contiol
weeds uetore topdressing
fertilizer so that the fertilizer
will benefit the crop. and
not stimulate weed growth

MANAGEMENT OF WEEDS
IN PREGERMINATFD RICE
SOWN ON PUDDLED SOIL

Land preparation

* Operations for land prepa-
ration are almost the same
as those desc. :bed for
transplanted rice (see
page 311)

INTEGRATEL PEST MANAGEMENT IN RICE

i
AL RS RS

L. « T H1 e Weed the crop once hy
SRAUNINEE 4 ,;f;f;mh o oA hand or with a mechanical
- W weeder about 21 days after
A1) transplanting or

.
Xl A L i

O S
\ﬁi‘@"‘v !

Loed g ¥

s If labor is scarce or
expensive, apply a
Ierbicide before weeds
emerge.

YA

Herbicide

We;?'d seeds

CONTROL WEEDS

APPLY FERTILIZER |

Excess waler

e Leveling of the field is very
important for direct-seeded
rice because the developing
seedlings can be killed ¢r
their growth can be slowed
when water accumulates in
low areas.




Planting

® Sowing pregerminated seed
alluws rice to become
established befcre weed
seads germinate.

¢ Increased seed rates also
reduce weed competition

e Planting seed in rows rather
than broadcasting makes
weeding easier during ¢rop
growth.

Flooding

¢ Direct-seeded rice cannot
be flooded until the seed-
lings are established.

¢ Some weed seeds will
germinate and the weeds
will become estabhshed
along with the rice before
they can be controlled by
standing waler

Weeding

o Broadcast d.rect-seeded
rice cannot easily be
weeded by nand because
young plants are damaged
in the weeding operations

Weeding rice sown in rows

¢ If rice is sown in rows, 1-2
weedings should be
adequate.

Days after seeding
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Application of fertilizer and herbicide

e Do not incoarporate mitrogen
into the soil before planting
unless a herbicide 1s usea

o |t is often necessary to
appiy a herbicide before
weed sceds germinate

e Topdressing with nitrogen
after weeds are controlled
will improve fertilizer effi-

to centrol early germinating
weed seeds so that they are
not favored by tha fertilizer,

because of the difficulty of
weeding in fields in which
the seed is broadcast.

ciency and
growth.

minimize weed

MANAGEMENT OF WEEDS
IN DRY-SEEDED WETLAND
RICE

Weeds dre a more seHeus

problera  dry-secaed nce

than in wetland rice

culture

e Mote weeds and differart
spec. © occur when nce s

Land preparation

o If possible land shouid be
plowed immediately after
the previous crop 1s har-
vested and the fallow land
kept weed-free by tillage
during the dry season

¢ Clods should be broken
down by harrowing so that
they do not interfere wiih
seeding or the emergence
of the crop

planted in dry soil than on
puddied s Wl

e Weeds and ric® germinate
at about the same time,
therefore, competition
between them increases.

» The seedbed should not be
too fine because a smooth
surface is favorable for
weed growth.



Planting

¢ Broadcasting is the most
common method of plant-
ing dry-seeded rice

e Planting in rows makes the
crop easier to weed

Flooding

s Often not enough water 1s
available to control weeds
in dry-seeded rice by flood-
ing early in the season.

The weeds becorme estab-
ished and compeie with the
crop for the imited amount
of water when rice s most
suscepuble to yield
reductions

Weeding

» 2-3 weedings imay be
nzedea during the first 8
weeks of growth.

Herbicides

® Herbicides are very impor-
tantin controlhing weeds in
dry-seeded rice because
weeds are usually abundant
and other control mzthods
are not very effective or are
very labornous

Timing berbicide apphication
i dry-seeded rice

» Do not apply the herbicide
to dry soil immediately after
seeding because the mate-
nal may break down before
it 1s activated and moved
into the soil by subsequent
rams.

