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FOREWORD

It the past, farmers in tropical Asia grew traditional rice
cultivars anc either relied primarily on guitural, mechanical,
and physical rrethods of pest control or practiced no pest
ontrol. Pesticide applicetion was limited because the yield
potential of traditional va ieties was too low to justify
additional investments. although pests destroyed part of each
crup. severe outbreaks or epidemics were rare.

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

The replacement of traditional control methods by
pesticides could increase hazards to noatarget organisms,
however, and lead to the development of pesticide resistance
and erwironmental contamination. To minimize such
problems, Asian farmers must again diversify their pest
control practices — a strategy that scientists now term
integrated pest management (1IPM).

Recently, scientists working in nationat rice production
programs and at international agricultural research centers
have written extensively about IPM for tropical rice. Many of
the publications are research-oriented, fragmented, and too
technical for nonscientists, Furthermore, much of the highly
specialized information often focuses on a single species or a
smali group of pests.

This publication provides practical and comprehensive
information to IPM workers in rice fields throughout tropical
Asia. 1t briefly discusses rice plant structure and growth
stages and stresses their relation to pest management. There
are separate sections on cuitural control of rice pests,
resistant rice variéties, natural enemies of rice 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, integrated
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 draft of the text were developed by
W. H. Reissig of the New York Agricuttural Experiment
Station, Geneva, New York, LISA, during a 1979-80 sabbatic
leave at IRRI. Reissig's firsthand experience in developing IPM
strategies for farmers gave him the necessary background to
organize the information in a useful form. E. A. Heinrichs, IRR)
entomologist, reviewed the technical material and worked with
IRRI editors and artists after Reissig's departure.

J. A, Litsinger, {RRi cropping systems entomologist, provided
technical information on the biclogy and management of
many insect pests and composed the section on cultural
control. K. Moady, IRRI agronomist, supplied technical
information and reviewed the section on bioclogy and control
of weeds, L, A. Fiedler, a research biologist from the Denver
Wildlife Research Center, stationed at the National Crop
Protection Center, University of the Philippines at Los Bafhos,
acted as technical consultant in the preparation of the section
on Biology and Management of Riceland Rats in Southeast
Asia. T. W. Mew, IRRI piant pathologist, provided technical
information and reviewed the section on disease
management. A. T, Barrior;, IRRI entomology department
senior research assistant, served as technical consultant and
worked with artists in the preparation of the section on
Natural Enemies of Rice Insect Pests.

This volume can be easily transtated into the various
languages of Southeast Asia and serve as a key 1 urce of
information 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

Curing 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 rice
production programs and at internstional agricultural research
centers, but only a limited amount of this technology has been
tested in piiot 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
unattractiva 1o farmers, or difficult 10 implement; and
2) applied research scientists, extension officers, and farmers
lack understanding of the principles and practices involved
and the economic benefits from IPM.

There have been much inerest and activity in [PM training
from the international level to the level of farmers in tropical
Asia. This manual was developed 1) to provide a source book
for the training of extension officers who, in tum, witl train
farmers and implement rice IPM programs; and 2) to
encourage applied research scientists to develop more
effective IPM technaology.

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
importance in tropical Asia. Details of the rfeographic
distribution, life cycte of the pests, and damage they cause are
described and illustrated. The integration of sampling
methods, aconomic thresholds, pesticides, resistant varieties,
and natural enemies in the management of pests is explained.

Numerous references were consuited in the writing of this
manual. The sources of information and ilustrations include
the audiotutorial modules in pest control developed at IRRI
and the fofllowing books: The world’s worst weeds, distribution
and bivlogy, L. G. Holm, D. L. Plucknett, and J. V. Pancho,

University Press, Hawali, 1977, Rice virus diseasas, K. C. Ling,
IRRI, 1972; The virus diseases of the rice plant, The Johns
Hopkins Press, 1967, Rice diseases, 5. H. Ou, Commonwaalth
Agricultural Bureaux, 1977, A larmer's primer on growing rice,
B. 8. Vergara, IRRL, 1981; Principles and practices of rice
production, S. K. de Datta, John Wiley and Sons, 1981;
Monograph of insect pests and the natural enermies of rice,
Plart Protection Department, Hunan Agriculturat Academy
Institute, Changsha, China, 1978; insact 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 manuas.
Danilo Amalin did the antwork on the insect pests, natural
enemies, we-1s, and diseases and QOscar Figuracion, Rebecca
Brown, Johr. Figarola, and Joseph Figarola, the illustrations.
Rowena Dagang coordinated the movement of text and
illustrative materials, Ram Cabrera, Fidelito Manto, and
Patricio Mamon are responsible for the design and layout. The
taxt was edited by T. R. Hargrove, head of the Communication
and Publications Department, and G. S. Argosino, assistant
editor. IndividLals consulted during the writing and review of
the text and figures were the jate K. C. Ling, and F. Nuque of
the Plant Pathology Department; V. A. Dyck of the
Entomology Department; and R. Chavez, M, Mabbayad, and
A. Lubigan of the Agronomy Department.

Qur efforts in producing this manual will be richly rewarded
if it serves as a catalyst in the imglementation of IPM strategy
in the rice tields of farmers in tropical Asia.

W. H. Reissig, E. A. Heinrichs,
J. A. Litsinger, K. Moody, L. Fieidier,
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.

Chronic pests — weeds, most leaf-feeding
insects, stem borers, most fungal diseases —
annually reduce yields, but seldom cause
epidemics. The pests are routinely controlied
or are tolerated.

Acute pests — rats, blast, virus and baclerial
diseases, leafhoppers and planthoppers —
infrequently occur in epidemic proportions, but
they cause great economic concermn to the
regions affected and their control is difficult.

Pest epidemics have been recorded over
since rice was cultivated by man. Pests such as
rats, rice blast, armyworms, locusts, angd brown
planthopper have historically challenged rice
farmers who have responded with highly
creative pest controt measures such as control
of the whitebacked planthopper by plugging
the levees to raise the water level, pouring
vhale ol 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
terperature fluctuations, drought, typhoons, or
floods. Such weather conditions suppressed
the natural enemies of rats and insects and
allowed the entry of disease organisms into the
plant.

INTRODUCTION 3
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4 INTEGRATED PEST MANAGEMENT IN RICE

In recent years, the need to intensify rice
production to feed a rapidly expanding
population has brought about rapid changas in
rice production technology. Many of these
changes have created greater frequencies of
pest epidemics.,

o Expansion of farmland pianted to rice has

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

# New irrigation systems have 1) allowed dry
season rice cropping to unleash 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.

» Development of new varieties has 1} led to
replacement of traditional varieties —
which had been selected by farmers for
stable resistance, particularly to diseases
— with modern varigties possessing
narrower-based and lass stable resistance,
2) increased pests favoied by high tillering
plant types, 3) allowed year-round
cropping by introducing photoperiod
insensitivity, and 4) increased the yield
poterttial, making it more economical to
attempt pest coni. &' 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 fertilizer
and grow faster than nice. Insects multiply
faster with better nutrition. Fertilizer
increases the plant's susceptibility to
diseases, Dense growing plants provide
chelter for rats.

" II' :
S \‘r";;.".-'..‘ RS
fiy,

vt At e e
Y 23"%‘}“‘&45;': " :'i"|




INTRODUCTION 5

» Pesticide use has expanded in response to
more pest problems and higher profits that
could be realized from proper use.
Fa-mers, however, often misuse pestisides
by:

1. choosing the wrong pesticide,

2. applying on a calendar-based schedule

without regard to pest numbers,

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

4,

Recommended rate

\ Former's rote

and
not using enough water to thoroughly
cover the plants,

Pesticide rnisuse may:

1) fail to kill the target pest and increase
either its number (resurgence) or thatof a
formerly minor pest (secondary pest
outbreak), 2) cause pesticide-resistant
populations, 3) seriously harm the farmer
during applicatior o e nontarget
organisms in the env-ronment either
directly or indirectly.

e N
o ! A
NP R U L]

Hopperburn dua lo rasurgance Nontorget argonlsms

The pest problems brought about by the Insact{no)
new technology are by no means unigue to High
rice. All too often, however, the immediate
solution 1o a pest problem has meant repeated
applications of pesticides.

The concept of pest control changed with . WA
the advent of mecdern synthetic pesticides Pest population
which were inexpensive and easy to apply. and
gave immediate results. During the pesticide
era, the concept of control meant eradication,

which sought total elimination of pests. Low

The concept of eradication has now been
replaced with the concept of management, ‘* v
where the goal is to reduce pest populations to Seed bed Time
levels that are uneconcmical to control. Low
pest populations are tolerated. Z. Economic threshold; the pest population

1. Economic injury level: the pest population at which control measures should be

is large enough to cause crop losses taken to prevent pest numbers from

costing more than the control. reaching the economic injury level.
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Intagrated pest management is a strategy or
plan that utilizes various tactics or control
methods — cultural, plant resistance,
ciciogical, 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 effec: of each tactic, as part of the
agroecasystem, in producing the least
disturbance and yield loss in the long run.

No rest control strategy increases potential
yield. Such strategies can only ensure that the
maximum yield physiologically obtainable in a
particular field 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 rice plant is
important,

Insects, diseases, and the
damage they cause are

. found only on certain patts
of the plant.

B Brown
ptanthopper

The life cycle of many pests
is closely linked with the
deveiopment of the rice
plant.

Rice

Many crop management
practices must be applied

only at certain rice growth
stages.
FERTILIZER}

|

SeedI;sd
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STRUCTURE OF THE RICE PLANT

The tiller

The tiller is a shoot that
inciudes the roots, stem, and
leaves. it may or may not
have a panicle.

Panicle

Laof

Stoem

Roots

The rice leal
Parts of a rice leaf

Leaf btade

Collar

Leaf sheath

Arrangement of leaves on a

stern

» The top leaf just balow the
micﬁe is called the flag

* The leaves grow afternately
on the stem.
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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
stem. The intermnode is the
portion of the stem between
the nodes.

Intarnodas

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

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

The mature grain is covered
by the rice hull {lemma and
palea).

Panicle Splkelat Mature
at flowsring spikalet

RIPENING —}

GROWTH STAGES

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

Stage 0 — germination to
emergence

The first stage covers the
period from germination until
the emergence of the first
leaf.
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Stage 1 — seedling stage

The seedling stage covers the
period after the emergence of
the first leaf until just before
the first tiller appears.
[ 1 1 ] ! 1 | i
3 6 9 12 15 8 2 24
Doys after seading

Stage 2 — tillering stage
Tie tillering stage extends
from the appearance of the
first tiller until the maximum
number of tillers is reached.

Cays afler seeding

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

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

Days afier seeding

Stage 5 — panicle
development

The panicle grows and
extends upward inside the
flag leaf sheath, and the
spikelets develop. At the end
ot this stage, the panicle
causes lhe flag leaf sheath to
swetl (booting).

60 o4 &4
Days after seading

Stage 6 — flowering

The llowering stage begins
when the panicles emerge
fromn the leaf sheath {head-
ing). It ends with pollination
and fertilization.

Panicla
{ haading)

Filowaring
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Stage 7 — milk grain stage
At the milk stage, the grain
contains a white liguid 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 grain turns
yellow and the whole field
aprears yeliowish.

90 92 94 96 28 100 102
Doys from seeding

Stage 9 — mature grain stage
The grain 1s full-size, hard,
and yellow. The upper leaves
are dry and the panicles bend
toward the ground.

1 | ] 1 | | | | i
100 102 104 106 08 no 2 [ ne
Days after seeding




General rice growth stages
The nine individual growth
stages combine into three
general growth stages:

1. vegetative stage — from
germination to panicle
initiation

2. reproductive stage — from
panicle initiation to
flowering

RICE PLANT STRUCTURE AND GROWTH STAGES 15

3. ripening stage — from
fiowering to maturity.

120-aay voriefy

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.

Days from sowing

§

5 g 5

= 8 5

[ k3

‘o 2 g

)] W E

Vegetative phose é Reproductive phose Ripaning phase
» aua ]
{55 days) (35 days) (30 days}
\I!Y
150-day variety 5
3 2 5
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£ g -
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Vageiative phasa Reproductlve phase Rlpening phase
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“Insect Pests of Rice

insect pests are particularly species are qi rna]o.r impor-
abundant on rice grown in tance in tropical Asia.
the tropics. About 30 different
General characteristics of
insects Insects have
One or 2 pairs of wings One pair of antennae
General life cycle

Insects have two common

general types of development
or metamorphosis;

Gradual metamorphosis

tnsects with gradual meta-
morphosis go through the
egyg, nymphal, and adult
stages.

Nymphal stages may be
similar to adults but 1ack
completely developed wings
and sexual organs.

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

Bugs, leathoppers, and plant-
hoppers are examples of
insects with gradual
metamorphosis.
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Complete motamorphosis

insects with complete
metamoiphosis go through
the egg, larval, pupal, and
aduit stages.

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

Aduits do not teed upon cr
injure the plant.

In other species (hispa) both
the larva and aduit 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.

Adutt

Chewing Insact

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 leafhoppers or plant-
hoppers may also transmit
virus diseases.
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Rice insects can also be
classified aceording to the
plant parts upon which they
feed:

The biology and
management of all insect
pests attacking the various
grawth stages of rice arg
covered in this Guide. Insects
attacking rice grain in
starage were not included.
The inset pests are
presented and grouped in the
chronological order in whici
they would attack a crop
from sowing to harvest.

<P

Seed in soil Vegelalive shage Reproduttive slage Rlpmlng_; stoga
Scientific names are used to . S
avoid confusion since Example of insect classification
common names of insects Common name — Rice brown planthopper
may vary among different Order — Homoptera
countries. Family — Delphacidae

Scientific name — Nilaparvata lugens (St4l)ea—— —
|
Genus Parentheses indicate N.
fugens was originally placed
Species under another genus.
Taxonomist originally

describing species
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Description ol insect pesls in
this Guide

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

Fest status Pantal Prevlence witin
severity bavorotie hobitat Control

Insects are designated as oLow ®Rarely obundont
either major or minor pests @ Abundoat some ;
based oranla combinatimf @ Modsrole + vears in Smiied arecs © Readily contruled ~  ®Minos pest

» ﬂh I'Idﬂm some yeors + L ] DI"ICU" — &M t

three tactors: ® High over lorge Qreas 1r pes
* Severity of economic loss * Shundant mest years |

(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 oniy the general derably in localized areas and
+ Ease of control (difficuit, status of the insect species change through time,
readily controlied). throughout Asia. The siatus

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

— rainfed upland rice -~ rainfed wetland rice — irrigated wetland rice
fields {unpuddied, fields {puddled, flooded fields (puddled and
nenfiooded) atter rains} flooded)

# Distribution
The distribution 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,

AUETAALLA
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#» Development and actual

size Actyg! sire

The actual size of the ! " » : > 4
various life stages of the

insect pests is presented Develaoment

along with detailed _

drawings and an indication Five nymphal stages

of the duration of each
stage under average
conditions,

Large nymph

o -
o
~

33

» Location and behavior

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

# Host range

The major species of nost
plants for each insect
species are listed.

Rice Echinochioo

Damage

The type of damage caused
by each insect pest is de-
scribed and illustrated.
Changes in rice planl color
caused by insect injury are
difficult to illustrate in fine
drawings.
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Managemeant

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

Economic thresholds

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

Above the economic
threshold, economic injury
occurs, while below it nu
controi is necessary.

Control tactics

Cultural practices

Varietal resistance

2

Natural ensmies

3

Parasita Pradator
Insecticides
5
S hda
Eqg masses{no. /2G hilis)

No.conteol necessary ~

2 === Economic thrashod Je

© o initafion -




- SOIL PESTS

ANTS {HYMENOPTERA: FORMICIDAE)

Several species ~ red or
black soil-inhabiting ants —
Solenopsis, Monomorium,
Pheidoie, and Pheidologeton
— remove rice seed from
newly sown fields in rainfed
areas. Ants can be
distinguisned from other
insects by the presence of
the pedicei between the
thorax and abdomean,

Thorou
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o
Solenopsis Manomorium Pheldole Pheidologeton
Pest status
Although ant populations in Potentol l;‘mvulenne hgilhh
nonflooded rice fields are severity avoraba hobitot Contral
high, the greater tillering of
the surviving plants normally Aburdont most _ Minor
compensates for loss of Moderale + yeors over forge | 4 controed | = pests

stand due 1o seed removal.

Ants are readily controlled by
insecticide.

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

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

2 $7TIrS
bdrsrae®
brssasse.

poot A L

. e
w L ; Yt

Ants' nests are below the
soil surface in upland fieids,
but are confined to rice
levees in rainfed wetiand
fields.

Floaded wi

ettond

-

s

Roinfed

AR, E

wetland
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Whether ants forage day or
night depends on the
species. Solenopsis forages
by day near the nest and
prefers a dry habitat.
Pheidota, Pheidologeton, and
Monomorium torage long
distances by night using
chemical odor trails. These
species prefer to nest in
moist soils.

Damage

Ants store rice seed from the

field in nests below ground.
The result is foss of plant

stand.

Management
Cultural control. Increasing
the seeding rate
compensates for ant-caused
losses and may be less
expensive than insecticides.
Regsistant varisties. No va-
riety is resistant to ants.
Biological control. Ants are
hosts to various parasites —
mermithid nematodes,
ascomycete fungi
{Cordyceps and
Laboulbenia), phorid flies,
strepsipterans, and
eucharitine wasps; and are
prey to a wide array of
vertebrates — birds, snakes,
ground lizards (Dasia and
Sphenomorphus), bull frogs,

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

There is no sconomic
thresihoid for ants,

N

and ant-licns.

The impact of natural
enermies, however, has not
been determined.




TERMITES {ISOPTERA: TERMITIDAE AND RHINOTERMITIDAE)

Termites are known as white
ants because of the overall
similarity to ants in body
shape, wings, and the caste
system of workers, soldiers,
kings, and queens. Termites,
however, lack a pedicel.

Pest siatus

Even though they are
permanent residents of
nonflooded environments,
termites rarely attack rice and
are readily controlled with
insecticide.

Termites can be a problern
in upland environments, but
also ocour in light-textured

/ Pedicel absent
-

TERMITE

Pedical pregen

Potenticl Prevalence within
severity fovoroble habitat
Moderate + amé’m +

soils in rainfed wetland areas.
Sustained flooding kills them,

INSECT PESTSOF RICE 27

Controt
Readily - Minar
canrolled = pests

Some grassland termites
make permanent nests
composed of many tunnels
deep in the soil. Other
species make nests as
mounds above the ground.
The tunnels are lined with
body waste to seal the walls
so that high humidity can be
maimained.

Tl
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Distribution in Asia.

Damage

Maost grassland termites lack
symbiotic protozoa to digest
cellulose. Instead they
culture fungi in underground
fungai 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
oat the combs. Workers are
constantly constructing and
eating fungal combs in their
rests.

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 ptant
stemns 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 controf. To take
advantage of termites’
preference for dead plant
material, farmers can divert
the pest from the growing
crop by putting crop residug
in the field at planting.

Mosrotesmes glw_tis { Hogen ) Hetergtarmes phillppinensis{ Light )
{ Termitidoe { Rhinotesmitldae )

Coptotermes formosanus  Shiraki }
{Rhinctermitidae)




Chemical control. Treating
the seeds with insecticide at
planting is usually effective
against termites. if higher
dosages are required,
granules are applied in 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 farge larvae of scarab
beeties are called white
grubs. Grubs are larvae that
live in soil. White grubs can
be distinguished from other
soil-inhabiting iarvae by the
swollen end of their
abdomens, C-shaped body,
and well-developed legs.
There are many species of
white grubs, but none is
widely distributed in Asia,
White grubs as a group are
common to all countries.
White grub species can be
divided into two groups —

Pest status

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

the chafers in which only the
larvae teed on plant roots
and the black beetles in

which only the adults are
root feeders,
Black beestle
Hateronychus
Poleniial Prevolence within
severity favorable hobitat Control
Abundant most Minor
Modemie years in limited + Difficult =
oreas pests
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White grubs are restricted
to nonflooded environments.
They are most common in

upland rice but can occur in
rainfed wetland areas with
very light-textured soils.

Distribution in Asia.

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

pics. In temperate regions 2-
year life cycles are common.

Irrigated wotland

Arteizt sire

Moture larvo

Weeks




Adult. Beeties are grey,
tan, dark-brown, or black.
Adulits 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 inta aduits which
emerge from the ground and
fly to nearby trees.

Aduit 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
light trap at night. Largest
catches are during a new
moon.

Eggs are laid singly in
rmoist soil by the burrowing
females. Tilled fietds 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 tive about one year.

Egg. Eqgs deposited singly
are ovoid and creamy white
with a leather-like shell.

The egg stage is highly
susceptible 1o dry weather
and must be in moist soit to
hatch.

INSECTPESTSOF RICE 3
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Larva. White grub larvae
are difficult to classify into
species without a microscope
for examining body hairs,
mouthparts, lags, and iarsal
claws. They have a light 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
desiceate if the soil is dry,
and they drown in heavy clay
soils after a heavy rainfall.

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 cells in which to
pupate.

Pupa. The pupal cells
protect the dark brown pupae
{from drying out.

Pamage

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

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

Rice is a preferred host
bacause 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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Mast of the damage from
chafers ccours from the last-
stage larva.

Damage within a field is
normally patchy because the
chafer grubs and black
beetles are not evenly
distributed.

The same fieids tend to be
reinfested year after year.

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

Management

Cuitural control. Delaying
tand preparation until most
chafer adults pass their egg-
laying phase or die reduces
the field poputation.

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

Root consumphion (%)

00

INSECTPESTSOFRICE 33

Maize
¥
Millet Sorghum
Choler gdutis intrees {no.)
High
PN
] { ‘ Rice Many white grubs
Few
! Rica white
A grube
First
roin
Low ) 1 1 1 1 1
+—3 waeks—
Time -
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Biological control. Several [
specialized scoliid wasps can
parasitize white grub larvae
in the soil. Their control
effect, however, is minimal.

Nematodes also parasitize
white grubs.

Pramemomermis sp.

Compsemeris marginel
Scoliidoe

lo modesta { Smith)
=

Chemical control. e
* [nsecticide application.
Granular insecticides ap-

+

e

G
e T

1-@{*{\_‘?}}

v TN
R

&9 N1

plied in crop furrows or
hills at sowing are the only
practical chemical control
measure against white
grubs. Granules covered by
s0il at planting remain
active for several weeks.

,..:A'. _-" y

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

: RICE CROP
Land .
preparotion g b
; C —
kng First Thirg
stage slage

larva larva

Time

Scouting. Because it is
impractical to apply
insecticide to the soil after
the crop is planted,
scouting and economic
thresholds cannot be used.

It early planting is not
practical or does not
provide satisfactory control,
insecticide should be ap-
plied at sowing time to
fields which have a history

of white grub damage,
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| MOLE CRICKET (ORTHOPTERA: GRYLLOTALPIDAE)

The maie cricke* Gryliotalpa
origntalis (= africana)
Burmeister is a soil-
inhabiting insect. Adults and
nymphs feed on roots. The
insect is readily identifiable
by its large size, enlarged
front Jegs and prothorax,
rudimentary hind wings, anc

Prothorax

anal cerci.
Rudimentary hind wing
Corcus
Pest status
Mole crickets only Patentiol Provalence within
occasionally become severity tavoroble habitat Controt
sufficientty abundant to kill
patches of young plants. Abundant mast , .
They can be readily Maderate + yeors in limited + oﬁ':,‘:.ﬁ‘. = :mf "
controlled with insecticide areas
mixed with bait.
They occur in all rice and nymphs forage for seed
environments but are more which they store either in
prevalent in nonfiooded permanent burrows or
upland fields with moist soil toraging-galieries in levees or

that is easily tunneled. Aduits  field berders.

Distribution in Asia
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Development and actual size

Artual sire

Five io six nymphal stages

Adult

Aduilt, The tan to dark brown
aduits have enlarged front
legs designed for digging
tunnels in the soil. The first
segment of the thorax is
enlarged to help the insect
push its way through the soil.
During the night, adults
actively dig branched
burrows or search for food
such as seeds or other
insects aboveground. During
the day, they are
underground.

Adults are frequently seen
swimming in flooded fields
during puddiing for wettand
rice. Flooding causes them to
leave their burrows.

Months
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Because mole crickets
cannot survive underwater,
tney make their burrows in
rice bunds in flooded fields.
Generally, they live in
nonflooded fields.

Adults are strong fliers
despite their short wings, and
are attracted to a light trap at
night.

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

Nymgph. The tan nymphs
aiso burrow in the soil at
night and feed on roots.

Damage

Foraging on seeds results in
loss of plant stand in upland
rice. Fants in a seedbed or
during the early tillering
period have smail root
systems and can be killed by
mole crickets if the field is
not flooded. Mole crickets
cannot kill older plants
because the root systems are
large.
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The pattern of damage ina
field is not unitorm. Damage
is normally in paiches.
Normally damage is greater
near the field borders.

Plant hosts. Mole crickets
feed on a wide range of
plants with fibrous root
systems.

Management

Cuftural control, Maintaining
standing water in the field
prevents mole crickets from
tunneling in the soil and
damaging the crop.

Resistant varieties. There
are no varieties resistant to
the mole cricket.

Biological control. Mole
crickets are cannibalistic,
thus regulating their own
numbers. A sphecid wasp
and nematodes parasitize
nymphs and adults.

Larra Wzanansis { Rohwer) Mermis nigrescens ( Dujordin )
{ Sphecidoe ) {Mermithidoe)




Chernical control.

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

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

¢ Scouting. Visit the hield
weekly from the seedbed
stage through crop tiiering.
Look tor dead plants
throughout the field.

Apply poisoned bait
when dead plants are
found. No economic thres-
hoid has been established
for mole crickets.
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Foisomed bait =
rice bron +insechcde

Foliar sprays are not
elfective.

l Damage

L ‘
COUliNG or ;oniro.l

Panicle
iniliation

Doys ofter seeding
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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 Lissorhoplrus
oryzophilus Kuschel —
occurs in the Americas but
recently entered Japan.
Several root weevils feed
on rice in tropical and
temperate Asia. The
discussion focuses on three
of the most widely distributed
rice rool weevils in Asia:
Echinocnemus squameus
Biliberg of Japan, Korea, and
China; Echinocnemus oryzae
Marshall; and Hydronomidius
mofitor Faust of India.

Pest siatus

Root weevils are readily
controlied by insecticide.
Much of the root damage
they cause can be tolerated.

Root weevils are adapted
to survive underwater and do

Lissortiopirus oryzophilus

Hydronomidius molitor Echinocnemus ocyzoe
Potertial Prevolence within
sevarity Tavorable hobitot Control
Alvndond soine -
. - Minor
Moderate + | eorsinimiled et | = hesrs

not occur in upland
environments.

| A\ ikl
e i
+

P

Distribution in Asia.




Development and aclual 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 pupal cells after
the onset of rains. Their
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 1o lay £ggs at the
base of plants.

Egg. Oblong white egas
are laid singly under the s0il,
next to newly transplanted
rice seedlings.
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Aot size

Four larval stoges

Weeks

!'5%
mgt'

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

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

They remain underground
through the dry season or
winter, in dormancy.

Tubergle
in rogt

Pupa. The larvae pupate in
the early monsoon or spring
in underground cells.

Damage

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

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

Damaged

Root weevils are unevenly B¢ ¥ia%e pi* "‘\ “‘v" ":ﬂ."y i f“‘i" "
distributed. When abundant,  N-_0Y ¥y yoy ﬁ

they can kil young rice
plants,




Plant hosts. Larvae feed on
other grasses besides rice.

Management

Cultural control. Double-

cropping flooded rice Kills

larvae in their pupat celis.
Crops whose planting is

delayed escape the peak

larval attack.

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

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

Chemical controf.

® Insecticide application.
Applying granular
insecticide effectively
contrals larvae and is more
efficient than applying
foliar sprays {o control the
adults.

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

INSECT PESTS OF RICE
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» Scouting. Visit the field

each week during the
vegetative stage and look Damoge
for larvae or their damage
symptoms. IScouting for control
Ponicle

initalion

Pull up 20 plants at
randam within & field and
e orcanae of ' LSRR AL A
20 FEN XY K¥
AEL TR FNY
EELESRRE
. AARERIE Y
(X IAESSEARS)
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AR NS LALEY
Broadcast granular infested hills (%)
insecticide when the 20
economic threshold is
reached.

: Panicke
Nocontrol - . initition
NECEssary :
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ROOT APHIDS (HOMOPTERA: APHIDIDAE)

Aphids are soft-bodied
insacts that tive in colonies
composed of nymphs and
aduits. Winged adulis have
transparent wings. Several
species feed in colonies on
rice roots just betow the soil
surface.

Tetranewr nigricbdaminali { Sasaki) Geoicy huecifuga { Zehniner )

Pest status Folential Prevalence within
Root aphids seldom are severity fovorahle hobikal Control

widespread, even within a
field. Control by insecticides Abundant some Mi
is difficult because the Moderote + yeors inkmited + Difficub = paﬂs‘fsr
insects are located below the arens

sail surface.

Distribution in Asia.

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

#

DT g

Uplod Ruinfed wefland
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Development and actual size
Eggs develop and remain
inside the female, which
gives birth to nymphs.

Adguit. Root aphid species
are composed entirely of
females since no males
occur. The yellow or dark
orange females produce
offspring without mating —a
process calied
parthenogenesis.

Two adult forms occur —
winged and nonwinged.

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

Several generations occur
on rice. The winged adults
produced when the crop is
near maturity fiy 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.

Actuaf size

+ *

Four mymphal sioges
Deveiopmen? y}{“

N,

Nymph. Nymphs are
transported from root 1o root
by tending ants. Around the
roots the ants construct
spaces for nymphs to live in,

Tending ants feed cn the
honeydew produced by
aphids.




Damage

Adults and nymphs remove
plant fluids with their sucking
rmouthparts.

Removal of plant sap by a
high number of aphids
causes the leaves to tum
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.

Biologicat control. Tending
ants protect the aphids from
many natural enemies, tor
example, lady beetles that

INSECT PESTS OF RICE

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

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

Coccinella reponda
{ Thunbarg )

Menochilus ssxmoculatus
{ Fobricius)

Harmania actomocutala

{ Fabricius)

Mermis sp.
{ Mermithidae }
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Chermical control,

s {nsecticide application.
Because aphids are found
below the soil surizce,
control by foliar
insecticides is effective only
if spray nozzies are
directed at the base of the
plants and high volumes of
water are used.

Seed treatment can also
be effective.

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

» Scouting. Visit the field
each week beginning from
the late tillering stage to
flowering. Cross the fieid at
each visit and look for signs
of yeliowing or stunting.

Roking granules into
the soil

F I Damage I

[ Scouting for control |

190

Days after seeding
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Determine percentage of

Dig at the base of plants
infested hills.

showing symptoms of
Apply insecticide when
the economic threshold is

aphid attack and look for
reached.

signs of aphids.
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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 {(maggois), fead within
developing rice tillers. The
adult flies are similar in
appearance 1o houseflies.
They prefer to lay egge only
on seadling stage rice plants,
hence the name seedling
maggot.

Atherigona oryzae Malloch Atherigong exigua Steln

Pest status

Seedling maggots are highly Poluntiol Prevalence within

seasonal in occurencea and severily favorable habike Conirol
can be readily controlled with
insecticide. However use of Modarate Abundant in most
economic thresholds in the high
field to be prolected is
difficult because the attack
begins at crop emergence.

I Readily - Major
+ years, but highly + controlled = pesis

They are restricted to
upland rice and do not cccur
in flooded wetiands.

Distribution in Asia

AuSTRRLIA
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Development and actual size

Actucd size
— ] A

Develcoment

' Thvee lorval sloges

iy _
Larve

Ex Pupo

: L i ! I

4 20 -2 k]

Days

Adult. Adults are strong fliers
but do net migrate. They are
active ¢ 1ty during the day.

Flies are highiy 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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Adult fiies are highly
attracted 1o fish meal bait and
can be captured in an
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, The
ground placement of the bait
provides low fly catch.

More flies were captured
with the shootfly trap made
of a 6-inch plastic funnel and
a 20-cm cylindrical polyvinyl
chloride provided with
fishmeal bait and killing
agent underneath the fiber
glass cover on top and a
plastic collecting chamber at
the bottom containing 80%
aicohol.

The higher placement of
fishmeal bait {1-2 m above
the ground) facilitated the

Egg. The white elongate
eqgs 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 lgaf
blade on a film of dew in
early morning. Each larva
enters a liller and feeds on
internal tissue.

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

Damage

Larvae feed by moving their
hardened mouth hook back
and forth in a rasping metien.
Larvai feeding in the zone of
new tiller development can
kil tillers and form

- B ny
o YK
U x

release of “kait smell” to a
wider spactrum and attracted
more fiies. This method
increased the catch in terms
of the number of species and
number of individuals.

deadhearts similar to those
due to stem borers. Larvae

feed on the decaying tissues.

Tillers that survive exhibit
discolored or transparent
patches of damaged leaf

tissue along the margins and
are readily torn by the wind.
As a result the ieaves become
ragged and exhibit symptoms
similar to whorl maggot
damage.




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

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

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

INSECTPESTSOF RICE B

l Growih duration of undomoged plonts |

| Growth duration of seediing fly-damaged plants

initiglign

Days after seeding

Rice

Maize

Faspalum

Management
Cultural control. The most

avoid planting during peak

practical control method is to

seedling maggot abundance.

Planding at beginming of roiny season

P LN
P r it
W il

£scapes seedling flies

High seedling fly numbers
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Resistant varigties. No re-
sistant varieties are
commercially available.

Biological control. Natus..
enemies attack all stages of
seediing maggots.
Trichogrammatid and
eulophid wasps parasitize

s.
gulophid and braconid
wasps parasitize the larval
stage.

Spiders prey on adult flies.

Trichogrdmma Sp.
{ Trichogrommotidae)

Tetrostichus sp
{ Eulophidae }

Opius sp
{ Braconidoe }

Clubiona jeponicolo ( Boesenberg
& Sirand ) ( Clubiomdoe)

MNeoscong theisi | Wolckenger )
[ Aroneidae )

Argneus inusius (L. Koch)
{ Aranexdge)

Argiape catenulato { Doleschali }

Oxyopes javonus ( Thorell }

Lycosa pseudoonnulotg ( Boesenberg
¥ Strond ) ( Lycosidoe )

{ Araneidoe )

N
Nk

w

% h

Tetragratha jovana { Thoreit }
{ Tetragnathidoe)

{ Quyapdae }
7/

Tefrognatha nitens { Audouin)
{ Tetrognathidoe }
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Chemical controf.

» [nsecticide appliication.
the crop will be planted
during the period of peak
infestation, insecticide is
most efficient as seed
treatment.

Granules are inefficient
because of the high dosage
necessary.

Atter 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 af:er crop

Shoke in plastic hag |,

emergence.

* Scouting. Sampling is

based on damaged leaves.
Because the damage Leat damage

symptoms appear after the .
critical control period, Scouling
sample a neighbor's field for control
planted 1-2 weeks ahead. Neighbaring field
planted 1-2 weeks
Oheod
Panicle Flowering Maksre grgin
inhagtion

Days ofler seeding
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Seedling maggot (na. of eggs/piont or hill)

No conirol

S8 INTEGRATED PEST MANAGEMENT IN RICE

Cross that field and count the
eggs from 20 plants or hills.

Use an insecticide if the
economic threshold is

reached.

Days ofter seeding



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 leai
whorls. Three species occur
in Asia.

Hydrellia griseola is a leal
miner, not a true whort
maggot. Damage from it is
similar to that caused by
another fly, Pseudona-

INSECT PESTS OF RICE 57

YT T

e

Hydrellig sasakii { Yuasa et Isitani }

e e
A T - . ! r
o et . - ' -
[ BN RV S T, S

Hydrellia griseola ( Follen)

pomyza asiatica, whose Damage
larvae tunnel within leaves, {mine}
creating cleared trails or
mines that become bigger as Pupa
the larvae grow.
Fseudonapomyzo osigtica { Spencer) -
Pest status
Whorl maggots have Potenticl Prevolence within
increased in importance seventy fovorobie hobitot Control
because of irrigation systems
that 1) ensure standing water Moderate Abundant most o - Mojor
in paddies during the high + years over wide Difficuit = nee
vegetative stage, 2} allow the
presence of host plants year-
round, and 3) favor the
transplanting of young protected is difficult because
seediings. Use of economic the attack begins at
thresholds in the field to be transplanting.
Whorl maggots live in
aquatic habitats and do not
occur in upland rice.
o
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Distribution in Asia.

Development and actual size

ArSTHALEA

Adult. Adults are grey with
transparent wings.

The aduit flies remain in
lowland areas and do not
migrate long distances after
reaching adulthood. They are
very difficult to identify in the
field because they resembie
other flies such as Psilopa
and Paralimna whose larvae
teed on rice and Notiphifa
spp. that live on
decomposing organic matter
in rice fields. Notiphila egas
are large and are laid in
masses,

24 34

Notlphlia lotigenis Handal

Notiphlla similis Maljare

!
Notiphiia eggs
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The adults are active
gduring the day, locating rice
figlds by reflected sunlight
from the water surface. They
rost on rice leaves near the
walter,

Adults no longer find rice

th | .
;?hgfo’é’:gc;se‘é‘éf - Yixgtey
elds or seedbeds ar : ] ;
I'llighly attractive to adults. ! lli ‘i li
Eggs are c:mfl);| ;%té'nd ajong i .! iiili
the ed ed
seedbeds, L 3348%4 4

) EEE8E}

Tranaplanted rice

Each female lays an
average of 100 eggs during
its lifetime of 3-7 da' 5.

Adults are not attracted to

a light trap.

%?Bnm‘dﬂﬁ'%

D L
020 8 0 e OO B G
Seedhed
Egg. The female .ays eggs i \

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.

i
1
i
i

18!

Larva. Upon hatching, the
iegless larvae are transparent
to light cream in ¢olor. 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 oider
tillers.

Pupa

Damage
Larvae rasp plant tissues with

their hardened mouth hooks.

They eat the tissue of

unopened leaves. When the Mmm

leaves grow out, the damage

becomes visible.

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

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

A lightly damaged leaf has
only pinhole feeding areas.

The severely damaged
leaves break from the wind.

Plants can recover from
whorl maggot damage i no

other pests are present. but Growth duration of undamaged crop
maturation may be delayed
7-10 days. Growth duration of whor maggot damaged crop

Fonicle
mhalion

Days ofter seedig

Damaged plants are Yield ioss
stunted and set few tillers. High

Yield loss occurs if other 4
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. l
oIl

Whorl mogget Wharl rnoqqol Whort muggo?
Coseworm Ousewarrn
Srem borer
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Plant hosts. Rice is the maggots can develop on a
preferred host but whorl number of grasses.

Echinochioa Grachiorix Cynodon

Loptochioa Panicurr Wild rices Lowrsia

Management

Cuftural comirol. 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. Flooded field

Dioin field
for 3—4 days

Crop establishment
methods that enable the
plants to cover the water
surface mast rapidly result in
low and, often, insignificant
damage from whorl maggot.
Direct seed rather than
transplant.

Transplant older seedlings.

Azolla covering the water
surface prevents an
infestation from developing.

A 4

n‘f? Young seediing @*ﬂm 0ld seedling
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Resistant varieties. No re-
sistand varieties are
commercially available.

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

High fillering

Biglogical control.

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

Trichogromma Sp Tetsagtichus sp. Opius sp
{ Trichogrammotidoa} { Eulophidaa ) { Broconidae )

Medetero sp, Syntormon sp

Whori maggot adults are
preyed upon by ephydrid
flies and spiders.

CQchthera brevitibialis de Maijere
{ Ephydridae }

Egg cocoon

Lycose pseudoanmulots [ Boesenberg B Strand ) Neoscona theisi { Wolckenoer )
|_ { Lycosidge } { Araneidoe )




Chemical control.

& Insecticide 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. Ceating the roots for 1
second in a runny
mixture of paddy mud
andinsecticide, then
drying overnight before
transplanting. ZnQ,
powder can be added to
the slurry in zinc
deficient areas,

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

§. Foliar sprays — normally
the least effective
method — one and two
weeks after
fransplanting.

s Scouting. Sampiing is
based on number of eggs.
Leaf damage symptoms are
toodelayedtobe 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,

INSECTPESTS OF RICE &)

e
!
T
0 5 15
Days after transplanting
Leaf domaga
Scouting
for control
Panicla Flowering Mature geain
initéation
Seediing -
74 .
Iy
¥
20

Days after seeding
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While crossing the paddy,
randomly select 20 hills and
record the number of eggs
per hill. Select fields with ¥
standing water. 20

¥
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Insecticide application \;hcr: maggof (no eggs/hill)

must be carried out no later
than the first week after
transplanting. Apply when
the economic threshold is
reached. Hf there is no
standing waler irt the field, do
not apply insecticide.

Economic E
threshold

Panicle Flowering Mcture groin
Mo control
nacassory

Days after saeding




INSECT PESTS OF MCE &

' RIGE CASEWORM (LEPIDOPTERA: PYRALIDAE)

The caseworm Nymphula
depuncialis (Guende) Is an
aquatic insect. The damaging
stage Is the larvae that live in
sections of ieaves cut from
young rice plants and rolled
into tubes catted cases.

A number of related
species occur in Asia, but N.
depunctalis is the most
widely distributed. N. vittalis
and N. fengwharnalis occur in
China.

Mot all feed on rice.
Paraponyx diminutalis and P.
fuctuosalis teed on agualic
weed Hydrilla found in canale
and rice fieids. Nymphula vittalls

{ Brammar) {Pryst}

Parapcty diminutotis Paroponyn fluctugsoks

L Snatinn) { Zulier

Caseworm pupd

mades
Hydrilla leaves
Hydrilla gg_niciiluiu
{Roub 1Rayls
Pest siatus
In s field, damaged plants Rovariy st bt Canteol
occur in patches. They
normally recover from the Abundont mast
effacts of leaf removai in the soderate + yoars In imied + Roadh = m‘,"
early growth stages. areos
irrigation, which ensures
prolonged standing water In
the vegetative stage, sbundance. The larvae are
increases the pest's very sensitive to insecticide.
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The casewdrm occurs only
in rice fields with standing
water. It is found in irrigated

and rainfed wetland envi-
ronments and is more preva-
lent in the rainy season.

