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FOREWORD 

In the past, farmers in tropical Asia grew traditional rice implementation of IPM strategies at the farmer level are 

cultivars and either relied primarily on cultural, mechanical, described. 
and physical methods of pest control or practiced no rest This volume represents the combined efforts of many 

control. Pest'cide application was limited because the yield persons. The style and first draft of the text were developed by 

potential of traditional varieties was too low to justify W. H. Reissig of the New York Agricultural Experiment 

additional investments. Although pests destroyed part of each Station, Geneva. New York, USA, during a 1979-80 sabbatic 
crop, severe outbreaks or epidemics were rare. leave at IRRI. Reissig's firsthand exper, nce in developing IPM 

The widespread introduction of high-yielding rice cultivars strategies for farmers gave him the necessary background to 

in Asia in the last two decades and the associated changes in organize the information in a useful form. E. A. Heinrichs, IRRI 

producl(orn practices have improved conditions for insects, entomologist, reviewed the technical material and worked with 

diseases, weeds, and rodents The higher yield potential of the IRRI editors and artists after Reissig's departure 

new rices also made increased pesticide application J. A Litsinger, IRRI cropping systems entomologist, provided 
economically attractive to farmers. technical information on the biology and management of 

The replacement of traditional control methods by many insect pests and composed the section on cultural 

pesticides could increase hazards to nontarget organisms, control. K. Moody, IRRI agronomist. supplied technical 

however, and lead to the development of pesticide resistance information and reviewed the section on biology and control 

and environmental contamination. To minimize such of weeds L. A. Fiedler, a research biologist from the Denver 
problems, Asian farners Must again diversify their pest Wildlife Research Center. stationed at the National Crop 

control practices -- a strategy that scientists now term Protection Center, University of the Philippines at Los Barios, 
integrated pest management (IPM). acted as technical consultant in the preparation of the section 

Receriiy, scientists working in national rice production on Biology and Management of Riceland Rats in Southeast 
programs and at international agricultural research centers Asia. T. W. Mew, IRRI plant pathologist, provided technical 

have wnitten extensively about IPM for tropical rice. Many of information and reviewed the section on disease 

the rublications are research-oriented, fragmented, and too management. A. T. Barrion, IRRI entomology department 
technical for nionscientists Furthermore, much of the highly senior re, earch assistant, served as technical consultant and 

specialized information often focuses on a single species or a wcrked with artists in the preparation of the section on
 

small group of pests Natural Enemies of Rice Insect Pests.
 
This publication provides practical and comprehensive This voliie can be easily translated into the various
 

information to IPM workers in rice fields throughout tropical languages of Southeast Asia and serve as a key source of
 
I 	Asia. It briefly discusses rice plant structure and growth information for IPM training programs. We hope that it will 

stages and stresses their relation to pest nianagernent There stimulate the implementation of IPM technology by rice 

are separate sections on cultural control of rice pests, farmers in tropical Asia as well as the development of similar 

resistant rice varieties. natural enerries of rice insect pests. publications for other rice-growing regions 
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 M. S. Swaminathan 

control measures for the entire rice pest complex and the Director General 



PREFACE A • 

During the past decade, scientists have developed the concept University Press, Hawaii, 1977; Rice virus diseases, K. C. Ling, 
of integrated pest management (IPM) for rice. IPM technology IRRI, 1972; The virus diseases of the rice plant, The Johns 
has been generated by scientists working in national .le Hopkins Press, 1967; Rice diseases, S. H. Ou, Commonwealth 
production programs and at international agricultural research Agricultural Bureaux, 1977; A farmer's primer on growing rice, 
centers, but only a limited rimount of this technology has been B. S. Vergara, IRRI, 1981; Principles and practices of rice 
tested in pilot IPM programs in tropical Asian countries, producticn, S. K. de Datta, John Wiley and Sons, 1981; 

The rate of adoption of IPM technology by farmers has Monograph of insect pests and the natural enemies of rice, 
been slow, perhaps because of these reasons: 1) some of the Plant Protection Department, Hunan Agricultural Academy 
technology developed is either ineffective, economically Institute, Changsha, China, 1978; Insect pests of rice, M. D. 
unattractive to farrrers, or difficult to implement; and Pathak, IRRI, 1977; The major insect pests of the rice plant, 
2) applied research scientists, extension officers, and farmers The Johns Hopkins Press, 1967; and Pests of rice, D. H. Grist 
lack understanding of the principles and practices involved and R. J. W. Lever, Longmans. We acknowledge the 
and the economic benefits from IPM. individuals who contributed to the production of this manual. 