Apply the herbicide after
rains have moistened the
soil and before weed seeds
gerrnmnate.
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s The rice stand may be
reduced if heavy rains
catse water ponding on the
field for several days right
after the herbicides are
applied.

MANAGEMENT CF WEEDS
IN DRYLAND RICE

Weed control is one of the
most serious probiems limit-
ing diyland nice production.

In sgvere cases the entire
crop may be destroyed by
weeds.

Land preparation

s L and preparation 1s similar
to that descnbed for dry-
seeded wetland rice (see
page 314).

¢ The scedbed does not need
te he leveled necause the
fields are not flonded

Planting

* The traditional nce cultivars

usually planted in upland

fields are taller and more

competitive against weeds

than many improved

cultivars

The nce snouid be planted

i rows to make weeding

easier

* The rows should be spaced
so that interrow cultivation
can be carned out

® A rough seedbed is desira-
ble to reduce weed seed
germination and prevent
soil erosion from heavy
rainfail.

Traditianal cultivar

tmproved cultivar




Flooding

¢ Standing water to control
weeds is not available in
dryland fields.

Weeding

¢ Up to 3 weedings may be
necessary in dryland rice.

* Weeds between rows can
be vemoved mechanically,
but to obtain maximum
yields, weeds within rows
must be removed by hand.

Herbicides

¢ Herbicides cannot be used
profitably to control weeds
in drtand rice unless labor
and cultivation costs are
high.
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60 80 100
Days after seeding

o If it is culturally and eco-
nomically feasible to use
herbicides, they should be
applied as previously de-
scribed for dry-seeded
wetland rice (see page 314).

160
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Biology and Management of Riceland Rats in Southeast Asia
Az .

Rats occur in almost all rice
fields in Southieast Asia and
frequently cause estimated
yield losses ranging from 5
to 60%.

The most common and
serious species in Southeast
Asia are Rattus argen-
tiventer, Rattus r.
mindanensis. and Rattus
exulans.

These three rat species are
called "rniceland rats.” The
habits, damage, and control
techniques are similar and so
it ts not necessary to
separately identity them.

E!OLOGY OF RICELAND
RATS

General life cycle

¢ Rats can live for one year
or longer,

¢ Females may reproduce up
to 4 times a year, averaging
6 rats/litter.

Reproductive potential

¢ The potential number of
offspring produced and
weaned by one female rat
in one year is 24

¢ Thz potential number of
rais produced by one pair
and their offspring in one
year is more than 500.

¢ Disease, predation,
competition, and
availability of food and
water limit the actual
number of offspring that
reach maturity. The net
reproductive potential is
therefore much less.

Distribution of
Riceland Rats

in Southeast Asia (f

AUSTHALIA

L/’ Other species of rats

’ present in South Asia and
parts of Southeast Asia are
Bandicota bengalensis and
B. indica.

These specios differ from
riceland rats in biology.
habits. and the crop damage
they cause. Management
techniques for control of
these two species are still
being developed.

The following sections on
. biology and control apply

only to riceland rat species.

Mother rat

Sexugl
maturity

Death d@
Matrg 21 days

Birth

K/

Month
| 39{+}30”
4 129+120”

7 48Q +480”

0 192 Q +192
13 768 Q + 768 O7

Subtotal Accumulated total
5) 6
24 30
96 126
384 510
1536 2046
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felationship to damage Reproduction

e The reproductive cycle of
riceland rats and the
relative amount of damage
are closely associated with
crop growth and
development.

Both rat reproduction
and crop damage:

1. Occur at all stages of
rice growth but reach
their peak while grain is
matiing

High

Areas with one annual wet season crop

2. Are greater duning the
wet season than during
the drv

More food. water. and

shelter provide optimal
breeding conditions.