Distribution in Asia.

Developmeant and aclual size

Actuet sire

» Lol

- »ie

Five lorval stoges

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

23 0 3%
Cays




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

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

Moths are highly attracted
to a light trap. Catches are
highest during a hew moon.

Egg. Eggs are pale yellow,
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
yellow as they mature,

Larva. Newly hatched lar-
vae rermnove the surface of
young leaves. Older, pale
green larvae have branched,
thread-fike gills along the
sides of their bodies and can
only take in oxygen from
water,

INSECT PESTS OF RICE
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Larvae make their cases
from ieaf sections cut at right
angles from ieaf tips.

The farvae roll 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
teed, still within their cases.
Cases are replaced with each
moit.

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 beginin a

finoded seedbed, but does

not occur after maximum tiil-
ering. The larvae feed by
scraping patches of green
tissue from young ieaves,
causing only the white
epidermis to remain.

Caseworm damage can be

distinguished from that of

other pests in iwo ways:

« The ladder-like appearance
of the removed leaf tissue,
resulting from the back and
ferth motion of the head
during feeding.

e Leaves cut at right angles
as with a pair of scissors.
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The pattern of damage is
not uniform because the
larvae floating in their
cases are often carried to
one side of the paddy by
winhd or water currents.

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

Baid. b, ov (s 1%
.ané:.,o \,‘ e-a
AR Y

25, “&H “‘E:’

Damaged plants can
recover if Ho other | Growth duration of undomaged crop |
defoliating pests are
present, but maturation
may be delayed 7-10 days. {

Growth duralion of caseworm domoged trop

Panicle
initialion

Days after seading

Yield loss occurs if other it loss
nondefoliating pests such High
as whort 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. .
LR

Coseworm

w‘m | maggot
smm
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Piant hosts. Larvae prefer
actively growing leaves and
although they can survive on
several grassy weed species,
rice is their main host.

Management

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

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.

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

Qld saadling




Biclogical control. Snails
— Pita and Radix =
(Lymnaea) — foraging for
algae inadvertently dislodge
eggs from rice leaves. A
braconid wasp parasitizes the
larvai stage. The larvae of
hydrophilid and dytiscid
water beetles prey on the
caseworm larvae. Spiders
prey on adult moths.

Water heetle predators are
prevalent in more permanent
water sources. They are late
colonizers of rainfed lowland
rice fields, a fact which may
explain why the rice
caseworm is often abundant
in these more temporary
aquatic habitats.

Caseworm eggs and larvae
are protected from the attack
of many parasites because
€ggs are laid in water and the
larval stage remains in cases
ficating on water.

INSECTPESTSOFRICE T

Hydrophilus offinis { Shorp )
( Hydrophilidaa )

Berosus sp.
{ Hydrophilidoa )

Laccophilus difficilis ( Shorp)

{ Dytiscidos )

Neoscono thelsi{ Walckenaer )
{ Araneidae }

Argiope catenulaio { Doleschall }
{ Araneidae )

Aronaus imssius (L. Koch }

{ Aroneidae)

Oryopes |ovanus ( ThoreH }
{ Osyopidae )

Lycosa pseudoonnulota { Boesenberg)
B Strond ) ( Lycosidoe )

T

otha nitens { Audouin)
{ Tetrognathidoe }

Clubiona joponicolo { Boesenberg

& Strond ) { Clubtonidoe)

ik,
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Chemical conirol.

& [nsecticide application.
Caseworm larvae are highly
susceptible to insecticides
and are readily controlled
with foliar sprays or
granules in the paddy
water.

¢ Scouting. Sampling is
based on plant darnage.
Scout seedbeds weekly for
signs of larval feeding.

Direct-sended and
transplanter! fields should be
scouted v-<ekly until
maximurr. tillering. Damage
symptoms appear at once on
the crop; therefore, fields
should be scouted even
during rains.

r Defoligtion

Panicle
niliafion

Mature groin

DCays ofier seeding

Look at the number of

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

Seeing caseworm moths
while crossing the field is a
warning to scout more
frequently.
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Determine the
percentage of leaves
showing signs of feeding
from caseworm (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 piant.

Apply ingecticides only to
fields with standing water
and only when live larvae are
presant.

Domaged laoves{%)

20

INSECT PESTSOFRICE T3

Ponicle
nitialion

&0
Days ofter seading

RICE GREEN SEMILOOFPER (LEPIDOPTERA: NOCTUIDAE)

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

Pest status

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

The green semilooper is
found only in wetland envi-
ronments and is ahundant in
the rainy season.

Maderote

Frivalence within
favornble hobivat Control
Abordont some Feodi
years. in limited + m.,oigd
oracs

— Minor
- pesl




Distribution in Asia

Devetopment and actual size

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

Adults hide in rice fields or
in grassy areas at the base of
plans during the day and
become active at night.
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Ariod sure

Deveropment

Three kirval stoges




Each female lays 50-100
eggs during its lifetime of
310 5 days.

Moths are highly attracted
1o a light trap and catches
are high during a new 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 tarvae 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
temnperate regions, it may lie
dormant during periods of
low temperature.

Damage
Larvae feed on leaf blades
and prefer actively growing
plants, from the seedbed
through the tillering stage.
Young larvae scrape the
leaf tissue from leaf blades.
Older larvae eat large
areas on the edges of leaves
to form notches.

INSECTPESTSOFRICE T3

Young larvos

Old larvae
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Young plants Gan normaliy Yrid loss
recover from defoliation High
caused by the semilooper,
but yield loss occurs it other
nondefoliating pests such as
whorl maggot and stem borer
feed at the same time.

Low
Semdooper Semimr‘" Semnilooper

+
Whorl moggol  Whart rvaggot

+
Stemn borer

Plant hosts. The larvae

also feed on grassy weeds.
Rice Eehinochioa Flousine

Management & ]
Cuitural control. Heavily
fertilized crops result in high FERTLEEF| (FERTRZEN [FERTILZER
semiooper wumbers.

Use only an opiimal A
amount of fertilizer and split \ Pance
the applications. Tillering iniliation

Seeding i /
0 20

30 40 &G
Doys offer seeding

Resigtant varieties. No re-
sistant varieties have been
developed for rice
semilooper,
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Bioiogical cantrol. Small

trichogrammatid wasps para-
sitize eggs. Ichneumoenid,
braconid, elasmid, eutophid,
and chalcid wasps parasitize
the farvae and pupae.

Fungi also attack the
larvae.

Spiders feed on adult
moths in the crop canapy.

Trichogramma nr. ostrinios { Pang Charops brochypterum { Cameron ) Hoplectis narangas { Ashmead )
& Chen H Trichogrammatidaa ) { lchneumgnidae ) { lehneyrnonidoa )

Cotesio flavipes Cameron Cotesla ruficrus { Hallday ) Apanteles angustibasis { Gohan }
{ Broconidan) \ Broconidae ) { Broconidoa )

Brachymaria lasus [ Waiker } Elo.. 3 sp.
{ Chalcididae } { Elasmidaa )

Neoscono theisi { Walckenaer } Argiope catenulata{ Dalescholl ) Araneus instus (L. Koch }
{ Argreidoe} { Aroneidoe } { Araneldoe )

Lycosa pseudoonnulata { Bogsenberg Oxyopas javarns { Therel ) Clubiong iaponicola { Boesenberg Telragnatho nitens { Audouin)
8 Strand } { Lycosivae } { Oxyapidoe ) & Strand ) { Clubionidoe) { Tetragnathidoe }
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Chemical control.

« Insecticide application. The
yreen semilooper is readily
controlled with insecticide.
Foliar sprays or systemic
granules are effective.

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

Select 5 leaves from
each of 20 randomiy
selected hills across the ¥

20

field. Record the number of
leaves damaged by all leaf-
feading insects combined.
It is impractical to record
early vegetative stage
damage from each leaf-
feeding pest separately.
Seeing semilooper moths

while crossing the field is a
warning to scout more

frequently.
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Apply insecticide when
the economic threshold is
raached. Rice at seedling
stage can compensate
more from leaf damage
than older plants.

Apply insecticide only it
live larvae are seen.

Damaged leaves{%)

WNSECT PESTSOFRICE 78

[~
Daoys ofter seading

RICE GREEN HAIRY CATERPILLAR (LEPIDOPTERA: NOCTUIDAE)

The Rivuia atimeta {Swinhoe)
maoth, whose green caterpillar
feeds on the jeaves of rice at
the vegetative stage, pro-
duces damage similar to that
from the rice green
samilooper.

Pest siatus

Damage potential is
moderate bacause the plants
can, to a large extent, recover
from defoliation at the vegeta-
tive stage.

Green hairy caterpillar
incidence is normally low
and can be readily controfled
with insecticide.

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

The green hairy caterpitlar
occurs in wetiand
environments where the
fields have standirg water.

Malure larva
Porentiol Prevaiente within
wavarily favorable hobitat Contral
Modaroke + yﬁt{?“lsmm + m:fed
Yigkd loss

High

Green hoky  Graen hoiry

Graan halry
cotarpillor  coteeplilar

caterplitar
+ +
Whorl maggol  Whord mogge?
+
Stem: bower

- Minor
pest
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Distribution in Asia.

Development and aclual size

Aduft. The adult moth of
gither sex is white grey or
light brown. Each female can
fay 100-150 eggs in a lifetime
of 6 days.

AATRLLG

The adults are active at
pight and hide under the
cover of vegetation during
the day with their heads
poirted down.

Actua! size
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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 biades.

e

fr

:“rimrilfi"numu

Larva. The pale-graen
larvae can be distinguished
from similar species by the
presence of the long thread-
iilke 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 Fupa
green semilooper.
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Plant hosts. The larvae
also feed on grassy weeds,

Management ]
Cuitural control. Heavily
fertilized crops result in high
numbers of this past.

Uise only an optimal
amount of fertilizer.

Resistant varietios. There
are no commercially available
resistant varieties.

Biological control. Eggs
are parasitized by
trichogrammatid wasps.

ichneumonid wasps para-
sitize the larval stage.

Larvae are attacked by
fungi.

Adult moths are captured
by spiders.

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

Trichogramma 1. evonascans
{ Wastwood )
{ Trichograrmmatidaa }

{toplectis narangos { Ashmecd )
{ icheumontdae }

Disaased larvo of Rivulo

Argiopa catenulata { Doleseball )
{ Araneidas }

Eqg cocoon

Tetragnatha maxillosa { Boasenberg & Sirand)

{ Tetragnaihidae )

Aroneus imustus (L Koch }
{ Araneidoa }

Ego cotoon
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RICE LEAF BEETLE (COLEOPTERA: CHRYSOMELIDAE)

Qulema (= Lema) oryzae

{Kuwayama) is a defoliator
that is restricted to temperate
rice growing regions of East
Asia, Potentio! Prevalence within
severity fovorable holtal Control

Pest meaf
The rice leaf beetle causes Abundont _
only moderate damage and Moderaty + yoors i limited + Rt = e
can readily be controiled with areas
insecticide.

itis found in upland and
wetlar.d environmeants.

-------

igated wetland

Irr!

Distribution ir Asia

Development and aciual size
The rice leaf beetle has only
one generation in a year.
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Aduit. The aduit beette has
shiny, dull black wing covers
and a reddish-brown thorax.

it feeds on feaves over a
period of about 3 months and
then hibernates in winter
under plant fitter and
vagetation.

In spring, the pravious
yoar's adults emerge from
overwintering sites to lay

eqgs.

Aduits are not attracted to
a light trap.

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

Larva. The brown iarvae
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 drylang areas. The naked
pupa is yellow.

Damage

Both the larva and the adult
bestle feed on leaves, The
larvae skeietonize keaf blades
in & 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.

INSECT PESTSOF RICE 85

Stunted

Undamaged

foarsic

Phragmites Dactylis
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Management

Cultural control. No practical
cuitural conirc! methods are
known.

Rasistant varieties. No
resistant varieties are
available commercially.

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

Trichomalopsis apantaloctano
{ Crowford ) [ Pleromalidae }

" Zincrona caerule Linneous
[ Pertotomidoe)}

Chemical control.

* Insecticide application.
Foliar sprays are the most
practical chemical controt
method.

Granules are not
effective.

s Scouting. Fields should be
monitored during the

vegetative stage. Each Scouling
week ook for adults in the for control
field.

Panicle

Randomly choose 20
hills to record the number ¥
of beetles, 20
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Apply insecticide when
the economic threshold is
reached.

Beetles{no./20hills )

E-3

Seedbed

No control necessary
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Panitie
initiation

60

Days alter seeding

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 aiong the longitudinal
axis to form a protected
chamber. Adults are found
inside rolied 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 all
rice environments, but they
are most abundant during

Potential
saverity

Modarate

periods of dry weather.

Prevatonce within
favombie babial

yeurs in limited
areos

Heavy rainfall washes them

oft the plants.

Readil
+ control

- Minor
past

P
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Distribution in Asia.
Development and actual size .
Thrips have a short life cycle Actuoraze
and can muiltiply rapidly. ) . ,
Devetoment
Four lgrval stages
Eg9 Young lorva .
Oider larva
1 1
0 3

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

L ) -
Al =

o

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 fertile 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
fays cream-colored eggs
singly into the leat tissue.
The upper haif of the egg 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.

D

Larvae and aduits have
rasping mouthparts. They
have only one mandible,
which is used to puncture
leaf tissue. The maxiliae and
mouth cone, which form a
tube, are used o suck leaf
sap.

INSECT PESTSOF RICE @9

‘ Genergtion 4 \

E Generation 3

2 Migralion

é Generalion 2

§ /enamimn f

e

Grosses Maire Seedbed \\';

Egy

Side view
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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 only a translucent
epidermis to remain.

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

Leat tips then dry up,
particularly when the ¢rop is
under drought stress.

Plant hosts.

Rica Malze Phaloris

Management

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

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

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




- Chemical controfl.

& [nsecticide appiication.
Thrips are readily
controiled 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 initiation.

Pick 5 leaves from each
of 20 randomly selected
hilis across the fieid and
record the number of
damaged leaves.

INSECTPESTSOF RICE #

l Damoge

L Scouting for control ]
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Apply insecticide when Thrips rolled leaves{%s)
the economic threshold is 25
reached.

20

Doys ofter seeding

RICE GALL MIDGE (DIPTERA. CECIDOMYIIDAE)

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

Gell midge

Pest status
The gall midge causes high Palentiol Erevalence within
economic loss almost every severily favarablo habitat Cantrol
year in areas where it occurs. . .
Resistant varieties are ) + Abundan! mos! "?sffefml: d\;g'i" _
available, but they are highly High years over lorge + no resistant =
location specific because of variety
the many gall midge

biotypes.

Major
pest

Gall midge becomes rainfed wetland
highly abundant during the environments. It is not a pest
rainy season in irrigated or in upland rice areas.

Raoinfed watland lrrigated we!land



it may also cceur in ) Figh
reiatively low numbers in the %Mo

dry season in irrigated areas
when fields are continuously
flooded.

Gall midge abundance is
favored by cloudy or rainy
weather.

INGECT PESTSOFRICE 9

Distribution in Asia.

ALATAALLL

Development and aclual size

Achi sire

Thvee to four larvel sKxges

Y

Mature larva

Days

Adult. The male has a yellow-
brown body and is smaller
than the fermnale which has a
bright-red abdomer:.

Adults are weak fliers and
do not migrate, a fact which
explains their localized
distribution.

kT4
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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
generations until the rice
crop is planted.

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

Females lay eggs singly or
in groups of three to four on
e 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 all become
shiny amber before hatching.

Egos require high relative
humidity (B0-90%) for
deveiopment and hatching.

Larva. The maggot-like
larvae are grey-white after
hatching. It takes them ahout
6 hours to move down the
leaf blade on a fitm of dew.
Larvae die if humidity is low
for more than 24 hours.

They move between the
leaf sheath and the stem until
they reach the growing point
of the apical or side buds ata
node.

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

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

Generation 4 ]

Ry

Genergtion 3

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
dormant buds of alternative
nosts.




Pupa. The pupa is light
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Pupal extends its body halfway
pink and becomes red before cose through it, and the aduit
emergence of the adult —— emerges.
midge. Adult emergence usually
The pupa has abdominal Gall takes place at night.
spines which it uses to brade chambar
itself while wiggling to the
top of the gall in preparation
for emergence as an adult, Pupg
The pupa makes a hole at
tha top of the galil and

Damage

The gall midge turns the
tilers into tubular galls that dall
do not bear panicles. ‘W“""ﬂy'

By the time galls are
observed (larger than 3 mm), {‘
the larvae have developed
and pupated, and adults have .
emerged.

The gatls continue to grow (\ / .
after adults have emerged. Growin ]) :
A completely developed nm’ﬂ?

gall is a silvery-white hollow
tube 1 cm wide and 10-3D cm
long. The tutular galis are
called onion leaves or
silvershoots.

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

Information on the
mechanism of gall
developraent is lacking.
Eitt.er the direct feeding or a
chemica! secretion by the
larva stimulates the leaf
sneath to grow around the
insect into an oval chamber
;v;::ch then develops into the Ooys aher seediq

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

The gall midge damages stage because there are no
rice from the seedbed to the actively growing buds for
end of the tillering stage. them to attack.

Young larvae cannot
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Piant hosts. Some grassy
weeds can serve as hosts but

are less suitable than rice or
wiid rices.

Wild rices

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

Plow fields after harvest.
Keep fallow {and free of ofi-
season plant hosts.

Piants at the vegetative
stage are more susceptibie fo
gall midge attack. Delay the
wet season planting of
pholoperiod-sensitive
varieties 1s long as possible
after the monsoon begins to
reduce the length of the
vegetative periad.

Plant photoperiod-
insensitive varieties as early
as possibie at the beginning
of the wet season to allow the
crop to complete the

» .

vegetative stage before gail
midge populations transfer
from aiternative hosts.




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

Use only moderate
amounts of nitfrogen 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 gall midge has several
biotypes or local populations
that damage certain resistant
varieties. Therefore, a variaty
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 gthers,

Biological control. A
predatory phytoseiid mite
attacks gali midge eggs.
Eeveral platygasterid,
aupelmid, and pteromalid
wasps parasitize the larvae.

FIELD 4

FIELD 3

FIELD 2

FIELD t

Vit el
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Tillerirg

¥

Seeding

o} 20 0 a0

Days ofter seading

Amblyseius imbricotus Corpuz
B Rimando { Phyloselldae )

Platygosier oryzoe Comeron
{ Platygoreridae }

Pupal cocoons

Neannstatus cinCliventris  Girault
{ Eupsimidog )

Neangstatus oryzoe Farriere
{ Evpelmidaa)

Propicroscysius mirificus { Giroult )
{ Pteromalidag )
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Spiders feed on thea aduit |
midges.
Tekrognotho mandibuloto Argiope coterwkato { Doleacholl ) Neoscono theisi{ Walckenger }
{ Walckenaer) { Tetragnathidaa) { Araneidae } { Aroreidoe )
Chemical controf.

e [Insecticide application. Itis
difficuit to control the gall
midge with insecticide
because the larvae are
protected inside the plant
or gail.

Gall

Furthermora, the adults
remain active 2-4 months
during crop growth. Days after seedi~g

Granules are usually
more effective than sprays
for gali inidge control, but
only if the fields have
standing water,

s Scouting. Adult activity
should be monitored from
the seedbed to panicie
initiation.

100 120
Days ofter seeding

Apply insecticide after Nomber of adults coptured in kgh! trop
the peak periods of adult [
flight. '

i 3 1 1 1 1
L 20 30 40 0 & 0 80
Days ufter seeding
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In areas of chronic and
severe infestation,
preventive applications of
systemic granular
insecticide in the seedh
or soaking seadlings before
transplanting may be
of conirol
warranted. ofter roof dip
Poricle
Initiation
Seadiing
Seadbed
= )
o 80
Days ofter seading

ARMYWORMS AND CUTWORMS (LEPIDOPTERA: NOCTUIDAE)

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

Spodoptera exempto (Walker } Spodoptera gnigua {Hubner )

Armyworm larvae can
become highly abundant and
move in [z*ge 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
caterpiliar Mythinna (=
PseLdaletia = Leucan.a =
Cirphis) separata (=
urripuncta) (Walker), rice
swarming caterpillar
Spodoptera mauritia
{Boisduval}, and cormmon
cutworm Spodoptera (=
Prodenia) litura (Fabriciusj.

Mythlmno separgia Spodoptera mauritio Spodoptarn lurg
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Pest status

Armyworm and cutworm
populations are highly
iocatized and normally are
heid below threshold levels
by parasites.

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

Poiential Prevalence within
severity fovoroble habitot Control
Abondant some i i
ot Reodily = Minor
Moderate + years m limited + controlled = pests

in the rainy season because
of the increased availability of
their alternative hosts, the
grassy weeds.

Rainfed wattand

Mythimaa separata

) nva

oo -

i
¥ s
Sem— e W

<

Spodoptera liura




Development and aclual size
The life cycies of armyworms
and cutworms are similar,
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Mx!himnn seporala

Mt sire

. e AT,

Five fo s kvl skages

Young orv Moture larva

Spodoptera maurilio

Actugl sre

Develprv.a

Five lorval stoges

|L$ — s ——

Youny iorva

Egg

Days

St
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Spodoplera litura

At sze

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

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

Moths of the common
culworm are dark puiple
brown. The {ront wings are a
mixture of black spots and
white and yellow wavy
stripes. The hind wings are
white.

Oays

ythimno separata

Spodoptera mourilia

Spodoplera liturg

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

They hide during the day at
the base of rice ptants 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 & new moon,

Egg. Eggs of armyv/orms
and cutworms are laid in
masses of about 100. They
ara spherical.

Rice ear-cutting caterpiliar
eggs are cemenied between
the base of the leaf sheath
and stem and are not
covered with hair. Eggs tum
trom green white to yellow as
they mature.

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

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

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

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

A bright yellow stripe
running down the back has
pale yellow stripes on each
side. Black crescent spots lie
next to the stripes.
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Jpadaptera maurltla
ard
Spodoptarg litura

from the female moth. Eggs
change from white to yeilow

as they mature.

Spadoptero mauritia

Spudopterg Hurg

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
hide on the ground under
leat litter in dryland fieids and
on plants above the water in
wetland fields. The bodies of
resting larvae assume the
shape of the letter C.

Larvae feed in the upper
parts of ihe rice plant on
cloudy days and during the
right.

Pupa. Armyworms and
cutworms prefer to pupate in
ihe sol.

Larvae 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.

Pupo
Mythimna separata Spodoptera maurktia

|

Migrahion
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Ca

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.

e s ——]

Older larvae can consume Totol food (%) saten by larva

much moreg than younger sof
larvae.
Go -
401
20+
o
Yaung Older
larva larva

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

Generatien 3 |

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.

Woeeds and rice grow
huxuriantly after a prolonged
drought because of the
nitrogen mingralization in the
soil. Armyworms and
cutworms feeding on the
naturatly fertilized plants
produced more offspring.
Most of the offspring survives
because of the absence of
natural enemies.

LTI ’ Y
ff_//i’ff ’u,":;/f,‘:,’/,’; "y
EINTIEIINIT e a"//,‘r; 4

Fritrel tdgiFitrés i v/
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Plant hosts. Armyworms grasses and no preference is
and cutworms have many shown for rice.
alternative hosts. Not all are

Wheat

Moizs Sugarcone

Cats

Sorghum

Swest potato
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i

Managerient

Cultural control. Establish
seedbeds in sites far from
large areas of weeds and
grasses 50 that armyworms
and cutworms cannot mi-
grate from alternative hosts.

Remove weeds from areas
outside of fields.
Plow all faliow land.

Resistant varieties. NoO re-
sistant varieties are
commercially available.

Biological control. Natural
anemies play a key role in
keeping armyworm and
cutwarm numbers below
economic injury levels.

Eggs are parasitized by
scelionid anct
trichogrammatict wasps.

Larvae are parasitized by
braconid, eutophid, and

chalcid wasps as well as by , ) Cotes
tachinid flies. Telenomus sp. Trichogramma ivglag Pang & a sp.

{ Scelionidos) Chen  { Trichogrammatidae ) { Broconidaa)
Ants and wasps also prey - -
on €ggs and larvae, and
spiders prey on moths.

Euplacirus chopadoe ( Ashmaeod ) Brochymeria iasus { Walker) Palexaristo lucagus Wolker
Eulephidag) { Chalcididoa ) { Tochinidoe }

Argyraphyion nigrotibiak. Baranav Qdontoponars transversa  Smith Ropalidia fasciato Fabricius

{ Tochinidoe ) { Formicidoe } { Vespidas)
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A polyhedrosis virus
attacks the larval stage.
Dead virus-infected larvae
are black and hang fimp from
the plants.

Chemical control.

* [nsecticide application.
Sprays are more effective
than granules.

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

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

+ Scouting. Scout the fields
weekly from the seedbed 1o
crop maturity.

Lycosa pseudoannulate { Boesenberg
A Steand } { Lycosidoe ) J

Oxyapes jovanus { Thorefl }
[ Owyopidte )

larvae leave their resting
places to climb up the
plants,

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

Damage

Seouting for control

indtialion




Fieid sampiing is based
on plant damage as a
percentage of either
damaged leaves cr cut
panicies. Randomiy select b
leaves or panicles in each
of 20 hitls acrgss the field.

Seeing armyworm or
cutworm moths while
crossing the field is a
warning to scout more
frequently.

Determine percentage of
damaged leaves or cut
panicies from armyworm or
cutworm feeding. Apply
inseciicide 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
called locusts.

Meadow grasshoppers
(katydids) can be
distinguished from other
grasshoppers by the long
thread-like antennae,
eiongated ovipositor of the
female, and 4-segmented
tarsi.

Acridid grasshoppers have
antennae shorter than their
body length.

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

Pest status

Grasshoppers are localized in
dry regions and can be
readily controtied witt.
insecticide. Locust outbreaks
occur less frequently than in
the past decades because
maore of their natural habitats
have been cultivated.

Locusfo migralorio manilensis{Meyen)

Cxv~ Joponico japonica( Thunberg)

{Acrididoe}

{ Acrididas)

Onyo hyla intricoto (S181)

Omya hyla hyla Serville
{ Acridicdoe} { Acrididae)

Oxya chinsnsis{Thunberg)
{Acrididos)

—
Hieroglyphus baran{Fabriclus}
{ Acrididoe}

Steaocatoniops splendens

Gasonula mundata{ Walker )
{ Thunberg } { Acrididae)

{ Acrididoe)

Ailgpus thalassinus tamutus

(Acrldidas} Fobricius

Gostrimargus mormaratus Actida willamsei ( Dirsh)

Atractomarpha psittocina psittacing|

[ Thunberg ) ( Acrididos) {Acrididae) {de Hoon) { Pyrgomorphidos)
Pakentiot Pravaience within
SEVErity favorable habitot Control
Abundant some i Mi
Moderote J' + yearsu :: ulisrniled + cm?ad = pelginsr




Most grasshopper species
that cccur in rice fields are
nonswarming, and
consequently cause minimal
damage. When they become
abundant, locsts can de-
stroy a rice crop.

Distribution n Asia.
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v Qxyo japonico joponica
¥ Oxya chinensis

a Ouyo hylo infricoig

» Oxya hyla hyla

ALETAALE

- UEw SE0P
T ate e

ey

5.

Locusta migrotorla mondensis =

ApsTAALA
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Locusts normelly are in low
numbers in favored grassland
breeding areas typical of
regions of low rainfall.
Occasionally the breeding
sites experience periods of
high rainfall, and the
resulting vigorous growth of
host plants favors a rapid
increase in locust numbers.

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

Grasshoppers and locusts
are found in all rice
environments, but are
generally more prevalent in

; 325
2y i
4
r&ﬁ‘?‘?"ﬂ#"‘?’f"

Low populatian

Lusuriand growsh
of lotusts

of grasses

Lcm rmnfou hreeding site

Time S

Mim:n nq

1‘%..,

Crowding
of locusts

Lorg-wingad
locusts

Pronotum orched

Non-migrotory

Pronotum saddle-shaped

Migrotory

rainfed argas. Grasshoppers
aceur in irrigated rice
surrounded by grassland
breeding grounds.

N
l\

Pevelopment and actual size

Irrlguied wetknd

Rcmfed weﬂund
Actuct sizve
| o TS 4
Develnpmen?

Five to nine aymphol 310Qes

Adult




Hieroglyphus bonicn

Aetoal! size

l e

Sol 10 seven nymphal siages

Eqg Nymph Adult

Monihs

Locusta mgrotorio monilensls

Actug! size

e

Deveinoment

Fiz lo six nyenphot sloges

Monlks

Aduit. The body of Oxya
japonica faponica 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.

Hlaroglyphus banion

INSECT PESTSOF RIGE 113

The body of Hieroglyphus
banian is dull green or
yellow-brown and has no
stripes. The antennae are
brown with yellow rings. The
entarged pair of legs is green.
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The body of Locusta
migratoria manifensis is
brown with no stripes. The
hind wings are dark yellow at
the bases. The enlarged legs
are brown,

Each female lays 100-300
eggs in a lifetime of several
months.

Egg. Eggs are laid in
compact masses {or pods) of
35-100 eggs. They are
covered with a frothy
secretion to protect them
from desiccation. Depending
on the species, eggs are
either white or yellow and the
froth bubbles are either white
or brown.

Egg pods are deposited in
the soil in grasslands or
dryland rice fields, or behind
the leaf sheaths in wetland
rice fields.

Nvmph. The body of the
QOxya japonica japonica
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
Hieroglyphius banian is red-
brown, later becoming green.
It has two broad stripes along
the baclc.

Lacusts migratorla manilensts

Aduits feed on rice foliage
with their chewing
mouthparts. They are active
at night; during the day they
remain hidden at the base of
plants.

\1i/

Locusta migraloria monliensls

Hiaroglyphus banion

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

iy U
1T -
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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
rice at all stages of crop
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.

Congcephalus

Field crickets (gryllids)
normally feed on seeds,
roots, or leaves of young
seediings.

Gryllua bimaculaius {de Geer) Valarifictorus gspersus { Walkar ) Plabslogryllus plebejus (Soussure)
(Gryllidas} {Gryllidoa) ( Grylildos}

Taloogryllus occipilolis{ Sarvilla) Loxoblemmys hoani {Saussure) Euscyrtus concinnus (Hoon)
Gryliidae)} (Gryiiidae] thleIdue ]
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Some species of field
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-segmented tarsi. They
resemble mole crickets but
jack enlarged front legs.

Adults and nymphs feed
on rice leaves from the
margins of leaf blades,
creating cutout areas. Grass-
hoppers are large enough to
teed even on the midrib.
They also can cut rice
panicles as armyworms do.

Swarming locusts can
remove mast of the foliage in
a rice field leaving only the
bases of tillers.

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

Sugorcane Millet Echinochloo
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Management
Cultural control. No effective
cultural control methods are
known.

Resistart varioties. No v -
ety is resistant to grass-
hoppers or locusts.

Biclogical control.
Different scelionid parasitic
wasps can locate
grasshopper eggs in the soll
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

thogens. :
paBirgs, frogs, and web- Muacrofelsia rr.indica (Sharma) Poratharesia sp.
spinning spiders, and { Scationldas ) {Scallanidas) (Tachinidas )
sphecid wasps are the major
predators.

Hexomermis sp. Enfomophthorg nr. grylli Frasenius Ploceus phitippinus { Linnaaus )
[ Mermithides) { Entomophthoraceae ) { Pleceidae)

Rana sp. Arciore catenulatg | Doleschall )
{ Ronidoe) { Aroneidoe )

.-

Chemical control.
® Insecticide application.
Poisoned baits are used to
control locusts in their
grassland breeding
grounds. N
Lorusts are attracled to &P JCegi F
salty rice bran, Bait is made o '
by mo’siening rice bran ¥
with salt water. - -
Insecticide is then added PNTIENL T
and the dried poisoned bait I%W“k@%ﬂi.
is spread on the ground TR T
among swarms of nymphs.
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Girasshoppers in rice
fields are controlled by fo-
liar sprays.

Granules are not
effective against
grasshoppers.

» 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,

Domage

Scouting for condrol

Fanicle
mibation
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Spray insecticide when
the economic threshold is
reached.

No control
NACASSAry
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e

Days after sseding

RICE LEAFFOLDERS (LEPIDOPTERA: PYRALIDAE)

Four species of leaffolders
ccour in Asia.
Cnaphalocrocis medinahs,
Marasmia {= Susumia)
exigua, and Marasmia
palnalis are more comman
than Marasmia rurahs.

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

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

$
w
-
=
v
T

Margsmio potealis | Brodiey)

X
—

[ALLLS

Warasmig rurglis | Wolker

—
—— kL

Coophalocracls medinglis { Guenee)

R R

Marasmia patnolis{ Bradley)

Marosmia ruralis { Walkery




Past status

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

{eaffolders occur in ail
environments and are more
abundant in the rainy season.
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Prtential Prevalence within
severily fovorable hotwtot Control
Abundont mosi .
High + YROrS Ovey Readily = Major
) lorge oreas controlied pests
|

after prolonged drought or
heavy use of incacticide.
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Cnaphatecracis medinolls

Morasmio 8%igua

Marasmia poinolis

A TRALL

Mamsmio rurglis




Devzlopment and aciual size
Because Cnaphalocrocis is
more commonly known than
Marasmia, its biology,
damage, and management
will be described.

Adult. The adult moth is
yeliow brown. When at rest, if
is in the shape of an equal-
sided triangle. As in most
snecies, the male is slightly
smaller than the female. It
has a tuft of thick black hairs
in the mig-costa.
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Crophalocrocis medinakis

Aot size

Deveipment

Eqgg Young lorva

Frve 16 six larval stoges

() — == —— T —

Mgture lorva

Young iorve

Moths may migrate up to
several kilometers after
reaching adutthood.

The female attracts its
mate by giving off a chemical
called a pheromone. Mating
and egg laying occur at
night. Cnaphalocrocis
females lay more eggs (300)
than Marasmia spp. (120)
during their lifetime of 3-10
days.

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

1 ] A i L
o 5 30 Ir 47
Days
Marasmig exigua
Actuat sze
- m—— N
Development

S lorvol slages

ey, — ST RETX I —

Mature larve

Days

on custo

Hair tutt anmale forewing
of leotiplder
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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 singly in
batches of 10-12in
Cnaphalocrocis and 2-9 in
Marasmia spp. in a line
parailel to the midrib. More
€9gs are laid on the upper
than the lower leaf surfaces.

The eggs are visible to the
naked eye. Eggs turn from
transparent to a cream color
as thay mature,

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

They migrate 1o older
leaves from the second larval
stage onward.

Only one larva feeds within
a tubutar feeding chamber in
C. medinalis and usually two
larvae in Marasmia spp.
Some feeding chambers are
made from ieaves bent tip

down.
The larva remains within
? Bady Yellaw- i i
the folded leaf, feeding by | Coar 1ol pling oot ol gren
scraping the leaf surface
tissue. Each larva may feed in
three to four leaves during its

ip e FOnoium
lifetime. ) Stralght Margin of
Maturp larvae are yellowish pronotum
green with dark-brown One o angulated
- , Qir
heads. They jump or wiggle of subdorsal
rapidly when touched. spois on %, Two pairs One pair
pidly uched mesohotum of subdorsal in metonstum
spots
Prepupa. A resting stage of
1-2 days occurs in Marasmia
but not in Cnaphalocrocis.
Heart-shaped
onal shield
Cnaphalogracis maedinglis Marasmia sxigua Morasmvio potnalis Morasmio ruralis

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

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

Pupo




Damage
The removal of leaf tissue by
a larva within a feedinc
chamber causes lony, . .dinal
white and transparant 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 ary
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.
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Maize, sorghum, and
sugarcane are minor hosts.

Rice

Panicum

Echinochloo Elausing Leersia

Pannisatum fsachne Brachicric
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yspaien Dichanthivm Imparato Digitorio

Molze Sorghum Sugorcana Wild ricas

Management
Cultural control. High

infestation occurs from high ﬁ

.

use of nitrogenous fertilizer.
Split fertilizer application

during the growing season
and reduce the amount. Tillarng

Days oller seeding

Higher infestation oceurs
in areas where the rice crop
is shaded by trees.

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

Resistant varieties. No re-
sistant varieties are
commercially available.
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Biological controf High
natural mortality occurs from
the activity of beneficial
arthropods, which attack leaf-
foiders at every growth stage.

Tiny trichogrammatid
wasps develop, one each
inside an egq, killing the
leaffolder larva before it
hatches.

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

Crickets prey on eggs and
damseiflies, ants and beetles
prey on the larvae.

Spiders capture adult
moths.

Trichogramma sp.
{ Trichagrammatidoe )

Apantelas angustibasis { Gohon}
{ Brocanidos )

Apanteias cypris { Nixon)
{ Braconidos }

Pupal cocoon

Chelanus mungkelge { Munokata)
Broconidoe}

Cardiochiles philipplrensls

fAshmeod | Broconidae)

{ Ashmaad ) { Broconidoe }

3N
e

tacrocanirus philippinansis

{ ichneumonidas}

Tamelucha philippinensis { Ashmend )

Pupal cocoon

Temelucha stangli [ Ashmead )
{ ichneumanidae b

—

Trichomma ¢nophala.rosis {Uchids ;
{ ichneumanidas )

Brachymarlo excorlnata { Gohan )
{ Chalcididos)

Elasmus sp.

( Elogmidae}

Copidosomopsis nacoleioe{Eady)

{Encyriidoe)

| 1‘ ]

Fungus -infected laorva

Virus infected lorva
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{ Formicidae )

Qdontopanara transyarsa { Smith )

Ophioneg ighi ishii{Habu)
{Carabidaa)

\\

A

l_\ 1

Metioche vitioticollls {S181)
T {Geylidam)

Anaxipha 8p.
{Gryilldos)

Peederus fuscipes( Curtls)
{ Stophyfinidee}

ik

Chlueniys posticalis { Molschutsky )
{Cargbidog}

Lycos0 pseudoannulotoiBoeserbery

& Strand )} | Lycosdae )

Quyopes javanus { Thorel }
{ Oxyopidoe }

Chemical conirof.

& [nsecticide application.
Granular insecticides
broadcast intc paddy water
are not effective against the
leaffolder. Spray
tormulations are preferred.

Scouting. Populations can
be monitoraed with a
pheromone-baited water
trap. This method uses a
synthetic female sex
attractant held in a slow-
release dispenser over a
pan of soapy water to lure
and trap males. Economic
threshold values for moth
catches need to be
developed locally.

Field sampling is based
on piant damage. Begin
scouting the fields weekly
tor damage 2 weeks after
transplanting until the flag
leaf appears.

Damoge

Scouting for contro!

-

Panicle
inthgtian

Days afier seeding




Randomly pick 5 leaves from
each of 2 hills across the
field. Take note of leaffolder
moths while walking across
the fieid.

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

Apply insecticide when
the economic threshold is
reached. The economic
threshold is lower when the
flag leaves are present.
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RICE STEM BORERS (LEPIDOPTERA)

Six stern borer species are
important pests of rice in Striped
Asia. They are rice striped
bover Chilo suppressalis (=
simplex}, dark-headed stem
borer Chilo (=Chilotraea)
polychrysus (=polychrysa),
goid-fringed stem borer
Chilo auricilius {(=auricilia),
rice yellow stem borer
Scirpophaga (=Tryporyza=

Gold-fringed

Schoenobius) incertulas w“m’s Chip .
b gl e et o
Scirpophaga = (Tryporyza Pyralidge Pyralidae Pyraiidoe

=Schoenobius) innotata, and
pink stem borer Sesamia
infarens.

The life cycle, habits, and
management of the different
species and the crop injury
they cause are similar and
are described together.
identification, distribution,
host range, and

distinguishing characteristics
of each species are described
separaiely.
Motiudoe
Pest status
Stem borers are widespread Potentigl Prevalence within
in occurrence. They cause severily fovorable habitol Coatra!
stgnificant damage by
reducing tiller number even Abundant most - Majar
on resistant varieties and are High + I;:q“':;:u's + Cifficult = pasts
difficult to control with
insecticide.

Stem borers occur in all
rice environments and are
generally most abundant
toward the end of the rainy
season. Species with wide
host ranges are prevalent in
upland rice.

: 5‘?! Py Hy
Uplund Rainfed wationd Irrigaled mﬂond




Development and actuat size
All six species have a similar life cycle.

Chilo suppressolis

o] karva Nafure fara
Adult
} 1 i 1
o] & 39 45 52
Dewys
Chile pokychrysus
Actuc! s.2¢
' '
LAevedopment
Foee lor! slages
I ’
% = —— T
ik
Young larva Malure larva
Egq mass y
i 1 1 |
O © 4] 50 85
Days
Chilg guriciliug
Actua! sire
' - '
Developmsnt
wol shoges /)
— AT c""-‘:'“"‘"-:
e
i
1' , Young larva Mature lorva
E
90 mass Pusa :
1 ] ] ! t
o) a8 30 40 49

Daye
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Scirpophoga incertukas

Al size

Fre lorval sioges

| — wms - IR

foung larvg Malure \arva

Scirpophogd innotolg

Actuai suere

Fue krvol stages
—_—— q::_; H T T
Larw

Egg mass

1 1 1 1 1
0 - L] ki 4z 51

Desys

Sesamia inferens
Aptog! 2e

SR N . *
Deveigament

Five larvol soges
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Aduit. Adults are quiet
during the day. hiding among
the rice plants or weeds near
the field. When disturbed
they fly only a few meters.
The moths are active at night
and fly to rice fields to lay
€ggs.

Stem borer moths are
strong fliers, but normaily
range within 2 km from their
origin.

Each female lays 200-300
egygs during a lifetime of 4
days.

Adulits are attracted to a
lignt trap. The greatest
numpers are caught during a
new mMmoon.

£gg. Eggs are laid in
masses of 5-200 on rice
leaves or leaf sheaths. Egg
shape, appearance of the egg
mass, and location on the
plant are specific
characteristics, thal vary
among species.

Larva. Newly hatched
larvae often suspend
themselves 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 drifl
to nearby plants. Young
la;vae feed on leaves and leaf
sheaths.
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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 ihe stem
near the base of the pla. *.
Mature {arvae inside the stem
may move below the soil
surface and hibernate when
sconditions are unfavorable.

Pupa. Larvae pupate inside
the stems near the ground or
several centimeters below the
50il surface.

Adults emerge from the
pupal case and ¢rawl out of
the rice stem through the exit
hole cut previously by the
mature larvae,

Striped siem 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.

AUSTRALM

Motwe lorva

The larva has a ysllow-
brown head. It gets its name
from three dorsal and two
lateral brown stripes alohg its
body.

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

The pupa is dark brown.




Plant hosis. The larvae can
develop on maize or grassy
weeds, but prefer rice.
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Wild rices

Distinguishing characteristics

* Egg masses are deposited
near the base of ieaves or
leat sheaths and are not
covered with hair.

& Larval body with five
longitudinal rows of
purplish brown stripes.

¢ Many larvae may be found
in ane rice stem.

* Second generation larvae:
about 3-16 aggregate
inside the leat sheath of the
flag leaf and feed on the
panicies,

Dark-headed and gold-
tringed stesn borers

Distribution in Asia

The range of dark-headed
stem borer C. polychrysus
overlaps that of the gold-
fringed stem borer

C. auricilius. Their moths and
immature stages viz. eggs,
larvae, and pupae are
morphologically simitar and
in many instances extemally
indistinguishable. The aduft
moth is straw to light brown
with silver scales at the
center of the fore wing in

C. polychrysus, silver lines
near the apical one-fifth in C.
auricitius, and several black
dots at the tip of their fore

v Chilo polychrysus| Meyrick}
® Chilo ouricitius Dudgeon

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

C.polychrysus  C.auricilius

wings. The hind wings are
yellow-white,
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The scale-like pale-yeliow

eggs overiap in the egg mass,

The larva has a black head
and black connecting
thoracic plate.

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

The pupa is yellow-brown
with two distinct bumps at
the front of the head.

Plant hosts. Rice is not the

Mature lorvoe

Pupae

J[E=2p

C. ouricilivs C. polychrysus €. aurigilius

only preferred host.
Scirpus Rottbaellis Satoria Sorghum Echinochioo
Distinguishing Malaysia. The gold-fringed
characteristics

+ Eggs are laid in rows near
the base of the ieaves and
on eaf sheaths, and are not
covered with hair,

» The heads of the dark-
headed ang gold-fringed
stem borer larvae are
darker than the head of the
striped stem borer lava.

+ Second generation larvae,
about 8-16, aggregate
inside the leaf sheath of the
flag leaf and feed on the
panicles.

& The dark-beaded stem
borer is normally not
abundant in rice, except in

stem borer is common in
upiand rice in the
Philippines.




The male and female
yeliow stem borer moths
differ in appearance. The
male is small-sized and is
tight brown with numerous
small brownish dots, five
along the subterminal area
and eight or nine near the

tip of the {ore wing. The

famale is medium-sized
and straw-colored,
beceming 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 laid
in oval batches and are
covered with a mat of tan
anat hairs from the female
math.

The larvae have small
orange heads. This stem
borer gets its name from its
pale, hairless yeliow body.
The larva is the overwintering

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

Distinguishing
characteristics

» Egg masses are laid riear
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 below the soil.

» The yellow stem borer is
most abundant in aquatic
habitats where flooding
occurs and in places where
muitiple rice crops are
grown annually. Larvae seat
antrance holes with silk to
make stems watertight.
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Matuwe iarva

stage in temperate regions.
The pupae are slongated
and yellow-white.

Wild rices
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White stemn borer

Distribution in Asia

The adult white stem borer
is similar to the yellow stem
borer in appearance. The
male is smaller than the
female. Moths of white
stem borer have longer
hairs on the prothorax.

Adull

The egg masses are
identical to those of the
yellow stem borer.

€9

The larvae appear like
those of the yellow stem
borer. The white stem borer
pupae tend to be more white-
colored than those of the Lara
yellow stem borer. These two
stem borers can Ghly be

clearly differentiated as black spot on each front wing
female aduits. The yellow whereas the white stem borer
stem borer female has a female has no spot.

Plant hosls. Larvae are
reported to have a wide host
range.

Millet Rice Fospoium Fanicum

Wiid ricas Ehausing
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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.

& 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
seasen.

SINGLE RICE CROP

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

Pink stem borer

Distribution 1 Asta

The pink stem borer belongs
to a family different from that

of the other stern borers. Itis
related to cutworms and
armyworms.

The adult 15 robust and tan
with dark brown markings.
From a central point in the
fore wing, a typical radiation
ot grey-black lines spreads
toward the wing tips, ending
in a thin terminal line of dark -
spots. The hind wings are v
white. w

The bead-tike eggs are laid
in rows between the leaf
sheath and stem and are not
covered with hair.

The larva has an orange- O
red head. its body is purple-
pink on top and white below.

The pupa is dark brown
4and robust.

Egg Mobwe lora
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Piant hosts. The larvae
have a wide hest range.

Distinguishing
characterisitics

= The eggs are [aid between
the ieaf sheath and the
stern and are not covered
with hair.

* [ arvae may pupate
between the Jeal sheath
and the stem, instead of
inside the stem.

Whaat Sorghum Barlay Oats




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

Tunneling by the larvae
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.
it the damage cccurs after
the spikelets form, panicles
turn white and no grain filling
occurs. The damaged
panicles are called
whiteheads.
Tiller damage from
diseases such as kresek
resembles deadhearis.
Drought and neck blast can
also cause whiteheads.

Panicles damaged by stem
borers can easily be pulled
out by hand and may show
insect feeding near the base.
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Decdhearts

Stem borer damaged tillers
are filled with frass (waste
from the digestive tract) and
have larval entrance and exit
holes.
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Cultural control.

# Plant an early-maturing rice
variety.

The stem borer
completes fewer
generations in an early-
maturing variety.
Populations on such a
variety are lower and
damage is reduced,

+ Plant fields in an area
within 3 to 4 weeks, which
is less than the time for one
stem borer generation,

Stem borers complete
fewer generations when
fields are planted
svnchronously.

Fields planted iater may
be severely damaged by
stem borers that have built
up in fields planted earlier.

Stem borers in late
planted crops may be
carricd over to attack a
second rice crop.

Stem borers on the first
crop witl not be carried
over to the second crop if
the stubble is plowed under
after the first crop is har-
vested, and the ground is
left fallow for at least 3to 4
weeks between crops.
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* Remove rice stubble and
straw,

Plow stubbie 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.

o Avoid excessive nitrogen
fertilizer by splitting fer-
tilizer application.

+ Remove seedlings with
stem borer egg masses
betore transplanting.

» Fliooding a field will not
control all stem borers.
The yellow stem borerisin
tact 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 ptant affect the
maoth, 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
deadhearts during the
fillering stage than low
tillering varieties can.

High Wiering Low tiltering
Biotogical controf. Stem wasps. The parasite
borer eggs are parasitized by  preferences for stem borer
small trichogrammatid, species differ. Parasitization
scelionid, and eulophid rates are normally very high.
1 _ 2 3 4 5
]
|I :
Iy
i
||'!'.
Dark headed
| ] | I |
DEFGH DEFG ABCDFG ABFG BDG
A B C D E
Lo
A
Talenomus rowoni (Gohan} Tetrgstichus schoencbll Talenomus dignoides (Nixon)) | Tetrastichus ayyari{Rohwer) Telenomus dignus{Gahan)
Scellonidae } {Ferriare) { Eulophidaa) {Scelionidoe ) {Eulophidae) T [Scefionidoa)
F G H

Trichagramma joponicum Trichogramma oustrallcum Trichogramma chilonis { Ishii)
{ Ashmeod } { Trichogrammatidas ) {Girault ) { Trichogrammatidoa } { Trichogrommatidae)




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

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

Telenomus

on fhe anal hair tuft
of yellow stem borer
female moth
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Conocephalus longlpennis { Haon )

j
|

Matiocha vittaticollis( S181)

Formicomus braminus (Lo Farte

{ Tettigonildos} { Gryilldoo} Sénactare ) | Anthicldoe)
The larval and pupal but parasitization rates are
stages are attacked by a often very low.
iarge number of parasites,
Sinped Yellow White Pink
I I i i I

B C D E F

G K L M N G H ABCHIJM 0 G BCGKNDZO

A -]

Rhoconotus schoanobivorus

Tropobracon schoenobii | Viereck)

{ Rohwer } [ Broconidoa)

{ Braconidaa)

Brocgn chingnsts | Szepligati )
{ Braconldge)

Elasmus albopletus (Crawford )
£ lagmidge)

Chelonus munokatae | Munakato )
Braconidoe)

Hygroplifis russatus { Hallday)
{Eracanidga)

Cotasio flavipas Cameron
{ Braccnidaa)

Exoryza schoanobii [ Witkinson)

{Broconidae)
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| K
isotima sp. Temalucha stangli { Ashmaod ) ltoplectis narangas { Ashmend ) Goryphus basilaris { Holmgran)
{ ichneurmnonidae) { Ichneumonidoa) {ichneumonidoe ) tehneumonidae)
Temaiucha phllippinensts { Ashmend } Xanthopimplo stemmaotor Sturmiopsls inferens { Townsend }
{ lchnsumonidas) { Thunberg } { Ichneumonidos} % Tachinidoe )
Carabid ground beetles
prey on larvae, and spiders
prey on adult moths.
Ophlonsn nigrofosclata { Schmidt- Lycosg pseudoonnuiota { Boesenberg
Goebe! ) { Carabidoe} & Strad ) { Lycosidae )
Qxyopes jovanus ( Tharet! } Araneus inustus {L. Koch }
{ Owyopidoe ) { Aroneidge }
Several species of fungi

can infect the larval stage
and consume the stem borer
at the base of stems when it

is about to pupate. The

Lordyceps -ungus grows
long, neLdie-like arms from
the stem barer’s body.

Beouverio bossiana {Balsome) Vulliamin Cordycsps sp.
| { Monilloceae) : { Enfomophthoraceae )




Chernical control.

" » Insecticide application.
Because stern borer larvae
enter tiliers, controlling
them with insecticide is
often difficult.

1. Tiltering stage. K 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 tilering,
granules are not effective
and only spray
formulations should be
used.

s Scouling. The key to the
establishment of stem
borers in a crop is the
survival of eggs — mostily
the net result of parasite
activity — and the ability of
the first-instar farvae to
quickly bore into tillers,
seeking shelter from
predators and insecticide.

Mast first-instar larvae
succumb to predators
because the tillers of
seedling rice are too thin to
be entered. But smali-
mandibled first instars can
readily enter wider
diametered, older tillers
which are actively
elongating, particularly
under heavy fertilization.
After the elongation phase,
tissues become more
densely packed and
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Granules if more thon B cm
paddy water
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hardened, prohibiting entry
to maost first-instar larvae.
Larval penetration again
becomes easier into the
soft tissues of the bases of

elongating panicles.
Successful entry during
panicle exsertion leads to
whiteheads.

Figlds should anly be

scouted during the two most
vulnerable growth stages:
tiller elongation and panicle
exsertion.
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insecticides should not be
applied when the threshold is
reached because the egas
may be highly parasitized.

When the threshold is
reached, coliect egg masses
and hold them in sealed jars
until the larvae and parasites
emerge. if more larvae than
parasites emerge, then apply
insecticide right away before
those in the field enter the
plants. if more parasites
emerge, there is no need to
apply insecticide.
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RICE BLACK BUGS (HEMIPTERA: PENTATOMIDAE)

Two species of rice black

bugs are important in Asia:
the Malayan rice black bug
Scotinophara (= Podops)
coarctata (Fabricius) and the

g Splna onanterior margln of
Japanese rice black bug pronotum pointed sideward
Scotinophara (= Podops) .
turida (Burmeister). e e o
4p.wm-—e Shoulder spine short ond
slightly pointed

\ 2
'&' Spina onanterier marginof

prangtum pointed forward

.,(F";‘k. — Lotarg) morgin wavy

i g

e o e T3 e Shoulder sping long and
pointad

Scohinophara lurida

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

Scotinophara Yorsalis{ Vollenhoven) Seotinaphara scott [Horvaih)

Scetinophiara atfinis {Hoglund ) Seotinaphora inermis { Haghird} Scotinophara ochrocen {Distont)
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Pest status .

The Maiayan and Japanese m# m&&" Control

black bugs often are abun-

dant in their preferred

habitats. Because chemical High + “;;2,":’:,,’“‘”‘ + Difficut = Mojor
control is difficult, yield large areas pests
iosses are often high. | ,

Both species occur in
wetfand environments but
S. zoarctata prefers swampy
araas.

g
.;f

_ S,
S . * N \“I“
Scotinophoro cosrctata ‘/J—Lj\\ W Scotinophorg lurida N
AUSTARLLL AUSThALIA

Development and actual size

Actuol si2e

Four to five nymphn! stages

0 5 45 ™



Adult. The shiny dark brown
or black adulis aggregalte at
the base of rice plants
immediately above the water
level during the day. They
move up the rice plants at
night and use their sucking
mouthparts to remove plant
sap from tillers.

The long-living adu:ts pass
the winter or dry seasonina
dormant state in cracks m the
s0il in grassy areas. With
favorable weather they fly fo
the rice crop and reproduce
over several generations,
They return to their resting
sites after rice harvest.
Adults are capalle of
migrating long distances.

Adults are hignly attracted
to a high intensity light trap,
and catches are highest
during a full moon.

Karosene light traps are
not bright enough to attract
black bugs.
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| Generation 4 !

I Generahon 2 |

| -anerahon 1 |

Rice crop

- S o s

L}

¥ '--.‘l .

Petromox light trap Aduits give off an offensive

odor when disturbed.

A female lays about 200
eqgs during her lifetime.

Egg. The greenish pink
eggs are laid in masses of up
1o 15 in several paraliel rows
on lower leaves near the
water jevel.
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Nymph. The nymphs are
brown and yellow with black
spots.

Like the adults, they
remain at the base of the
plants or in cracks in the 50il
during the day and feed at
right.

Damage

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

During the tillering stage,
black bug teeding causes
stunted growth and reduced
tiller number.

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

Plants can will and die .
irom the feeding of high
numbers of black bugs or
suffer pugburn much like
that caused by planthoppers.

Septinophora coarciata

Healthy Comaged
Veqgeighve stage

ealthy Bugburn

Reproductive stage
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Plant hosts. Nymphs and
adults have a wide range of
alternative hosts.

Wild rlces

Management

Cultural control. Remove
weeds from the field to allow
more sunlight to reach the . S R
base of rice piants. T AVA A4 & A L Il APV AN =t AN T

T,

Plant an earty-maturing
variety to reduce population
buildup of black bugs.

Early-matwing variety | Black bug generation 2

{ Btack bug generation 1

Panicle
imligtian

Malure grain
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Lote-maturifg: umery _

Resistarit varietiss. No re-
sistant varieties are
commercially available.

Siological comtrol. Natural
enemies attack all life stages
of black bugs.

Small scelionid wasps para-
sitize eggs.

Frogs and ground lizards
prey on nymphs and adults.

A fungal disease affects
both nymphs and adults.
White fungal growth emeryas
frum the dead bodies. Larvae
and aduls of carabid ground
beetles feed on black bug
eggs, nymphs, and adults,
Nabid bugs prey on eggs and
nymphs.

Chemical control.

* [nsecticide application.
Foliar sprays are more
effective than granules.

Direct spray to the base
of plants where the black
bugs stay.

Tetenomus iriptus  Ninon
{ Scelipnidae)

Talanomus cyrus Nixon
T { Scelionidas)

Rona sp
{Rani nidae)}

|Meterhizium onisoplica( Metchnikolf)

g0

J"“'w:'l
( #

\

: [Moniliocege) Sorkin !

A

Agonium daimio{ Botes)
{Carabidne}

v

/i'?"(z

Stgnonobis togolicus (s
( Nﬂbldﬂe)
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RICE HISPA {COLEOPTERA: CHRYSOMELIDAE)

Hispa means spiny. Dicla-
dispa (= Hispa) armigera
(Olivier) is a beetle covered
with many short spines. Both
the larva and adult darnage
rice: leaves,

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

Pest status

Aflthough hispa reaches
cutbreak proportions from
time to time, the areas
affected are limited and the
insect can readily be
controiled with insecticide.

Hispa is prevalent in
wetland rice environments,
particulariy irrigated areas

Dicladispa armigara Lephspa pygmoeo
Poiential Prevalence within
severdy favorobe habitar Cordrod
Abyndent most Minor
Moderate + yeors over large + Difficult = pests
oreos

where rice grows throughout
the year. 1t is more abundant
in the rainy season.

Distribution in Asia.

trrigated wetland




Development and actual size

Aduilt. The adult is blue-black
and shiny. ts wing covers
have many spines.

Adults are not attracted to
a light trap.
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Dicladispa arenigera

Actuct size

Deveippment

Four larval stages

!

Egg Young larva

Malure larva

Pupa

Adutt

Doys

40

They are active during the
day when they feed and

disperse.

Each female lays about 50
eggs during its lifetime of 1-2
months. Buring 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
lowsr lgaf surfaces, and are
partiaily covered with a dark
secreiion from the female.

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

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

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

Damage
Both the adults 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
iower epidermis between the
paralle! leaf veins.

Larval mines are irregular,
semitransparent patches that
run parallel to the leaf veins.

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

Plant hosts. The rice hispa
teeds mainly on rice, but also
survives on grassy weeds.

Leersio




Management
Cultural controf. Close
spacing results in greater leaf
densities that can tolerate
higher hispa numbers.
Removing grassy weeds in
ard near rice fields removes
alternative hosts.

Planting eariy 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
buildup. Damaged leaves can
be removed until booting.

A piece of rope soaked in
a mixtura 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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Amaunt
of
B I
Low

Z0 X 30cm 20 X 15em 10 X 10cm
Plant spating
N
Wﬂ ;
beging Generglion 2 ]

Rie hispa generation | | \ \ \\Mu“s e o nce g
rte 10 rice figl

"

Late planted grgp

¥ ¥

Early planted crup
! 1 | i 1

a0 &0 80 00 120 K0

Days after seedng

B0 B0

&

Bracan hispoe { vierack )
{ Braconidas )

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

® Insacticide application.
Chemicals play an
important role in rice hispa
controk.

Adults are more exposed
and susceptible 1o insecti-
cide than are the larvae,
which are protected in leaf
mines.

Sprays and dusts are
usually more effective than
granuiar formuiations.

Systemic insecticides
give longer residual
protection and are more
effective against larvae than
are nonsystemic chemicals,

S

insecticide insecticide

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

Defoliation |

l Scouting for control

Ponicie
nihation

Days ofter seeding

Weekly from trans-
plaptipg)tro panicle | * “ * * ’* * * *‘ *
:;lgzcllhclag. co;?t lh? number 20 : & ¥ g* ¥ ¥ K ¥
onSIl:aa anina;\?h Elggs ¥ * ) * ¥ K
randomr::ho:en hills SR ER LR N
across the paddy. T E V¥ E¥ ¥
* L3322 E.
LR R ' ERR RS R ¥R
Vﬂ:ii A ¥ ¥k ¥ K
¥ AN Ky \ASLEAE N,
1 SERLE \AS 2 AN,
%W*f**:& ¥ Y¥ ¥
¥ ¥ ¥ *EHEY
KRR L. (k¥ # 28X
¥4 XEE P ¥ ¥ K
¥ ¥ vk g ¥y ¥ ¥
SARAAEEREER, ¥
LASREEE SRS Y
SEXEi33X1)
S22 35532 Y
AR NSAALE S
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Apply insecticide when the  Adults {no./ hill)
economic threshold is
reached for either adults or
larval mines.

=
e

=

S No control necessory - .
Seedbed
LR
0 20

Larval mings{no./leaf)
0

=
=——— Control necessary ===

=] o

Seedling

Days after seading

MEALYBUG (HOMOPTERA: PSEUDOCOCCIDAE)

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

Pesat status Fotential Prevlence within

Mea[ybugs are abundant caverity favorable hobitot Contral
during droughts when rice
plants can least tolerate Abundont some Minor
removai of plant sap. But Modernie + yeors inlimited + Dif ficult = pest
large populations are oreas

infrequent. Control by
insecticide is difficult protected behind leaf sheaths
because mealybugs are and their waxy coating.
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The mealybug is found in and is not prevalent in
rainfed rice environments irrigated rice.

Upland Roinfed weatland kﬂguted wetiond

Distribution in Asia.

AUST AR

Development and actual size Actuo! sire

Devotipment

Three nymphat sloges
Em I

15 30
Days

[= N =

Adult. The males and females
do not look alike,

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

The males which are
smaller have wings and are
pale yellow.




The femates remain
stationary on the stems
behind leaf sheaths at the
base of plants.

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

£gg. The yeliow-white
eygs are laid in chains on
waxy threads.

The aggs hatch within 6
hours.

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

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

Damage

Nymphs and aduits remove
plant sap. Under conditions
that favor high populations,
mealybug feeding causes the
ieaves to tum yellow. The
ptants become stunted.

The pattern of damaged
plants is not uniform because
mealybug numbers vary
greatly between hills,
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Eqg
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Dry spells resuit in a large
population buildup of mealy-
bugs and damage t0
drought-stressed plants can
be high.

Plant hosts. The mealybug
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 variaties. No re-
sistant varieties are
commercially available.

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




Lady beetles are the main
natural enemies of meaiybug.

Chemical control.

» Insecticide 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
irnpractical.

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

* Scouting. Mealybugs can
infest the rice crop from tiii-
efing to harvest.

Mealybug abundance is
recorded as percentage of
plants infested with
colonies,

INSECT PESTS OF RICE

L

Menochilus sexmaculatus (Fobricass}

Harmonio octomoculata { Fobricius )

g b
urn I‘ﬁfﬁ
w"'lfh\‘ "

Damage

Scouting for control

Panicle
initighion

60
Days afler seeding
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Visit the field each week
and look at the base of 20
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PESTS AT THE REPRODUCTIVE STAGE

RICE GREENHORNED CATERPILLAR (1 EPIDOPTERA: SATYRIDAE)

Melanitis leda ismene
(Cramer) and Mycalesis sp.
are iarge butterflies. Their
greenhomed catempillars
have two prominent homs
{tubercles) on the head and
two at the end of the
abdomen.

Pest stalus

Due to the tow reproductive
potential of the pest and the
activity of its natural enemies,
greenhorned caterpillar
numbers are usually too low
to cause economic loss.

The pest occurs in all rice
environments, bul is more
prevalent in rainfed areas.

Anterior
tubercle

Polenticd Prevolence within

sevarity favorable hobftat Control
Rorely Readil

Low + abundant + contealied

INSECT PESTS OF RICE 185

- Minor
= pest

Distribution in Asia

- " TRALIN
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Development and aciuai size

Aclual size

® QO m

Threa lorvaol stages

Deveiopmant

Egg Young larva Meture larva

Aduit. The dull, dark brown
butterfly has a pair of iarge,
spherical, white and brown
spots on each fore wing and
larget-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.

Each female lays 50-100
eggs in its lifetime of about 2
weeks, Melonitis

Mycalesis

Adults are not attracied to
a light trap.
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Egg. The peart-like eggs
are laid singly or in rows on
rice leaves, and are difficult
to see.

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

The body is covered with
small, yeliow, bead-fike hairs.

The head is fiat and

square.

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

Damage

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

Damage symptoms are
simitar to those from other
iarge defoliating insects, such
as armyworms and grass-
hoppers that feed on rice,

Yield loss occurs because
of removal of leal tissue,

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

Cultural control. No stfective

cultural control practices

have been developed.
Reasistant varigtias. No re-

sistant varieties have been

developed.

Biological control. Eggs
are parasitized by
trichogrammaticd wasps. The
larvae are parasitized by
chalcid wasps and tachinid
flies, and are preyed upon by
vespid wasps.

Adult butterflies are prey
to spiders.

Trichogromnag sp.
{ Trichogrammatidae )

Erachymeria tasus( Wolker)
{Chalcididos }

Argyraphylax nigrotibiglis Baranoy
{ Techinidos }

Exoristo joporice { Townsend )
{ Tochinidpe )

Ropalidia fasciata  Fabriclus
{ Vexpidoa }

Tetragnaiha mandibulata
{ Walckenaer) { Tetragnathidaa }

Argigpe catenulata { Dolescholl )
[ Arangidae }

Chemical control.
= Insecticide application. The
larvae of the greenhorned
caterpillar can readily be
controlied by sprayable
insecticides.

s Scouting. Sampling is
based on plant damage.
Scout the fields weekly
for damage, from 30 days
after seeding until
flowering.

Granules are not highly
effective when applied to
older plants because of the
greater plant mass.

Defoliation

Seouting for control

Ponicke
initition
Seedling
20 60

Days afrer seeding




Randomly pick 5 leaves
from each of 20 hills across
the paddy.

Yield loss is related to
the degree of defoliation;
therefore, there is no need
to distinguish leaves
damaged by the
greenhorned caterpillar
from leaves damaged by
other pests such as
armyworms, cutworms,
grasshoppers, and rice
skippers.

The economic thresheld
is based on percentage of
damaged leaves due to all
pests that rermove leaf
tissue.

Apply insecticide when
the economic threshold is
reached.
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RICE SKIPPERS (LEPIDOPTERA: HESPERIIDAE)

Pelopidas mathias (Fabricius)
and Parnara guttata {Bremer
and Grey) are the most
widespread rice field species
of these day-flying skipper
butterflies. Skippers are so
named because of their fast
and erratic flight behavior —
they skip from plant to plant.

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

Second $eq { Kbio) L.arvgl heod Sacond leg (/i) Lerval head
Pornarn g_ﬂiu\n Palopidas mothios
Pest stahs Potentiql Prevolence wilhin
The lar ae rarely abound in - severity favorable habitat Control
rice fields and occasions of
yield less from skippers are Ra Read — Minor
rare. Low + i + conmroled = pests

Skippers occur in all rice
environments, but are more
prevalent in rainfed rice.

A R e
e e e A ey
e

m"A-C‘-lq.

Distribution in Asia

SUSTRALLL




Development and actual size

Aduit. Adults are light brown
with orange rmarkings and
white spots.

INSECT PESTS OF RICE 1711

Skipper butterfies are
active during the day and rest
at night.

Aciuat size

il

Developmeny

Five larval stoges.

Malure larva

o] 4 20 a2 80
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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, bu: have no
horns.

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

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

Fupa. The larva ties a leaf
or leaves fogether with silken
threads to form a tube where
it will pupate. The light brown
or light green pupa rests ina
bed of silk and has a pointed
end which s atiached to the
folded leaf.




- Damage
Rice skippers produce
damage similar to that
caused by the greenhorned
caterpiillar.
The larvae feed on rice
foliage.

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

Management

Cultural controi. No effective

culturat 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 are parasitized by
trichogrammatid wasps.

Many species of
ichreurnonid, braconid,
chalcid, and eulophid wasps
and tachinid fiies parasitize
the larvae.
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Trighogrammo sp. Compoplex sp. Charops brochypterum { Comeron )
{ Trichagrammatidos ) {lchneumonidoe} { ichneumonidoe )

Xanthapimpha punctata { Fabricius)
{ ichneumonidoe }

Coccygomimys parngrae { Viereck }

{ ichneymaonidae )

Pimpla luctuosa { Smith)
{ Ichneumonidee }
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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,
sarnpling, and economic
threshold level for the rice

Coteslo ruficrus { Haliday )
{ Broconldos

Apantelgs baoris | Wilkinson)
{ Bracenidae)

Pupal cotonn

Brachymeria tasus ( Wolker }
{ Chalcididan )

Pediabius sp.
{ Eulophidoe}

Psaudopericheeta insidioso [ Rpbineou
Desvoidy} { Tachinidae}

Nemorille mocyiosg{ Meigen)
{ Tochiricse)

Thecocorgilia parnoras [ Choa)
{ Tochinidoe }

Extrisia japonica { Townsend )
{ Tachinidae)

Ceromyig sitacac { Maigen )
{ Tachinidoe)

Clytho argentea { Egger )
{ Tochinidae }

Proreus simulans{Stal}
{Chelisochidoa)

Iy

. f? |

) \/ {i

Scﬂnlu horrida Stal
{Reduvildae)

Rhinocoris fuscipas { Fobrictus )
{ Reduvlidoa)

Argiape ¢atenuiata { Doleschall )

{ Aroneidae )

skipper are similar to those
for the greenthorned
caterpillar,
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RICE BROWN PLANTHOPPER {HOMOPTERA: DELPHACIDAE)

Nilaparvata lugens (Stal) {=
Delphax oryzae) is probably
the maost serious insect pest
of rice in Asia. Its feading
causes plants to wilt and
causes a symptom called
hopperburn. It aiso transmits
grassy stunt and ragged
stunt virus diseases.

Pest stalus , o
The rice brown planthopper bt (yavance wiha Controt
has a high capacity to
reproduce. Frequently, - DiMficult with
farmers’ misuse of insecticide :;rmfm + yours in |5m + inseclicides it = Mojor
causes outbreaks of yirus, transmission areas 10 resistond pest
hopperburn and/or virus
diseases over large areas.
The development of bictypes insecticide is lessenad an umbrelia to protect the
often reduces the life-spanof  because the hoppers are insects from the spray
resistant rice varieties. The found at the base of plants droplets.
effectiveness of control by and the crop canopy acts as
The brown planthopper is become abundant in rainfed
mainly a pest of irrigated wetland environments. It is
wetland rice, but it can also rare in vpland rice.

Distribution in Asia.
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Development and aclual size

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

Aeduel sire

Five nymphaol stoges

Tronsparent
short wing

Mocropterous adolt
{iong-winged)




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

Aduilts suck the plant sap
frorn the base of plants where
they stay day and night.

Long-winged adults are
highly attracted to a light
trap. Highest catches occur

during a full moon,

A related species, Nifapar-
vata bakeri {Muir), often con-
fused with the brown planl-

Frons sacavoied

Mesothorax with
two groyish siripas
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hopper, is found in light trap
collections bul is not a pest
of rice.

Paramare
blfurcalad

Nigparvato bokeri

(
{

Frons nol gexcovated

Moapthords with
thrap brown siripes

Nllaparvale lugans
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Egg. The white eggs are
inserted into .he 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 tillers where
it is shady and humidity is
high. Young nymphs are
white, turning brown as they
mature.

As with all leafhoppers and
planthoppers, nymphs and
adults move laterally like
crabs 10 the opposite side of
tiliers 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
ptant sap, which is high in
sugars, is expelled from the
body as honeydew. The
noneydew drops fall on the
base of plants and in time
turn black from infection by a
sooty mold fungus.

7
NI

¥ o SRS
hd 4|




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.

The brown planthopper
may remove enough sap or
block its flow to cause the
tiliers to dry and turn brown,
producing hopperburn
during later growth stages.
Hopperburn occurs more
rapidly during cloudy
weather. Photosynthesis
during sunny days allows the
plant to recover from sap
removal by hoppers.

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

Brown planthopper
outhreaks are associated with
development of irrigation
systems to allow year-round
rice cropping (thus
continuous planthopper
cuildup), excessive fertifizer
usage that results in higher
planthopper populations, and
the use of insecticides that
kill natural enemies.

Hepper

Happerburn
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Piant 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 ratoon
after harvest.

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

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

DRY SEASON CROP

Field 5

WET SEASON CROF

Field 5

Field 4

Field 3

Field 4

Field 3

Field 2

Field 1

1 1 |

Field 2

Field 1

Doys ofter seeding

Feb Mar Apr Moy Jun Jul Sep Oct
=T
|
|reanizer] [FeaTiger] |FERTwIZER
LN <
// Tillering irﬁno;ion
n v %
SR ¢ A i 1 A 1
0 20 30 40 50 &0 70 80

Drain fiald

far 3-4 doys

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

Plant seedbed in areas as
{2~ as possible from lights
anc sources of virus
infat tion. Lights attract virus-
infect xd hoppers, and weeds
are alternative hosts of virus
and virus-carrying hoppers.

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

Brown planthopper
numbers decrease on resis-
tant varieties because of the

presence of toxic chemicals ge.féiéim Second
produced by the plants. generafion Third
genesghon
Low L_| -
Resistont variety Suscephbte varsiely

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

s

L I T
o |

Early-maturing varieties

act to reduce brown plant- Parfial
hopper popuiation Early-maluring variety | generation 3 I
development, [Brown plonlhopper peneralicn 2

IErown planthopper generation 1 J

Ponicle Flowering
inihotion

Seedling

Seedbad
O

Doys after seeding



182 * INTEGRATED PEST MANAGEMENT4N RICE

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

Biolagical control. Many
parasites, predators, and
pathogens atlack all stages of
the brown planthopper and
effectively controi this pest
under most situations,
Improper use of insecticide,
however, can kill the natural
enemies and thus lead to
dramatic¢ brown planthopper
outbreaks.

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

Mirid bugs and phytoseiid
mites prey on egas.

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

High tillering

Anogrus gptobiis { Perkins)

{ Mymaridos }

Poracentrobia ondoi{ Ishii )
Trichogrommntidoe)

Tetrostichus formosanus {Timberloks }
{ Eulophidne)

Cyrtorbings lividipennis  Reular
{Miridoe)

Amblyseius nr. calgrai Corpuz &
Rimande { Phytoseiidoe}

Elenchus yosumetsui Kifune et
Hirashima (Elenchidae}

Echthrodelphox bicolor ( Esoki &
Hashimato }{ Dryinidae )

Fseudogonotopus sarowaki Moczor
{ Dryinidoe}

Hoplogonatopus sp.
{ Oryinidae}




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
feed near the water or fail
into the water.

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

Fungal pathogens infect
brown pianthopper nymphs
and adults. After the death of
the hoppers, the fungi grow
out of the corpses.
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Pesudogonatopus nudus Perking
{ Drylnidoe)

Pupel cocoon

Hexamermis sp.

Hydrop..ius offinis ( Sharp)
{ Hydrophilidas }

Gk

) v?'ﬁa!"lﬁlz

Cyhisier sp.
{ Dytiscidae)

Pantola flovescens{ Fobriciys) Orthettrum sp. Ranatro diemidiate { Montadon }
{ Libsllylidoa) { Libedlylidae) { Mopidae )

Microvelio douglost otrofinecta Mesovelia vittigara ( Horvath} Paedarus # {Curtis]
Bergroth (Veliidoa) { Mesovalidae } {Staphylini
iy
i
E i
Microspis croceo { Mulsont } Ophioneo ishij ishii{Hobu) Mypena formosana (0F)
{ Cottinellidoa) T [Carnbidae} iMicryphonﬁduei Egg cocoon
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Clubiona jopericalo { Baesenberg Neoscana 1heisi { Walekenaer } ,  Aroneus inustus{L. Koch} Lycosa pseudoannulata{Boesenbarg
8 Sirond } { Ciubionidae) [ Araneidoe } i { Argneidae ) & Sirond ) { Lycosidge )

Crocothemis servilia { Drory) Agriosnemis feming femina {Brouer) Beauverio bassiona {Balsamo) Erynin delphacis {Hori)
{ Libeliulidoe ) { Coenogrionidae) Vialiemin] Monfioceos) { Entomophihoraceos }

et
JWB\

[t
',I"‘t--—-"
S

Metarhizium onisoplioa{Metchnikgfs ) Hirsuteilo citriformis ( Speare)
[Moniliacege Sarokin { Stilbaceae )

Chernical control.
« insecticide application.
Insecticide 1o control
. brown planthopper usuatly
is not necessary in fields
planted to a resistant
variety.

Apply an effective insecti-
cide on susceptible
varieties whengver the
brown planthopper
popuiation reaches the
economic threshold.

Granules are less effec-
tive than sprays or dusts,
particularly when applied 10
older plants with a greater
biomass.
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Applying insecticide
when long-winged adults
are numerous will kill
ratural 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 witt fower their
numbers and younyg
nymphs cannot damage
the crop.

Insecticide applied to the
tops of plants will not reach
the brown planthapper
below.

Applying insecticide to Brown planthopper (na.)
fields of rice: varieties

susceptible to the brown tem—_Nonresistont rice variaties treated with Insecticides causing resurgence
planthopper may cause the e Figld not trested with insecticides

number of brown

planthoppers to be higher

than when no insecticide is
applied. This dramatic
contradiction of the
expected outcome is called

resurgence, 7 Ne—

Do not apply an P e s """'----.....___-‘
insecticide that causes 1 i i * . 1 1 1 \ N 1 ~
resurgence. Q 0 20 30 40 50 B0 0 BO 90 100 Ho 120

Doys after seeding

& Scouting. Visit the fields
weekly from the seedbed to l
dough grain stage.

Days ofter sseding
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Pick 20 hills at random

s ey H s rry

h::md and colllljl.:tst:le ¥ ¥ ¥ *‘

kot || 3 PRYeveey

at fa . T

Mature nymphs are brown

immature nymphs are I EEED R R N

e YR SITEIIE
(Y L 3 ELEAR D)
¥ % *l*ﬂi*m*
Vﬁxli ERRRELE RS
¥¥AKK LSRR N
ik i
¥ ¥ g'ﬂ L LR SR
AR L (KXY ¥ K ‘
%% ¥R P ¥ ¥
i ey R RN ¥ ¥
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I SREERRSRNY!
CERNRELE XY
AR SNSL AL LY

Determine the average
number of tillers per hili,

No action is required :
unti{ the number of maiure E —_—
nymphs reaches one per nomic threshotd
tiller. When that occurs, S
visit the field every 3to 4
days thereafter. If the
population of mature
nymphs increases beyond
one per tiller, spray the
base of the plants.

©. 0 Scout every 3-adays - L
" 0L Nocomfrotnecessary ULl -

145
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SMALLER BROWN PLANTHOFPPER (HOMOPTERA: DELPHACIDAE)

Laodaiphax siriatelius
{Fallen) (Deiphax = Liburnia
= Delphacodes striatelia)
appears like the brown
planthopper but is smalter.

'.I..
"
. Genitallo
Slandar post-tiblal
spur with very
smali apinas
Spinas
ogsenf
Pest status Loodelphax sirlatellus
The smaller brown
planthopper transmits black-
streaked dwarf and stripe Fotents
virus diseases and remains as miﬁ m@m Control
a vector throughout its life
after feeding on one virus- Abund
infected plant. However, it Moderats + | pocowrrrge | + HReadi = Mo
can be readily controlled with areas pe
insecticide.

It is found in ali rice envi-
ronments but is restricted to
tamperate climates.

Upland Irﬁgu!ed weiln

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 medially
and black along the lateral
margins. There are black
dots between the wings at
the end of the body.

Long- and short-winged
forms cccur. 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.

Actoo! sire

Devekiomant

Five nympho! stages

it

s
ML

i"

Aduilts are highly attracted
to a fight trap. Highest
catches are during full moon.

To deposit eggs, the
fernale ¢uts openings in the
tillers with its saw-like
ovipasitor.

Each female lays 50-200
eggs 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 small 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 smmaller brown plant-
hopper does not usuaily
damage rice by direct
feeding: however, it is an
important transmitter of two
virus diseases: black-streaked
dwarf and stripe.

Piant hosts. The smaller
brown planthopper utilizes a
number of alternative hosts
especially in winter.
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Alopecirus

Maiza
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Management

Cuitural control. Keep fallow
fields free of weeds during
winter to remove
overwintering sites.

Resistant varigties. Some
varieties are resistant to
black-streaked dwarf and
stripe virus disease and to the
smaller brown planthopper
itself.

Biotogical control. Natural
enemies attack all stages of
the smaller brown plant-
hopper. In temperate
climates, however, natural
enemy populations are lower
than in the tropics.

The eggs are parasitized
by small trichogrammatid
wasps and preyed upon by
mirid bugs.

Nymphs and adults are
parasitized by dryinid wasps
and fungal diseases.

Predators of nymphs and
adulls include aquatic
underwater beetles and
immature dragonties, as well
as water surface-dwelling
microveliid and mesoveliid
bugs. and spiders.

ek ey Y, o
- SPrA S

In the early spring, nrotect
seedling nurseries from
migrating adults by covering

them with netting.

Oligosito yosumatsui Viggloni et
Subba Raa { Trichogrammatidae)

Cyrtorhinus lividipennis  Reuter
Miridae)

Elenchus yosumatsui  Kifunb et
Hirashime {Elenchidoe)

Haplegonatopus atratus Esaki B
Hashimoto {Dryinidos)

Pseudogonatapus flavifemur
{Esak: & Hoshimoto){ Dryinidoe)

Erynio delphacis { Hori }
{ Entomophthoracene)

Sternolophus rufipes [ Fabricius}
{ Hydrophitidaa)

Loccophilus difficilis{ Sharp)
{ Dytiscidoa)

Aeschng sp

{ Aeschnidoe®
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Microvelio douglosi gtrolineato
Bergrath [ veliidoe)

Mesovelin vittigers { Horvath)
{ Mesoveliidae )

Clubiona japonicolo{Boesenbarg
& Steond }{Clublonidoe}

Chemical control.

& [nsecticide application.
Calendar-based
applications of insecticide
10 the smaller brown
pianthopper during the
early growth stages of rice

* 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
ovrown pianthopper.

prevent virus infection.

Repeated foliar sprays
are necessary to protect the
crop.