Jan

Reproduction

Feb

Oct Nov

Mar Apr May Jun Jul Aug Sep Dec
Dry season i Wet season — ]
7
7 \y (i ®
Fallow Seedbed Transplant  Vegetative Matunity Harvest

stage

High

Irrigated areas with two crops grown annually

Low
Jan feb Mar Apr May Jun Ju! ! Aug I Sep l Oct ! Nev ! Dec
rL_L_ Dry season | Wet@sm
Seedbed Trons- Vegetative Maturity .urve51 Seedhed TronSplanl Vegetative Morumy Harvest
plant stage stage
Damage
Damage in the seedbed can RERVERRY R
be due to rats consuming \ \*u Vo \\' V vy
seeds directly or pulling up Y Y oo ¥ Yoo
germinating seeds iater on. “ o o0 oYY o o
iy ) v, .
s Rats cut or pull up recentiy f ¥+ O 0O O Voo
transplanted seedlings. The v & vy Y " "
result is missiny hilis. o \' . Y oy
e The rats cut or bend older § tovyot
tillers to reach the oo ¥V oV¥Vao V¥ vy
developing panicles. The
eaten or chewed area on

the stem may resemble
insect damage.



® As the crop matures, rats
cut or bend tillers to eat the
ripening grain.

Damaged tillers are cut
near the base at a 45°
angle.

The rate or number of
tillers cut per rat per night
is dependent on the season
and crop stage. Generally it
is high in the wet season
and the vegetative stage,
lower in the dry season and
ripening stage.

» Damage is usually low
during the vegetative stage,
increasing repidly after the
flowering stage. The
increased damage results
from the greater number of
rats due to increased cover
(rice plants, weeds, elc.)
and food (rice).

A low or moderate
population of rats will cut
tillers randomiy throughout
a field. Damage will not be
visible from a distance until
more than 15% of the tillers
are cut.

When high rat populations
occur, damage may te
coricentrated near the
center of the paddy. From
a distance the damage will
be visible. Retillering of cut
stems will produce a
younger stage area that is
surrounded by more
mature rice.
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“High

Low

Season, stage

Wet season

Dry season
Vegetative stage
Ripening stage

Cumulative cut tillers {no.)

ECURS

.r, R
ﬁw-v A

S

Weeks after transplanting

‘ /dz”b.u( 44

e Rats fecd at night.
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MANAGEMENT IN SOUTHEAST ASIA

low will not change the
following recommended
management techniques
However, monitoring may be
desirable to provide

{tis not aiways helpful to
monitor rat populations or
activity when crop protection
i< the primary objective.
Whether rat act.vity is high or

Monitoring

¢ Riceland rats spend the
daytime in vegetation,
weeds, or maluring rice
fields. They are not readity

seen; only their runways
and footprints in muddy
areas are visible.

* The general level of rat

additional information in
special situations such as for
research or for a
demonstration of
management techniques.

activity in a rice field can
be observed by inspecting
the area for signs of
activity.

e Active burrow e Footpnnts in mud.

Using tracking tiles

* A more exact way of
measurnng rat activity is the
use of tracking tiles to
record footprints

e Tracking tiles are 15- - 15-
cm square ot white

iinoieum or vinyl. one-half
coated with printers ink

¢ During the dry season a
small amount of vegetable
oil is added to the ink to
prevent drying.

» if a tracking tile is not

Arrangement of tracking ti'es in the field

I I T 0TS

T e . -
l?m
- "

=
=
ol
L]
B | )

¢ Tiles along the edges of
levees can be placed on
top of a pile of mud to raise
them above the water level.

¢ Tiles may be placed on or
against the edge of levees
in flooded paddiss and
spaced 15 m apart.

* Runways in grassy areas

available. the paddy mud
can be raised immediately
adjacent to the dikes to
form platforms with
smooth lops capable of
recording footprints.

> I
i =

= B
‘5 I

* In a dry field, space tiles
evenly at the rate of 50/ha.



* Examine the tiles each
morning and record the
number of {hose with rat
footprints. Clear the non-
inked half with acetone and

recoat the inked side witt-
fresh ink before the tiles
are returned to the field.

» Set the tiles out for 3

consecutive nights.