Transmit virys

Plant sampling and control

Seedling

Punicle
initiation

Doys afier seeding
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RICE WHITEBACKED PLANTHOPPER (HOMOPTERA: DELPHACIDAE}

Despite its common name,
Sogatelia (= Sogata) furcifera

cannot be distinguished from WA
other planthoppers in the whie e 5; :
adult stage by the white banu band = WA
along the back (thorax) 1 ‘E \
between the wing bases. : E

Several related species
oceur 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 . lonyifurcifera.

'l.

NG

Sogatodes pusanua (Distant) ¢ Genitoiia

Sogatelia ponicicota (lehibara)

Sogatello longiﬁuii’m(ﬁomgﬂrae)

O'S‘_; longifurcifero
genitalia




Pest status

Even though it does not
transmit virus diseases, the
whitebackad planthopper
aceurs widely and can
become sufficiently
numerous to kil plants by
hopperburn, If detected in
time, it can be readily
controlied with insecticide.
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Forential Prevalence within
saverity favorable hobitat Centrol
I Abundont some .
) iry lrmeE Readily - Major
High | + yeu:l :20 Iisn'uled + controligd = pest

The whitebacked plant-
hopper occurs in all rice
environments.

Diztribe fien in Asia

Development and acluai size
Aduit. The adults are brown
to black with a yellow body
and a conspicuous dorsal
white band between the
junctures of the wings.

Aot/ sire

Five ryraphal skages

Days

23 40
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Both long- and short-
winged forms occur only in
the female. Males are all
long-winged.

The whitebacked plant-
hoppers feed at the base of
the rice plant.

W0

I.\

Long-winged adults enter
the fieid during the first 30
days after seeding.

Generations that are
completed on the rice crop
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.

Generation 2

Generation |

Adults are highly attracted
to a light trap. Catches are
highest during full moon.
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Each female iays 300-500
eqgs during a lifetime of
about 2 weeks.

Egg. The eqgs are similar
in size and shape to those of
the brown planthopper, but
the egg plug is longer.

Nymph. Young nymphs of
ali pianthoppers appear white
and cannot be differentiated
by species in the field.

QOlder nymphs of the
whitebacked planthopper
have distinctive black and
white spots on the top of
their abdomen.

Damage

Nymphs and adults suck sap
irom the base of the tillers.
Honeydew praduction is jess

Hopperburned plants
initially occur in small
patchas in the field. The
patches coslesce if the

than in the brown plant- poputation continues to
hopper; consequentty, 500ty- increase. Damage is most
mold on plants is iess of a common during the early
symptom of damage. reproductive stage.

High poputations remove The whitebacked plant-

enough sap to cause the
plants to turn crange-yeilow.
Later, the leaves dry and turn
brown.

hoppe. does not transmit
virus diseases,

Plant hosts. The
whitebacked nlanthopper has
a wide host 1-..ge.

Wheat Sorghum Wild rices
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ment
Cultural controf. The cultural FIRST CROP SECOND CROP

control methods effective

aJainst the brown Field 1 Field 1

olanthopper also controf the

whitebacked planthopper. Field 2 Field 2

Field 3 Field 3

Resistant variaties. No re-
sistant varieties are
commercially available for
whitebacked planthopper.

Because the whitebacked
planthopper disperses from
the crop between booting Eorly-maturing variety
and flowering, early-maturing l Planthopper generation2
varigties can reduce the )
number of whitebacked L Planthopp.r generotion |
planthopper generations.

Seediing

Late-maturing:

Flanthopper gengeation 2

High-tiliering varieties
allow higher numbers of
adults and nymphs on a per-
area basis than low-tillering
varieties.

[ High tillering Low tillering




Biological controd, Natural
enemies attack ali stages of
che whitebacked planthopper
and generally maintain its
popuiation at low leveis.
Indiscriminate insecticide
usage may kill
propeortionately more natural
enemies than whitebacked
planthopper and lead to
population outbreaks.

Whitebacked planthopper
eggs are parasitized by small
parasitic wasps or are preyed
upon by mirid bugs or
phytoseiid mites.

Nymphs and adults are
parasitized by dryinid wasps
of fungi.

Predators of nymphs and
adults include underwater
hydrophilid and dytiscid
beetles as well as immature
forms of coenagrionid
damselflies and libellulid
dragonfiies, Water-surtace
dwaelling veliid and
mesoveliid bugs are aiso
important predators. These
aquatic predators prey
mainly on planthoppers that
tall on the water surface, but
can also capture hoppers
fraom foliage near the water
level.
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Anggrus floveolus Woterhouse

( Mymoridga;

Oligosita oesapi {Girault}
{ Trichogrommatidos)

Cyrtorhinus lividipennis Reuter
{Miridaa ]}

Amblyseius imbricatlus Corpuz B
Rimagndo { Phytosalidae )

Psaudagonatopus nudus [ Perkins}
{Drylnidaa}

Ho at i

Pseaudogondiopus ponomirenkoi
{Moczar) (Dryinidae}

Erynia detphacis {Hori}
{ Entomophtharaceae }

Barosus sp.
{ Hydrophilidoe }

Agabus nr.conspicuus {Sharp)
{ Dytiscidaa)

ischnuro senegatensis{Rombur}
Coanagrionidos)

Crocathemis servitia { Drury)
{ Libadlulidae)

Microvelic douglasi atrolinento
Bergroth {Veliiace}

Mesovelin viltigera { Horvath)
{ Mesovelidoe)

Paederus fuscipes{ Curtis}
{Staphyfinidoe)




. 198 INTEGRATED PEST MANAGEMENT IN RICE

Staphylinid and carabid
beetles and lygaeid bugs as
welt as spiders search rice
foliage for planthopper /f
nymphs and adults. WY

Coenagrionid damselfly
aduits prey on hoppers X 7\
resting on the foliage, but
libellulid dragonfily adults
capture only hoppers in

flight. Ophionea ishii ishii {.iobu) Goocoris ochropterus{ Flsber) Lycosa pssudoonmalata (Boesenborg
{Carobidae) il.yqunidus) B Strand| Lycosidaa)

Clubiong joponicoio{Boesanberg Crocothumis sarvilia { Drury) Agriocnemis famino femina({Braver)
6 Strond }{Clublonldas) { Libellutidos} { Coencgrionidae)

Chemical comirol.

e /nsecticide application.
insecticide appiication
methads for whitebacked
planthopper are the same
as those described for the
brown planthopper.

Sprays or dust are more
effective than granules.

Do not apply an
insecticide which causes
resurgence.

’55 e !
I Plant damage
L1
A Scouting for control
Ponicie
initiation
Seading /.
® Scouting. Visit the fields
weekly from 30 days after
seeding to flowering. Slap
the plants to remove
L]
20 40 60
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RICE GREEN LEAFHOPPERS (HOMOPTERA: CICADELLIDAE)

Four species of rice green
leafhoppers in the genus
Nephotettix are commonty
found in Asia. They are N.
virescens (= bipunctata (tus)
=impiciiceps}, N.
nigropictus (= apicalis =
nigromaculatus = nigropicta
= hipunctatus apicalis =
apicalis apicalis), N.
malayanus, and N. cincliceps
(=bipunctatus cincticeps
=apicalis cincticeps).

Pest status

Adults and nymphs tranamit
several serious virus
diseases. When their
populations are high, they
directly damage rice plants.
Green leafhopper
populations can be readily
controlled with resistant
varieties or insecti¢ides, but

By allowing year-round
rice cropping, irrigation has
increased the importance of
these pests. They are
generally not prevalent in

Nephotattix cincllceps Nephotatiix nigropictus Nephotettin virascens Nephotettiy malayanus
{Uhler} {Stal) { Distant) lshihara et Kowose
Polntec vertex Rounded vertex
Iach hond Blnck honds Green heod Black band
Green wing Block spot
Block spo
elthar present or obsent
{
Potenfiol Prevolence within
sverily favorable hobikot Conirgl

High-virus Abundon! mos! Ditficult 10 i

ronsmission + yeors over lorge + prévert virus = reostosr
greas transmission

prevention of virus infection

is difficuit when insect
numbers are higb.

upland rice.

Green leafhoppers are
more abundant in the rainy
season and on vigorously

growing rice crops.

Uplond

Rclnfed wotlund

Irrigmed wellond



Distribution in Asia. N.
cincliceps is confined to
temperate regions whereas

N. virescens, N. nigropictus,
and N. malayanus are
tropical species.
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Wephotst tix cincticeps

Nephn!a}& virascens

AUTRALL

Nephotetlix nigropictus w Nephotettix rmalayonus g
AT AL AUSTRALE
Development and actual size
Development time for all At sze
species is the same under
similar temperature regimes.
The duration of the life ' ! ¥ ¥
cycles for the tropics is given
here, It is longer for
wemperate climates. Deveiopment
Five nymphol stoges
% e e e % B — e
£y '
Young nymph
| | i 1
o 6 23 3

Days
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Aduit. Adults are pale
green and may have black
markings on the head or
wings. They are highly
mobile and fiy when
disturbed in the field.

Adults can fly long dis-
tances, but movement is
rormaily 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 leathoppers. Each
female lays several hundred
eggs in an average life-span
ot 3 weeks. Females make
openings in the tillers with
their saw-like ovipositors.

£gg. Freshly laid eggs are
white or pale yellow, but later
turn brown and develop red
eyespots,

Adults are highly attracted
1o a light trap. Catches are
highest during full moon,

B




Young plants are preferred
tor 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
numergus during the tillering
stage.

They are usually in the
upper paris of the plant in the
maming and move to the
lower parts in the afternoon.

Green leefhopper adults and
nymphs disperse in response
to crowding and rarely reach
the high densities necessary
to cause hopperburn.

Nymphs and adulis suck
the sap fror~ the leaves and
tillers with their sucking
maouthparts. Their feeding
can stunt plant growth.

More serious than direct
feeding injury are the virus
diseases transmitted by both
the adults and nymphs.
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Nephotwtils nigropicius

e

o

T ™
= e

TRANSITORY
DWARF YELLOWING

VECTORS OF VIRUS DISEASES
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N. nicropictus is less High
effective than the three other i
species in virus disease
transtnission. Absity to

tansmit
virys

Plant hosts. N, cincticeps
and N. virescens are more Low N, virescens N Cingficaps . Nigrapictus
specific to rice than N. === S =TEEes
nigropictus or N. malayanus. N.ealoyanus

Mephotettis cincticeps

Nephotetiix virascens

Neghotattlx nigrapicius

Naphotattix malayonus
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Management
Cuftural control. Grow no DRY SEASON CROP WET SEASON CROP
more than two rice crops per . N
year. Create rice-free periods Field 5 Field 5
by synchronous planting, .

Field 4

oo oo plowisg down Field 4
Field 3
Fieild 2

stubble after harvest to Field 3

minimize green leafhopper
populations and remove virus

1 1 i | H 1 1 i i 1 i
Fab Mor Apr May dun W

sources from the field. Field 2

Covering a seedbed with
mesh cloth prevents hoppers
from transmitting viruses ata
time when the crop can be
most severely infected.

Plzce seadbeds away from
lights so as not to attract
virus-intected hoppers.

Virus-infected hoppers
also breed in weedy areas:
therefore, set seedbeds away
from weeds.

Resistan: varietias. Many
varieties resistant to green
leathoppers are commercially
available.

Few variaties are resistant
to the virus diseases, but
widespread planting of green
leathopper-resistant varieties
is normally effective in
minimizing virus incidence,

Sep Oct Mo

The decision to select a
tungro-resistant variety can
be made after scouting the
ratoon of the previous crop in
the vicinity of the field,
Tungre readily shows up in a
ratoon. If tungro is prevalent
in the ratoon, use of a
resistant variety is
recommended.
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Early-maturing varieties
reduce the period tor green
lesafthopper population
increase, but will not directly
prevent virus infection,

Eorly-maturing varigly

| Leathopper generation 3 |

| Leathopper generation 2 |

[ Leathopper generation 1 |

140

Biological control. Green
leafhoppers are normalty
held in check by the activities
of parasites, predators, and
pathogens.

Eggs are parasitized by
trichogrammatid and
mymarid wasps and preyed
upon by mirid bugs.

T T
&0 80 100

Days after seeding

Paracentrobia andoi{ Ishii )
~ { Trichogrommatidae)

Qligosita nains { Girgult )
] Trichogrommaotidos )

Gonatocerus tincticiplts Sahod
iMymuriduai

Anagrus opiabilis { Perkins }
{ Mymaridge )

Gonatocerus sp.

{ Mymaridae)

C_w!orhhus lividipennis Reuter
{ Miridoe)




Nymphs and aduits are
parasitized by plpunculid
flies, dryinid wasps,
halictophagid strepsipterans,
and nematodes.

An array of predators also
attack nymphs and adults:
aquatic veliid bugs, nabid
bugs, empid flies, damsel-
flies, dragonflies, and spiders.
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Pipunculus mutillntys (L oew)
{Pipunculiugs)

Tornosvoryslin oryzaetora{koizumi)

{Plpuncylidge

Ferking (Dr yinidoe)

m= -«:mtopus sp.
{ Drylnidaa)

Echthrodelphax falrchidii{ Parking)

{Dryinidos}

Halictophagus munrosl { Hirashima
8 Kifune){ Holictophagidog }

Microvelio douglasi otrolineate
Bergrath’ {Veliidae)

Stenonobis togoicus {S181)
{Nabidae)

Drapetis sp.
{ Empidoe )

Crocothemis servilio (Drury)
{Libellulldae )

Agrioenemis feming feming (Brauer)

{ Cosnagrionidae)

Lycosa pssudoannulato{Boasanberg
& Strond¥ Lycosidae)

Atypeng formosans (Oi)
{Micryphanfidge}

Argiope catenulata { Doleschait )
[ Araneidoe )
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Aransus inustus (L. Koch }

{ Aroneidoe )

Tetragnatha maxillosa{Bossenberg
8 Sirand ! Tetrognathidos)

Clublona juponlcolai{Bossenberg
& Strand }{Clublonidae)

Nematodes and fungal
pathogens also infect
nymphs and adults, A white
fungal mat grows from the
inside and covers the body of
dead leafthoppers.

Hexomermis sp.
{ Mermithidae)

Entomophihora coronota{Constantin}
Kevorkian { Entomophihoraceas)

e/
1

Beauveria bossiong {Balsomo)
Vuilfemin [ Moniliaceoe)

Chermical control.

» [nsecticide application. it
virus diseases transmitted
by green leafhoppers are
prevalent inan area and a
susceptible variety is used,
the rice crop must be
protected with insecticide
from the seedbed unless
the seedbed is covered. A
systemic insecticide is
preferred. Systemic
granules should be
incorporated into the soil
before sowing the seedbed.
Soil-incorporated granules
are more efficient than
broadcast granules or
sprays in the seedbed,

1 \‘ 1 ]

10 20 0 a0
Days ofter seeding

i { i I

1
R B 20 a0 an
Doys ofter seeding

<

AN
{ l\r
o0 :

o 3

0
Ooys after seeding




A similar choice of
protection should be
sought immediately before
trangplanting. Soaking
seedlings in insecticide
solution for 8-12 hours
before transplanting gives
protection for 20 days,
whereas soil incorporation
or broadcasting of systemic
granules protects the crop
for 40 days.

+ Scouting. If a susceptible
variety is used and
preventive insecticide
applications are not carried
out, the crop should be
monitored for green
leathopper activity.

Green leafhoppers
should be monitored in the
crop from the seedbed to
panicle initiation.

Individual seedbeds and
fields can be sampiled with
a sweep net to determine if
chemical control is
necessary. Sampling
should be done in the
morning.

A sweep net is parti-
cularly effective in catching
green leafncppers because
they feed on the upper
portions of the rice plant.

Swing the net in a "brush
stroke” {following the arc of
a penduium) for each
sweep.
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Length of profection I

S

4] 0 30 40 50 &80

Doys after sseding
1 1 wl ] | 1 1
o 10 20 30 a0 850 &0

[rays alter saeding

Sample twice eoch week
] ] ] I
0 40 %0 &0
Doays ofter seading
The bottom ~f 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 & diagonal
fine 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 not

available, plart tapping can

?lfnlé?rﬁiyE;i::?{ gg?l'i(lls ¥ * * * * * *

a:.:ross tht; [;addy. Slap t'he 2 i E¥E¥Y KW

plants with force severa * % * * * :

times with the palm of the

hand. Count both adul ¥ % ¥ ¥

and nymphs m%t faﬁlgf the " V ‘* $ * *

wag:;culate the average ¥4 * * * ‘ ¥ ‘

green leafhopper number L ¥ ¥ * ¥ & m *

per hill, ¥ ¥ PR EK N K
¥y A L SER AR N
Y¥¥ \ B LBZAN;
¥4 #& ¥V EY
¥ ¥ ¥ k¥
KRR o (KXW ¥ ¥ KK
¥¥¥ L XR ¥ ¥ ¥
¥ TTwREERRY ¥ ¥
SAEARAT RS RN ¥
¥EAEEPA R Y XY
ISAEEARRE RN
EEE NS ERE ¥ kXX
AR SAAREEN

Spray da syztemi;:. No_groen leathoppers /sweep

insecticide when the 1) Swaep 87 somping e e

economic threshold is f )S%E:Lﬁﬁ%

reached. ﬁ Control macessoryEe——————

e Economic threshold [

No condrol necessory .

Days after seeding
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RICE ZIGZAG LEAFHOPPER (HOMOPTERA: CICADELLIDAE)

Recilia (= Inazuma) dorsalis
(Motschulsky) (=
Deltocephalus dorsalis) is a
pest mainly because it
transmits virus diseases. The
adult has dark zigzag
markings cn the wings. Other
leafhoppers having zigzag
wing patterns such as
Scaphoideus, Deltocephalus,
and Eutettix are found in light
trap colleclions but do not
feed on rice. The zigzag
patterns are more obvious on

these species when they are
wel. Recliio dorsalls Scopholdeus morosus alus oryzae
: . _%Eh—ur % rT:—L_ Eutetil ap.
Pest siaius
Potentiql Prevolenca within

Zigzag leafhopper can saverity favorabie hobitat Controt
transmit tungro, dwarf, and :
orange leaf virus diseases, It Rorel
plays a minor role as a pest Moderate + ¥ + Readily = Minor
because its population is Obundant controlied pest
generally low.

It oecurs in all rice anvi- The zigzag leathopper is
ronmants but transmits the particularly abundant in the
virus diseases only to early rainy season,
wetland rice.

Distribution in Asia
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Development and aciual size

Aduit. The adult is readily
recognized by the
characteristic zigzag white
and brown pattern on the
front wings.

Aduit

Aeiual size

The adults are highly
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 moon.

Each female may deposit
100-200 eggs in its lifetime of
10-14 days. To 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
plant.

Nymphs are usually more
numerous during the
vegetative stage of rice.




Damage

Nymphs and adults damage
the plant by sucking sap from
the leaves and leaf sheaths,

Damaged plants have
dried 'eaf tips anxi leaf
margins show orange
discoloration,

Later, the whole leat
pecomes orange and the leaf
margins ¢url.

Damage symptoms appear
first on older leaves.

Young seedlings wilt and
die when the hopper attacks
in targe numbers.

The zigzag leathopper
transmits rice tungro, dwart,
and orange leaf viruses.

Piant hosts. Alternztive
hosts are in the grass family.
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Oronga leaf

Wineal

Management

Cultural control, Grassy
weeds and volunteer rice in
faliow fields atllow the zigzag
leathopper and the viruses
they transmit to exist
between rice crops.

Keep fallow tields free of
vegetation between rice
Crops.

e (]
J‘-—ﬂM " a——

Establish seadbeds away
from weedy areas or lights.
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Rasistant varietios. NO re-
sistant varisties are
commercially available for
either the zigzag leafhopper
or orange leaf or dwarf
viruses.

Biological control. Para-
sites and pradators normally
requiate zigzag leathopper
numbsrs.

Mymarid parasites and the
mirid bug attack the egg
stage.

Dryinid wasps and
prpunculid flies parasitize
riymphs and aduits.

Spiders that inhabit the
ieaf canopy prey on aduits,

Chernical control,

» [nsecticide application.
Foliar sprays are more
effective than granular
insecticides.

= Scouting. Visit the field
weakly from the seedbe. .0
panicle initiation.

Anogrus optabilis | Parkins }
{ Mymaridae )

Cyrtorhinug lividipannis  Reuter
Miridee !

Neogonatapus funatus{ Klug)
{ Dryinidae )

Tomasvaryella inazumos (Kolzumi)
{ Plpuncutidoe )

Tetragnatha maxlliosa{Boesenberg

B SteandH Tetragnathidea)

Argiope catenulgia ( Doleschall )
{ Aroneidoe )

Flant feeding

Scouling for conlrol

Panicle
initialion
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RICE WHITE LEAFHOPPER (HOMOPTERA: CICADELLIDAE)

Cofana (= Tettigella =
Cicadella) spactra (Distant) is
the largest of the rice
leathoppers aind is entirely
white. Other leathoppers of
minor imponance inciude the
rice orange leafhopper Thala
oryzivora Ghauri and the rice
biue leathopper Zygina
maculifrons (Motschulsky).

Nisia atrovenosa, which
resembiles white leafhopper
in appearance, also occurs in
rice fislds. i is neither a
deiphacid planthopper nor a
cicadellid {eafhopper and
feeds on grasses and sedges.

Leafhoppers have tibial
spines and planthoppers
have a tarsal spur. Nisia
atrovenosa has neither of
these characters and belongs
1o the family Meenoplidae.
The biclogy, damage, and
management of only the rice
white leathopper will be
discussad.

Pest status

The rice white leathopper
rarely occurs at population
levels that cause yield loss
and does not transmit any
virus diseases,

The white leafhopper
occurs in all rice
environments, but is
particularly associated with

Cofana spectra { Distant)
{Clcadsliidas)

Thaola oryzivaco Ghouri
{ Cicadaltidos)

Zygina maculifrons { Motschulsky)

{Cicodellidan)

Nisw atrovenosa{ Lethierry }
{ Mesnaplidos)

pper
{ Delphocigos)

Leofbappar
{Cicodellidas)

Potentipl Prawalence within
severity fovorable hobitat Control
Rarely Reod
Low + abundant + co\ﬂrolﬂiyed

rainfed wetland rice and is

more abundant at the end of

the rainy season.

= Minor

= pest

Upluncl

Rainfed we!lund

lrriguled weﬂand




Distribution in Asia.

}_/' CLH BEOAE S

e,
£

i WOLE Y.
(3T =~ N

“ Y
.
“ A

+
Au3TRAL

Development and actual size
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Aoruo! size

Aduit. The large aduits are
grey-white with prominent
wing veins.

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 light trap at night.
Catches are abutwdant during
a full moon.
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Each 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 lay eggs.

Egg. The slongate white
eggs are laid in leaf sheaths
in rows of 10-15 at the base
of plants above the paddy
water.

The female covers the egg
masses with a chalky
substance.

Nymph. The pale orange
nymphs feed on tillers just
above the walter line.

Damage

Adults and nymphs suck sap
from the plants, causing the
tips of leaves to dry up. Later
the whoie leaf turns orange
and curis. Piant growth
becomes stunted,

The white leafthopper does
not transmit any plant
viruses.

Nymph populations
usually build up during late
tiltering and reproductive
stages of rice growth.

Plant hosts. The white
leathoppper breeds on an
array of plants in the grass
family.

Eqg

o

Secirpus Sugorcane




Cuitural control. Practice
clean culture by removing
weeds from fields during the
rice crop and from rice fields
during fatlow periods.

Biotogical confrol. The
action of a wide array of na-
tural enemies attacking all
growth stages normally
keeps the white leafhopper
populations below economic
threshold levels.

Eqgs are parasitized by
tiny mymarid wesps and are
preved upon by mirid bugs.
Young nymphs fall prey to
aguatic veliid and mesoveliid
bugs. Strepsiptera are
commenly found as internal
parasites of older nymphs or
adults. Web-building and
hunting spidars capture
many flying adults.

Chemical control.

® Insecticide application.
insecticide spray or dust
formulations are preferred.

Granules are not

effective because the white
leathopper is abundant
when the plants are fully
grown and are too large,
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Resistant varieties. No re-
sistant varieties pre
commercially available.

Gongtocerus cinguletus{ Parkins)
{ Mymoridoe )

Cyriorhings lividipennis  Reuter
Miridae )

Microvella douglosi ofralinenta
Bergroth ( Veliidoe}

Mesowelia vittigarg{ Horvath}
{ Mesovelidos }

‘Ynlictophagus specirus Yong
{Helictophagidoe}

Araneus inustus( L. Koch )
Araneidae )
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l Damage l

[ Scouling for conirgl I

W o Pl ol oI i W

o ey O ol ol o g o i

5 ol wlt ol B ol 5 wif wk 3% ik 95

o i B o o o B o ok - WK Wik

B O e o e O B s o B o W
ol o g W o, o g U A AR ol A g B

* Scouling. Begin scouting

weekly from the

midvegetative period until

after flowering.

Record the number of

leafthoppers on 20

randomly selected hills

across the field. 2?)‘

LX)
AR
V!‘Wi
YE ¥k y
1**##*3&
it
LTI
¥4 R4 A
I SAREARRRER
LASREE R RN RY
ISR AR NE S
ISR SEER Y.
g I AR RS A ALSR
Determine the average Leathoppers{no./ it}
number of white 60

leafhoppers per hill.

Apply insecticide when
the economic threshold is
reached.

45

N7
I

Ponicle
initialion

Doys ofler seeding
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PESTS AY THE RIPENING STAGE

Rice pollen is a nutritious
food source. It attracts many
insects o rice panicles
during flowering.

Insects, however, do not
cause sterility or unfilled
grains when they feed on
polian. Genarally, the rice
plant produces more pollen
than is needed for
tortitization.

Many insects that feed on
pollen are beneficial spacies.
One example is the lady
beetle which is not a pest.

RICE SEED BUGS (HEMIPTERA: ALYDIDAE)

Several species of true bugs
of the genus Leptocorisa are
commonty cailed rice bugs.
Thease species are discussed
together because their
appearance, biology, and the
Vanire!steral spols
damage they cause are Leptocetisg oratorius{ Fabriciss) "
similar. .
Body Wengih= 19mm
Leptocorisa oratorius(Fabriclus)
(Alydidae)
Lagtocorisa chinensis {Dallas)
Body bngh=175 nwn
A number of other true
bugs that damage rice seed
are not discussed.
Nezarg viridula(Linnceus) Riptortus lInegris (Fabriclis) Pygomanida bengalensls(Westwoad) Eysorcoris [z Stotlia} ventralis
(Pentatomidae) ( Alydidas) {Pentotomides) {Westwood) {Pantatomidoe)
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Post status

Yield loss from rice bugs that
feed on grains normally is
minimal because their
populations are highly
variabie, and damage occurs
only during a short segment
of crop growth. Rice bugs are
found in all rice
environments, but are more

Potectial Prevolence within

severity favorable habitar

Abundont most

Moderate + yeors ovar lorge
areas

prevalent in rainfed wetiand
or upiand rice.

Reodil
conledd

- Minor

‘ - ]

. A _’
e o R T
e (AN ‘E L M
o lnals

Upland

Factors that cause high
rice bug papulations are
nearby woodlands, extensive
weedy areas near rice fields,
and staggered rice planting.

Distribution in Asfa
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Development and actual size
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Aot size

Aduit. Adults are slender,
bave long legs and antennae,
and brown-green bodies.

Rice bugs become active
when the monsoonal rains
begin.

They complete 1-2

Days

generations on alternative
grassy weed hosts before
migrating to rice fields during
the tlowering stage.

Rica bug generation 3

Milking
skage
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When disturbed, adults fiy
and give off an offensive odor
from scent glands on their
akdomens.

Adults are active in the late
afterncon and early morming.
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
litetime of 2-3 months.

Egg. The dark red-brown,
disc-shaped eggs are laid in
batches of 10-20 in 2 or 3
straight rows along the
midrib on the upper surface
of a ieaf.

During hatching, the upper
half of the egg breaks away,
leaving a distinct hale,

Nymph. The brown-green
nymphs aggregate on rice
plants. They blend with the
foliage and often are
undetected.




Nymphs and aduits prefer to

" teed on the endosperm of
rice grains but also suck
plam sap.

They have sucking mouth-
parts. To feed, they secrete a
liquid to form a stylet sheath
that hardens around the
point of feeding and hoids
the mouthparts in place.
Stylet sheaths are white and
can be seen with the naked
aye.

Rice bugs do notbore a
hole through rice hulls as do
other rice sead bugs. They
enter the rice grain through
the space between the
lermma and the palea.

Stylet sheaths left after
feeding can be found in that
section of rice grains.

Baoth nymphs and adults
foed on rice grains. They
prefer rice at milk stage but
will also feed on soft and
hard dough rice grains.
Growing n, mphs are more
active feeders than aduits,
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 unfifled grains because
they cannot remove all the
quid endosperm frora a
developing grain.

When rice bugs feed on
soft or hard dough endc-
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.

Batora milling

00

Undemaged

Domaged

After milllng

Damoged
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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 toss
from pecky rice as this
aspect of grain quality is
usually not checked when
the crop is sold.
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Management

Cuiturat 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
scelionid wasps parasitize the
€ggs.

A parasitized egg shows a
Jistinct hole where the wasp
has emerged.

The meadow grasshopper
preys on rice bug eggs.

Spiders prey on nymphs
and adults.

Fungi infect both nymphs
ard adults.

FIRST CROP SECOND CROP
Field 1 Field 1
Field 2 K teice ) Field 2
Field 3 : Field 3

TiMe e
Leenmo
Bm
Palea
Emargance hole of nymph Emargance hole of parasita
@;ﬂ:}s“ﬂ Normal egg Parasiilzed egg

Conocaphalus longipennis { Haon )
{ Tetigonildas)

Neoscona thelsi { Welckenaer)
Aroneidos)

Arglope catenulata { Doleschatl )
{ Arcreidae }

Tetragnatha jovono § Thorell )
{ Tetragnathidoe)

Beouverio bossiano {Balsomo)
Viallembn | Moniliocese)




Chemical control.

s insecticide application. The
rice bug is readily
controlied with spray or
dust formulations.

Granular insecticides are
ingffective.

® Scouting. Scout the fields
beginning a week before
the milk stage and continue
twice weekly until hard
dough siage.

Sample early in the
morning or late in the
afternoon from 20
randomly chosen hills
across the field.

Record the number of
rice bugs per hili and apply
insecticide when the
economic threshoid is
reached.
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Damage

Scouting
for_control

Flawering Mature grain

140
Days afler seeding
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RICE PANICLE MITE (ACARINA: TARSONEMIDAE)

Stenactarsonemus spinki
Smiley is a mite that is more
closely refated te ticks and
spiders than to insects. it has
four pairs of legs and an
unsegmented body. Mites are
extrernely small and only
someone with a trained eye
can recognize them in the
field. Because of their size,
they are often overlooked as

The most commonly
known mite pests on rice are
the red spider mite
Oligonychus oryzae. As their
name implies, these mites are
red and spin silk webs, They
are most commonly
encountered in greenhouse
cultures of rice, but are rarely
pests in the field.

Pest status

The panicle mite causes
unfilled grains and carries
sheath rot fungus. Its
population is normally held in
check by natural enemies.
Control by chemicals is
ditficult. In fact, the mite’s
emargence as a pest has
been associated with heavy
usage of insecticide.

the cause of sterile panicles.
Other tarsonemid mites such
as Caloglyphus and
Tarsonemus are also found
in rice.

Oligotyehus aryzae ( Hirat)

Caloglyphus

The mite is most abundant
on the second crop of rice or
on a ratoon. As a pest, it is
associated with irrigated rice.

{ Tatronychidoa}
Fotentiol Prevaknce within
severity fovorable habiiot Conirol
High + ey + Difficult = ':L';'

§ ., A L!‘i g,' h

LlER

Distribution in Asia. The
panicie mite is probably more
widespread than the records
indicate.

Irrigated wetland
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Development and actual size
The life cycle is longer in Actut size
temperate environments.

Connol be Seen with noked eye

Adult. The tarsonemid
mites are transparent and
slightly brownish. The male
and female distinctly differ in
body shape, but each has
four pairs of legs. The hind
pair in the male are used as
pinchers for defense; those in
the female are reduced in
size.

Female

Adults 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 female will lay about 50
&qgs in its lifetime of 5 days.
Nonfertilized eggs become
male mites.




230 INTEGRATED PEST MANAGEMENT IN RICE

Egg. The ovoid egys are
white or cpaque 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
has only three pairs of legs.

Nyrnphs are transported
by male adults.

The nymph enters a one-
day resting period before
becoming an adult.

Male mita carrying @ nymph

Damage

With their needte-like
mouthparts, the mites Needta-tike
remove plant sap from within Ry thructure
leaf sheaths. The result is . ;
elongated dark necrotic
streaks that can be seen on
the outer surface.

When their numbers are
high, the mites crawl up to
the panicle and feed on
developing rice spikelets,
thus causing empty grains.

Panicles with many
unfiled grains remain erect
in the field while undamaged
panicles bend because of
their weight.

Normal

Feeding causes distortion,
shrinkage, and discoloration
of filled grains.
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The panicle mite carries
the resting stage (conidia) of Conidia of
the sheath rot fungus. sheoth rot

Fungus -

Managemeni
Cuitural controi. Create a DRY SEASON CROP WET SEASON CROP
rice-free paried by plowing = -
down rice stubbie between Field 5 Fleld 5
crops and planting . i
neighboring fiefds within 3 Field 4 Field 4
weeks of each other.
Field 3 Field 3
Field 2 Field 2
Field 1 Field 1
| | | 1 1 1 1 1 | | i
Feb Mar Apr May WJun Jul Aung Sen Oct Nov Dec

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

Biologicat control. Several
species of predatory mites
normally maintain the panicle
mite at subeconomic
numbers.

Amblyseius sp. A Amblyselus sp. B
{ Phytoselidos} { Phytosaiidas )

An internal parasitic
protozoan also reduces Pralozoan parasites
panicle mite numbers.
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Chemical controd,

& Acaricide application.
Foliar spraying is the only
proven method of appiying
acaricides (pesticides that
kill mites).

Minimize acaricide usage
to conserve the number of
beneficial predatory mites.

A

5 ..1 0

Al

} KRR [
y (i

Al

{

» Scouting. No economic
thresholds have been devel-
oped for the panicle mite,
but monitoring leaf sheath
damage may indicate
whether a problem is
deveioping on the second
Crop or ratoon.

Seedbed

Damage
Scouling
for control
Panicle
iniliotion
Seediing
20

Ouays offer seading
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Rice Diseases
A disease is an abnormal
condition that injures the
plant or causes it to function
improperly. Diseases are
readily recognized by their
symptoms — assaciated vis-
ible changes in the plant.

Various agents, acting
either singly or in combina-
tion, cause diseases. The
agents can be biotic {living)
or abiotic {(nonliving). Living,
disease-inciting organisms
are called pathogens.

The pathogens of rice dis-
eases are bacteria, fungi,
nematodes, viruses, and
mycoplasma-like organisms.

These pathogens cause
visible disease symptoms on
the entire plant, or on indivi-
dual plant parts such as
leaves, stemns, leaf sheaths,
panicies, or grains.

Rice disease symptoms
can he categorized in several
groups:

1. Overall dwarfing or stunt-
ing 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. Wilting due to interference
in water movement within
the plant,

5. Unusuat development or
transformation of organs
(false smut, kermel smut,
etc.).

A disease is the result of
the interactions between a
pathogen and a host in a
favorable environment. A dis-
ease generally occurs
because the host cultivar is
susceptible, the pathogen
strain is virulent, and the
environment is favorable. An
understanding of the disease
“triangutar relationship” helps
control the disease.

Host

VAN

Pathogen-——Environment

An epidernic or serious out-
break of a disease occurs
when a disease increases

over time in a crop
population.

Cultural conditions and
cultural practices may inftu-
ence disease incidence and
severity. Dlast disease is
more severg in upland than in
lowland growing conditions.
Nitrogen fertilizer affects
blast development. The
greater the rate of nitrogen
application, the more severe
the diseasa.

The biotic environment
may influence disease.
Tungro incidence and spread
increase with an increase in
Aumber of its vector, the viru-
liferous green leafhopper. As
vectors, the adult insects are
three times more efficient
than pymphs. The incidence
and spread of rice virus dis-
eases in the tropics are
determined by the dispersal,
maovement, and migration of
viruliferous vector insects.

Host-plant resistance can
control plant diseases. But
certain 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 a resisiant cultivar.

Varietal resistance is essen-
tial as the base of effective
disease control, but other
control measures such as
chemicals are sometimes
necessary. Varietal resistance
to bacterial blight and grassy
sturit lasts longer than resist-
ance to blast.

A high level of resistance
to certain rice diseases such
as sheath blight and stem rot
has not been identified in
modern rice cultivars. Cultu-
ral practices and chemicals
are presently the most impor-
tant methods for controliing
those diseases.

Diseases that progress
siowly are generally man-
aged more easily than those
that progress rapidly. The
management of rapid-
spreading diseases is difficult.
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RICE BLAST

Rice blast is caused by the
fungus Pyricufaria 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.

Sympioms

s The fungus produces spots
or lesions on leaves, nodes,
and parts of the panicles
and grains. The spats are
elongated and pointed at
each end.

« Severely infected leaves are
killed.

s The size and shape of the
spots vary on different rice
varieties.

* Infected nodes tum black-
ish and break easily.

¢ Any part of the panicle may
also be infected.

+ When the base of the pani-
clte is attacked, it turns
brown and the stem usually
breaks just below the
panicle.
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Disease cycle

s The spores are released by
dew or rain and are carried
in the air to other plants.

# Then the fungus procuces
more spores,

* Airborne spores called
conidia land on rice leaves.

« The spores germinate and

e The fungus grows and pro- the fungus penetrates the
duces leaf spots after 4-5 leaf surface or enters the
days. leaf through the stomata.

Factors favoring the development and severlly of rice blast

ool
ogcR)

Severe

+ A high amount of quick-
acting fertilizer, such as
ammonium sulfate.

e Cloudy skies, frequent rain,
and drizzles.

= A relative humidity of 90%
and higher. Long pericds
when leaves are covered
with dew.

» 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 severely damaged, but
severe infection after trans-
planting is rare.

» Biast damages dryland rice W

more severely than it does L%’U'!E ¢
ARl 1
0 20

MODERATE BLAST DAMAGE

Darnage

wetland rice.

Days after seeding

Conirol

Resistant varieties

& Planting resistant varieties
is the most practical and
economical way of control-
ling rice blast.

Chemical controf

» Several fungicides will con-
trol rice 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.

« Split tertilizer applications.

MIN|

— Avoud excess nitrogen fertilizer
— Split fertilizer applications

Panicle

initigtion
* W E g 1 1 1 1
20 40 60 80 100 20

Days afier seeding

140

SHEATH BLIGHT

Sheath blight 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-
vation, land preparation, var-
ieties, crop management, atc.

Symptoms

AUSTAALA

» Sheath blight causes spots
mostly on the leaf sheath,
but spots may also occur
on the leaf blades if condi-
tions are favorable.

* Infection hodies called scle-
rotia form on the spots,

» 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.
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Disease cycle

& Sclerotia develop on lesions
and drop to the soil.

s The disease spreads side-
ways and moves up the
plants.

= The fungus survives in scle-
rotia in the soil. The sclero-
tia flcat to the water surface
during land preparation.

» The fungus grows on the
plant.

s The sclerotia germinate and

the fungus penetrates the

plant,

Factors Increasing the severity of sheath Might in the field

# High temperature and
humidity

+ High levels of nitrogen
fertilizer

¢ Growing of high yielding
improved varieties

ogodoy
ofogo

Level of disease
¢ The disease is usually first g,
observed in the field after
plants reach the maximurm
tillering stage. Disease inci-
dence increases as the
plants grow older.

40 60 80 100 120 1490
Days afler speding
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Control

Resistant varieties

# No variety has a high level
of resistance to the disease,
but some moderately resist-
ant varieties have been
selected.

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.

BAKANAE

Bakanae is caused by the
fungus Gibberefla fujikuroi.
Severe damage from the dis-
ease is rare, but crop losses
up to 20% may occur in out-
break areas.

ASTRALL




RICE DISEASES 21

Symploms

¢ Infected seedlings may die
during the early tiliering
staga,

# Plants infected late in the
season produce only a few
tillers and bear empty
panicles.

| [¥¥¥
il T

LATER SEASON SYMPTOMS I

[ b 1 L L
20 40 8o 100 140
Doys ofter seeding
+ The disease causes an plant, in the seedbed or

abnormal efongation of the  later in the season.

Disease cycle

& The fungus survives
between 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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¢ The deveiopment of baka-
nae is favored by high

temperatures and high lev-
els of nitrogenous fertilizer. N

27-30°C

Control

Resistant varigties

¢ Some varieties are more
susceptible to bakanae than
others. Do not plant a sus-
ceptible variety i areas
where the disease is severe

and do not use seeds from
infected fields.
Chemical control
» The disease can be effec-
tively controlied by treating
the seeds with fungicides
before planting,
BROWN SPOT
The brown spot disease of
rice is caused by the fungus
Helminthosporium oryzae.

The disease is common in
s0ils that are poorly drained
or deficient 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.

Sympioms

® The most common symp-
toms are spots on the leaf
and glumes or grains in the
panicle. A fully developad
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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Disease cycle

* The disease is transmitted
by infected seeds.

» Grain becomes infected
when the disease develops
in the panicles.

¢ Disease spores germinate
and enter the seedling roots
or coleoptile.

» The spores germinate and

¢ As the rice grows, spores
infect the plant’s leaves or

are formed on leaf spots.

panicles. These spores are then
blown to the leaves and
panicles of other plants.
# The condition of the soil is = Plants grown in poorly ganese, or magnesium are
important in regulating the grained soils lacking silica, easily attacked by the
severity of brown spot. potassium, nitrogen, man- fungus.
Type of damage
= Brown saot may kill up to
50% of seedlings. B .
o It lowers grain quality and fown Spo
weight.
A A
e
Control
Resistant variety

+ Planting a resistant variety
is the most practical way of
controlling brown spot in
areas where the disease is
commaon and serious.

Cultural controt

¢ The most effective way of
controlling brown gpot is to
grow plants in good soil
and provide adequate
fertilizer.
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Chemical control

» Treating the seeds with
fungicides or hot water will
alsoc help control the
disease.

SHEATH ROT

Sheath rot is caused by the
fungus Acrocylindrium
oryzae.

Little is known about crop
losses caused by sheath rot,
but it is not uncommon for
10-30% of the tillers 1o be
infected in fields where the
disease occurs.

Symploms

* Spots develop on the
uppermost leaf sheaths
enclosing the panicles,

+ The young panicles remain
in the leaf sheath or emerge
only partially. Grains rernain
unfilled or are discolored.

+ A whitish, powdery fungal
growth occurs on the pani-
cle inside the sheath.

= Eventually, the panicle may
rot.

Disease cycle

» Little is known about the life
cycie of the fungus.

» The disease is usually
found in plants injured by

inzects or diseases, particu-
larly stem borer and viruses.

¢ Hot humid weather favors
sheath rot development.




Control

» Little is known about con-
trol 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.

SUSTRALM

Symploms

+ The disease produces linear
spots, mostly on the leaf
blades. Spots may also
accur on the leaf sheath
and rice hulls.

e Symptoms usuaily appear
first on the flag ieaf during
later growth stages.

Flag leaf

SYMPTOMS
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Disease cycle
« Spores emerge from the
infected plant’s stomata and
+ Disease symptoms first are blown by wind t¢ infect
appear about 3 weeks after nearby plants.
the plant is first infected.
* The fungus grows just

under the leaf surface.
plant.

« The fungus enters the leaf « The spores germinate and
stomata. start to grow.
Control
Chernical contro!

Rasistant varieties _ * Apply fungicides.
e Plant a variety that is less o

susceptible to the disease.

No resistant varieties are

currently available.

STEM ROT

Stem rot, which is caused by
the fungus Melminthosporium
sigmoideum, occurs in almost
evary field where rice has
been grown for many years.




Symploms

* The spots enlarge, the leaf
sheath rots, and eventually
the fungus attacks *he stem.

® The first symptoms usually
appear during the later rice

growth stages as small
black spots on the feaf

sheath near the water line.

» The stem lodges and rots. If
infected stems are split,
they reveal dark gray

masses of fungi, and small
black infection bodies
called sclerotia.

0 w0 20 30

Disease cycle

40 S0 &0 TG
Doys ofter seeding

» The sclerotia float 1o the
surface of flooded fields

on rice leaf sheaths and
cause infection,

during ptowing and other
field operations. They land

s The disease survives

between crops in the sclero-
tia, which are on the straw
or in the upper 5-8 ¢m of
soil.

Factors causing high levels of
stem rot

» The percentage of infection
is low on normal blants and
high on plants with wounds
from fodging 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. Usually,
damage from stem rot
reaches its peak at harvest,

Amount of slemn m!

High
FACTORS CAUSING HIGH
LEVELS OF STEM ROT

High iavels of nitrogen and
phospharys fertilizer

Plant wounding by insects

Mormal plan}

-

Low

Siai
Bio

SANNNAE,

—ap)

Lodged stem
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Control

» Bum straw and stubble
after harvest or let straw be

decomposed.

» Drain the figld after harvest
and ailow the soil to dry
and crack before irrigating
again,

* Avoid excessive nitrogen
and phosphorus fertilizer.

s Add potash and sodium sil-
icatr to the soil to decrease
the severity of the disease.

+ Chemical control can be
efficacious but spray on the
stemn at or before maximum
tilering.

& Plant resistant varieties with
sturdy stem that does not
lodge and break.

FALSE SMUT

False smuil is caused by the
fungus Ustilaginoidea virens.

The occurrence of the dis-
ease is believed 1o indicate a
good year because weather
favorabie to the development
of false smut also tavors good
crop production.

The disease usually causes
severe damage only in small
areas.

Symplams

METRALL

& The tungus changes single
grains of the panicle into
velvety balls, which may
grow {o a diameter of ¥ cm
or more.

£

« Usually, only a few grains in
a panicte are infected and
the rest are normal.




Disease cycle

RICE DISEASES M9

+ Eventually the grain or floral
parts are replaced by a
smut bal.

= The spores either infect the

» Small infection bodies
called chlamydospores are
preduced on the surface of
the smut balis.

= The spores are blown in the
air and infect the panicles

deveioping spikelets at the of other plants.
flowering stage or the
mature grain later in the
$eason.
Timing of disease development
Flowaring @
initlal b T
| »oFECTION | SECONOARY INFECTION |
Booting %a!l i
o 2 a0 60 €0 100 190
Doys ofter seeding
Condrol
Usualiy, no special control measures are necessary.
Resistant varieties Chernical controf
& Rice varieties that are less = In areas where the disease fungicide just before flower-
susceptible to the disease may cause economic 10ss, ing will provide some
can be planted. spraying or dusting with a control.
60 80 100 140 160
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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 bacteria
causing bacterial leaf streak.

The bacterium has races
that differ in their ability to
infect different resistant rice
varieties.

Y,
'\‘.
ASTRALLL
Symptoms
The disease has several forms of symptoms.
Leaf blight symptoms
¢ Lesions appear first, at ¢ Milky or cloudy dewdrops e The lesions eniarge, the
about the heading stage, as appear on the surface of edges become wavy, and
water-soaked stripes on the young lesions in the turn yellow or light brown.,
+ In the seedbed, bacterial leaf margin. morning.

blight first causes tiny
water-soaked spots on the
margin of mature lower
leaves. The spots enlarge,
the leaves turn yeliow, and

dry and wilt. & As the disease advances,

the lesions cover the whole
leaf blade, and turn greyish
and later white.

* Bacterial ooze drops on
young lesions,

L Lokr seasan leaf symptorﬁs >

4] 0 20 30 40 50 60 70 B0 90 0o
Days afler seading
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Kresek symptoms
+ Kresek symptoms usually « Kresek symploms some-
occur 2-6 weeks after the times resembie rice stem
seedling stage. borer damage.
& Leaves become water- + Then the whole plant wilts
soaked and fold and rollup ~ and dies.
along the midrib.

1 20 30 40 50 &0 70 80 %0 100 1) 20
Days alier seeding

Separating kresek damage from stem borer injury

To distinguish kresek symp-
toms from rice stem borer
damage, cut off the lower part
of the plant and squeeze it
hetween the fingers. A yellow-
ish bacterial ooze will appear
at the cut ends if kresek is
present.

Pale yollow symptoms

e Pale yellow occurs in the
tropics, but is not common.
@ Older leaves 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 initial leaf lesions
appear, bacteria from ocoze
dropiets on the leaf surface
are spread throughout an
area by wind and rain.
particularly typhoons or
irrigation water.

the plant and enter the
veins of the leaf. Bacteria

water-conducting tissue

The bacteria multiply inside

that enter the roots plug the

and cause the pliant to wilt.

High temperature and
humidity during crop
growth increase the inci-
dence of bacterial blight.

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
insicle the plant.

Hosts

The disease can survive in
several species of weeds if
rice is not available.




Control

in the tropics, planting of re-
sistant varieties is currently
the only practical way of con-
trolling bacterial blight.

RICE DISEASES %)

BACTERIAL LEAF STREAK

The bacteria causing the dis-
ease Xanthomonas campes-
tris pv. oryzicola is closely
related to the bacteria caus-
ing bacteriat blight, but it
infects different species of
plants and attacks the rice
plant in a different way,

Under favorable weather
conditions, osses from bacte-
rial leaf streak may be as
serigus as those from bacte-
rial blight.

Symploms

AUSTRALLL

« Th2 first symptoms are
transparent, linear lesions
between the veins. Many
tiry cozes can be observed
on the lesions.

i

« Later, the lesions turn
brown, become longer, and
cover the larger veins,

o A =

i

¢ 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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Discase cycle

High temperatures and high
humidity favor disease
development.

AN

ent throughout the year in

The bacteria are spread by
wing, rain, irrigation water,
and diseased seeds.

The bacteria enter the leaf
through injured tissues or
leaf stomata.

The bacteria multiply and
remain in localized tissues
just beneath the surface,
They do not spread
throughout the plant like
the hacteria causing bacte-
riad blight,

Bacterial ooze forms smail,
round, yellow beads on new
leaf lesions.

= Bacteria are probably pres- the tropics on cultivated and

wild rice or weeds.

Apr May Jun Jul Aug Sep Oct Nov Dec




RICE DISEASES 285

Conlrol

The only practical method for
controlling bacterial leat
streal. in the tropics is plant-
ing of resistant varieties.

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.

NN
BusTRALLL

Symptoms ) )
¢ Tungro stunts rice plants * Yellowing begins at the leaf
and turns the leaves to dif- tip and may extend down
ferent shades of yellow or the blade.
orange. » Infected leaves may also be
mottled or striped.

# Plants infected during the
early stages of growth are
more severely damaged
than those that are attacked
later.

Stunting of rice plants 23""“'”“ (Yl in hoight
infected at different growth
stages with tungro virus, 5o
401~
30
20—
1 ._;_-__
0 1 1 ]
0 10 20 30 40 50 €0

Days ofter sowing when plants ware infacted
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Yield reduction in rice planis infected at different growth stages with tungro virus.

Raduction{%e}in ylekd
TO
50 =
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20 p=
il .
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0 20 30 40 50 60 70 80
Days ofter sowing whon plants were infectsd
Vectors and transmission

& Tungro virus is transmitted
by several leafhopper
species.

& Aduits and nymphs are
about equally effective in
transmitting the disease,

s N. virescens is the most
effective transmitter of the
virus (see page 204).

N. migropictus R. dorsatis
& The insects can pick up the onty transmit the virus for
virus by feeding on the v about 5 days. The longest
plant for only a short time period is less than a week.

{about 30 minuies) and can
transmit the virus almost
immediately after feeding.

# Although the virus does not
persist in the insect,

leafhoppers can feed and
+ The virus does not persist in RETENTION PERICD become reinfective many
the insect’s hody. After times after acquisition
each feeding the insect can 1 ] ] ] ! ] feeding.
0 | 2 3 4 5
Days

o Nymphs lose their infectiv-
ity after each moit.

Transmitrer

Non~transmitter
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'Disease cycle

* The availability of infected Sources of tungro virus
host plants determines the
severity of tungro because
the insects must feed
repeatediy on diseased
piants to be continuously
infective.

« Wild rice, ratconing stubble,
and grassy weeds may all
serve as sources of virus
between rice crops.

ratooning stubble

grassy weeds

Echinochioa crus-galli Cynodon dactyion

GRASSY STUNT VIRUS

The grassy stunt virus has
caused sevious damage in
sporadic outbreaks in limited
areas, but is generally not a
widespread problem.

AIFETRAL WS




Symploms

INTEGRATED PEST MANAGEMENT !N RICE

» Diseased plants are
severely stunted. They
develop excessive tillers
and have a very upright
growth habit.

» Infected plants usually sur-
vive until harvest, but vields
may be reduced.

loss and time of infection.

# Leaves are short, narrow,
stiff, yellowish green, and
covered with rusty spots or
patches.

+ Yield losses are greater
when plants are infected
early in the season.

¢ Relationship between yield  viald loss{%%)

» No significant yield loss
occurs when plants older

than 60 days after seeding
are infected.
L L 'l i i
0 20 40 60 80 100 20 140

Days after sowlng when plants werae irfected

Vectors and transmiasion

# The disease is transmitted
by brown planthopper
nymphs and adults. About
20-40% of insects are able
to transmit the virus.

* An average of 10 days must
slapse after the insects feed
on an infected plant before
they can transmit the
disease.

¢ Infected insects can trans-
mit the disease until they
die.

& Insects can pick up the
virus by feeding on dis-
eased plants for 510 min-
utes. A higher percentage
become infected during
longer feeding periods up
to 24 hours,

Acquisitian Transmission

4 }
LATENT PERIOD

RETENTION PERIOD IN INSECTS
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*4%—'\—-/“% M—%—% b

« Nymphs do not lose their & The disease is not transmit-
infectivity after molting. ted through planthopper
eqgs or by the rice seed,

Hosts of the virus

Cuitivated rice
Many species of wild rices

Disease cycle

¢ The development of grassy » L ong-winged adults are
stunt virus depends upon more important in spread-
both the presence of the ing the disease than the
brown planthopper and the short-winged forms that
availability of infected host canriot fly.

plants.

+ Under favorable conditions,
the brown planthopper mul-
tiplies rapidly and the dis-
gase may increase rapidly.

RICE RAGGED STUNT

Ragged stunt is a recently
discovered virus disease that
may greatly reduce yields in
rice varieties susceptible to
the virus and its vector, the
brown planthopper.

BUSTRALM,
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Symploms

Symptoms during early
growth stages

/
/
I
|

* Ragged leaves

Symptoms during later
growth stages

& Twisted leaves + Swelling along veins + Plants infected during early

growth stages are often
severely stunted.

90 100
Doys affer seeding

¢ Delayed flowering

» Nodal branches

& incomplete panicle * Unfilled grains
emergence

Veclors and transmission

* Ragged stunt is transmitted
by brown gdanthopper
nymphs and adults.

¢ In areas where the virus
occurs, about 40% of the
brown planthoppers can
transmit the disease,




« Brown planthopper nymphs
can stilt transmit the disease
after they molt.

* The virus is not transmitied
through brown planthopper
eggs. the soil, or rice seed.

¢ The brown planthopper
cannot transmit the disease
until about 9 days after the
insect has fed on an
infected plant {average la-
tent period).

s After the insects acquire the
disease, they can retain the
virus for 3-35 days. The
average retention time is

pariod
!

LATENT PERIOD

Acquisition Tronsmission

RETENTION PERIOD IN INSECT

1 1 ) 1
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about 2 weeks. ¢ 2 4 6 T 1’ 4 18w 20 22
Days
Hosts of the virus
Oryza sativa Oryza latifolia Oryza nivara
YELLOW DWARF DISEASE

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
# Plants are stunted and yel- « infected plants usually pro-
lowish, and have an duce either no panicles or
increased number of tillers. unfitled grains,
= Stunting is more severe » Plants affected during the
when ptants are infected at iater growth stages may not
the early growth stage. develop symptoms before
harvest.
Differences between symploms of yellow dwarf and grassy stunt.
Yellow dwarf Grassy stunt

» Leaves are light yellow,
soft. and slightly droopy.

¢ Leaves are narrower and
their green color is darker.
They may have many rusty
spots.

Yellow dwart Grassy stunt

Vectors and transmission

» A high percentage (70-95%)
of these leathoppers are
able to transmit the virus.

¢ Leafhoppers transmit
yeftow cwart

N, virescens

{latent pericd). They remain
infected until they die.

N gincticeps N. nigropictus

= The insetis cannot transmit
the disease untii 20 days
after becoming infected

« Leafhoppers can become
infected after feeding on a
diseased plant.

Acguisrtron Transmission

i )
LATENT PERIOD

RETENTION PERIOD IN LEAFHOPPER

1 1 i 1 1 1 1 1 1 L ] H | 1 ] (] [l

2 20 30 32

& Nymphs remain infective
after malis, but the disease
15 ROt transmitted through
leafhopper eggs.

# The virus is not transmitted
through rice seed.
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Disease cycle

» The disease overwinters in is very slow because of the  the slow development of the
ieathoppers and in several jong latent period, i.e. from  disease in the plant.
species of wild grasses. acquisition to transmission,

& The buildup of yellow dwarf  in the leathopper vector and

Development of the yeliow dwarf disease in the rice plant.

* Under conditions of high
temperature disease
symptoms appear about 30 {
days after infection. WARM WEATHER

« Under low temperatura Disagse symploms
disease symptoms appear 4

r
?'n‘:;&{’ﬁfays afte COOL WEATHER » In the tropics, ratoon plants
growing frorn stubbles may

L L L L be diseased and act as virus

0 an &0 a0 sources for later infections.
Doys after infectlon

infection Disgase sympiomns

!

Control of virus diseases

The development and spread of virus depends upon several factors:

_ Number of plant virus Number and activity of

% S0UICEeS insect transmitters

Susceptibility of a rice va-
riety to the virus and the The weather
insect transmitter

The only way to control virus Currently, there are no prac-
diseases is to prevent the tical ways of curing a plant
plant from becoming infected. after it becomes infected.
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# Virus control programs
should concentrate on pre-
venting disease during the CONTROL VIRUS DISEASES
early stages of plant
growth. Infection at that
stage causes the most
damage.

Control methods

Resistant varieties

= Planting resistant rice varie-
ties is the simplest, cheap-
est, and most effective way
of controlling both virus
diseases and vector insects.

A variety may be

» resistant to the feeding and
development of the insect
transmitter or

* resistant to the infection

and development of a virus
disease.

Controf of veclors

e |t is very difficult to control
virus vectors (leathoppers
and planthoppers) with
insecticides.

BPH (np/tiller)

tive insecticide treatments
® should be applied during
s - the early growth stages
instead of waiting until
insect transmitters reach
ST the economic threshold.
3l ® High populations of leaf-
hoppers and planthoppers
2L must build up to directly
damage the crop and cause
hopperburn.
| =
) o ¢ Low insect populations can
o # Virys transmissicn

cause high rates of virus

Timg ~— - e~ infection.

+ Only one insect is enough e 1t is sometimes difficult to

to infect a plant. High kill insects quickly enough
populations are not to arevent them from feed-
necessary to cause high ing or: plants and transmit-
tungro infection rates. ting the virus. in areas

where virus outbreaks have
recently occurred, protec-




Controlling vectors in areas

where virus outbreaks have

ocourrad.

» Protective insecticide
applications

RICE DISEASES 285

Protecfive insecticide gpplications

B <

40 60 80 100 1490
Days afler seeding
s 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 rice field. Roguing is done frequently.
successful when only a

& Control or destroy weeds in P ﬂ LJ PlOW upder the rice stubble which is a disease source
rice fields, levees, ard sur- i) immediately after harvest to and breeding place for
rounding areas. prevent ratoon growth, insect transmitters.

Levee.

Rice fieid

STEM NEMATODE

Damage from the stem nema-
tode Ditylerichus angusius is
restricted o 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%.

BUATRALLE
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» The most noliceable symp-
toms are stunting, twisted
stems, and damaged
panicles.

* When plants are attacked as
seedlings they are stunted
and have deformed. twisted
ieaves.

]
e

» Panicles damaged during e Panicles attacked later are
early development remain  twisted and deformed and
enclosed in the leaf sheath.  have empty hulls.

Disease cycle

The nematodes live outside
the rice plant. Plarits 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
coiled, inactive state on rice
siubble.

The nematodes do not

enter the leaf, but suck sap
from the outer layers.

As the seedlings grow, the

nematades move up to the

new tissues. On older piants

they are located

1) On the stem just above the
nodes

2) Inside the rice hulls

3) At the panicle base




Factors causing serious infestations of the stem nematodes
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2} High humidity

3) Large amounts of infested
material remain in the field
after harvest

Control

Cultural practices help reduce the nematode populations.

# Burn stubble and plow the
field after harvest.

" R
' :"‘_‘t}* "

+ Then dry the fallow field for
2 or 3 menths before plant-
ing another crop.

WHITE TIP

White tip is caused by a nema-
tode or a small eelworm
called Aphelenichoides
besseyi.

Crop losses from white tip
are variable, ranging from 10
to 50%. The disease is usually
more serious in temperate
regions than in the tropics.

MISTRALLA
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Symptoms

s The white tip of leaves is
the most noticeable symp-
tom. Infected leaves are
darker green than the
normal.

¢ Diseased plants are stunted
and produce small panicles
with fewer grains.

@ The hulls and kernels may
be small and deformed.

elongaiion

Doys ofter seading

Diseasa cycle

The population builds up,
and the nematodes move to
the panicles.

Az 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-
tace of young folded leaves.
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Resistant varieties
+ Some varieties are more

susceptible 1o white tip than

others.

Cultural controf
» Treating seeds with kot
water will reduce infection.

+ Planting earlier than usual
may reduce infection in
areas commonly affected
by the nematode.

minutes




WEEDS




WEED PESTS OF RICE 273
Weed Pests of Rice

Weeds reduce rice yields by
competing with the rice
plants for sunlight, moisture,
and soil nutrients.

Fertilizer application may not High
increase yields in weedy yield
fields because weeds absorb
nitrogen more effectively than

the rice plants.

Weeded field

Urweeded field

Weeds are also harmful
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 dryland and dry-
seeded rainfed rice and
may desiroy the entire crop
if they are not adequately
controlled.

* Weeds are usually least
serious in irrigated trans-
planted fields but may stiil
reduce yields, particularly
when large amounts of fer-
tilizer are applied to modemn
cultivars.

INTEGRATED WEED
CONTROL

* Weeds are most effectively
controlled over a long
period of time by an inte-
grated program combining
different control methods.

« |f a single control method is
used for a long time, wead
species resistant to that

WEED SEVERITY
High Dry-seeded Irrigated

l Drylond rice rainfed rice transplamted rice
Low

method will build up, and
eventuaily the control mea-
sure will fail.

A Surcapritie
weel dpaciet)

¥ Rewaam

wead Lpaciey|




TYPES OF WEEDS

Weeds can be divided into
three general types, based on
thzir appearance:

Grasses
General characteristics of
grasses

Sedges

Sedges are similar to grasses

but:

+ leaves are aligned up and
down the stem in 3 rows;

« stems are usually solid and
triangular.

Broadlea; veeds

Leaves may have various
shapes and arrangements of
veins.

The leaves are usually wider
than those of grasses and
sedges,
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* long narrow leaves
* parallel veins

# round hollow stem

* |eaves are aligned up and
down the stem in 2 rows.
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Weeds are also sometimes
grouped according to the
iength of their life cycle:

e Perennials require more
than 1 year to complete
their life cycle.

= Annuails complete their life
cycle in 1 year or less.

2 yeors
IDENTIFICATION AND ECOLOGY OF COMMON WEEDS IN RICE
COMMELINA BENGHALENSIS L.
Countries in which C. benghalensis is most serious Type
LT ’/ "‘r'f \“\__\ _ \/ g Broodieaf weed

- R T GV
L ¥ Py

05""'”‘“‘ AR 4
WAL RS,
~
h L ,
era W TR
a0 = Ny

AUETRALIL

Annual {temperate arecs)

| | year - Perennial (tropics }

Found in:
» dryland rice




Identification
Distinguishing characteristics
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L

& Leaves 6-10 cm long

+ Blue flower

» Reddish brown hairs on leaf
sheath

Habitat: dryland rice fields;

along dikes; field borders;

roadside., banks of irrigation

diiches

» The plants root in water-
saturated soils, but can
survive after the soil dries.

¢ C. benghalensis grows best
when soils are moist and
fertile, but can persist in
sanay or rocky soils.

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.

Reproduction and
dissemination

This weed reproduces mainly
by seed.

Creeping stems if cut during
cuitivation, root and grow.

>

\ ,lr:' ) {’ N
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CYPERUS DIFFORMIS L.
Countries in which C. difformis is most serious Type
A\ s
1 yeur Annusl
Found in:
* Wetland rice

v ._L-._-\ﬂu-uq'_/",i' Py .

4/.//5 "g'.vi oAt "_tt‘ﬂ &t‘l

i ot Ao ke .
I“"rl'. W =
e /’W ‘;9? /
KA ,,.—' A v‘pt WS
% WA ) - o Jofl -}
< fim® %
~ :

ldentification
Distinguishing characteristic
Flowers yellowish, very
numerous, and crowded in
ovoid masses.

Reproduction and
dissemination

¢ C. difformis reproduces
from seeds.

Habitat: grassy swamps,

wetland rice fields, along

rivers or streams, open wet

areas

# C. difformis grows best in
rich, fertile soils that are
flooded or very moist.

(L
AR Iﬂi‘ﬂ
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+ The plant may rapidly cover
the ground because of its
short life cycle and abun-
dant seed production.

HERBICIDE

o =,

qrass‘“

grass

C difformis . ditformis

* C. difforrnis may become
the dominant weed in rice

1 fialds when the herbicides
_ used are effective agairist
C. ditformis \ grasses but do not kill
Scil Nutrients sedges.
¢ The weeds do not shade
rice plants, but may
compete for water and
nutrients.
» This weed cannot tolerate
deep flooding, and may be
controlled by water
management.
Levee Leves

P

Shollow woter
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CYPERUS iRIA L.

Countries in which C. iria is most serious, Type
..Hﬁ,f‘x‘-{( AR v
PO nns? Zk Sedge
i 0 6‘="\ . = Eén(mmz',, /
st 1 yoar Anusl
- g B
¢
Found in: ¢ DOryland and dry-seeded

wetland rice.

* Wetland rice.

Al 2 2 e -
- R i bl
’ Ay o
ke I e o e . Ty
sa 4 \ » T A
e IR T ]
p AR M I
AUSTRALIA

Identification
Distinguishing characteristics

* Yellowish open flower

* The lower leaf below the
flower is longer than the
flower.

Reproduction and

dissemination

* O iria reproduces from
seeds. Each plant may
produce up to 5,000 seeds.

Habitat: C. iria is found in wet
open areas and in wetland,
dryland, and dry-seeded rice
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" CYPERUS ROTUNDUS L. .
‘Countries in which C. rofundus is most sérious.

A\ sose
e T s

Found in:
¢ Dryland rice

b
“' . | ’ { A
e R MR 2T
Identification
Distinguishing characteristics
{ﬂ * Red or purplish-brown

seed head

¢ Underground stems and
tuirers

= 3 rows of leaves near the
plant base

Reproduction and

dissemination

+ The plant occasionally
produces seeds,

* The plant usually
reproduces from
underground stems and
tubers,
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Habitat: fields, roadsides,

edges of woods, banks of

irrigation canals, streams

s The distribution of C.
rotundus is limited mainly
by cool temperatures.

= The weed grows well in
almost every soil type,
elevation, humidity, soil
moisture, and pH. itis
tolerant of high
temperature.

Ecoiogy

& C. rotundus is most serious
in dryland fields where
annual weeds are
controlled efficiently, thus
leaving C. rotundus
uncontrolled.

* 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.

Soil nutrients




DACTYLOCTENIUM AEGYPTIUM (L.} WiLLD.
Countries in which D. aagyptium is most serious.

Type

1yoar Annual

Found in:
o Dryland rice

Identification
Distinguishing characierislics

o
W, &"-"
L N ]

+ Seed head with 2-7 spikes
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Reproduction and

disseminalion

* Each plant may produce
up to 60,000 seeds.

= Creeping stems root at
lower nodes.
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Habliat

The weed is common in both
cultivated land and waste
areas. It grows well in sandy
s0ils with low moisturs.

Ecology
D. aegyptium fltowers all year
in the tropics.

DiGITARIA CILIARIS (RETZ) KOEL.

Countries in which D. ciliaris is most serious. Type
O//
1year Annual
Found in;

 Dryland rice,

Identification
Distinguishing characteristics
Seed head has 3-12 narrow
finger-like projections.
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Reproduction and
dissemination

¢ Each plant may produce
thousands of seeds.

» The weed sometimes
spreads by rooting of the
nodes of stemns on the
ground.

Ecology

s D. ciliaris is tolerant of high
temperatures and may
show maximum growth
when other piants are under
stress due to hot, dry

ﬁﬁ F,L hd

. Thet::;d is very AR\ ‘.'.-'.Ii;.'i(.?.t\ﬂ-{.-; X
R FIEARE L R AR gt
C WAL )‘. APt o

competitive because it can
root and spread along the
ground surface. A single
plant may cover 2-3 m2.

ECHINOCHLOA COLONA (L.) LINK
Countries in which E. colona is most serious. Type

1 year Annual

Found in:
» Dryland rice and wetland rice

~

* “\! -
‘l
~
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identification

Distinguishing characteristics
» Slightly spreading growth
habit. Less than 1 m high.

/
/// » Leaf blades relatively

narrow.

4

© Seed head 6-12 cm long.

¢ Spikelets 2-3 mm long,
relatively broad, always
awnless (see E. crus-gaili).

Reproduction and

dissemination

» Each plant may produce
thousands of seeds.

s Seeds are transported from
field to field by irrigation
water and farm machinery.

& Stems growing sideways on
the ground may also root
and produce new shoots.

Ecology

e Young seedlings resembie Dry season Rainy season
rice plants. By the time thay
can be recognized and _
removed, the crop has AT
already been damaged. At teaa

» £ colona grows rapidly Ieatasaidd

during the rainy season or
when irrigation water is
abundant.
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= This weed is an excellent
competitor and may
completely crowd out a rice
crop if fialds are poorly
managed. Its effects on
yields are similar to those
described for E. crus-gaili,

ECHINOCHLOA CRUS-GALLY {L.) BEAUV.
Countries in which E. crus-gslli is most serious.

ldentification
Distinguishinvg characteristics

o Wetland rice.

N /ngi‘ : -,,:E::‘,u';ﬂv?;\r';‘ "{‘ ﬁl

high.

¢ Upright growth habit, -3 m

:' A e Leaf blades relatively wide,
L 1-2 cm wide, 40 cm long.

¢ Seed head 6-20 cm long.

» Spikelets usually have
awns. Sometimes spikelels
are awnless.

s Spikelets 3-3.5 mm tong,

@ relatively narrow (see £
colona).




Reproduction and

- dissemination

& E. crus-gafli reproduces by
seeds.

Ecology

® £, crus-galii grows well
under conditions favorable
to the growth of rice.

+ The young weed looks like
a rice seedling and is often
transplanted by mistake,

* Hice vield reductions are
most serious when the
weed grows during the first
60 days after rice
germinates.
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Habitat

¢ E. crus-galli prefers wet
soils and will grow when
partiafly submerged.

» it grows best in heavy
soils with a high nitrogen
content.

(3’
1

K

Etcusive inDica (L.} GAERTN.
Countries in which E. mdica is most serious.

ASTRALL,

Found in:
» Dryland rice,
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- Identification
Distinguishing characteristic
" & windmill-shaped seed head

Reproduction and

dissemination

= £ indica reproduces from
seed. Each plant may
produce as many as 50,000
seeds.

HabMat — along irrigation
canals, cultivated fields and
damp, marshy areas.

g
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Ecology

s £, indica does not grow well
in the tropics during the dry
season or whan the sail is
not moist,

Dry season

Wet season

#+ The weed flowers at day
iengths between 6 and 16
hours.

FLOWERING

=

| i i i 1

1 §
O 2 4 6 8 1o 2 K 6 18 20 22 24
Hours of daylight

& |n the tropics, E. indica
completes a reproductive
cycie in about 5 weeks.

/%

Seeds
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* FIMBRISTYLIS MILIACEA (= LITTORALIS) (L.} VAHL
- Countries in which F. miliacea is most serious. Typa

Found in:
& Wetland rice.
R

ALSTRALL

Identification
Distinguishing characteristics

» Stiff threadlike leaves
arranged in 2 rows

¢ Leaf bracts shorter than the
flower

-

4 * Three-cornered seeds with
a warty surface

Reproduction and
dissemination

s F. 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.

* F. miliacea grows well in
damp soll, but may not
become established in
submergad areas.

P

Ecology

» F. miliacea is becoming
increasingly serious in Harblcide
watland rice throughout l
Asia.

¢ Many seeds germinate
during the early stages of
rice growth, but some
germination continues
throughout crop
development. This
continuous seed \
germination makes it \j/ \

20

vy v

difficult to control the weed
with a single herbicide :
application because 0

40 &0 80
seedlings from later Doys affer seeding
germinating seads may

escape.

® F. miliacea is very
competitive for soil
nutrients because its roots
spread more rapidly than
rice roots do.

Nutrier uptake




MONOGCHORIA VAGINALIS (BURM. F.) PRESL.
Countries in which M vaginalis is most serious.
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Found in:
* Watland rice.

“"4--—-'---— ...l.l' L
l ;.l""l"’m

Identification

¢ Shiny heart-shaped leaves

= Blue flower on the opposite
side of the stem from the
leaf.

s Curved stigma.

Reproduction and

dissemination

* M. vaginalis reproduces
from seeds.
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Hahitst — freshwater pools,

mud flats in rivers, flooded

rice fields, along canals and

ditches

* The plant ioots in mud and
its upper portion grows
above the water.

& M. vaginalis often produces
higher fresh-weight vields
in rice fields than any other
weed species.

« However, it is relatively
short and shallow rooted,
and may not compete as -
successfully for sunlight
and s0il nutrients as some
other weeds.
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PaASPALUM DISTICHLIM L.
Countries in which P. distichum is most serious. Type

Z

[ wea: -Perenniul

Found In:
* Wetland rice,

Identification
Cistinguishing characteristic

i

¢ Seed heads have 2
branches with spikelets on
only 1 side.

Reproduction and
dissemination

w P distichum reproduces
from pieces of creeping
underground stems.
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Habitat

s Flooded fields

* Open fields

« Along irrigation ditches

Ecology

e P, distichum can survive in
fiooded fields, poorly
drained seils, and even in
well-drained fields.

® The plants produce a thick
mat of roots just below the
surface, which may limit the
flow of irrigation water
when the weeads grow
beside irrigation canals.

PORTULACA OLERACEA L.

Countries in which P. oleracea is most serious.

Type

AU TRALIY

@ Broadleat wead

—_— ey

l veor Annual

Found In:
« Dryland rice.




icdentilication
Distinguishing characteristics
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» Red fleshy stems that may
be flat on the ground.

& Leaves, broadly rounded at
tips.

¢ Seed capsule that splits
open in the middle.

Reproduction and

dissemination

s Seeds are spread by water.

* Pieces of the stem may be
spread by tools or
cultivation. These stem
pieces root on contacting
the soil.

Habitat -~ cultivated fields.
eroded siopes and clifis
® P oleracea grows well in

open areas and prefers rich,

moist soil,

= Water
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Ecology

e A reproductive cycle is
completed every month in
the tropics.

+ The weed grows well in a
wide temperature range.

e
Seeds

F MONTH

3%5°C

15°C

Scirpus MARITIVUS L.
Countries in which S. macitimus is most serious Type
LT [T b T,’;'. w
g g T e
— _ﬂF, AaPAN

AUSTRALLL

Found in:
« Wetland rice.
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Identification
Distinguishing characteristics

* The leaves are narrcw and
often as long as the stems.

» The spikelets are grouped
in a dense cluster.

* A narrow leaf (bract) 10-25
<m long is found just below
the seed head.




Reproduction anv!

dissemination

* S. maritimus reproduces
mainly from tubers and
rhizomes (underground
stems).

* Tubers in the soil produce
new stems when the top
growth is killed or pulled by
hand.

HabRat — along riverbanks,
sSWamps

Ecology

® S. maritirmus Qrows over a
wide range of temperatures
and photoperiods.

# The weed's stems grow
rapidly (several centimeters
a day) during early rice
growth, and may severeiy
shade semidwarf rice
cultivars during the first 40
days after seeding or
transplanting.

* The weed also competes
eftectively with rice for
nitrogen up to &0 days after
seeding.
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Days ofter seeding
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» Most herbicides effective
against annuals do not
control 8. maritirmus.

Annuals

Herbicides

Selrpus moritimus

Spherocisn raylonica

SPHENOCLEA ZEYLANICA GAERTN.

Countries in which S. zeylanica is most serious Type
g Broadieat
| year Annual
Found in:

AUSTRALLY

« Wetland rice.
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Identification
Distinguishing characterislics
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» Cord-like roots

* Hollow stem

» White, spike-like flower

Habitat — Prolonged flooded
wetland rice fields and
swamps.

* S. Zeylanica grows in
almaost 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.

Repraduction and

dissemination

e 5, zeylanica reproduces
from seeds.
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Methods of weed control

WEEDING
Advantages of hand weeding

Hand weeding
Hand weeding is the oldest,
simplest, and most direct way

of controlling weeds in rice
fields. ’ _ n

» Effect.ve against young

* Weeds growing within hills
and between rows of rice
can be removed without
damaging the rice plants.

Disadvantages of hand weeding

S
LY. D N . if.
by ) e gt EAN
o ‘u. -“i‘.ll ';f‘!ﬂ,'*'t." M S

e It is laboriov~ and ® Young weed seedlings
time-consuming cannot be distinguished
from rice plants early in the
season, when hangd
weeding is most effective.

Timing hand weeding
¢ Hand weeding should be

done early in crop growth. -
The axact time depends on
the rice culture.

40 &0 80 100
Duys after seeding



Techniques

» Perennial weeds, which
regrow from underground
structures and are difficutt
to control by a single hand
weeding, can be controlied
by repeated hand weedings.

s Young weeds are difficult to
grasp and can be uprooted
by stirring the soil with the
fingers held apart,

* L arger weeds should be
pulied and removed from
the field, or 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 s0il.
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hand weed as the ¢rop
develops.

* More lahor is required to

Reasons for weeding during early crop growth

= Competition between
weeds and the rice plants
ingreases and yield losses
increase the jonger weeds
remain in the field.

x
g

E Man hours /ha

Tlros:

High
g
B
he!
&
Low
27 a0 60

of hund weeding
(days after transplanting)

20 40

Timing of hand weeding
{days attar transplanting}

28]

=" A ‘
Zhiy B 7] R,

Pile of weeds outside field

Man stepping on weed to
bury it

Pile of weeds between rows
of dryland rice

l
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Mechanical weeding

The push-type rotary weader
iz the most effective mechani-
cal weeder for wetland rice.

Using the mechanical weeder
¢ The rice must be planted in
straight rows in not closer
than 20- X 20-cm spacing.

» The soil rust be soft and
saturated.

WATER MANAGEMENT

Control of weeds by flooding

* Flooding is an important
management practice in
controliing weeds

s Rice grows and yieids just
as well in saturated soil as
in standing water,

= — 20¢cm
oeoooog,,,-f“‘clo
//__oo:oooo 200m

ioTo}o'o'o*olo’

+ If soil is too dry, the weeder
KL I I I I U rolis over the soil surface
Path of weeder’ and the weeds.

.Ia-
¥ ..| ' 7 N
ok LA

* The weeder cannot work ® A rotary weeder cannot

weads into the soil in pass close enough to the

flooded fields. Weads float rice plants to remove all

to the water surface and weeds, 50 some additional

may grow again. hand weeding may be
necessary.

s A major benefit from
standing water is better
weed control,




" Problems in controlling
weeds by flooding
Flooding wilf not control
weeds if;

» The water level drops too
low.

¢ The field is not level and
some areas dry out.

» The field occasionally dries
out, aliowing weed seeds to
germinate.

Effact of water dapth on

weeds

» With 1-2 ¢m water, grasses
are reduced, but some
broadieaf weeds and
sedges remain.

+ With 5-10 cm water, grasses
are almost eliminated but a
few broadleaf weeds and
sedges may remain.

Time of flooding

» Transplanted rice should be
tiooded 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
germingate and the crop
becomes established.
Flooding is not completely
effective with this planting
system because some
weeds become established
with the young rice plants.
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Transplanting
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HERBICIDES

Definition

A herbicide is a chemical
{pesticide) used to kill or
pravent the growth of weeds.
Herbicides are most effective
when used in combination
with other control methods.

Herbicide mip

* Applying herbicides saves
labor,

# Herbicides can be used in
all rice environments.

Disadvantage of herbicides

* The continued use of the
same herbicide leads to a
buildup of weeds,
particularly perennials,

with herbicides.

which are difficult to control
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To prevent this buildup:

- Rotate crops.

Herbicide B Herbicide C

Change herbicides

Use several control methods
together.

The best way of preventing
the buildup of weeds tolerant
of herbicides is to periodically
remove them by hand or by
mechanicar weeding.

Timing herbicide applications
Gl ™ V- S G R e R e~ Il gy
LA e © & e
» Preplanting (before ihe * Preemergence (betore ¢ Postemergence (after
crop fs planted) weeds and rice emerge weeds and rice emerge
from the soil) from the soil)
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Methods of herbicide action

Conlact herbicides Effectiveness of contact
herbicides

.
4 . NG
S marifimus
& Contact herbicides are gen-
erally most effective against
broadieaf weeds and seed-

lings of perennials.
= Contact herbicides kill cnly « They will not kill established
the plant parts that are perennial weeds.
sprayed.

LYY

R oistichum

P

Systemic or translocated herbicides

to the soil.

» Systemic herbicides move o Systemic herbicides can be
within the plant to kill por- sprayed on the foliage or
tions that were not treated. applied to the soif and

absorbed by the plant’s

roots.

» Herbicide granules applied
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Selactive and nonselective herbicides

» Selective herbicides kill & Nunsefective herbicides wiil
some plant species, but do kill ail plants.
not damage others. :

Herbicide injury to rice

improper herbigide use will
injure rice plants.

® Using the wrong herbicide s Applying 100 much herbi-
(nonselective herbicide) cide — high rate

P
A

Waad dead Rice olive Weed dead Rica daod
Young plants QOlder plants

» Applying herbicide at the
wrong time —
postemergence herbicide
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WA TR I L 7 WRANAL

Symptoms of herbicide injury
to rice

Herbicide damage to rice may
be confused with injury
caused by insects or
diseases.

MANAGEMENT OF WEEDS
IN DIFFEREN" TYPES OF
RICE CULTURE

Preventive weed control
Preventive weed control mea-
sures showld be used an all
types of nce culture 10 pre-
vent the introduction and
spread of weeds.

Tris will increase the etfec-
tiveness of all direct control
methods.

\

il

i

3

» Leaf spots caused by herbi-
cwdes are move circular than produc
those caused by diseases.

& may cause rice o
onion-like leaves.

& Herbicides may also cause

stunting

plamis with spread tiliers

= Keep tools and machinery
clean.

= Keep animals out of fields
as much as possible.

e Do not allow weeds to pro-
duce seed or reproduce
vegetatively.




MANAGEMENT OF WEEDS
IN TRANSPLANTED RICE

Weed control is less difficult
in transplanted rice because
the normal cropping practices
reduce the number of weeds.