Rat activity -

10% or less

30% or more
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%n positive tiles

low rat activity
high rat activity

Uses of tracking tiles

To compare rat activity
in different fields

% tles with tracks

— To determine success of control programs

High

Low

Poor

Good
Contro!

Estimating crop loss

The sampling period for
estimating damage should
be within 2 weeks of harvest.
Sampling may be done
earlier, but additional
damage would occur and the
results would not reflect
damage at harvest.

Sampling method. The
percentage of cut tillersin a
paddy can give an estiinate
of crop damage due to rats.
This information can be used
to determine if rat control
was adequate during crcp
growth.

for transplanted rice that
is grown in rows the
following method can be
used.

Examine every tilier in
each of the 100 selected hills
and record the number of
cut titletrs and the number of
uacut tillers.

Calculate:

totat cut tillers

total tiles marked

100
total tites set

¢ Cther visible signs such
as runways. burrows, or
damaged tillers will
usually confirm tracking
tile results.

Seedbed

] 1

Best
sampling

60

80

Days after seeding

seef/

L]
N °

2L 2
7

/-

Randomly select
10 rows 1n a typical
feld about 02 ha

% cut tillers - - -
total titlers examined

Then, sample 10 randomly
selected hills n eah of the
selected rows
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Control

The effectiveness of a rat

control program is iudgec !

the amount ot crop damac..:

caused by rats as ubserved

at harvest.

¢ The number of dead rats
observed 1s not important.

o Reinvasion or immigration
of rats can occur quickly;
theretore. & continuous or
sustained baiting program
is necessary

Timing control piugrams

¢ Rat contru! efforts must
begin within 2 weeks after
transpl~ntirg and continue
until the grain matures.
Do not wait until the grain
matures to begin controtl
By then the rat population
could already be high and
difficult to control, with
severe crop damage
occurring.

Rat control :s most
effective when all farms
usz sustained baiting and
cultural control practices.

Cultural contic! practices
Rat controi can hest be
achieved by being aware of
the rats’ basic necds such as
food and sheiter and then
lirmiting those factors which
favor rats. There are several
cultural practices that can be
used to limit rat population
growth.

It is difficult to contro! all
these factors in a rice-
growing area.

* With some cultura! control
measures, however, we can
limit food and shelter,
which are the most
important ractors that
determine rat population
levels.

INTEGRATED PEST MANAGEMENT IN RICE

» When rats are

crop damage.

graduaily

controlled over the entire
cropping season, large
numbers of dead rats are
not scen. However, this
method is more effective
than other control
strategies in preventing

Seedbed

0] 20 40 60 80 100 120 140
Diys ufter seeding
Shelter Food i Weothev%
Weeds P
I / .
Rice Flood Drought
/
‘ \
Diseose Competition .
T L
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¢ Rats in harvested fields
move to the remaining
unharvested tields because
food and shelter are
abundant.

In many cases a farmer's
rice field 1s surrounded by
others in which rats are not
controlled Under these
crrcumstances. the rice
farmer using these
recommendations can still
protect his crop froni igh
rat damage.

When all farmers i a given
area control rats the
indwvidual costs are reduced

Chemical controf
Cultural control often will not
adequately control rats. If
these cultural pracucoes are
used in combimation with
chemical baiting. the effoc-
tiveness ot an integrated il
control program will b
increased

Many Kinds of rodenticides
are avallable. They can be

INTEGRATED PEST MANAGEMENT IN RICE
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Late nlanted field

separated into two basic
groups. acute (quick kith and
chromic (slow killy. Tho oider
or traditional acote rodenti-
cides are cheaper and more
readily availlable but are not
preferred for rat contiol m
vee The chiromce or ante-
codqulant rodenticides are
elfective only with several

feedings This s because they
cause mternal bleeding which
occurs over several days
Some anticoaguiants now
bemag inttoduced require only
a single feeding, but they are
not as yet meadity avaitable to
the small farme

‘

y
!