Land preparation

Transplanting

Cultrvar selection

» A taller cultivar producing a
large number of tillers will
compete better with weeds
than a shorter {semidwarf)
cultivar with fewer tillers.

Piant spacing

+ Closer spaced plants
compete more effectively
against weeds. Spacing
transplanted rice hills 15 X
15 cm apart should
minimize weed competition.

*‘mue\u .
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m.uwm—ﬂi-wquﬂ
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» Plow the field to
incorporate weeds left from
tha previous crop or fallow
period into the soil.

» Puddie the soil, and harrow -
2-4 times 1o destroy weeds
not kilted by plowing.

/

A A S el

= Level the field so that

uniform flooding and water
depth can be maintained.

25 em

25 om

e e
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Flooding

* Flood the fields 2-3 days
after transplanting.

& Maintain 5-10 cm of
standing water
continuously throughout
the season.

In areas where weed
problems are severe or land
preparation and the water
supply are inadequate,
additional weed conirol may
be necessary.

Fertilizer application

+ In transplanied rice, controt
weeds before topdressing
fertilizer so that the fertilizer
will benefit the crop, and
not stimulate weed growth,

MANAGEMENT OF WEEDS
iN PREGERMINATED RICE
SOWN ON PUDDLED SOIL

Land preparation

s Operations for land prepa-
ration are aimost the same
as those described for
transplanted rice (see
page 311).

» Weed the crop once by
hand or with a mechanicai
weeder about 21 days after
transplanting or

¢ |f labor is scarce or
expensive, apply a
herbicide before weeds
emerge.

CONTROL WEEDS

APPLY FERTILIZER

Extess woter

¢ Leveling of the field is very
important for direct-seeded
rice because the deveioping
seedlings can be killed or
their growth can be stowed
when water accumulates in
low areas.
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Planting

» Sowing pregerminated seed
allows rice to become
established before weed
seeds germinate.

s |ncreased seed rates also

reduce weed competition. @1 @4 ﬁ %k

¢ Planting seed in rows rather
than broadcasting makes

weeding easier during crop .
growth. ) Fj’
Wiy ,i
. I"I.:I ;.r ]
i 1‘#‘*!"/&

Flooding

# Direct-seeded rice cannot
be flooded until the seed-
lings are established.

* Some weed seads wili
grrminate and the weeds
will become established
along with the rice before
they van G controlled by
standing water.

Weeding

& Broadcast direct-seeded
rice cannot easily be
weeded by hand because
yourig plants are damaged
in the weeading operations.

Weeding rice sowr in rows

» {f rice is sown in rows, 1-2
weedings should be
adequate.

10 20 30 40
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Application of fertilizer and herbicide

+ Do not incorporate nitrogen
into the soil before planting
unless a herbicide is used
to control early germinating
weed seeds so that they are
not favored by the fertilizer.

» [t is often necessary to
apply a herbicide before
weed seeds germinate
because of the difficulty of
weeding in fields in which
the seed is broadcast.

& Topdressing with nitrogen
after weeds are controlied
will improve fertilizer effi-
ciency and minimize weed
growih.

MANAGEMENT OF WEEDS
{N DRY-SEEDED WETLAND
RICE

Weeds are a more serious

problem in dry-seeded rice

than in wetland rice

culture.

= More weeds and different
species occur when rice is

Land preparation

# |If possible land should be
plowed immediately afler
the previous crop is har-
vested and the fallow land
kept weed-free by tillage
during the dry season.

» Clods should be broken

planted in dry soil than on
puddied soil.

* Weeds and rice germinate
at about the same iime;
theretore, competition
between them increases.

down by harrowing so that
they do not interfere with
seeding or the emergence
of the crop.

= The seedbed shouid not be
too fine because a smooth
surface is favorable for
weed growth.
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Planting

« Broadcasting is the most
commaen method of plant-
ing dry-seeded rice,

« Pianting in rows makes the
crop easier to weed.

/_’/:fn;_{

Flooding

« Often not enough water is
available to control weeds
in dry-seeded rice by flood-
ing early in the season.

* The weeds become estab-
lished and compete with the
crap far the limited amount
of water when rice is most
susceptible to yield
reductions.

Weeding

» 2.3 weedings may be
needed during the first 8
weeks of growth.

Days ofier seeding

Herbicides

& Herbicides are very wmpor-
tant in controlling weeds in
dry-seeded rice because
weeds are vsually abundam
and other control methods
are not very effective or are
very laborious.

. ) . Ralnfall
Timing herbicide appiication

in dry-seeded rice

» Do not apply the herbicide
to dry soil immediately after
seeding because the mate-
rial may break down before
it is activated and moved
into the soil by subsequent

rains. Low
« Apply the herbicide after
rains have moistened the Pl
s0il and before weed seeds
germinate. L ) A i L | {
o] 0 20 30 40 50 &0 70 80

Days ofter seeding
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¢ The rice stand may be
reduced if heavy rains
cause water ponding on the
field for several days right
after the herbicides arc
applied.

MANAGEMENT OF WEEDS
IN DRYLAND RICE

Weed control is ane of the
most serious problems limit-
ing dryland rice production.

In severe cases the entire
crop may be destroyed b
weeds.,

Land preparation

» Land preparation is similar
to that described for dry-
seeded wetland rice (see
page 314).

® The seedbed does not need
{o be ieveled because the
fields are not flooded.

Planting

* The traditional rice cultivars
usually pianied in upland
fields are taller and more
competitive against weeds
than many improved
cultivars.

* The rice should be planted
in rows to make weeding
easier.

= The rows should be spaced
so that interrow cultivation
can be carried out.

—
w@aﬂ
A PA R T B LA TN PR AL PR IV e
¥ ¥ . ¥ v
vk % Yy f*t"fv ' *‘Vj AN u':.
1 \Yv'h,“, v*‘f ¥
@1 ABA
e A rough seedbed is desira-
ble to reduce weed seed

germination and prevent
soil erosion from heavy
rainfall.

Tradltionol cultivar

impraved cultlvar




Flooding

# Standing water to control
weeds is not available in
dryland fields.

Weading

+ Up to 3 weedings may be
necessary in dryland rice.

* Weeds between rows can
be removed mechanicaily,
hut to obtain maximum
yields, weeds within rows
must be removed by hand.

Herbicides

» Herbicides cannot be used
profitably to control weeds
in dryland rice unless labor
and cultivation costs are
high.
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Timely weeding .

¥

o0 20 100

Days aftar seading

< 1 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).

120 o 162




RICELAND RATS




Rats occur in almost all rice
fields in Southeast Asia and
frequently cause estimated
yield losses ranging from §
10 50%.

The most common and
serious species in Southeast
Agsia are Rattus argen-
tiventer,"Raltus r.
mindanensis, and Rattus
exuians.

These three rat species are
called “riceland rats.” The
habits, damage, and control
techniques are similar and so
it is not necessary to
separately identify them.

BIOLOGY 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,

# The potential number of
rats produced by one pair
and their offspring in one
year is more than 500.

» Disease, predation,
competition, and
avaitability of food and
water limit the actual
number of offspring that
reach maturity, The net
reproductive potential is
thereiore much less.

RICELAND RATS IN SOUTHEAST ASIA an

‘Biology and Management of Riceland Rats in Southeast Asia

Distribution of
Ricatand Ral
in Southeast Asia

ALETRALLE

Other species of rats
present in South Asia and
parts of Southeast Asia are
Bandicota bengalensis and
8. indica.

These species 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 folfowing sections on
bioiogy and control apply
only to riceland rat species.

=
=

3(_‘2?30"

4 RQ+RO?
7 48Q +480"
0 12Q +19207

Subtotal

Accumulated total

6 6
24 30
96 126

384 SI0

3 768Q +76807 1536 2046
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Relationship to damage Reproduction

« The reproductive cycle of High
riceland rats and the
relative amount of damage Areos with one annual we! season crop

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
maturing.

2. Are greater during the
wet season than during
the dry.

More food, water, and

shelter provide optimal W *
breeding conditions. ﬁ‘t‘gﬁ * .
Fallow Seedbed  Tronspiant Vegetolive Muohurity Horvest
stage

B T
ey

Reproduction
High

Irrigoted areas with two crops grown annuolly

i, s e
Sk ot s ﬁ‘:ﬂf‘:-’&-.-
Low Dot S e

Seedbed Trans- Vegetotive Mahity Harve:! Seedbed Transplant Vegelolive Maturity Harvest
plont stage stage

Damage

Damage in the seedbed can
be due 10 rats consuming
seeds directly or puliing up
germinating seeds later on.

* Rats cut or pull up recently
transplanted seedlings. The
result is missing hills.

¢ The rats cut or bend older
tillers to reach the
developing panicles. The
eaten or chewed area on
the stem may resemble
insect damage.

O s s () - -
O = - O - ==
O O =t s e

- (O O -
-0 O 0 -=
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e As the crop matures, rats
cut or bend tillers to eat the
ripening grain.

= Damaged titiers are cut
near the base at a 45°
angle.

= The rate or number of
tillers cut per rat per night
is dependent on the seascon
and crop stage. Generaliy it
is high in the wet season
and the vegetative stage,
tower in the dry season and
ripening stage.

» Damage is usually low
during the vegetative stage,
increasing rapidly after the
fiowering stage. The
ncreased damage results
from the greater number of
rats due to increased cover
(rice plants, weeds, etc.)
and food (rice}.

s A low or moderate
population of rats will cut
tillers randomly 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 be
concentrated 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,

RICELAND RATS iN SOUTHEAST ASIA

Relative tiller

cutting rates
Season, stage per ral

per right
Higher Lower

Wet season X
Dry season X
Vegetative stage X
Ripening stage X

_Cumulative cuf tillers {no)

High

Low i i ]

) 8 6
Weeks affer transplonting

vl
A \'#‘

.51. n‘f

v

& Rats feed at night.
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MANAGEMENT IN SOUTHEAST ASIA

It is not always helpful to
monitor rat populations or
activity when crop protection
is the primary objective,
Whether rat activity is high or

Monitoring

# Riceland rats spend the
daytime in vegetation,
weeds, or maturing rice
fields. They are not readily

Using tracking tiles

s A more exact way of
measuring rat activity is the
use of tracking tiles to
record footprints.

# Tracking tiles are 15- X 15-
cm square of white

iow will not change the
following recommended
management techniques.
Howevar, monitoring may be
desirable to provide

seem, 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 fora
demonstration of
management techniques.

activity in a rice field can
be observed by inspecting
the area for signs of
activity.
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s Footprints in mud.

linoleum or vinyt, cne-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 tiles in the field

5“ = ﬁIT
: .
E—

» Tiles may be placed on or
against the edge of levees
in flooded paddies and
spaced 15 m apart.

# Tiles along the edges of
fevees can be placed on

top of a pile of mud to raise

threm above the water level,

available, the paddy mud
can be raised immediately
adjacen’ to the dikes to
form platforms with
smoaooth tops capable of
recording footprints.

* |n a dry field, space tiles
evenly at the rate of 50/ha.




+ Examine the tiles each
morning and record the
number of those with rat
footprints. Clean the non-
inked haif with acetone and

recoat the inked side with
fresh ink before the tiles
are returned to the fietd.
¢ Set the tiles out for 3
consecutive nights.

Rat activity = % positive liles =

10% or tess = low rat activity
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total tiles marked

- 100
total tiles set

30% or more = high rat activity

To compare rat activity
in different fields

% ties with lracks

Uses of tracking liles ——————s= To determine success of controt pragrams

High
{

Low

Control

s Other visible signs such
as runways, burrows, or
damaged tillers will
usually confirm tracking
tile results.

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
resuits would not reflect
darmage at harvest.

Daoys ofter seeding

Sampling method. The

percentage of cut tillers ina

paddy can give an estimate

of crop damage due to rats.

This information can be used

to determine if rat control

was adequate during crop
growth.

For transplanted rice that

is grown in rows the

following method can be

used.

Examine every tiller in

each of the 100 selected hills
and record the number of

cut tilters and the number of
ungut tillers,
Calculate:

total cut tiflers
total tillers examined

% cut tiffers = x 100

Tren, soingls
selected hills
seloctad rows

10 mondomiy
n axh ofthe
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Control

The effectiveness of a rat

control program is judged by

the amount of crop damage

caused by rats as observed

at harvest.

* The number of dead rats
nbserved is not important.

* Reinvasion or immigration
of rats can occur guickly;
therefore, a continuous or
sustained baiting program
i necessary.

Timing controf prugrams

¢ Rat control efforts must
begin within 2 weeks after
transplanting and continue
until the grain matures.

* Do not wait until the grain
matures to begin control.
By then the rat population
could aiready be high and
difficult to control, with
severe crop damage
occurring.

# Rat control is most
effective when all farms
use sustained baiting and
cultural control practices.

Cullural control practices
Rat control can best be
achieved by being aware of
the rats’ basic needs such as
food and sheiter and then
iimiting those factors which
favor rats. There are several
cultural practices that can be
used to limit rat population
growth.

It is difficult to control all
these factors in a rice-
growing area,

e With some cultural control
measures, however, we can
limit food and shelter,
which are the most
important factors that
determine rat population
levels.

s When rats are gradually
controlled over the entire
cropping season, large
numbers of dead rats are
not seen. However, this
method is more effective
than other contral
strategies in preventing
crop damage,

APPLY CONTROL MEASURES

Seedbed
| 1 ] 1 |
0 20 40 80 80 100 120 140
Days after seading
Shelter
Weads




» Cut down or remove weeds
on dikes and surrounding
areas. This will reduce
shelter or daytime resting
areas.

+ A weed-free rice field will
provide less shelter and
therefore a less favored rat
habitat.

» Completety remove or
destroy rice straw piles
after harvest. They provide
a place for rats to burrow,
nest. and produce young
rats.

» Reduce the size and
number of dikes to limit
burrpwing sites and places
for weeds to grow.

# Plant fields in the same
area at the same time.
Large areas transplanted at
the same time will sustain
less damage than areas
with staggered planting
times.

® |n areas where planting is
staggered, rats may
concentrate and severely
damage early and late
ptanted fields during the
ripening stage.
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* Paddies flooded to just

below dike level will fill rat
burrows with water and
eliminate nesting sites.
Because rats are exceltent
swimmers, temporary
flooding wilt not destroy
them, but will force them to

higher ground.
( )
i T
.
. y
Figtd with wide dikes Field with narrow dlkes
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= Rats in harvested fields
move to the remaining
unharvested fields because
food and shelier are
abundant.

In marny cases a farmer’s
rice field is surrounded by
others in which rats are not
controlled. Under these
circumstances, the rice
farmer using these
recommendations can stiil
protect his crop from high
rat damage.

When all farmers in 2 given
area control rats the
individual costs are reduced

Chemical control
Cultural control often will not
adequately control rats. If
these cultural practices are
used in combination with
chemical baiting. the effec-
tiveness of an integrated rat
control program will be
inCreased.

Many kinds of rodenticides
are available. They can be

INTREGRATED PEST MANAGEMENT IN RICE
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separaied into two basic
groups: acute (quick kill) and
chronic {slow kill}. The older
or traditional acute rodenti-
cides are cheaper and more
readily available but are not
preferred tor rat contral in
rice. The chronic or anti-
coagulant rodenticides are
effective only with several

feedings. This is because they
cause internal bleeding which
occurs over several days.
Some anticoagulants now
being introduced require only
a single feeding, but they are
not as yet readily available to
the small farmer.

» +

Bait
holder

IChrcms‘c rat coison

Cultural _
control =

Effective ral control

Compared with traditional
acute rodenticides the
chranic anticoagulant roden-
ticides are less hazardous to
humans and beneii«ial
animals.

Traditional acute roderti-
cides become less effective
with time because many rats
survive after eating smalt
amounts of bait, and learn to
associate their ilness with the
bait {bait shyness).

Toxicity to humaiis ond animals

Effactivenass

Traditionol acute polsons

Chronic
poisons

and efiectiveness increased.
Large-scale programs can
rapidly increase yields and
extend management
techniques over a wide area.

High

™

] ™
*a,
L Y
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Low

—= High

Low

Chronic poison
{no boit shynass)

\
Tradltlonul acuté poison
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Materials used in a baiting
pragram. Chranic anticoagu-
tant baiting programs require
a rodenticide, a bait matenal
readily accepted by rats, a
suitable bait holder, and fre-
quent visits to the field.

When chronic anticoagu-
tant roderticides are used,
rats must feed two or three
times before death will occur.

After 3 days rats stop feed-
ing and become sick. Six to
10 days after initiat feeding
they die.

# Since chronic poisons kilk
slowly, rats may die in bur-
rows or tn other areas
where dead bodies are not
visible,

General procedures for sus-

tained baiting

+ Read the directions on the
container carefully before
mixing the poison with the
bait material.

» Any low-cost available
materiat such as low-grade

- s
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2.

‘ Chronic ra! poison

@
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Bait
material

+

Bait cantginers

)

L

2
Doys of feeding

3

4

milled rice or broken rice
can be used as bait, How-

ever, rats must like it.

* Local materials such as
bamboo, oit cans, or coco-
nut husks can be used as

bait holders.

transplanting and continue
through the ripening stage.

» Establish five baiting points

in each hectare.
* Check baiting points twice

a week.

* Begin baiting soon after

| Baiting period
Tronsplant Harvest
1 1 1 1 1 1 1
0 20 a0 &0 80 100 1490

Days ofier seeding
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Density and spacing of Dait-
ing points (location of bait
holders)

» Use five baiting points for
each hectare of rice field.

« Baiting points shouid be
about 50 m apart.

s The best location for the
baiting point is within the
paddy, at least one meter
from the dike.

* Put 6 tublespoons of poi-
soned bait in each holder.

* Check holder after 3 days.

 |f one-half of the bait is
gone at any holder, set out
2 more holders 1 m from
the tirst in a cluster.

s Put poisoned bait in each
holder.

INTEGRATED PEST MANAGEMENT IN RICE
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Maintaining bail holders during the season

+ Check holders at the 5 bait-
ing poinis twice a week
throughout the season and
add bail holders and bait
when necessary.

» Always add enough bait 50
that holders never become
empty,

Pattem of bait consumption
during the crop season

More bait is aten as rats
move into the field and con-
sume bait from the added
holders.

When rice heads malture,
less bait is eaten because
most rats have already been
killed, bait holders have been
reduced. and any remaining
rats would prefer to feed on
the rice rather than the poi-
soned bait.

, . ¢
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Mo bait eorsumption.

£

Chack holders

T @
s o9
-] ? »
@ﬂ' Day 5 éf

Bait cansumption of 50% or
mare pt points a and b. Two

Doys

additionsl hodders ware added.

s Remove and replace wet or
moldy bait.

e |If rats do not cat any bait at
any point, reduce the
number of hoiders.

¢ Always leave at least one
bait holder at each of the 5
original baiting points to
monitor rat activity.

Amount of bait agten

High
| More boit is eaten as rats from
odjocent areas are gtiracted.
X When rice heads moture, less bait is eaten
bacause most rats have besn killed,
Low ¥ ]
0 20 40 60 80 00 120 140

Duys ofter seeding
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When a farmer uses sustained baiting, rats from
surrounding areas will be attracted to the hait

Although this will benefit adjacent farms it will
not fully protect them unless they also bait,

Your farm, however, will be fully protected.

Adwantages of cooperaiive fal
control

When one farmer uses sus-
tained baiting, the protective
benefits may extend outside
his farm for 200 m in all
directions

Ral caontrol is more effec-
tive (f a farmer and atl of his
neighbors in an area use sus-
tained baiting and cultural
control practices.

SUMMARY

These recommendations have
been developed, tested, and
shown to be effective in the
Philippines. They were
designed for the individual
small farmer, with the
assumption that adjacent
farms may not control rats.
These recommendations may
be modified t¢ account for

local conditions in other
countries.

When these recornmenda-
tions are followed and rat
damage still occurs, the rea-
son can usually be traced to a
failure to follow all the steps.
For example,

1. Weeds were allowed 10
grow tall on dikes and

adjacent areas.

. Planting tirmne was too

early or too late, notin
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-

tion of bait increased.,

5. Rodenticide was not
mixed accordirg to label
directions.

6. Bait material used was not
accepted by rats.

7. Traditional acute rodenti-
cide was used and bait
shyness developed.
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Cultural Control

Cuitural control of rice pests
govers crop production
methods — used consciously
or unconsciously by farmers
— that improve yield by
reducing pest numbers.

The term cwitural is
derived from crop culture,
meaning the techinology of
growing a crop. The term
culture also fits the
anthiropological definition of
patterns of behavior (crop
production practices) that are
passed from farmer to son
and have achieved greatest
yield stability over time.

Cultural control is

* the use of crop husbandry
practices,

¢ patterns of behavior
transferred from generation
1o generation,

» farmer-based technology
with littie dependence on
outside resources, and

= reapplication of resources
not originaliy intended for
pest control.
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Field 1

Field 2

Field 1
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It is often difficult to
measure the effectiveness of
cultural practices because
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
cuitural practices are best for
each location.

Examples of decisions to
make are
* The choice to direct-seed

or transpiant in a wetland

environment:

— Transplanting 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.

Sep Oct Nov Det
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Cultural practices can be
divided into those that
directly benefit the farmer if
he carries them out at the
farm level, and those which
require community action io
be effective.

Single farm

. N - -
T wew
. vy By

Multifarm

Practices effective at the farm level
Cultural control practices
include farmer-developad
indigenous methods:

» | ocal plants with pesticide
properties

* Household remedies —
salt, kerosene, oil, sand,
ashes, sugar, or baits

® Traditional beliefs —
planting by phases of the
moon (possibly to avoid
insect pests such as stem
borers)

+ Magical or superstitious
praclices — food offerings
to rats in retum for sparing
the standing crop, unlucky
days for fam operations,
bad omens, or hex signs to
repel pests and protect the
crop




Conventional crop husbandry consists of the following practices:

¢ 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 of
puddled soil.

» Repeated tillage in dryland
rice fields exposes weed
rhizomes to high
temperatures and buries
weed seeds deep in the soil
where they cannot
germinate.

s Plantir.g w1 rows allows
labor-saving interrow weed
cultwation.

» Direct seeding reduces
kresek disease that enters
through root wounds made
when seedlings are pulied
from seedbeds.

» Use of a seedbed confines
the crop to a small area
where weeds and insects
can be removed by hand.

Seedbeds can also be

covered with plastic or

cloth to prevent vector
insects, birds, and rats from
reaching the crop.

A dry seedbed does not

attract rice caseworm,

whori maggots, or sorhe
aquatic insects.

Transplanting older
seedlings shortens field
time and therefore
population buildup from
pests that attack only
during the vegetative stage.
Qider seedlings are more
competitive with weeds.
however, yields are lower
when older seedlings are
planted.

s | aveling a wetland field
before planting results in
more efficient weed control
with standing water.

S
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» Dense plantings give a high
tiller number per unit area
and
1. protect rice from whori
maggots, which use light
reflection from a waler
surface in locating rice
plants,

2. provide better canopy

¢ Maintaining standing water
in the paddy controis most
weeds and minimizes rice
blast incidence, but
encourages whorl maggot,
casewoarm, and brown
planthopper.

¢ Flooding the fields to
higher than normat depths
drives planthoppers and
other insects higher on the
rice plants where they are
more readily controlled by

s Early-maturing varieties
minimize the number of
pest generations per crop,
thereby lowering pest
darmage. 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, fields
planted at the beginning of
the growing season are
usualy less severely
damaged by insects and
diseases, but infestation of
birds and rodents may be
great uniess most farmers
plant early.

3.

brown planthopper
oviposition sites and lead to
higher populations and
greater damage.

INTEGRATED PEST MANAGEMENT IN RICE

cover to shade out

weeds, and
give higher yields.
However, they increase

chemicals. Fiooding does
not drown insect eggs or
stem borer larvae within the
plants. The yellow stem
borer can survive one

Insect abundonce

High

meter below the water in
deepwater rice where it is a
major pest. Deeper fiooding
also controls weeds more
effectively.

* Periodic draining of rice
fields reduces brown
planthopper, whorl maggot,
and caseworm, but
encourages weed growth.

Lorly mofunng vorely

ey ¥ ¥

Lofe molunng variety
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« 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 fungal and bacterial
diseases by increasing

tissue susceptibility and

filler density that favors
dew formation, and

3. encourage the

multiplication of brown

planthopper and
leaffolder (in general
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insects grow laroer,
cause more damage,
produce more offspring,
and complete more

Practices effective at the community level

* Crop rotation — rotating
rice with a nonhost crop
will remove a pest's food
and reverse its population

Pest ohundante

buildup. This method is
effective against pests for
which rice is the preferred
host.

High

Low

Crop rotglion

High

Low

Monoculture

Doys from sceding

generations per crop on
plants treated with high
levels of nitrogen).

= Weeding — cutling weeds
from areas bordering
paddies and removing
weeds from rice fields
reduce nesting sites and
sheiter for rats and
alternative hosts of insects.

¢ Stubble management — at
harvest, <utting the crop
close to the ground and
spreading the plants to
expose them to the sun kil
stem borers inside the
stems.

* Burning straw — stem
borers that could emerge
and infest neighboring
fieids are killed. But
burning stubble left in the
field has little effect on pest
reduction.

Reducen nitrogen rates
and split applications
minimize pest problems and
increase profit.
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Pest obundance

High

STAGGERED PLANTING I

Field 4

1 Field 3
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| Fieid 2 |
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o Cultivation — plowing
under the rice stubble after
harvest to prevent a
volunteer ratoon crop and
subsequent weed buildup
is particularly important in
curbing the spread of virus
diseases in the community
and in removing food and

SYNCHRONOUS PLANTING
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& Synchronous planting —
insects, diseases, and rats
readily disperse from field
to field. They can maintain
high population ievels and
cause great yield losses in
tarm communities where
planting times of
neighbering fields are
staggered beyond an
interval of 3 to 4 weeks (the
generation time of most
pests). Synchronous
planting and the creation of
a rice-free period of at least
one month between
SucCessive rice crops
greatly reduce pest
abundance.

Because synchronous
planting is impractical for
fields in a large rice-
growing area, the whole
area can be divided into
blocks, each3t0 5
kilometers in diameter
{beyond the effective
dispersal range of most
pests). Adjacent blocks
should be out of phase with
each other by no more than
3 to 4 weeks.

Advantages of cultural

control practices

# Pests have not shown that
they can overcome the
suppressive effect of
cultural control practices
through the development of
biotypes.

& Most practices are
inexpensive or utilize
resources available to
farmers such as kabor or
indigenous materials.

¢ Most practices are
compatible with other
control tactics.

Disadvantages of cultural

control praclices

+ Most methods reduce some
pests but increase others.

» Some practices decrease
pests but also decrease
yield.

& Comrwnitywide practices
requiring organization of
farmers and instjtutions
may be difficult to achieve.
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Resistant Rice Varieties

For as long as crops have
been grown, farmers have
noticed that some varieties
suffered more damage from
insacts and diseases than
other varieties. Recently rice

Definition of a resistant variety
The term resistance has been
deiined in many ways. For
praclical purposes a variety is
considered resistant if it pro-
duces a larger amount of a
good quality crop than other
varieties grown under the
same conditions and exposed
to similar populations of
insects and diseases.

Resistant varicties are one
important part of an inte-
grated pest management
program for rice for several
reasons:

breeding programs were
initiated in many countries {o
select and develop good
quality, high yielding rice
varieties that are resistant 1o
insects and diseases.

® Thay do not increase
farmers’ costs.

* They require less pesticide
than susceptible varieties
do.

Low
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Resistance is an inherited
characteristic that is due {o
one or many different genes.

e Susceplible variety
Resistant variety

\
RELERRYEXRS

Low Pest population

Amount of pesticides

High :
“ 52 Resistont vorigties
I Suscepiible wrieties

¢ They limit damage at all
levels of pest population
throughout the season.
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¢ They can be integrated

effectively with other con-
trol methods in a pest man-
agerment program.

Resistant varieties are particu-
larly well suited for use ina
rice pest management pro-
gram in Asia because the
valye of praduction per hec-
tare is lower for rice than for
other crops, farms are small,
and farmers lack money and
knowledge to properly apply
pesticides.

VARIETAL RESISTANCE OF
RICE TO INSECT PESTS

NONPREFERENCE

y/ !

The resistance of rice to
insects can be divided into
three basic categories:

1. Tolerance — the host
plant can survive heavy
infestations without a sig-
nificant yield loss. Pest
numbers on a tolerant vari-
ety are equal to those on a
susceptible variety.

2. Nonpreference -— insects
do not feed upon, oviposit
in, or use a resistant vari-
ety for shelter.

3. Antibiosis — insects do
not grow, survive, or re-
produce well on the host
plant.

} i
INSECTS !r#t ¥

DO NOT SURVYE




it is sometimes difficult to
identify the type of resistance
ot a given rice variety 1o an
insect pest. Some varieties
may have only one type of
resistance, but others may
have a combination of the
three kinds.

For example, rice varistal
resistance to the yellow
stem borer is primarily

However, resistance to the
striped stem borer is due to
both nonpreference and
antibiosis.

Nonpreference

Moths depaosit fewer egg
masses on resistant
varieties.

The level of resistance to dif-
fererit insects may vary
greatly among varieties, Even
highly resistant varieties may
be damaged by a heavy
infestation.

RICE VARIETAL
RESISTANCE TO DISEASES

The reactions of rice varieties
to piant diseases can be
divided into three categories:

fmmunity

¢ The rice plant is not
attacked by a disease under
any conditions.

Rice varieties are rarely
immune 1o rice diseases.
Usually if a disease has dil-
ferent races, a resistant var-
iety is immune to some
races but is attacked by
others.

RESISTANT RICE VARIETIES 345

antibiosis. Larvae feeding
on the resistant rice are
smaller and survival is
reduced.

Antibiosis

_ Larvae are small and
Y SRR G0 survival is reduced.

Varieties that are highly res-
istant to the brown plant-
hopper have been
developed.

Varieties with only moder-
ate levels of stem borer res-
istance have been
developed.

Ienraunlty

Hypersensitivity

» Invaded cells are killed s0
quickly that the disease
remains localized and can-
not spread throughout the
plant. Often the disease is
completely suppressed as
part of the “hypersensitive”
reaction. Infected piants are
largely undamaged.

Hypersensitivity
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Tolerance

* Tolerance is the most
common kind of disease
resistance. The rice variety
infected by the disease may
develop symptoms, but the
crop yield is greater than
that of susceptible varieties.
In tolerant varieties, the
appearance, amount and
type of symptoms, and the
severity of the disease vary
graatly. Tolerant varieties
stilt serve as sources of
inoculum which can infect
susceptible varieties
nearby.

¢ Symptoms of rice blast on
varieties with different levels
of tolerance: resistant,
moderately resistant,
susceptible.

DISEASE RACES AND
INSECT BIOTYPES

Definltion of “race” and
“biotype™

Insect biotypes or disease
races consist of forms that
are capable of surviving on
and damaging varieties that
are resistant to other popula-
tions of the same pest
Species.

Toleronce

Roesletant  Suscaptible
variaty variety

Racal

co-25

TNY  Shin2  KTH-I7
Ly W I.IJ
CENRNARY
¥/ s fotfe s oo e g o |
————— BIOIYPE 2., €o-25 TN1  Shie2z  KTH-I7

Reaction of rice varieties to
different biotypes of the
brown planthopper. IR26,
(R28, IR29, and IR30 are res-
istant to biotype 1 but suscep-
tible to biotype 2.

Reaction of rice varieties to
two races of rice blast.




+ Several important rice
insect pest species, particu-
larly the (eafhoppers and
planthoppers, have difterent
biotypes; disease agents are
even more variable. Most

On the basis of their reaction
to pest races or biotypes,res-
jstant varieties can be divided
into two general groups:
those with horizontal resist-
ance and those with vertical
resistance.

Use of resistant varieties in

the field

1. Whenever a resistant va-
riety is planted in the field,
the number of pests and
their damage will decrease
rapidly.

2. Usually, not alt of the pests
will die. During successive
generations, the survivors
produce offspring that
gradually become capable
of surviving, damaging, and
reproducing on the for-
merly resistant varizty,

3. Eventually, a new pest race
or biotype that can over-
come the varietal resist-
ance is selected.

important rice diseases
have many different races
and the capability to form
new races in a relatively
short period of time.
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. Vertical resistance is spe-

» Varisties with horizontal
resistance have low or
moderate level of
resistance to alf or many
biotypes or races of a
given species.

Low

cific resistance usually con-

trolled by one gene or a

small number of genes,

* Varieties with vertical
resistance are usually
highly resistant to one or
several races or bio-
types, but may be sus-
ceplible to others.

Low

High

. Horizontal resistance is Damoge
general resistance usually High
controlled by many genes. Horizonia! Resisiance

1 2 3 4
Racas or bictypas

Oamage

vartical

H 2 3 4
Races or biotypes

fresistance

Survival (%)

00

Selection of a new biotype of
brown planthopper on a res-
istant variety.

FERRREEN

bigiitiidd

- ¥
giiii

giitgd

BPH generations
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Factors influencing the

chances and rate of develop- majority form in the pest

ment of new biotypes and . population. When a variety

races “breaks down” it is the pest

1. The genetic makeup of the s i Lol population — not the variety
insect or disease pest. Blos) spores — that has changed.

Within a population of pests
a minority of individuals are
unaffected by a resistant var-
iety. These individuals are
selected to sufvive in the
presence of the resistant var-
jety and in time become the

2. Pesticide applications may
destroy insect natural
enemies and allow faster
population growth of the
newly selected biotype.

Bactarial leaf blight

Damage
High

Domaqge
High

Horizontal Resisramce

Vertical
Resistance

1 2 3 4 5 1 2 3 4 5
Racés or biotypes Racas or biotypes

3. The genetic makeup of the
resistant variety.

4, The type and levei of resistance to the pest.

Rice
| Rice |

1 1 1 i i L 1
Jort Feb Mor Apr May Jun Jul Aug Sep Oct Nov Dec

@ :\ \ |, /.

Blast sporas

| Rice | | Rrice |}

@ﬁ-—-—-—-—

Ewironment

Bactarial leqf blight

5. The hectarage planted to a
resistant variety.

6. Cropping patterns in an area. 7. Weather and other factors influencing

poputation ievels of pests in the field,

It is difficult to predict when,
or if, the resistance of a var-
iety will break down in the
tield because of all the varia-
bles affecting the develop-
ment of races and biotypes.
Because of the possibility
that resistance will fail, all
varieties, not just the resistant
ones, shou!d be observed.
Traditional varieties may
show signs of horizontal
resistance that could be used

in national programs. Any
severe damage should be
reported to the proper
research organization or
government authority.
Scientists can determine if
the resistance has been
avercome, and either release
a new resistant variety or
develop aporopriate
management recommenda-
tions to protect older varieties.
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Biological Control of Rice Insect Pests

All insect pests of rice are
affected by natural controls
that limit their reproduction
and population buildup.

¢ Diseases and pathogens

* Amount of food and sheiter
» Weather

* Predators

» Parasites

Effects of beneficials on

insect pests

» Parasites and predators are
called bensficials because
triey help control insect
pests.

# Beneficials alone will not
always prevent damaging
buildups of insect pests,
but they reduce the sever-
ity of damage and the fre-
quency of outbreaks.

s Some insect pests are
more effectively controlled
by beneficials than are
others.

Characterislics of parasites

* Parasites attack only one
prey species or a few
closely related species.

s Only the larvae are para-
silic. Each parasite usually
feeds on only a single host
and gradually destroys it.

Amaount of food ond shelier Parasites Predators

Insects {no.}

High
i s [n5eCt pest populations without beneficials
= muasmaw [y5ect pest populotions affected by beneficials
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« Parasites of rice pests are
other insects, commonly
flies or wasps.

Characteristics of predators
» Most common predators of
rice insect pests are other

insecis and spiders.

* A predator may feed on
many different species of
insects.

= A single predator may
attack a number of insect
prey.

+ Predators kil their prey
quickly by eating them or
sucking their body fluids.

» Usually both the immature
and adult stages attack

prey.

+ Adults are free living, feed-
ing on nectar, honeydew,
or host body fluids.

* Predators develop separ-
ately from their prey but
live in the same area,



PARASITES

Parasites of leathoppers and

planthoppers

Parasites of eggs

— Leafhopper and plant-

hopper eggs are gener-
ally more heavily parasi-
tized than adults and
nymphs.

— Egg parasitization varies
considerably among
hopper species. It fluc-
tuates during the sea-
son, but usually aver-
ages about 30%.

» Estimating egg
parasitization

~— Hemove a piece of the
leaf sheath containng
an egg mass.

-- Place egg masses in a
closed container on fil-
ter paper moistened with
an antifungai agent.

— Hopper nymphs emerge
first.

~ Adult egy parasites
emerge several days
after unparasitized eggs
hatch.

To estimate egg parasitization
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Couynt

% .

paroasitizotion™

no.of porasite cdults

na. of happer nymphs +
no.of porasite adalts

X W00
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Generat life cycle of parasites

of hopper eggs

« The adult female parasite
lays most of its eggs the
first day after it emerges
from the pupal stage. It
searches with its antennae
until it finds a hopper egg
mass and then lays its eggs
inside the hopper eggs.

® The parasite larva develops
and pupates inside the

hopper egg.

¢ The Anagrus, Oligosita,
and Gonatocerus spp. are
the common parasites of
hopper eggs.
|
Brown planthopper  Whitebacked  Green leafhopper
Anagrus species planthopper
Each fernale may para-
sitize 20 hopper eggs.
Eggs parasitized by
Mormal hopper eggs Arnagrus
Hosts
Oligosita species
Each female may para-
sitize 10 hopper eggs.
Eggs parasitized by
Normal hopper eggs Qligosita
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Hosts

Gonalocerus species Nephotettix N. nigropictus N. virescens

cincticeps

Each femaie may parasi-
tize 15 leafthopper eggs.

Normal leathopper Eqggs parasitized by
e5gs Gonatocerus

Parasites of nymphs and

adults

~— Hopper nymphs and
adults are attacked by
several species of
parasites, but the
percentage of
parasitization of these life
stages is not as high as
that of aggs.

Leatt:opper Planthopper

» Estimating parasitization of
nymphs and adults

-— Cage hoppers collected

trom the field on rice

plants in small cages. e /
— Coliect the emerging u

adult parasites.

To estimate % parasitization

Record the hoppers Count the adult para- no. of emergad
placed in the cage. sites which emerge from / %parasi- _ Parasite adults
the caged hoppers. lization  no, of hoppers

ptaced in cage
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+ The dryinids, strepsipte- -
rans, and pipunculids par-
asitize hopper nymphs and
adults.

Dryinidae

¢ Life stages
A group of 5 wasp species
of the Dryinidae family are
commaon parasites of
hopper nymphs and adults.

Adult male Adult female Larva Pupa

» General life cycle

Eqga Larva

¢ Biology of aduits

— Adults have front legs
adapted for grasping
hopper nymphs and
adults.

— Each dryinid may eat
several leafhoppers a
day.

— Females lay eggs inside
hopper nymphs.

— Each female may parasi-
tize up t0 10
nymphs/day.

= Biology of tarvae
The farvae gradually
consume the body contents
of the host. Then they
wiggle out of the sac on the
hopper's abdomen, and
pupate in a white cocoon
on a rice leat.
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* Migration of dryinids to
rice fields
Most dryinids enter rice
fields as larvae on migrat-
ing parasitized hoppers.
A few adults also move into
rice fields.

s

Strepsiptera » The triungulins crawl to a
» Insects of the order Strep- hopper nymph or adult and
siptera also parasitize leaf- bore inside.

hoppers and planthoppers. - & They do not survive for
« Each adult female bears A I“ o

more than several hours
thousands of living larvae uniess they locate a host.
called triungulins.

Adult female Triungulin

» Development of larvae,

« The female larva develops » The male larva also devel- * Adult males with wings
and pupates inside the host  ops inside the host, but the emerge from the pupa,
and is visible only as a dark  pupa sticks out of the mate with females, and die.
spot on the abdomen of the  hopper's abdomen and is
host, seen as a bump on the

abdomen.
Characteristics of hoppers « Strepsipterans always dis-

parasitized hy Strepsiptera
¢ Parasitized hoppers may
survive for a fong time

perse through parasitized
hoppers.
+ Strepsipterans usually par-

before they die. asitize less than 10% of

¢ Parasitized hoppers do not hopper nymphs and adults.
reproduce, but may feed
and damage plants before

they die.
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Pipunculidae

Several species of flies of the
family Pipunculidae parasi-
tize only green leafhopper
nymytis and adults.

« The adult females lay their
eggs inside the body of a

& Parasitized nymphs devel-
op normally for awhiie, but

» The larvae pupate in the
coil or near the base of the

leathopper nymph. are killed when the mature rice tillers,
parasite larvae emerge
from the host's body,
» Pipunculids are the most
important parasites ot
green leafhoppers, often
attacking 25% of the
nymphs and the adulis in
the field.
Parasites of stem borers
Parasites of eggs
= Eggs of the stem borer are
more heavily parasitized
than other life stages. pro-
bably because they are
accessible on rice leaves.
» The levels of egg parasiti-
zation vary widely, ranging
from 0 to 100%.
Estimating parasitization of
stem borer eggs
# |t is difficult to visually stem borer eggs are
determine in the field if parasitized.
&

— Remove a portion of the  — Place the egg masses on — Adult parasites will_ )
rice leaf containing the maist filter paper ina emerge from parasitized
egg mass. closed container. eggs in a few days

inside the container.




BIOLOGICAL CONTROL OF AICE INSECT PESTS 358

+ About 17 insect species Hosts

parasitize rice stem borer
eggs in Asia,

s The most common and
widely distributed groups
are Trichogramma, Tele-
nomus, and Tetrastichus.