J
o+

Bait
hoider

i Chroriic rat poison

Cultural .
control

o7 '

\%U‘Itj)«%:\‘\'\ 17

Effective rat control

Compared with traditional
acute rodenticides the
chronic anticoagulant roden-
ticides are less hazardous to
humans and beneficial
aniunals

Tradhtional acute: rodent:-
cides become less effective
with ime becausa many rats
survive after eating small
amounts of bait, and learn to
assocrate their iiness with the
bait (bait shyness).

Toxicity ta humans and animals

Effectivenass

and effectiveness increased.
Large-scale programs can
rapidly increase yields and
extend management
technigues over a wide area.

High
nd
N-.\ /
AN )
s Chronic poison
N {no bait shyness)
Traditionol ccute poisans \\
\
Y
“‘,_ Troditional acute poisan
\ {bait shyness
KA \\
Chronic N
poisors \\
Law High il T
Low

Time ——————a—
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Malerials used it a baiting
program. Chronic anticoagti-
lant baiting programs 1equire
a rodenticide, a bait matenial
readily accepted by rats, a
suitable bait holder, and fre-
quent visits to the field

When chronic anticoagu-
ant rodenticides are used.,
rats must feed two or three
times before death will occin

After 3 days rats stop feed-
ing and become sick. Six to
10 days after inihial feeding
they die.

¢ Since chronic poisens kill
slowly. rats may die: in bur-
rows or in other areas
where dead bocies are not
visible

General procedures for sus-

tained baiting

¢ Read the directions on the:
container carcfully before
mixing the poison with the
bait material.

¢ Any low-cost avallable
material such as low-grade
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Bait

material

Bait cortainers

i’é’*;{l;“\)y ol
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L 1

Days of feeding

milled rice or broken e
can be used as bait How-
ever. rats must like it

¢ Local matenals such as
bamboo. ol cans. or coco-
nut husks can be used as
bait holdeors

® Begm baiting soon after

transplanting and contimue
through the npening stage
e Establish five baiting points
n each hectare
» Check baiting points twice
a week.

L

Baiting period

Transplant

I 1

Harvest

680 80
Days after seeding
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Density and spacing of but-

ing points {location of bat

holders)

® Use five barmng pomnts tor
each hectare of nce field

® Baiting pomnts should he
about 50 m apart

¢ The best location for the
baiting point 1s within the
paddy, at least one meter
from the dike.

® Put 6 tablespoons of por-
soned bait in each holder,

e Check holder after 3 days

o [f one-haif of the bait 1s
gone at any halder. set cat
2 more holders 1 m from
the first in a cluster

* Put poisoned bait in each
holder

N gjﬁ dlg B D ) e

LY [
(%5 But roigerd KIY

|
1 hectare ‘

burtrg ey

| el \ l‘;\ Q U
JI P e .
=N
n_-’ O V ] A\

Maintaining bait holders during the season

¢ Check holders at the 5 bait-
INg pomnts twice a week
throughout the scason and
add bant hotders and bait
when necessary

® Always add enough bait 50
that holcers never become
empty

Pattern of bait consumption
during the crop season

More ban 1s eaten as rals
mov inte the field and con-
surne bat from the added
holders

When rice heads mature,
less bait 1s eaten because
most rats have already been
«lled. bait holders have been
reduced. and any remaining
rats would prefer 1o feed on
the nice rather than the poi-
soned bait

¢ Remove and repiace wet or
éga 'T.‘ moldy bat
" ’ e If rats do net eat any bait at
& ! & any pomt. reduce the
v Doy2 & number of nolders
Check holders No bait consumption ® Always leave at least one
o bait holder at each of the 5
2, original baiting points to
?’."." . maotntor rat activity.
':
s Dayh
! ! L 1 i 1 J -
o 1 2 3, 4 5 6 7 Bart consumption of 50% or
D(J)”S more at points a and b vao
edditional holders were added
amount of bait eaten
High [~ 7 e e e
l More bait 1s eqten as rats from

adiocent areas ara ctirgcted

Low V’

hen rice heads mcture, less bait is eaton
because most rats have been killed

Days otter seeding
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"\‘I'Lf'" ~Ls When a farmer uses sustained baiting, + +ts from
1 surrounaing areas will ve attracted to the bait
o holders
A
« 200 m—{ .\4}—5 200 m— Although this will berefit adjacent farms 1t will
T not fully protect them unless they also bait.
1 Your farm, however, will be fully protected.
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Advantages of cooperative rat 1

control & o
Wheoen one farme: uses sus- ! Y

tamned bating. the protective

henefits may extend ovtade

his tarm for 200 o et

dunctonsg 1 i
Rat control1s more effig &0 i)
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NeIGhhors 1 an area use Sus-

tned bavting and cultural 1 /g\
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SUMMARY

These recommendations have
been developed. tested, and
shown to be effective in the
Philippines. They were
designed for the individual
small farmer, wit'h the
assumption that adjacent
farms may not control rats
These recommeandations may
be modified to account for

local condttions 1n other
countrnes

When these recommenda-
tions are followed and rat
damage still occurs. the rea-
son can usually be traced to a
‘aillure to follow all the: steps
For example.

1 Weeds were allowed to

grow tall on dikes and

no

Adjacent areas

Planting time was too
early or too late, not in
synchrony with most of
the other fields in the
area.

Bait holders were not
checked twice a week
Bait holders were not

increased when consump-

~1

tion of bait increased.

. Rodenticide was not

mixed according to iabel
directions.

. Bait material used was not

accepted by rats.

. Traditional acute rodenti-

cide was used and bait
shyness ceveloped.
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Cultural Control

Cuitural contral of rice pests
covers crop production
methods - used consciously
or unconsciously by farmers
-~ that improve vield by
reducing pest numbers.

The term cultural is
derved from crop culture,
meaning the technology of
growing a crop. The term
culture also fits the
anthropological definition of
patterns of behavior (crop
production practices) that are
passed from farmer to son
and have achieved greatest
yield stabiity over time

Cultural coritrol is

the use of crop husbandry

practices,

patterns of behavior

transterred from generation

to gereration.

farmer-based technology

with little dependence on

cutside resources, and

® reapplication of resources
not originally intended for
pest control.

>

-
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DRY SEASON CROP

WET SEASON CROP

Field 5 Field 5
Field 4 s Field 4
Field 3 | i&bj Fiel. 3
Field 2 |2 Field 2
Field 1 Field 1

Itis often difficult to
measure the effectiveness of
cultural practices hecause
the same practice may
decrease one pest but
increase another. Another
practice may control a pest
but reduce yield. Therefore
the farmer must decide which
cultural practices are best for
each location.

Examples of decisions to
make are
® The choice to direct-seed

or trangplant in a wetland

environinent.

— Transptanting controls
most weeds.

— Direct seeding controls
kresek and whorl
maggots.

® The choice to use nitrogen
fertilizer or not:

— Nitrogen increases not
only yield but also most
pest populations.
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Cultural practices can be

divided into thcse that
directly benefit the farmer if
he carries them out at the
farm level, and those which
require community action to
be ettective.

¥
¢

Multifarm

Practices effective at the farm level
Cultural control practices

include farmer-developed
indigenous methods:

e Local plants with pesticide
properties

@ Household rermedies —
salt, kerosene, oil, sand,
ashes, sugar, or baits

- _

e Traditional beliefs — E——

planting by phases of the ARRER

moon (possibly to avoid e

insect pests such as stem

borers) B
¢ Magical or superstitious e PRIEN Y

practices —- food offerings sy B

to rats in return for sparing
the standing crop, unlucky
days for farm operations,
bad omens, or hex signs to
repel pests and protect the
croo

Y

- AN
JARNTEN A




Conventional crop husbandry consists of the following practices:

e Puddling the soil probably
evolved as a weed control
practice. Most weed seeds
or rhizomes cannot
germinate or grow without
air several centimeters
under the surface «f
puddled scil.

e Repeated tillage in dryland
rice fields exposes weed
rhizomes to high
temperatures and buries
weed seeds deep in the soil
where they cannot
germinate.