Trichogramima species L
» General characteristics

— short antennae Yellow stem borer  Striped stem borer

small body
hairs on wings €ggs eggs

3-segmented tarsi

Each female may iay 40
€9gs.

e Life cycle
— Trichogramma reprogu-
ces best at temperatures
of 20°-25°C with an
average relative humid-
ity greater than 70%.
— Adults live 7 days.

l Adults live
7 doys
Eggs e, [P a——

Telenomus species Hosts
» General characteristics
- 11 to 12 segmented (\\
antenna RN
pointed abdomen -
thin 3rd abdominal
segment

Yellow stem horer Striped stem borer
€ggs eggs

Each female may lay 140
eggs.
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» Life cycle

— Adults survive for 14
days.

— Telenomus may be more
effective than Tricho-
gramma as a parasite of
stern borer eggs be-
cause the adults live
tonger and femaies have
a greater reproductive
capacity.

Telrastichus species

» Tetrasiichus species are
primarily parasites of eggs
of the yellow stem borer.

* They occasionally attack
eags of the striped stem
borer.

& Tetrastichus species —
sometimes considered
more effective than Tele-
nomus — attack all eggs in
a mass as weli as haiching
stem borer larvae.

Parasites of stem borer larvae

and pupae

» Many insect species para-
sitize rice stem borer larvae
and pupae, but the per-
centage of parasitization is
usually low, about 5-10%.

» These farvae and pupae are
somewhat protected from
natural enemies because
they develop mainly inside
rice stems.

* Parasitized stem borer lar-
vae and pupae cannot be
cistinguished from normal
ones at the early stages of
parasitization. Parasitized
pupae eventually turn dark.

] 1 | | 1 i H IiE

o 2 49 e 8 02

Days

Larva

Pupa




Estimating parasitization of
stem borer farvae and pupae o
¢ Rernove a portion of the ey
stem containing a larva or
| pupa and place in a closed,
transparent vial.
¢ Some parasite larvae such
as Colesia {= Apantaias)
emerge and pupate in silver
cocoons outside the host.
Other parasite species dev-
elop in the host larvae and
parasite adu! ~ emerge
from the hos. pupae.

|

Colesia (= Aparnieles),
Tropobracon schoenobii,
Sturmiopsis inferens are
common parasites of stem
borer laivae.

» General characteristics of

Cotesia (= Apanteles) Hosts

'::}, o Larva

Striped stern borer

s Adult females deposit 10- & The mature larvae emerge
15 eggs just inside the and spin silkken cocoons.
body wall of stem borer The adult wasp emerges

larvae. Each female may e Several parasite larvae can  from the cocoon.
lay up to 60 eggs. develop inside one host. Adults tive 7-10 days.
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» General characteristics of
Tropobracon schoanobii

— The level of larval para-
sitization by T.
schoenobii varies widely
— from 0 to 90%.

+ General characteristics of
Sturmiopsis inferens

— 8. inferens is one of the
more effective parasites,
sometimes attacking up
to 80P of the stem borer
larvae,

Hosts _

G| | ST

Yellow stem
borer

Striped stem
borer

¢ The parasite larvae attach
themselves to the host's
body and feed on the body
contents.

* The larvae then spin a whit-
ish cocoon and pupate
inside it.

& Each female adult lays up
to 20 eggs.

» The fernale inserts its ovi-
positor into the rice stem
and deposits one egg in
each larva.

Pink stem
borer

* The adult wasp emerges

* Larvae

from the cocoon.
& Adulls live 7-10 days.

Hosts

K

Dark-headed
stem borer

borer

¢ The aduit flies bear living
young and deposit them on
or near stem borer larvae.

« The parasite iarvae burrow
into the host to complete
their development.

* Usually only one parasite
larva survives to maturity in
each host.

|
1!
i

« The mature parasite larva
emerges from the host
larva to pupate.

=

Pink stem

& Larvae

¢ The adults live up to 45

days.

e Each female may bear
about 250 larvae.

IB-26days




Other parasites of larvae

e Only one parasite emerges
from each host parasitized
by Bracon chinensis.

Parasites of stem borer

pupae

# Parasites of stem borer
pupae include ftoplectis
and Xanthopimpla.
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* Adults of Stenobracon
nicevillei have very long
ovipositors.

+ General characteristics of
ltoplectis
—- The adults may survive
for 4-6 weeks.
— Females may lay 300
eggs over a long period
of time.

* General characteristics of
Xanthopimpla

— Females survive for 4-9

weeks; each may fay 5-

14 eggs.
+ Life cycle
' - RUAY — E
Egg Lorva
Pupo
1 1 1 1 L | 1 1
0 2 4 6 8 o © b B

-~ The adult females
search with their anten-
nae for borer pupae
inside the rice stem.

— A female may deposit
several eggs in each
pupa, but usually only
one larva survives to
maturity.

— The female searches
with its antennae for
stem borer pupae in rice
stems.

— Then with its ovipositor,
the temale penetrates
the stem and Jays & sin-
gle egg in each pupa.

~ The parasite larva com-
pletes its developrnent
and pupates inside the
host pupal case. The
adult parasite emerges
from the stem borer
pupal case.

Parasites of ather rice insect
pesis

Parasites of rice insect pests
other than stem borers and

Rice bug

» Eggs of the rice bug (Lep-
tocorisa) are attacked by a
parasite of the genus
Gryon.

hoppers are less well known,
although they are also
important in reducing pest
population levels.

Rice bug

Gryon

Rice bug eggs
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Whorl maggot

s Larvae of the whorl maggot
{Hydreliia) are parasitized
by a small wasp, Opius,
emerging from the host
pupae.

Gall midge

a Platygaster oryzae is the
most important and widely
distributed parasite of the
gall midge.

» The female adult wasp lays
eggs inside newly hatched
gail midge larvae.

» Life cycle of Platygaster
oryzae
The level of parasitization
from P. oryzae sometimes
reaches 80%. This parasite
may suppress gall midge
populations if parasitization
reaches 50% before the
peak of gall midge damage
oCccurs.

Rice hispa

* A Bracon sp. of wasp is
the most common parasite
of hispa.

e Usually, larval parasitiza-
tion is less than 10%.

~

iy

r:{)

Whorl maggot

Opius aduit

Gall midge

Platygaster aduit

Each female may
lay 600 eggs.

i,

MNormal larva

Parasitized larva

Whor maggot larva

<y,

Gall midge larva

e Parasitized larvae are filled
with parasite cocoons and
are much larger than nor-
mal larvae.

Eqq

=

Or
o
E

Rice hispa

Hispa larva
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Leaffolders
» Female paracites of the
genus Copidosormopsis lay
their eggs inside the 7
leaffolder eggs. Numerous L~ ©
parasite larvae develop A & . /

from a single egg and
pupate inside the host
tarvae.

il

» With their long ovipositors,
Temelucha females can

¢ Leaffolder larvae are

attacked by the parasites &
Macrocentrus and B penetrate the leaf to find a
Temelucha. E: larva.
u
ik

Sa

¢ The Trichomma wasp also
parasitizes leaffolder larvae.
— The fernale lays eggs in
the leaffolder larva.
— The parasite aduit
emerges from the leaf-
folder pupa.

s Brachymeria parasitizes
leaffolder pupae.

» Distinguishing
characteristics
— btack body
— enlarged hind leg

PREDATORS

it is often difficult to deter-
mine which insect species
are attacked by a predator
and how many prey are
killed,
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To observe and measure
predation:
+ Cage together a known

number of predators and

prey on an insect-free rice e
plant in the tield or M ' l
greenhouse. . -

¢ Count the remaining pre-
dators and prey daily.

Spiders
Lycosa ]
Life cycle Length of lite -
# Newly haiched spiderlings
remain attached to the
mother for several days.
» During its lifetime, each
fernale may produce sev-
eral eqg sacs, each con-
taining 60 eggs. } 1 ) 1 1 i 1 ] L

1 1 L 1 '
O o 20 3 40 SO0 o0 7O 8O 90 100 WO 120 30

Identification of sexes
= Distinguishing

s Lycosa spiders are proba-
characteristics

bly the most important

— Male has large

predators in rice fieids.

pedipalpi. — These spiders do not
— Female carries an egqg make webs, but hunt
sac. their prey.

Habits and prey — leal-

hopper, planthopper

» Adults are commoniy
found near the base of rice
plants.

# The diet of Lycosa
depends upon the types of
insects available, but leaf-
hoppers and planthoppers
are the major prey. Lycosa
eat both nymphs and
adults.

» Spiders also eat each other
at high population
densities.

=

-

Major prey

® Other hunting spiders
common in rice fields




Argiope and Tetragnatha are
web-spinning spiders. They
are probably not major pre-
dators of rice insects,
although some flying pests
are trapped in their web.

Microvelia
{ ife stages

Life cycle

o Aduilts live about 30 days.
Females may lay 4-5
aggs/day.

Hab ts

» Nymphs and adulls live on
the water surface, attacking
insects that fali into the
water.

e Eggs are laid on the plant
near the water surface.

Feeding

# Microvelia prey primanly
on small hopper nymphs.

+ One microveliid will attack
a very small insect that falls
into the water and groups
of the bugs attack larger
prey.

& Microvelia can survive for
long periods without food,
but rice fields must be
flooded or saturated tor the
bugs to survive.
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Eggs

* The bugs paralyze their
prey by injecting a toxic
solution with their
mouthparts.

& Groups of these predators
will congregate around rice
hills hea.i*' infested with
planthoppers.
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Cyrtorhinus
Life stages
<0
S
Eggs Nymph
Life cycle Large nymph
» Each female may lay 10-13
€ggs.
@ —— bl iRy S
Ny
Eggs
9 Small nymph
1 1 ] 1 1 ] 1 1 1 L L 1

k6 1B 20 22 24 26 28

Prey :
» Both nymphs and aduits of
Cyrtorhinus are important

» The adult Cyrtarhinus also
attack hopper nympbhs and
adults,

predators of hopper eggs.

Habhits

¢ Nymphs and adulls are
found on rice ieaves and
near the base of tillers
where hoppers are

abundant.

* The eggs are laid singly or
in groups in the leaf
sheath.

& Cyrtorhir us nymphs and
adults insert their mouth-
parts inlo hopper eggs and
suck nut the liguid, causing
the eggs to collapse.

Damaged eggs

Normal eggs




Other predators

Coccineflidae

® Aduits and larvae of cocci-
nellid {or ladybird beetles)
attack several rice pests
including leathoppers and
pianthoppers.

Beeatlas

» Ground beetles and rove
beetlas prey on rice pesis
in some areas.

Damselflies

» Damselflies of the genus
Agriocnemis hunt inside
the rice canopy and may
eat hoppers, midges, and
other insects.

Management and conserva-
tion of parasites and
predators
Approaches to increase the
effectiveness of parasites
and predators in rice fields:
» Mass raaring of parasites in
the laboratory and
releasing mass-reared
parasites in the field.
This approach, such as the
mass rearing of Tricho-
gramma for leaffolder con-
trol, has been useful in
some countries, such as
China, but is not currently
economically feasible ona
large scale throughout
Asia.

» Conserving native parasites
and predators.
Currently the most practi-
cal method of obtaining
maximum benefits from
beneticials is to0 conserve
native species of parasites
and predators ana create
favorable conditions so
their populations will
increase.
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Predator

Prey

Predator

Number of beneficiols

Native parasites and
predators

Tima ——

# Importing beneficials from
other countries and estab-
lishing them 1o help sup-
plerment native parasites
and predators.

This method has not been
successfut for control of
rice pests in the past. More
effort is needed to improve
the chances of establishing
imported beneficials in rice
fields.
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¢ Reducing the harmiul Pesficide toxicity

effects of chemicals on High
beneficials. [
Pesticides, particularly
insecticides, may Kill many
parasites and predators in
rice fields. To reduce the
harmful effects of these
chemicats on beneficials:
1. If possible, apply a selec-
tive insecticide.
Some insecticides are
more poisonous to para-
sites and predators than
others,
Apply the minimum ¢dos-
age of an insecticide that
is toxic to the pestand
least harmiul to
beneficials.

2. Apply insecticides only Insects {no.)

when necessary. High
Do not apply insecti-
cides on a regular, l
calendar-based
schedule,

Apply insecticides only

Pesticide application

mmswsmavss Honeficigls

L)

when pest populations
reach the economic
threshold. This will
ensure that some prey
are available to stimulate
increases of parasites
and predators.

Low

L - . .
- % Eoonomic threshokd
- ‘.-.i‘ -,
L

Time

3. Use selective formula-
tions and application
methods.

If possible, use a formu-
fation and application
technique that is least
harmful to beneficials.
For example, either ap-
plying granuies or incor-
porating insecticides into

nf ‘rl‘ll

!'} . ‘i }'! ‘\""w""'ﬂ\lfu' " u,:}“

the soil is usually less

harmful to beneficials
than foliar sprays.




PESTICIDES




Pesticides

A pesticide is any chemical
used to control pests.

PESTICIDES

n

Types of pesticides used in
growing rice
. control
Insecticides
. control
Herbicides
o control
Rodenticides
o contral
Fungicides

Formulations

A pesiicide is usually not ap-
plied in a pure form. it must
be diluted with water, oil, or
an inactive solid so it is less
toxic to humans and can be
spread evenly aver a large
area. The final product is
called a pesticide
tormulation.
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Types of formulations
Dusts

s Advantage
Dusts require no mixing
and can be applied directly
to the rice plant

» Disadvantage
Dusts ray drift long dis-
tances from where they
were applied and contami-
nate areas where humans
and livestock are present.

Granules

» Advantages
Granules as purchased can
be applied with simple
equipment and require no
additional mixing.
Granules are refatively non-
toxic to applicators and do
rat drift from the target
ares.

Dusts = pesticide +

a finely ground
dry particle such
as clay, talc, or
volganic ash

Advantage

Pile of dust

\ / Rice plant
v

Disadvantage

dry particles of clay
or sand winch are
larger than those
used in a dust

Granules = peshicide 4

<33 Advantages

Disadvantage

# Disadvantage
Granules cannot be used
to treat foliage because
they will not stick to it




Liguid formulations

Liquid formulations, called
emulsifiable concentrates,
are mixed with water and
sprayed.

s Advantages
Liguid formulations contain
a high concentration of
pesticide so the price per
unit of pesticide is low.
They are easy to transport
and store.
They are effective for treat-
ing foliage.
They require little agitation
in the tank to keep tham
mixed.

Flowabies

Flowables are a special kind
of liquid formulation in which
finely ground solid particles
of pesticide are suspended in
a liquid. They are applied
and used in the same way as
other liguid formulations.

Weitable powders

Wettable powders have the
same materials as emulsifia-
ble concentrates, except that
the insecticide is distributed
in small, dry, powder-like
particles. The amount of pest-
icide in these formulations
ranges from 15 to 95%.
Wettable powders are mixed
with water to form suspen-
sions. The suspended parti-
cles seftle out if not agitated.
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A liquid formulation may
contain all or some of the
agents listed below:

Pesticide
in liquid +
torm

emulsifier  spreaders and
{io help slickers (1o help

+ pesticide + pesticide cover
mix with  and stick to tar-
water) get area better)

organic

solvent
{10 dissoive
pesticide}

¢ Disadvantages
{t is easy to underdose or
overdose if they are not
carefully mixed.
They are dangerous to
humans because of their
liguid form, which allows
the pesticide to be
absorbed through the skin.

_ [linely ground solid
Flowabies particles of pesticide

¢ Advantage
They do not clog nozzles
and require only moderate
agitation.

¢ Disadvantages
Similar to those for liquid
formulations.

Weltable _ pesticde

pawders torm

{increases spreading

= in powder -+ of droplats and helps
pesticide caver

targel area better)

e Advantages
Wettable powder is rela-
tively cheap per unit
Wettable powders are easy
to carry and store.
They are easily measured
and mixed and are not
absorbed easily through
the skin.
They can be used effec-
tively to treat foliage.

& Disadvantages
They may be toxic to the
applicator if he inhales the
concentrated dust during
mixing.
They must be agitated
periodically in the spray
tank or they will settle out.
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Soluble powders

Soluble powders have the
same materials as wettable
powders but dissolve in
water to form solutions.
Thus, they do not settle out
like wettable powders.

Poisonous baiis

A poisonous bait is food or
other substances mixed with
a pesticide. Baits are eaten
by pests and cause their
death.

e Advantages
The same as for wettable
powders. In addition, solu-
ble powders need not be

# Disadvantage
They may be toxic to the
applicator if he inhales the
concentrated powder dur-

agitated in the spray tank ing mixing.
as they will not settle out.
f » Advantages
]l Baits are useful for pests

such as rats and birds that
range over a large area.
With baits, low amounts of
pesticide are used in small
areas and environmental
pollution is minimized.

+ Disadvantages
Baits are often attractive
and dangerous to children
and livestock.
Baits may be ineffective
when the pest prefers the
crop rather than the baits.

Faclors alfecting the choice
of a pesticide formulation

e Dust or powder 27,
» Liguid EA
e Granules &

LT N

+ Danger from drift and runoft

= Cost

|

$$S

» Type of pests and their habits




Pesticide toxicily

Most pasticides control the
pest by poisoning it. Many
pesticides are also poison-
ous to humans. Some may
kill or seripusly injure peo-
ple, and others can irritate
the skin, eyes, nose, or
mouth.

Ways in which pesticides enter the body
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* Oral
Pesticide may enter the
body through the mouth
— Eating
— Smoking
-- Storage in food
containers

= [nhalation
You can breathe in pesti-
cides t00.
Pesticide dusts, fumes, or
spray mists can be inhaled.
This route of entry is most
impoitant when dusts, wet-
table powders, or granules
are appiied.

¢ Dermal
Pesticide can also be taken
irt through the skin,
Wearing clothes that are
wet from a pesticide sotu-
tion, or letting pesticide
liquids or powders and
dusis touch your skin dur-
ing mixing or application of
the materials is dangerous.

Aseas of the body where
pesticides are absorbed
most easily are the

. heck
armpits

back of hands
and wrists

soles of fest

Which methods of entry are

most important?

# Inhalation

® Dermal

¢ Oral
The dermal and inhalation
routes of peslicide entry
are more important 16 the
applicator than the oral
route.

You may breathe in pesti-
cides or splash them on the
body during appiications,
but you do not purposety
eat or drink the chemicals
you are using. You can be
poisoned no matter how
the pesticide enters your
body. it may poison you in
all 3 ways.
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Definition of toxicity -
Toxicity means “how poi-
sonous.” The toxicity of a
pesticide may be measured
in more than one way.
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Acufe teadciy

Acute toxicity

Acute toxicity is the poison-
ous effect of a pesticide on
animais or humans after a
single exposure.

Acute toxicity may be meas-
ured in terms of oral, dermal,
and inhalation toxicity.

Measuring acute toxicity -

measured in LDy, amounts
ranging from 0 up. LD means
lethal dose {deadly amount)
required to kill 50% of test
animals in a given time
period. Usually LDsg values
are measured in milligrams of
insecticide per kilogram body
weight of humans {1 mg/kg
= 1 part/miilion}.

Oral and dermai toxicity are

I ] I 11 ] 1 =
o 2 3 4 5, 6 o
Time =
L ra— |
» Oral toxicity » |Inhalation toxicity e Dermal toxicity

# Pesticides with low LDg
values are more toxic than
pesticides with high LDs
values.

INCREASING TOXICITY

Pesticides with low LDgg values ore more loxic

fhan
For exarnple, a pesticide
with an LDsq of 10 ma/kg is DECREASING TOXICITY Pesticdes with high LD sg vakes,
more toxic than one with
an LDsy of 100 mg/kg. | | f i | | i A L 1
C 0 20 3 40 SO 60 7O 8 90 100
LDgp {mag/ka)
Acute inhalation toxicity is
measured by LCs. LC
means lethal concentration. INCREASING TOXICITY Peslicides wilh low LCSO volues are
LCso values are measured in more toxic
milligrams per liter. then
® Pesticides with low LCso DECREASING TOXICITY Pesticides with high LCgg values.
vatues are more toxic than
pesticides with high LCsp i | | | ) .
values. o] 20 40 60 ao 10 120
LCgon {mg/liter )
Acute toxicity is the basis for . . . -
ihe warning stalements on Pesticida labei warnings for differant catogoﬂes.. ?f acute toxigity.
the pesticide label (see Signal Acute toxicity erobable oral
page 379). GCategory words LDsg (mg/kg) LCs tethal dose for
on label Oral Dermai (Mg liten) a70-kg man
Inhalation
Highly Danger 0-50 0-200 02000 A few dropsto 1
tonic poison taaspoon
Moderately Warning 51 to 500 2m 2,001 Ower one leaspaon
toxic to 2,000 to 20000 to30g
?—-_
Stightly Caution 501 2001 Overd g
toxic 10 5,000 ¢ 20,000 wwas0 g
Relatively None More than  More than More than 480 g
nontoxic 5000 20,000
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Chronic toxicity If you are often exposed to
Chronic toxicity is the poi- Chmn.c bm“v these pesticides, they may

sonous effect of a pesticide build up in your body. You
on animal or man after small, can be poisoned even with-
repeated doses over a period out getting a large dose of
of time. o Mm,,_ pesticide.

Chronic toxicity is important A’“ﬂ-

because some pesticides can T\

remain in the body for a long
time. WEEKS

information o.r a pesticide label

# Type of pesticide: s Trade names & Net contents ¢ Directions for use:
insecticide, harbicide, etc. A single pesticide is some- What pests are controlled

times sold by different What crops it can be used

chemical companies under on

different trade names. How much should be
applied
Other ideas and
suggestions

NET CONTENTS: 1quart /

[}
caer ‘Killem
Harmiul o swallowed

S Ao o INSECTICIDE
withalan Wash thorough-
Iy aller handlng. Wash

condanunaled clolhing DHRECTONS FOR USE
belorere-use Avoideon- |00 " ¥ ] T T ] rerassssssssssssssgsiraserranas F'In.t;;s: ..{ s
tamnation of tood and : R Crops Pasty g
tondstulls. SR L walar
NOTICE: Rica leafthonpers, planthoppers,  2-d tabla-
N leatioiders, ncebugs, spoonshl or
o wes ranty of any kind, F armywornma, 650 grams
axpressed of impled. 15 ‘ . to1 %iw
madeconcemwng the g /.--'—"‘"_" g i
of this product User as- ; y Vegelable  cucumber beaiks, fiaa 2-4 table-
sumes all sk and hability ] bestles. lealhappara, brult spoonsiul or /2
iasulting fram handiing, worms, squash bugs, army 12 34 kilo/ha,
use or apphication worms, stink bugy
Com COMmbOnars, BEMWOMS, 2-41able-
nilkbeetlea aphids spaonsful or 1/2

10 374 Kilo/ha,

_"_..o--"'-'__— .......................................
Aclive Ingredienls:
Aisopropyiphenyl-N-
mialhyl CAarbGmMAle « . e e s S0F%
Iner Ingredients: Ol.lt of Reach
et eSS R of Children!
100%
Makall, Metro Manila, Philippines
» The common name or + Name and address of the o Hazard statement: Pesti-

chemicat name for the chemical company. cides are grouped accord-

actual poison and the ing to their toxicity, which

percentage of the material is described by signal

in the formuiation. words on the label.
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Reading the pesticide labe!

Read the label before you

buy the chemicai to

determine:

» |f this is the chemical you
need for the job.

» |f the material is top toxic
to use under your

conditions.

# The concentration of active
ingredient.

s if the formulation is suita-
ble for your equipment and
conditions.

Read the label bafora storing

and disposing of pesticides

or pesticide containers to
determine:

* Where and how to store the
material. .

» How to decontaminate and
dispose of the container or
leftover pesticides.

Read the label before you
mix and apply the chemical
to determine:
& Warnings and antidotes if
necessary.
+ Protective equipment.
necessary for application.
& How rmuch 1o use.
= When and how to apply.
Problems caused by pesii- pest management in rice, but  improper use or overuse of
cide misuse they must be applied prop- pesticides may cause unde-

Pesticides are a useful and
necessary part of integrated

erly and used only when
necessary.

Pesticide resistance

sirable side effects:

» resistant planthopper

» insecticide - susceptible planthopper

sk it
FEEE

Several species of rice insect
pests have already become
resistant to certain
insecticides.

If in the future more pesti-
cides are used onrice in
Asia, resistance problems
will probably increase.

To reduce the likelihood of
the development of pesticide
resistance, apply chemicals
only when pest ievels reach
the economic threshold, and
use the minimum effective

Generation 1 Generation 2

rate.

Generation 3




Environmental poliution

& Non-accumulative
pesticides
Some pesticides break
down quickly into harmiess
materials after they are
applied. Although these
materials may be initially
toxic to animals and
humans, they do not have a

¢ Persistent pesticides
Other pesticides may
remain unchanged in the
environment for I~ng peri-
ods. These materials are
not necessarily harmful
unless they are taken up
and accumulate in living
organisms.

s Accumuiative pesticides
Some pesticides may be
taken up from the envir-
onment and accumulate in
animals and plants. Wildlife
and people that eat animals
contaminated with pesti-
cide may be poisoned
without direcily contacting

Phytoloxicity

The active ingredient or

materials in pesticide formu-

lations may damage crop

plants. Phytotoxicity, or tox-

icity to plants, may be

caused by:

a. using the wrong pesticide,

b. applying an improper pest-
icide mixture,

¢. incorrect timing of
application,

d. using too much pesticide,

e. selecting the wrong pesti-
cide formuiation.

Damage to nontarget

organisms through:

o wind

& irngation water
If pesticides are carried by
wind, water, or other
means from the area where
they were applied, they
may be harmful to humans,
livestock, wildiife, and
other crops.

PESTICIDES 3

long-lasting harmful effect
on the environment.

a pesticide. This type of
pesticide is very harmful in
the environment and
causes long-lasting
damage.

Common symptoms of phyto-
toxicity are

+ spots on leaves

® stunting

& twisting of leaves

» tillers spread out
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Precautions in handling pesticides

Before application:
» Read the labe! to determine:
a. rates,
b. timing.
c. nead tor protective cloth-
ing and equipment,
d. antidotes and other pre-
cautionary measures,
e. field reeniry intervals
after treatment, and
f. other salety measures.

During aptication

» Wear protective clothing
when applying highly toxic
pesticides.

& Avoid exposure.

« Do not eat, drink, smoke, or
biow clogged nozzies with
your mouth while applying
pesticides.

Check the sprayer

a. Fili the tank with plain
water and test the
sprayer o be sure thare
are no leaks or loose
connections and the
equipment is working
properly.

b. Repair or replace any
wom or faulty parts.

Mixing and filling

Exira caution is necessary

when mixing and filling

sprayers because the pesti-

cidae is concantrated:

a. Wear protective clothing.

b. Open pesticide ccntainers
carefully to avoid
splashes, spills, or drift,

c. Stand upwind when
adding material to the
sprayer to avold drift of
pesticide tumes or
particies.

d. Keep your head away
from the opening of the
sprayer.

e. If concentrated pesticide
is spilied on ¢lothing,
wash and change clothes
immediately.

1. Do not mix pesticides with
your hand or afiow the
concentrated materials to
touch bare skin.

Hatl

Face mask
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¢ Spray with the wind to

avoid contact with pesti-
cide drift.

+ Avoid contamination of L . | £ : e e e
nontarget areas. B ) : .

= Do not spray during high
winds to prevent drift.

» Do not spray near or in
ponds, lakes, or streams.

& Spray areas hear homes in
eafly morning or evening
when humans, pets, and
livestock are less likely to
be exposed.

Aftar application

* Make sure the sprayer is
emply. If necessary, spray
remaining material on
another field. Clean and
rinse the inside and outside
of sprayer and return to
storage area.

s Dispose of empty pesticide
containers properly.

* Store remaining pesticide
propeny.

# Bathe and change ciothing.

= Stay away from treated
fields for 1-2 days. This pre-
vents poisoning from con-
tact with treated plants or
water and inhalation of
pesticide fumes.
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Symptoms of pesticide poisoning

The symptoms of pesticide those of other types of poi-
poisoning are similar to soning and diseases.

Pesticide poisoning may be confused with:

* Heat exhaustion ® Food poisoning » Asthma or other illnesses

Just because a person
becomss ill after using or
being around pesticides is
not proof that he is
poisoned.

Kinds of poisoning

» Acute poisoning
Acute poisoning ocours
after exposure to a single
dose of pesticide.
Symptoms may occur im-
mediately or be slightly
delayed.

» Chronic poisoning Chronic foxicity

Chronic poisoning occurs

after repeated exposures

over long time periods.

Symptoms include nes- Mary exposures

vousness, slowed reflexes, 4‘@
irritability, and a general \ T\ -

decline of health,
WEEKS

General symptoms

* Mild! poisoning or early
symptoms of acute
poisoning:

— irritation of eyes, nose,
or throat

— headache

— dizziness

— fatigue

— diarrhea
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- & Moderate poisoning or
early symptoms of acute
poisoning,

— upset stomach

— blurred vision

— extreme weakness

— excessive perspiration
— muscle twitches

-— rapid heantbeat

* Severe or acute poisoning )
— vomiting and convulsions — pinpoint pupils ~— difficulty in breathing ~— unconsciousness

{normal pupil pinpoint pupil

First aid for pesticide poisoning

Calil a doctor or get the

If the patient has poison in
patient to a hospital. Always

the eye, wash the eye as

save the pesticide and the quickly and gentiy as
label for the doctor. possible.
= Hold eyelids open and
wash eyes with a gentle

stream of running water for
15 or more minutes.
® Do not use chamicals in

. the wash water.
While waiting for medical
help or transporting the vic-
tim to the hospital, apply the
following first aid measures:
oflowing lirst aiC meas If \he patient has inhaled

poison, immediately move

hirr to fresh air.

* Loosen all tight clothing.

* Prevent chilling.

e Apaly artificial respiration if
breathing has stopped or is

If the patient has poison on
the skin, the faster it is
washed off, the less the
injury will be,

¢ Remove clothing.

¢ Drench skin and body with

irregular.
water from a hose, faucet, » Do not give alcohol in any
ditch, or pend. form.

# Dry patient, and wrap ina
clean bianket.
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Selection of a pesticide

Before choosing and apply-
ing any pesticide several fac-
iors must be considered:

+ identify the pest

— Carefutly check the field
to identify both symp-
toms of damage and
species of pests.

— Sometimes, very con-
spicuous insects or dis-
eases do not cause
serious crop loss,

— Often damage from
unfavorable weather,
soil, or growing condi-
tions may be confused
with pest injury.

& Determine if control is
necessary
-= Use the sampling tech-

niques and economic
threshold levels de-
scribed in this manual to
decide if pest poputa-
tions or damage is farge
enough to require
control.

+ Consider other control
methods

— The integration of var-
ious types of nonchemi-
¢al control measures
has been discussed for
most rice pests in this
manual.

— Pesticides shouid be
applied only when these
alternative control

Rice blast disease

Pest popuigtion or domage

— Make sure that the pest

is in the proper stage of
development to be con-
trolled by pesticides,
and that it is not too
early or iate in crop
growth for contro! to be
economically beneficial.

High
Economic wpry level
2N, Economic threshold

Low injory

Low
Time w—le

Alternative pest control methods
. \'\\ ,-;”
T “' e
o ATy
o !‘_,_1\‘*\.
beneficials cultural control

resistant varieties

methods do not reduce
or maintain the pest
population below the
economic threshold.
After you have identified
the pest, determined if
control is necessary,
and considered other
contro! measures, a pest-
icide application may be
the most practical control
method.
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= Choose a pesticide that:

— 15 effective against the
target pest.

— Has directions on the
labet for the intended
use,

— Will not move off the
treated area, to persist in
the environment to harm
humans, livestock, or
fish.

Pan

RO

— Will not cause injury
(phytotoxicity) to the
crop.

= Is the right formulation
to work in the equip-
ment the applicator will
use.

— Will cause the least
damage to beneficial )
organisms (birds, para- !
sites, and predators). - -

Spray equipment
Knapsack sprayers
Knapsack sprayers are the
most commaon and widely
used sprayers for rice Operating lever —--
throughout Asia. They have
a capacity of 8-20 liters, are
carried on the operator’s
back, and are operated by
continuous hand pumping.

Shoulder strops

Filler cap

e e L Air chomber

Agitator ) - Tank

Cul off valve

]
Knapsack sprayers are oper-
ated by continucus hand
pumping. The pump inside [
the tank, which is operated -
by moving an outside lever, Pump Extension lube
may be either a plunger type Naziie
or a diaphragm pump with
an air chamber.
Some sprayers also have an Ports of & knapsack sproyer
agitator inside the tank to around the tank contents to
keep spray sotutions tho- keep sprays from settiing
roughly mixed. if the sprayer (particularly wettable
does not have an agitator, powders).
the operator may have o The cut-off valve controls the
periodically stop and slosh flow of spray to the nozzle.
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Cleaning the sprayer

1. Empty the tank of remain-
ing pesticide. Either drain
the tank on wasteland
where the pesticide will
not contaminate irrigation
canals, streams, or
cropland
or
spray the remaining pesti-
cide on a crop for which
the pesticide is
appropriate.

2. Fill the tank 1/3 full with
detergent solution, shake
vigorously, then operate
the pump 10 times while
spraying the rinse solu-
tion. Pour out the remain-
ing rinse solution.

3. Repeat step 2 two times
using clean water.

4. Drain the sprayer.

Spray nozzies

The spray nozzle breaks up
liquids into droplets and dis-
perses these droplets in a

Types of sprayer nozzles

* Fan nozzles
Fan nozzles are used
mainly for applying herbi-
cides. They may also be
used for directed insecti-
cide applications.

* Cone nozzles
Cone nozzles give good
coverage of plant leaf and
stem surfaces for control of
insects and diseases.

particular pattemn. Ditferent

v,

types of nozzles produce dif-
ferent droplet patterns.
Even-fon
Flai-fon Tapered edge noxzle Even-fon
nozzie sproy pattern

pottern

Cone nozzles




Catibration of knapsack sprayefs

1. Check the sprayer to make
sure there are no leaks,
the nozzle is clear, and the
parts are in good
condition.

2. Stake out a test area in the
field.

3. Place a known amount of
water into the sprayer
tank.

4. Establish the spray swath.

5. Enter the test area and
make the test run, spray-
ing the area at the recom-
mended pressure and
speed.

6. After spraying the test
area measure the length of
the test area sprayed.

7. Calculate the application
rate in liters/ha:

L

swath distance
Area sprayed __ established (m) * waveled (m)
(ha)  ~ 10,000
volume sprayed
Application rate = Yalume sprayed
area sprayed

Exampie:

spray swath=4m
distance traveled = 40 m
volume sprayed = 5.0 liters

Ama _ 4X40m
sprayed ~ 10000 m? = 0016 ha

Application 5.0 tilers )
""m": = 313 itervha
8. Next calculate the amount
of the formulated pesticide
needed in each
sprayerioad.
Example;
You have a 10-liter sprayer
and you want to apply 313
liters of spray solution/ha.
You want to apply 0.5 kg
ai ot pesticide/ha and the
tormulated pesticide is 25
EC (25% ai emulsifiable
congentrate).
a. First, calculate no. of
sprayerioads/ha:

__ liters of spray solution/ha 313 _ a1
sprayer capacity in liters 10
b. Next, calculate the
amount of commercial
formulation to be
applied/ha:

_ rateinkgavha 05
- %% ai in the formulation B *{'1‘5:5-
. Divide the amount of
commercial formulation
to be applied/ha by the
no. of sprayerloads/ha:

=20

.o _. 1068 kg of the commercial
a1 pesticide formutation

Proper calibration of
sprayers will ensure that
pesticides are uniformly
distributed and the crop is
covered adequately. This will
improve pest control and
save money.

PESTICIDES 380
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Pesticide storage and

disposal

Storage T ]
Store pesticides in original DANGER

containers in a safe, er. STORAGE

locked, and well-ventilated o ———

area.

They should be sealed,
correctly labeled. and kept
out of the reach of animals
and children.

Disposal of pesticide
containers

Rinse all empty containers 3
times with clean water, and
dump rinse water into the
sprayer.

Separate the used containers
that will burn and those that
will not.

Where burning is not unlaw-
ful, small amounts of card-
board or paper containers
may be burned in areas far
from humans and livestock.

Crush and bury non-
burnable containers in a land
area where humans, live-
stock, and groundwater will
not be contaminated.

Bury the leftover ashes. Containers should be buried
De not bum empty at least 0.5 m beneath the
containers that contained soil,
mercury, tead, cadmium,
arsenic, or inofganic
pesticides.
Pesficide calculations
Simple conversion factors volume: 1 liter = 1,000 milli-  To convert g/liter to % divide
Area: 1 hectare (ha} = liters {mk) by 10
10,000 square 1 gallon (gal} = 3.8  To convert Ib/US galion to %
meters (m?) liters multiply by 12
Weight. 1 kilogram (kg) = 1 tablespoon = 10 To convert tb/Imperial gailon
1,000 grams (g) ml to % multiply by 10
Foliar sprays
it is important to apply the
correct volume of spray per Pesticide

! X particles
hectare when treating a field.

it the spray volume is too
low, the nice plants are not
properly covered.

H too much spray is applied,

the insecticides will run oft Poor coverage

the foliage and be wasted.




- To provide adequate
coverage, a knapsack
sprayer shouid be calibrated
{see page 380) to deliver at
least 300 liters spray/ha.
Information needed to
calculate spray volume in
liters per hectare:

a. size of sprayer (liters)
b. area of fieid {ha)
¢. number of sprayericads

liters of __ size of sprayer {liters) X no. of loads

spray/ha area of fieid (ha)
Example:
You have a 10-liter sprayer

and you apply 6 loads to a
0.2-ha field. What is your
spray volume (liters/ha) in

the field?
Solution:
titer of 10 liters {size of sprayer) X 6 loads 60
spray/ha = = 300
0.2 ha 02
To determine how many
sprayerloads are necessary
to achieve a certain spray
volums (liters/ha}, use the
equation:
No. of _ desired spray volume {liters/ha) X area of field (ha}
loads size of sprayer (lilers)
Example:

You have a 10-liter sprayer,
and wish to apply a spray at
a rate of 250 liters/ha in a
0.4-ha field. How many
sprayerloads do you need to
apply?

Solution:

250 (desired spray ,, 04 ha
No. of _ volume inlitars/ha} * (area of fiel}

loads 10 liters {size of sprayer)

_ 250x 04
BT
= 10 loads

To caiculate dosages needed

for foliar sprays, convert rate

recommendations to:

1. percent concentration in
the solution

2.%g ai/ha
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Calcuiations of %
concenlration in
recommended solution

Rate recommendations on
pesticide labels are often
given in weight or volume of
formulated product to be

added to a certain weight or
volume of water.
volume (M) or weght (g} % active
W of recommended formutation  ingredient
concentration =

recommended vatume (mi}
or weght qf water |g)

Example:
Concentra-
Product Label recommendation Calculation  tion of the
soiulion (%)
20 mil x 50%
50% EC  Add 20 ml of product/20  _ — 2 05
litevs of water = 20 liters X 1,000
mi/liter
Add 15 grams of . 15gxB0%
50% WP product’5 gallons of water 5 galx 3,800 g/gal M
3 tablaspoons
s Ec Add3ablespoonsios X10g/bsp X 30%
galions of water 5gal X 3800 g/gal
Calculation of rate when %

concentration is known

Necessary information:

a. recommended rate (%
concentration ai)

b. volume (liters of spray
desired/treated area)

c. % ai in commergial
formulation

d. area (ha) to be treated

Example:

You wish to apply 320 liters
of spray solution/ha to a 0.5-
ha area. The recommended
spray concentration of the
45% EC pesticide is 0.04%.
How many liters of the com-
mercial formutation are

required for the treatment?

Solution:

Spray volume needed __ ] = .
1. Plor the treated area = J20 lers X 05ha = 180 liters

Litars of volumeof . % recommended
spra ired " § nirati

2 commercial = pray requi pray concentration

formulgtion % active ingredient in formulation

160 % 04 ,
= = {1142 liter
45

litars of "
Amount of commercial x _ capacity of
commercial  formulatiocn sprayer (liters)
3 material per = - -
sprayerload amount spray required (liters)

It you have an 8-liter sprayer:

Amount of material _ 0142 % 8
per sprayerioad {kg) 60

=.007




Calculation of rate when

recommendations are based

on kg ai‘ha.

Necessary information:

a. recommended rate (kg
ai/ha)

b. percent ai in the
formulation

¢. area (ha) 1o be treated

Example:

You wish to apply 320 liters/
ha of spray solution to a 0.5-
ha area. The recommended
rate of the 70% wettable
powder pesticide is 0.75 kg
ai/ha. How many kilegrams
of the commercial formula-
tion are reguired to treat the

0.5-ha area’?
Solution;
recommended rate .. area o be
iat . 3 o
1. m::ﬁ;: _ _ (kgaita) treated {ha) ., \on
{ka} % ai in commercial formulation
075X 05
= ¥ 100 = 0536

70
2, Volume of spray needed .. 4a4 iygrg/ma x 0.5 ha

for the traated ares
= 160 liters
kg of commercial .. capacity of sprayer
Amount of formulation {liters)
3. materiats/sprayedoad =
{kg) amount of spray required {liters)

If you have an B-liter sprayer.
_o3¥Bxe
160
027 kg = 27 g/sprayetioad

|

Use the same equation tor
liquid formulations. Amounts
will be in liters and mililliters
and not kg and g.

Applying pesticide graniules

Necessary information;

a. recommended rate (kg
ai‘ha)

b. area t0 be treated {ha)

¢. percent ai in the granular
tormuiation

Example:

¥You wish to apply pesticide
granuies at a rate of 0.6 kg
ai/ha to a 2-ha field. The
granules contain 3% ai. How
many kitograms of commer-
cial formulation are needed
to treat this area?

Salution:

. recommended rate area to be
Commercial (kg 8ima) treated (ha)
formulation =

kg) % ai in commercial formulation

_08X2

- % 100 = 40

> 100
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‘integ ration of Control Measures for All Rice Pests

I this manual, the different
- fice pests — insects, weeds,

diseases, and rats — are dis-

cussed separately and the -ﬁ}

biology and management of

each pest presented Suniight

individually. '}
In the field, the different

pests, the weather, agricui-

tural practices, and the rice -

plant are interdependent and

ara ali linked together in a

unit called the

agroecosystem. Insect

l =) i q;%) - r.‘.

Temperatu

pics pont aat Roinfoll
A e
a1y
Werd
) 8
Saes
o
&0 ~0n
Homidity
Because of this interrela- then decide which pests are
tionship, control measures most serious. He must man-
directed against one pest or age them as effectively as
group of pests may affect possible while seeking maxi-
other pesls.

For an effective pest man-
agement program for rice, the
eflects of individual control
and management practices
on the entire pest complex
must be considered and inte-
grated so that as many pests
as possible are maintained at
nondamaging levels.

Sometimes complete inte-
gration of agronomic practi-
ces and control measures for
all individual pest species is
not possible. The farmer must

Amn Targel pest

mum profit, aithough this
may cause SOme minor pests
to become more abundant,

The following information
about some of the general
relationships among man-
agement practices and differ-
ent groups of pests and bio-
control agents (predators and
parasites of insects) as de-
scribed in the table will heip
in designing rmore effective
integrated management
programs.




General reletionship among managament pracices, pest population, and blological agenis.”

Bactarial
diseases

Leathoppers
Nematodes and
planthoppers

Fungal Virus

) . Biocantrol
diseases  diseases

agents

Management practice Rats Weeds

Stem borers

Cultivars
Short duration
Insect resistance
Dispase resistance

Pesticides
Rodenticides
Insecticides
Fungicides
Herbicides
Nematicides
Fertitizer
High N
High P and K
Split N application
Waler management
Pericdic draining
Uptand cultivation
Fluoded
Planting method
Transplanting
Direct seeding
Close spacing
Planting time
Early planting
Late planting
Wet seazon
Cropping nattern
Slaggerad planting
Synchronous planting
Multipie rice crops
Ciep residue management
Picwing siubbles -- — —
Burning straw - N — — N
Weeding -
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“+ = increases pest populalions or damage, or both, — = decreases pest populations or damage, or both.
damage, or both. 7 = affect unknowr:. & = pesis may increase or decresse.

CULTIVARS

¢ Short-duration cultivars

resistant varieties. Resistant
varieties control the izal-
hopper and planthopper

borer-infected plants, to
which rats are attracted.
Control of insects allows

N = no effect on pest populations or

lations if they control fun-
gal pathogens attacking
hoppers.

decrease rat and plant- vectors of rice viruses. piants to grow better and Herbicides reduce rat popu-
hopper populations, The Because of fewer prey, bic- be more competitive with lations that are attracied to
pianthoppers are unable to control agents decrease, weeds. Any management weedy fields. Herbicide use
compiete as many genera- but the ratio of insect pests opticn which increases reduces disease incidence

tions on short~duration cul-
tivarg as on long-duration
cultivars; thus populations
may not reach damaging
levels. Weed damage is
more severe because of the
shorter lime for crop recov-
ery after weeds senesce.

e Insect resistar.ce has a
negative etfect on pests
and biocontrol agents.
When insect populations
are iow, the crop grows
faster. The canopy closes
sooner and thus shades the
weeds. Bacterial and fungal
diseases decrease because
feeding damage on the
leaves and stems, which
allows entrance of patho-
gens, is less in insect-

to predator is lower, and
thus more favorable, on re-
sistant than on susceptible
cultivars.

o Disease resistance
decreases weeds because
healthy plants are more
corroatitive. But healthy
and lush growing plants are
also more attractive to
colonization by insects.

PESTICIDES

+ Weeds grow where rats
damage rice. Rodenticides
help rice to compete with
weeds.

» {nsecticides reduce ali the
pests, Rat damage is less
because there are few stem

crop growth decreases
weeds. Bacterial and fungal
diseases are less because
pathogens invade insect-
damaged tissue.

Virus vectors — the
hoppers — are generally
controfled by insecticides.
However, certain insecti-
cides, if improperly applied,
will cause increases of
planthoppers, a condition
referred to as resurgence.
Fungicides increase crop
growth and thus decrease
weeds. Because some fun-
gicides have antifeedant
action and ovicidal effects,
they may decrease
hoppers. However, they
may increase hopper popu-

because weeds are alter-
nate hests for some dis-
eases. A decrease in weeds
decreases species diversity
and populations of insect
predators and parasites.
Nematicides may increase
or decrease weeds, They
kill nematodes that attack
weeds. On the other hand,
control of namatodes that
attack rice results in a bet-
ter rice crap that is more
competitive with weeds.
Nematodes which para-
sitize insect pests may be
partially controlled with
nematicides but other bio-
control agents would prob-
ably not be affected.




-

FERTILIZER
¢ High nitragen rates gener-

alty favor rice pests, and as
the population increases
the biccontrol agents also
increase. Rats prefer to
attack lush growing piants,
and insects and diseases
grow well on healthy, iush
growing plants.

« High phosphorus and pot-

assium make plants grow
well and atiractive to rats.

¢ The crop cannot use all of

the nitrogen if it is applied
at one time; the weeds also
benefit. Split nitrogen
application decreases wzed
growth because the
majority of the amount
applied is used by the rice
crop; very little or none is
ieft for the weeds. The crop
should be weeded before
nitrogen is topdressed.
Fungai diseases and
insects are decreased
because rice vegetative
growth is less rapid with
split applications at trans-
planting and panicle initia-
tion. Highly fartitized,
rapidly growing plants are
more susceptible to fungal
diseases and are highly
nutrilicus to insects,
Moreover, the closed can-
opy provides environmental
conditions suitable for
hoppers.

WATER MANAGEMENT
« Periodic draining of fields

increases rat and weed
problems but decreases
virus vectors and, conse-
quently, virus disease infec-
tion. Rats increase because
draining increases weed

Fopulations and exposes
rat burrowing space on the
levees. :

s Upland fields have higher

populations of weeds,
nematodes, and a higher
degree of fungal disease
infection, especially blast.
Blast is favored by upiand
conditions because there is
much dew on the plants.
Bacterial disease incidence
is low becausa moisture to
disperse the pathogen from
one plant to another is
insufficient. Hopper popula-
tions are low because of
the dry ecological congi-
ttons and thus virus carried
by hoppers is aiso low.

+ Flooding helps to conirol

rats, weeds, fungal dis-
eases, and sc:I-inhabiting
nematodes. Bacterial dis-
eases increase because the
pathogen disperses rapidly
by water and enters the
plant where it is in contact
with water. Vectors of vir-
uses, the hoppers, increase
under the humid conditions
in flooded fields,

PLANTING METHOD

» Transplanting has no
effects on most pests and
biological agents, but it
reduces weed problems
because of the competitive
advantage of transplanted
seedlings which are almost
a month old by the time
weed seeds germinate,

¢ Direct seeding increases
weed populations because
it makes hand wesding dif-
ficult. Moreover, there are
no herbicides that are
highly effective against the
various weed species. Tha
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close spacing between
plants under direct seeding
provides favorable condi-
tions for the hopper vectors
of viruses.

* Close spacing increases rat
populations by providing
more cover. It produces
suitable ecological condi-
tions for the growth of bac-
teria and the virus vectors,
the hoppers. Weeds
decrease hecause of the
competition from rice
plants,

PLANTING TIME

¢ Early planting is a cultural
method that effectively con-
trols most pests. But when
a farmer plants earlier than
his neigihbors, rats from the
surrounding areas move to
his planted field near har-
vest time, Diseases and
insects are low because
there has not been suffi-
cient time to build up dis-
ease inoculum levels and
insect populations.

» Late planting increases
most pests. Hats increase
because they move from
the harvested neighboring
fields 1o the late planted
field which siill provides a
source of food and cover.

* Wet season planting favors
most pests because of the
large area planted to rice
and the abundance of
alternate hosts.

CROPPING PATTERN

e Staggered planting of
neighboring fields favors a
pests except weeds and
nematodes. it also favors
biocontrol agents, rspe-

cially in the latest planted

fields. Pests which build up

in one field move to
younger adjacent fields
when they mature.

» Synchronous planting has
the opposite effect of stag-
gered planting and is an
effective cuitural control
method.

* Multiple rice cropping

increases the incidence of

all pests and the popula-
tions of biocontro! agents.

Proper pesticide manage-

ment practices must be foi-

‘owed 1o conserve the bio-

conirol agents necessary

for the increased pest pop-

ulation when 2-3 crops a

year are grown.

STUBBLE MANAGEMENT

* Plowing is an excellent
management practice that
controls most pests
because it removes the
stubbles which serve as
their habitat.

® Burning straw atso controls
stem borers hibernating in
the stems and rats hiding in
the straw. However, it has
no detrimental effect on
weeds as temperatures
reached in burning straw
generally are insufficient to
kill weed seeds,

WEEDING

# Weeding destroys habitat in
which rats hide and de-
stroys alternate husts of
pathogens and insects.
Biocontrol agents are most
abundant in weedy fields
end species diversity is
areater. Thus weediig has
a negative effect on biocon-
trol agents.
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Implementation of Integrated Pest Management Strategies

implementation of integrated
pest management sirategies’
design begins with farmers in
their communities. it is
community development
because through the process,
farmers learn to recognize
and deal with their own
problems. By designing thair
own sirategies, farmers learn
how to gather information,
make decisions, and execute
them.

At the same time, those
who are implementors leam
how to listen, obtain
information from outside
sources, and communicate
that information to farmers in
a usable form.

This process requires a
continuous commitment,
beginning with an applied
research phase of about 2-3
years’ duration followed by a
perpetual extensior phase —
only the frequency and

APPLIED RESEARCH PHASE

Site selection

Integrated pest management
reverses the concept of
developing national
recommendations derived
from research resuits in a
mited number of sites.
Rather the regional sites
become the focal points.

One or several
neighboring villages with a
history of pest problems and
heavy pesticide use shoutid
be selected because farmers
there will be more receptive.

Focusing on one or several
vilages allows concentration
on the social processes of
strateqy building, not on the
recommended taclics
themselves. Farmers must
own and control the
technology if they are to feel
comiortable using it.

intensity of interactions
decline with time,

Once tachnology for a
region has been
approximated, integrated
pest management
implamentation can jump to
the extension phase in
nearby villages without
duplicating the applied
research phase,
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Team formation

Teams to be formed &t the
regional and national levels
should involve research,
surveillance, extension
organizations, and farmers.

The national team acis as
a cocordinating body and
supports the regional teams
financially, logistically, and
technicalty.

At least one formal
meeting should be held each
year, where the regional
teams report their results to
the nationai team.

The regional team should
at the minimum have strong
pest control research,
surveillance, and exiension
components. The extension
service should have a history
of working with the farmers
in the site area. Nonpest-
control research team mem-

Once the regional team is
formed, a meeting should be
held in each of the villages to
describe the purpose of the
program to the farmers and
their leaders. If the farmers
are receptive, several of their
leaders shouid become part
of the regiorial team. {i they
do not voice support for the
program, select another site.

Site description

Information on the biological,

physical, sociological, and

econormic aspects ot the
target area will be needed to
develop pest straiegies.

* Extension workers and
researchers who have
worked at the site and
farmers should be
consulied about soil,
weather, and agronomic
features as well as pest
problems. It is important
that the team learn how to
grow rice crops that
achigve the agronomic
potential for the site. An
agronomist team member
can provide this
information and may
undertake on-site
agronomic trials to confirm
the techriology.

bers can be an economist
and an agronomist.

The regional i:am is
directly involved in data

gathering and interacts with
farmers. One person is
selected as a coordinator
who should live as ¢lose as

) | A
’E IR _(- polf ;fq
"~ Pt L
. o
Tt
- ' “‘""‘---.
I' hy @ ! ll\-_ . - “'-‘._m__hh..__
k] hd b1 ‘,_ ‘ i S
i =
.
50
- - - /.r",

* The economist shouid
perform a baseline survey
to determine farmers’ crop
production practices,

tenure status, labor
arrangements, varieties
used, cost of credit, labor,
and agrochemical usage to

7

possible to the target villages.
The site coordinator serves
as a communication bridge
between the various agencies
and personnel working at the
site and makes decisions
involving use of shared
resources.

calculate costs and returns
from rice production. This
information helps
researchers to decide what
technology to test in field
trials and gives them price
structures with which to
evaluate technology
performance.




» Through interviews,
researchers in each
discipline should determine
the key pests as parceived
by farmers and the control
measures used. Farmers'
pest control methods
shouid be evaluated for
their suitability along with
newer fechnology.

+ Trials conducted at the site
should quantifv vield losses
and identify the key pests
responsibie for those losses
so that control strategies
can focus on actual
problems.

Research for design of pest
management stralegies
The basic philosophy is to
start with an understanding
of the farmers’ crop
produciion and pest control
practices. Field trials, farmer
surveys, and other on-site
data gathering activities will
pinpoint key pests and
quantify economic losses.
The known technology for
sombating the key pests
should be assessed.

Features of the farmers’
production and pest control
practices that might
economically be changed to
produce profitable and stable
yields should be determined.

Cultural control methods
should be assessed. Can any
be fitted into the farmers’
system? Such ideas shouid
be discussed in farmer
meetings. Such meetings
may lead to a field trial to test
patential practices or to
- communitywide adoption of
synchronous planting.
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# Prices for agrochemicals

should be cbtained from
local outlets.

DRY SEASON CROP

WET SEASON CROP

Field 5 Field 5
Field 4 Field 4
Field 3 . Field 3
Field 2 | Field 2
Field 1 Field 1
o e e M e oa
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Any pest-resistant varieties
not being grown can be
discussed with the farmers as
they may have very good
reasons for not growing
them. A field trial designed to
test the yield of and pest
reaction to 1esistant varieties
may be undertaken.

Measures to conserve
natural enemies of pests
should also be assessed with
farmers, for examgle,
pointing out that certain
pesticidet cause past
resurgenice and indiscri-
minate use of pesticides may
cause more harm than good.

Testing

Separate trials should be
carried out by weed, disease,
insect, and veriebrate pest
control disciplines. The
results, however, will be
examined and analyzed with
researchers from other
discipiines. The farmers
shouid agree to help with the
trials. Land should not be
rented, but the cost of inputs
for growing the crop can be
given to farmer cooperators
who, in turn, will grow and
maintain the crop, except for
operations involving the pest
discipline. The farmer retains
the yield and bears the risks
from ¢rop damage from
sources outside of the
management of the trial, e.g.
stray livestock, drought, and
fioods.

Treatments are replicated
on different farms to expose
the technology to the realistic
range of variation existing
among farms.

The trials are conducted at
the time the crop is grown by
the farmers. The farmer
cooperators should plant the
trials over the existing range
of planting dates at the site.

Verification trials differ
from experiment station trials
in that only proven
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The efficacy and
profitability of pesticides
(fungicides, herbicides,
rodenticides, inseclicides)
should be verified at the site.
Economic threshold values
for insect pests should be
refined and verified by on-
site field trials.
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technology is tested.

Verification trials such as the

following are conducted:

& variety irial to evaluate pest
resistance (particularly
diseases) and vield
potential;

& insect conirol trial to

measure yield (oss at each
growth stage and reiine
and verify economic
thresholds. Information on
yield loss helps in the
interpretation of treatments
that wili establish economic
threshold values.

+ weed contro! irial to
measure yield loss and test
weed control practices

» rodent control trial to
measure population levels
and test the suitability of
baits and bait holders and
other ¢control practices




Evaluation

Each of the trials should be
conducted over at least 2
years for each season until
the research team is satisfied
that the technology is

suitabte.

NC. Rs.
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Farmers’ clagses

The first step is to hold
weekly farmers’ classes in
several viliages {or village
units in more populated
focations) for an entire crop
season. The technical
irtormation is explained in
the weekly subject matter
sessions lasting one to two
fhours each. Eac. session
involves a shore lecture, with
demonstrations if possibie,
followea by question and
answer periods and then a
tield exercise.

Betore classes begin, the
regional team should invite
all farmers in the vitlage to a
general meeting to explain
the purpose of the classes.
The farmers then decide
where and when the classes
will be held and what
subjecis to cover first. The
subjects should include al!l
aspects ot crop production,
as the extension officer's
responsibilities are broader
than simply pest

Economic analyses of the
pest confrol technology
should in¢lude costs-and-
returns and benefit-cost
ratios.

Returns {profit) should
axceed the levels farmers
receive from their current
pest control practices,

The benefit-cost ratios for
material inputs should be
kigher than two, meaning
that there should be at least a
two-to-one rate of return
from investment costs.

The economist member of
the team ¢an evaluate the
technalogy.
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EXTENSION PHASE

After the regional and
national integrated pest
management teams have
tested and formulated an
integrated pest managemeiin
slrategy, the information is
extended to farmers
threughout the target area.

The farmers themselves
must be given technological
information 1o be able 10
diagnose field problems and
make management decisions.
The functions of a national
pest surveillance network are
to predict epidemics from

acute pests, monitor the
development of biotypes and
races resulting from new
pest-resistant varieties,
participate in the introduction
of exotic natural enemies into
the country. handle mass
rearing and release of
indigenous natural enemies,
and monitar the development
of pesticide-resistant pest
populations.

management. After this
meeting tha resedrch
members of the team no
longer are directly involved at
the site other than to
diagnose problems and
prescribe solutions 1o field
problems that trouble the
extension officer. However,
researchers are accountable
for the performance of the
technology and must
respond if the technology
fails in any way.

The extension officer will
organize each weekiy class
and present the information
1o the farmers. The attitude of
the extension officer toward
the farmers and the manner
int which the classes are
conducted are critical to the
success of the _
impiemeriation process.

Classes are only an initial
step in the farmers’ learning
process. Through the classes
the farmers should become

exposed to new knowledge
that could evoke their
curiosity and create in them a
desire 10 attend weekly
meetings over succeeding
crop seasons to learn more.
if farmers’ altendance at
meetings declines, the
extension officer must visit
the farmers in their homes
more frequenttly to establish
social bonds with them,
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Farmers will not be able to
assimilate sufficient
information over a period of
only one crop Season no
matter how well the
information is presented.
Therefore, there is no need
for elaborate training aids
such as movies, colorslides,
or handouts. A blackboarr is
heipiul. however. Written
quizzes or examinations
where farmers are tested
should be avoided. The
extension officer conducting

Follow-up meetings

Farmers learn 10 diagnose
pest problems and make
control decisions through
expenences where they are
not told what to do but rather
have to think on their own.
Oesause the extension officer
cannot meet with each
farmer in the village regularly
— itis important that existing
farmers’ organizations be
ulilized. Organizalions such
as irrigation associations
where farmer groupings are
based on fieid location are
ideal.

After the iarmer classes
are over. the extension officer
should meet with farmer
leaders during succeeding
crop seasons. Each farmer
leader should represent no
maore than 20 farmers. These
follow-up meetings, again
held weekly at a
predesignated time, could
rotate amorig the homes of
the farmer leaders.

the classes should have
sufficient social and technical
skills to develcp a solid
rapport with farmess and gain
their respect.

The farmers’ opinions and
ideas should always be
respected, and the extension
officer should have no air of
superiarity. The officer
should always come to class
on time, as frequent
absences will lower farmer
attendance at meetings.




Group decision making is
an important aspect of the
learning process. Before
each weekly meeting each
farmer leader needs to meet
with his members either in
groups or individually and
together they will scout their
fields to diagnose problams
and arrive at solutions.
Howaver, the farmers will not
carry out any field operations
such as pesticide application
until after the weekly follow-
up meeting with the
extension officer.

Each follow-up meeting
may last one to two hours.
Haif of the time is spent on
discussions at the home of
one of the farmer leaders and
the other half in a short
verification tour in the field.

The farmer group leaders
report to the extension officer
te problems they diagnosed
and the action that they
believe should be taken. The
extension officer notes down
the problems and the
farmers’ solutions but does
not make a decision until
they are in the fields. There

As the farmers’ capabilities
in problem diagnosis and
decision making progress
over several crop seasons,
the frequency of follow-up
meetings may be reduced to
twice a month and,
eventually, to only two or
three meetings per crop
season.

Farmers not only can
begin to moniter field
problems for themselves but
also can extend these skills
to other farmers.

Because pest problems
and solutions change with
time, there will be a continual
need for the extension officer
to maintain scheduled visits
to each village. Each exten-
sion officer can readily cover
€ to 10 viliages or village
units.
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the problems are shown to
the extension officer who
confirms or rejects the
farmers’ diagnoses and
solutions. During the field
tour the extension officer can
point out problems
overiooked by the farmers.

The farmers can learn a
little more from the
discussion in the field. The
problems brought out in the
follow-up meetings may deal
not only with pests, but all
crop production problems.
These smaHl lessons learned
each week, however, must
focus on problems as they
naturally develop in the field.

The extension officer
should be responsible only
for technology. Direct
involvemnent in a credit
program will lessen his or her
effectiveness.

The extension officer
needs the support of the
regional and national
integraied pest management
teams in confirming problem
diagnoses and in presenting
latest lechnologies.
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APPENDIX

Arthropod {dentification Sarvice

Guidelines for praparing specimens

® immature (soft-bodied) specimens

— Kill by immersing in hot {not boiting) water for
10 minutes.

— Transter to 1) vials containing a mixture of 80
parts 85% alcohai, 5 parts glacial acetic acid, &
parts giycerine, and 10 parts clean water, or 2}
viais containing 80% aicohol.

— Fill each vial to overfiowing (no air bubbles)
before capping.

-— Dip the capped end of the vial in moiten
candle wax or paraffin to seal.

= Agdult {hard-bodied) specimens

Specimens larger than 5 mm

-— Pin or wrap in sofl tissue paper {Go not wrap
in cotton, which is very difficult to untangle
from specimens).

— Dry specimens afler pinning and before
wrapping.

Specimens smaller than § mm

— Preserve in vials filled to overflowing with 80%
alcohol.

— Dip the capped end of the vial in moiten
candle wax or paraffin to s7al.

+ Information label tor each specimen, either
pinned/wrapped or preserved in alcohol, should
coniain
— Type of rice culture and environment,

-— Stage of the host — egg, tarva, pupa, or adult
- if specimen is a parasite,

— Name of collection area and distance to
nearast town that can be found ¢n a popular
road map, and

— Collection date and name of collector.

¢ Prepare 5 male and 5 female, and 10 immalure
specimens of each arthropod to be identified.

Shipping specimens

« Pinned or wrapped specimens

— Remove all preservative crystals from boxes of
dried, pinned, or wrapped specimens before
shipping.

— Pin specimens in a strong box that is provided
with a strong pinning botiom such as cork to
hold pins {Fig. 1}.

— Ptlace additional pins on each side of every
pinned insect to prevent mcvement,

— Place a layer of cardboard on top of the pins.

— To hcld specimens snugly, place a layer of
cotton between the cardboard and ihe top of
the box.

¢ Specimens in liguid
— Wrap with cotton each vial cantaining

specimens preserved in liquid.

e Packing for shipment
— Pack vials or the pinning box ir a targer

container (Fig. 2).

— I you are shipping specimens in vials and
specirens in a pinning box, keep the two
containers separate from each other in the
large shipping container,

— The shipping container should be large
enough to permit surrounding the specimen
boxes with at ieast 5 cm of packing material
on all sides and on the top and bottom.

— Include your name and address in the
shipping box.

\ At least Scm space

with packing material

-~ Enclose in the box copies of any letters sent
separately.
— Send specimens to;

Entomology Department
IRRL P. O. Box 933
Manila, Philippines
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GLOSSARY

Accumulative pesticide. A pesticide which tends to build up in the
tissues of animals, plants. or the environment.

Acute toxicity, How poisonous a pesticide is to an animal or man
efter a single exposure,

Adult, The mature stage of an insect which occurs after the nymphal
or pupal stages. Adults have mature sexual organs and usually
have wings.

Adult activity. Abundance of adult insects as indicated by light trap
catches.

Alternate host. One of the two or more kinds of plants on which an
insect or disease may complete ils life cycle.

Annual. A plant which compleles its life cycle in one year or less. The
plant dies after flowermng or maturity.

Antiblosis. A type of varielal resistance in which ‘'nsects do not grow,
survive, or reproduce we!l on the plant.

Anlicoagulant. A chemical used for rodent contre! which when eaten
prevents bigod clotting by interfering with vitamin K. It causes
the rat to bieed to death.

Antidote, A -emedy to counteract the toxic elfects cf a pesticide such
as alropine sullate for carbam:.te and phosphate poisoning.

Ascospore. The spore produced by fungi in a sac-lite body called
ithe ascus.

Awn (syn._: arista, beard). A bristle-like extension of varying length
originating from the lemma of the rice grain.

Bacterium (pl., bacteria). Primitive, one-celled, microscopic orga-
nisms which reproduce by fission. Some bacteria infect rice and
produce disease symptoms.

Bait. A {ood substance, mixed with a pesticide, which attracts a pest
to eat the pesticide.

Bail shyness. QOccurs when rats learn to associate their illness with
poison bait upon which they have fed and stop feeding on it.

Beneficials. Pzrasiles and predators which kil insect pests and there-
tore help reduce insect pest populations.

Biologicat control. The man-directed conlrol of insect pests by
employing natural means such as predators, parasites, or
paihogens.

Biolype. A poputation of insects that is capable of surviving on and
damaging varieties that are resistant to other populations of the
same insect species.

BPH. Abbreviation for brown planthoppper.

Bract. A leaf from the axis of which a flower arises.

Broadcast application. To spread pesticide granutes by hand or
machine randormiy over a surlace area.

Chlamydespore, A thick-walled, resting ‘ungal spore; also used for
5mut Spores.

Chronic toxicity. How poisongus a pesticide is to an animal or man
after smali, repeated doses over a petiod of time.

Clod. A mass or lump of aggregated soil, usually clay soil.

Cocoon. A silken case made by the larva and inside which an insect
pupa devetops.

Coleoptile. Appearing at seed germination, the cylinder-like. protec-
tive covering that encloses the young plumule.

Common name. A universally accepted name given a pesticide by an
appropriate professional organization.

Condensation. The reduction of water vapor to a liquid on the leaf
surface.

Conidium (pl., conidia). Any asexual fungal spore except sporangio-
spore, or chlamydospore.

Contact herbicide. A herbicide which affects oniy those plant parts
wilh which it comes in contact.

Cultural control. The use of agrenomic practices such as soil tillage,
varying planting time, fertility levels, sanitation, water manage-
ment, and short-duration cullivars to reduce pest populafions.

Damage (plant). Destruction, injury, or 10ss in value caused by the
feeding activity of insects and rats or by disease infection or by
weed infestation.

Veadheart. Dead rice tiller caused by a slem borer which girdies its
base.

Defoliation. Removal of leaves or portions of leaves trom a plant.

Dermal toxicily. How poisonous a pesticide is to man or animal when
absorbed through the skin.

Dew. Moisture condensed from the atmosphera which forms small
drops on the surface of plants. Hot days and cold nights produce
condensation.

Direct damage. Plant damage caused by the feeding of an insect
through the removal of plant sap or plant parts as compared with
indirect damage caused by a disease transmitted by an insect
which causes delayed symptoms.

Direct seeding. A rice nlanting system in which seeds (elther
pregerminated or dry) are sown directly in the field.

Disaase. A condition in which use or structure of any part of the
living organism is not normal.

Drifi. Movement by the wind or air currents of a pesticide in small
droplets or as dust particles from the target area to an area not
intended to be trealed.

Drizzle. A light rain falling in small drops.

Dryland (syn., upland). Level areas without levees and sioping areas
which are not terraced where rice is grown during the rainy
season without retaining water in the tield.

Dust. A finely ground dry mixture containing a small amaunt of
pesticide and a carrier such as clay, taic, or volcanic ash. The
dust is carried to the rice plants by the wind.

Ecology. In weed science it is the study of tha sffect of climatic, soil,
topooraphic, and bictic factors on weed populations.

Economic injury Yevel, The pest population density where the loss
caused by the pest is greater than the cost to control the pest.
The pest densgity at which artificial control measures are econo-
micaliy justified.

Economic threshold. The pest density at which artificial control
measures should be applied to prevent an increasing pest
population from reaching the economic injury level. it is a control
action threshold which tells the farmer when he must 1ake action
to prevent a pest outbreak.

Egg. |n insects, the reproductive body in which the embryo develops
and from which the nymph or larva halches.

Egy mass. A group of eggs depasited by the female insect which are
adjacent to each other as in the rice bug or overlapping such as in
the yellow stem borer as opposed to eggs iaid singly.

Emergence (insect). Act of an adult insect leaving the pupal case or
last nympbal skin.

Emigrate. Movement of animals such as insects or rats away from a
particular area.

Emuisifiable concentrate. A pesticide Tormulation with a large
amount of active ingredient dissolved in a liquid, plus an
emulsitying agent. When water is added an emulsion or opaque
liquid is tarmed.

Eyespots. Eyes of an insect embryo within an egg which appear as
spots through the egg shell.

Fallow. Land that is ordinanly used for crops but allowed to lie idle.

Flag feal. The uppermost rice leaf originating just below the panicie
base.

Flowable, A liquid chemical formulation in which finely ground, solid
particles of pesticide are suspended in a smalf amount of liquid.

Footprint. An impression of an animal's {such as a rat) foot in a sott
or wet soil or on a tracking tile.

Formulation, The form ir: which a pesticide is sold for use, e.g. dust,
granule, wattable powder, emulsifiable concentrate, etc.

Fungus (pl., fungl). An organism with no chlorophyll, reproducing by
sexual or asexual spores, usually with mycelium with well marked
nuclei.

Gall. An abnormal plant growth, swelling, or tumor induced by
another organism such as an insect,

Generatlon, The time betwsen birth and reproduction of an
individual.

GLH. Abbreviation for green leathopper.
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Gramule. Pesticide impragnated on dry particles, larger than those
used as a dust which aliows it to be spread by hand.

Growing point. Mass of meristematic tissue at the stem tip where
growth in length of the stem occurs.

Habltat. In weed science, a location or site where a wead commonly
grows, as in ricefields, levees, and irrigation canals.

Halching. The emergence of a nymph or larval insect from the egy.

Herblclde. Chamical used to kill or prevent growtih of weeds.

Hibernation. A period of arrested development usually due to cold
temperatures.

Hill. A group of rice plants directly adjacent to each other because
the seeds or seedlings were planted iogether. A hili may aiso
consist of only one plant.

Hopperbum. Drying up of rice plants caused by the feeding of leaf
and planthoppers which remove plant sap.

Horizontal reslstance. A general resistance, controlled by many
minor genes, which provides resistance {usually moderate) to alt
disoase races or insect biotypes of a given spacies.

Hoast. The organism on which a parasite lives; the plant on which a
pest feeds.

Hosl plani. A plant species which serves as a source of food, shelter,
or as an oviposition site for various organisms.

Humidity. The amount of water vapor in the air,

Hypersusceptibility. A ty ..~ of resistance to a disaase in which
invaded cells are killea so quickly that the disease remains logal-
ized and annot spread throughout the plant.

Immigrate. Movement of animais such as insects or rats into a parti-
cular srea.

Immunily. A type of resistance to disease in which the rice plant is
not attacked under any conditions, Rice cultivars are rarely
immune to rice diseases.

inhalation toxicity. How poisonous a peasticide is to man or animal
when it is breathed in.

Insect. Members of phylum Arthropoda (“jpintad legs™) with unique
characteristics of six legs, division of the body into three distinct
body regions (head, thorax, and.abdomen), and wings.

Integrated rice pest management. Management of rice pests includ-
ing diseases, insects, weeds, and rodants at populations below
the economic injury level through the use of combinations of two
or more control methods such as biological and chemical control.

Label. information attached to the pesticide container which should
include the name of the pesticide, manufacturer's name, net con-
tertt, ingredient statement, waming statemant, directions for use
and antidotes for accidental poisoning.

Lasva. An immature stage of an insect occurring between the egg
and pupal stage in insects having complete metamorphosis.

Latent pariod. incubation period of a vicug in an insect. The time
between acquisition of the virus and the time when the inssct
becomaes infective.

LC (fethal concenimation). LCs, refers 0 the concentration required
to kil 50% of test animals in a given time period. LCs, values are
expressed in mg pesticide/liter of air or liquid,

LD (lethal dose). LDy, refars o the dose of pesticide required to kill
50% of test animals in a given time period. LDy, values are usually
expressed in ug pesticide/g or mg pesticide/kg body weight of the
test animai,

Leathopper. Insect of the order Homoptera, family Cicadellidae,
which feeds by removing sap from veins in leaves of the rice
plant. More slender and quick moving than planthoppers.

Laat sheath. The lower part of the leaf originating from a node and
enciosing the stem (culm} above the node.

Leaf velns, Vascular bundles of the teaf seen, externally in monocoty-
ledonous plants such as rice, as longitudinal ridges.

Lamma (syn., oufer glume). The hardened 5-nerved bract of the floret
parily enclosing the palea.

Lasion. Locatized spot of diseased tissue on a plant part.

Leves. Dike made of soil to retain waier in rice fields.

1¥#e cycle. The stages in the growth and development of an organism
that occur between the appearance of the individual and its death
or reproduction.

Light trap. A device used to collect insects, cansisting of a light.
source which attracts insects at night and a mechanism which
traps the insects.

Liquid formulation. Pesticide formulations which are applied as
sprays, for example, emulsifiable consentrates and fiowable
formulations.

Lodging. To fall down. Characteristic of rice cultivars with weak stems
to fali over when under the influence ot strong winds. Lodaing is
most sommon near harvest when the upper porlion of the plant is
heavy because of the weight of the grain. High nitrogen, high
plant popuilations, and weed competition contribute to lodging.

Management (pest). Management of pest populations through the
use of monitoring methods and the employment of control mea-
sures based on economic thresholds.

Midrib. Central vein of the loaf.

Midk stage. Stage occurring during the ripening phase of rice growth
and development when the inside of the grain is at first watery but
later turns milky in consistency.

Mine. A cavity between the uppsr and lower surface of a leaf caused
by the removal of plant tissue by the feeding of an insect larva.

Modem varleties. Dward, stifl-stemmed, high-tillering, nitrogen-
responsive, photaperiod-insensitive high yielding varieties in con-
trast to traditional varfeties (cultivarsl.

Molt. In insects, the process of shedding the skin.

Monitor. To make regular observations to determine the density or
feeding activity of a pest population.

Mulliple crops. Two or more crops in the same field in a year.

Mycoplasma. Virus-like agents.

Natursl enemibes. Pathogens, parasites, and predators which regulate
populations of insect pests.

Node. The solid portion of the jointed stein. Leaves, tillers, and
adventitious roots arise from nodes on the stem.

Nonpreference. A type of resistance in which insects do not feed
upon, oviposit in, oruse a plant for shelter.

Nontarget organiama. Organisms such as beneficial insects against
which pesticides are not directed.

Nymph. In certain insects, the stage of development immediately
after hatching; resembling the adult but lacking fully developed
wings and sexual organs.

Oral toxicity. Toxicity of a pesticide which enters the body through
the mouth,.

Quitreak. A sudden increase in a pest population resulting in eco-
nomic damage to the rice crop.

Oviposltion. The act of laying or depositing eggs.

Pales. The hardened 3-nerved bract of the floret which fits closely w
the lamma. It is narrower than the lemma.

Panicle. The tarminal shoot of the rice plamt that produces grain.

Parastle. An insect (commonly a wasp or fly) whose larvae develop
within the body of its host and usually feed on a single host and
destroy it.

Perennial. Plants which require mare than ong year to complete their
life cycle.

Peritheciumn {pl., perithecia). in fungi, a globular to flask-shaped body
having a hale through which ascospores are released.

Persistent pesticides. Pesticides which remain unchanged in the
anvironmant for long periods. They are not readily broken down
into single components by microorganisms, enzymes, heat, or
ultraviclet light.

Pest. An unwanted organism which competes with people for food
and shelter, or threatens their health, comfort, or wellare.

Posticide. Any substance used to control pests including insecticide,
herbicide, fungicide, bactericide, rodenticide, or nematicide.

Photopariod-sensitive cullivars. Cultivars which will not flower unless
exposed to certain day lengths.

Phytoioxicity. Plant injury caused by chemicals or some other agent.
Common symptoms are spotting, wilting, stunting, titler spread-
Ing, and twisting of Isaves.

Planthopper. Insect of the order Homoptera, family Delphacidae,
which feeds by removing sap from leaf veins along the lower por-
tion of the rice plant. Usually mnre stout and slow moving than
leathoppers.

Predator. An arimal that attacks or feeds on other animals.

Prey. The animal on which a predator feeds.

Pupa. A nonfeeding and usually inactive stage which occurs between
the larval and aduit stages of insect development.
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Rsce. Population of a disease organism that is capable of surviving
en and damaging culiivars (varieties) that are resistant to other
populations of the same pest species. Same as biotype in ingects.

Rate. The amount of active ingredient of a pesticide applied to a unit

area.

Ratoon. Now tillers which grow from the stubble of harvasted plants.
These new tillers constitute the ratoon crop.

Rats. Rodents of the genus Raitus and other allied genera distin-
guished from mice by their larger size and difterence in teeth and
other structures.

s1age. From panicle initiation to flowering: a stage
when the plant matures sexually.

Resistance to pesticides. The ability of populations of pasts to survive
doses of a pesticide which are normally letha!

Resistant variety. A variety which proc'uces a larger amount of a
good quality crop than other varieties when grown under the
same conditions and exposed to similar populations of insects or
diseases.

Resurgence. Significantly more damage o more insecls in an
insecticide-treated crop afier insecticide application than in an
untreated crop.

Retention period. In insect disease transmission, the period after
acquisition feeding during which an insect is able to transmit a
virus disease.

Ripening stage. From flowering to reproductive maturity.

Root dip. Placing the roots of rice plants in a solution of insecticide
for a period of less than 12 hours. After that it becomes a root
soak.

Rotate. To plant a different crop species each season, such as rice in
the wet season and cowpea in the dry season.

Runway. Area regularly walked on by rodents resulting in a path.

SBPH. Abbraviation for small brown planthopper.

Sclesotium {pl., aclerotla). Resting mass of fungus tissus often more
or tess spherical, normaily having no spores.

Secondary pests. Pes!s which because of natural control agents
normally have low populations and do not *equire chemical
applications.

Seedbed. The bed on which rice seeds are sown consisting of soil
{wet-bed method) or banana leaves and plastic sheets ("dapog
method™).

Seedling. From rice seed germination to tillering during which the
plants grow to the five-leaf stage.

Selective pesticide. A pesticide that kills a certain pest or group of
pests but not naturai enemies.

Soll Incorporation. Mixing or working a broadcast granular insecti-
cide into the e severat centimeters of the soil before
transplar ing.

Soluble powder. A finely ground, solid pesticide that will dissolve in
water to form a solution.

Spiketet. A unit on the rice panicle consisting of one or more llowers
and their bracts.

Spore. A single- to many-celled reproducitve body in the fungi.

Spray. To apply minute particles of liquids containing a pesticide.

Staggered planting. Planting different fiekds in 8 community or a farm
over a period of several weeks in contrast to simultaneous plant-
ing where planting of all fieids is done over a period of a week or
8585,

Stamen. Mate part of the flower consisting of the pollen-bearing
anther and the filament.

Stemn (syn., culm). For rice, a round, smooth surfaced, upright por-
tion of the plant consisting of hollow internodes joined by solid
nodes.

Stomala. A smail opening, controlied by the guard cells, in the epi-
dermis of the leaf or other plant parts.

Stubble. The lower portion of the stem remaining in the field after the
rice has been harvested.

Sustained bailing. A type of rat control in which poisoned bait is con-
tinuously availabie in bait holders from shortly after transplanting
until 2 weeks before harvest or until bait consumption stops.

Sweep nel. A device for coliecting insects from plants, consisting of a
cone-shaped néet attached to a handle that is moved in a 180°
sweaping motion across plants.

Systemic pesticlde. A pesticide that is absorbed through the roots of
upper plant parts and is transiocated within the plant.

Yapping hills. To sirike hills of rice with the hand to dislodge insects.

Target pest. Pest against which control measures are directed.

TiHer. A stem and its leaves.

Tolerante. A tolerant rice varicty is infested by insects and diseases
and may show damage or develop symptoms, bul the crop yield
is greater than that of susceptible varieties.

Toxkcity. How poisonous a pesticide is to a living organism.

Tracking tile. White linoleum or vinyl figoring square, one-half coated
with printer's ink, and used 5 detect rat activity by recording their
tootprints.

Trade name {proprietary or brand name). Name given a pesticide by
its manufacturer or formulator. One pesticide may have many
trade names,

Traditional cullivars. Tal), weak-stemmed, low-yielding cultivars
grown by farmers for many years and which lodge under high fer-
tilizer rates, in contrast to modam cultivars (varieties).

Transplant. To remove seedlings from the nursery {seedbed) and
plant in the field either by hand or mechanically.

Tuber. Enlarged, fleshy, underground stem.

Yector, An insect which transmits a disease.

Vegelative stage. From germination to panicle initiation.

Vertical resistance. Varieties with this type of resistance, which is
controlled by one or a few major genes, are usually highly resist-
ant to one or several disease races or insect biotypes of a given
species but are susceptible to others,

Virulerous. Virus-carrying; an insect that has been given access to a
virus source.

Virus. A submicroscopic infectious agent consisting of particles
made up of DNA or RNA which are usually covered by protein
and reproduce only in living cells,

Virus transmission. Transmission of a virus to & plant by insect
vectors.

WBPH. Abbreviation for whitebacked planthopper.

Weed. Any unwanted plant that is injurious to the rice crop.

Wettand (syn., lowland). Level areas with levees prepared wet or dry
that are fiooded by water from either irrigation {irrigated) or rain-
fall {rainfed).

Wetllable powder. A pesticide formulation in the form of a powder
that is mixed with water to be applied. It does not dissalve in
water, but forms a suspension.

Whitehead. White, empty panicie resulting from the attack of a Stem
borer which cuts the lower portion of the stem.

Wild rice. Species of Oryza other than O, sativa; usually a nonculti-
vated species.