» Planting in rows atllows
labor-saving interrow weed
cultivation.

¢ Direct seeding reduces
kresek disease that enters
through root wounds made
when seediings ase puliea
from seedbeds

Use of a seedbed confines
the crop tc a small area
where weeds and insects
can be removed hy hand
Seedbeds can also he
covered with plastic or
cloth to prevent vector
insects, birds, and rats from
reaching the crop

A dry seedbed dors not
attract nce caseworm
whotl maggots. or some
aquatc nsects

-]

[ransplanting older
seedlings shortens field
time and therefore
populaton buildup from
pests that attack only
during the vegetative stage.
Older seedlings are mora
competitive with weeds,
however. yields are lower
when older seedlings are
planted

e Leveling a wetland field
before planting results in
more efficient weed contro!
with standing water.
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® Dense plantings give a high

tiler number per unit area

and

1. protect rice from whorl
maggots, which use light
reflection from a water
surface in locating rice
plants,

2. provide better canopy

Maintaining standing water
in the paddy controis most
weeds and minimizes rice
blast inciderice, but
encourages whorl maggot,
caseworm, and brown
planthopper.

Flooding the fields to
higher than normal depths
drives planthoppers and
other insects higher on the
rice plants where they are
more readily controlled by

® Early-maturing varieties
minimize the number of
pest generations per crop.
thereby lowering pest
damage. Such varieties are
highly effective against
insects that have short life
cycles and attack all stages
of rice growth. Insect
abundance increases
exponentially rather than
arithmetically in time.

¢ In areas where there are
seasons without rice, fieids
pianted at the beginning of
the growing season are
usually less severely
damaged by insects and
diseases, but infestation of
Yirds and rodents may be
great unless most farmers
plant early.

INTEGRATED PEST MANAGEMENT IN RICE

cover to shade out

weeds, and
3. give higher yieids.
However, they increase
trown planthopper
oviposition sites and lead to
higher populations and
greater damage.

Flooded

Normal water level

Drained

chemicals. Flooding does
not drown insect eggs or
stem borer larvae within the
plants. The yellow stem
borer can survive one

insect abundonce

meter below the water in
deepwater rice where it is a
major pest. Deeper flooding
also controls weeds more
effectively.

& Periodic draining of rice
fields reduces brown
planthopper, whort maggot,
and caseworin, but
encourages weed growth.

High
an Eoarly moturing variety

VI

A

.

Lote moturing variely

Low i i il

: AN
Q ) ‘
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Seedbed Trnn's~ filenng Parm?'e Matunity Horvest
pion inihohon
Exponentiol Anthmetic
Dogulunon inCregse T e - populotion increase

L

60

90 120

Cays atter seeding

Pest obundance

High

Late planting

Early plonling/

Low

Pest

Time —»

150
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e High rates of nitrogen
fertilizer provide greater
plant nutrition and higher
yield. However, they also:

1. increase weed
populations in the
current and subsequent
crops,

2. increase the incidence
of fungat and bacteriai
diseases by increasing
tissue susceptibility and
tiller density that favors
dew formation, and

3. encourage the
multiplication of brown
planthopper and
lcaffolder (in general
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insects grow larger,
cause more damage,
produce more offspring,
and complete more

Practices effective at the community level

o Crop rotation — rotating
rice with a nonhost crop
will remove a pest's food
and reverse its population

Pest abundonce

buildup. This method is
eftective against pests for
which rice is the preférred
host.

High
Rice Lequme Rice
Low
Crop rotation
High

Rice

Low

Rice

Monoculture

20 30 40 50
Days from seeding

generations per crop on
plants treated with high
levels of nitr