There have been much interest and activity in IPM training Danilo Amalin did the artwork on the insect pests, natural 
from the international level to the level of farmers in tropical enemies, weeds, and diseases and Oscar Figuracion, Rebecca 
Asia. This manual was developed 1) to provide a source bcok Brown, John Figarola, and J -eph Figarola, the illustrations. 
for the training of extension officers who, in turn, will train Rowena Dagang coordinated the movement of text and 
farmers and implement rice IPM programs; and 2) to illustrative materials. Ram Cabrera, Fidelito Manto, and 
encourage applied research scientists to develop more Patricio Mamon are responsible for the design and layout. The 
effective IPM technology, text was edited by T. R. Hargrove, head of the Communication 

Among the topics are the principles of IPM and information and Publications Department, and G. S. Argosino, assistant 
on rice morphology and growth stages. which are necessary editor. Individuals consulted during the writing and review of 
in the development of sampling methods and timing of control the text and figures were the late K. C. Ling, and F. Nuque of 
practices, and insects, weeds, diseases and rodents of major the Plant Pathology Department; V. A. Dyck of the 
importance in tropical Asia. Details of the geographic Entomology Department; and R. Sanchez, M. Mabbayad, and 
distribution, life cycle of the pests, and damage they cause are R. Lubigan of the Agronomy Department. 
described and illustrated. The integration of sampling Our efforts in producing this manual will be richly rewarded 
methods, economic thresholds, pesticides, resistant varieties, if it serves as a catalyst in the implementation of IPM strategy 
and natural enemies in the management of pests is explained, in the rice fields of farmers in tropical Asia. 

Numerous references were consulted in the writing of this 
manual. The sources of information and illustrations include 
the audiotutorial modules in pest control developed at IRRI W. H. Reissig, E. A. Heinrichs, 
and the following books: The world's worst weeds, distribution J. A. Litsinger, K. Moody, L. Fiedler, 
and biology. L. G. Holm, D. L. Plucknett, and J. V. Pancho, 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. 

vi 
'1 

Insect Disease 

Rice field 

Weed Rot 

Chronic pests - weeds, most leaf-feeding 
insects, stem borers, most fungal diseases -

annually reduce yields, but seldom cause 
epidemics. The pests are routinely controlled 
or are tolerated. 

Acute pests - rats, blast, virus and bacterial 
diseases, leafhoppers and planthoppers -
intrequently occur in epidemic proportions, but 
they cause great economic concern to the 
regions affected and their control is difficult. 

Yield loss 
High 

-Epidemics from 
ocuie pests 

Chronic pests 

0 2 4 
Years 

6 8 10 

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

Historically, epidemics were associated with 
severe weather conditions such as extreme 
temperature fluctuations, drought, typhoons, or 
floods. Such weather conditions suppressed 
the natural enemies of rats and insects and 
allowed the entry of disease organisms into the 
plant .' 
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In recent years, the need to intensify rice 
production to feed a rapidly expanding 
population has brought about rapid cnanges in 
rice production technology. Many of these -
changes have created greater frequencies of 
pest epidemics. 7 

Expansion of farmland planted 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 to 
spread into new areas, and 3) increased 
the number of pest species, which " ,. 
transferred from wild hosts to rice when . . 

their natural habitats were destroy( -. , 

New irrigation systems have 1) allowed dry 
season rice cropping to unleash pests 
whose numbers were annually depressed 4"N' 

" 

during a rice-free dry season, and 2) . 
favored aquatic pests because of more 
stable water delivery to paddies. 

* Development of -,?w varieties has 1) led to 
replacement of traditional varieties 
which had been selected by farmers for 
stable resistance, particularly to diseases f", 
- with modern varieties possessing 
narrower-based and lass stable resistarce, 
2) increased pests favored by high tillering 
plant types, 3) allowed year-round 
cropping by introducing photoperiod N 
insc-:'sitivity, and 4) increased the yield 
potential, making it more economical to 
attempt pest control measures that before 
would have been unprofitable. 

* Fertilizer usage increased with the 
developrrient of fertilizer-responsive 
varieties which, in turn, have increased 
pest abundance. Weeds take up fertilizer 
and grow faster thar rice. Insects multiply 
faster with better nutrition. Fertilizer .. ..." """ 
increases the plant's susceptibility to 
diseases. Dense growing plants provide 
shelter for rats. 44_____ 
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* Pesticide use has expanded in response to
 
more pest problems and higher profits that
 
could be realized from proper use.
 
Farmers, however, often misuse pesticides
 
by:
 
1. choosing the wrong pesticide, -	 Recommended ro, 

2. applying on a calendar-based schedule , 
without regard to pest numbers, Former's rote 

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

4. 	not using enough water to thoroughly ,"-", -___, ' 
cover the plants. ,. , 

A 	 " ,v
 

Rocomme3nded number of sprayer refills Farmer's number of spraepr refills 

Pesticide misuse may: W
 
1) fail to kill the target pest and increase . ... " '
 
either its number (resurgence) or that of a , "
 
formerly minor pest (secondary pest . .- /
 
outbreak), 2) cause pesticide-resistant .
 
populations, 3) seriously harm the farmer , :
 
during application, or the nontarget .. .
 
organismns in the environmnent either J%
directly or idirectly.. 	 .' 

Hopperburn due to resurgence 	 Nontorget organisms 

The pest problems brought about by the insect(no) 
new technology are by no means unique to High 

lice All too often. however, the iniediate 
solution to a pest problem has neant repeated Economic injury level 

applications of pesticides. 
The concept of pest corntrol changed with.,hreshcn ,.tehold . 

the advent of modern synthetic pesticides -- Pest population 
which werc inexpensive and easy to apply, and 
gave immediate result During the pesticide 
era, the concept of control meant eradication. 
which sought total elimination ot pests. Low 

The concept of eradication has now been 
replaced with the concept of management. ' 

where the goal is to reduce pest populations to Seed bed Time 
levels that are uneconomical to control. Low 
pest populations are tolerated. 2. Economic threshold: the pest population 

1. Econu,;,ic 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 ilury level.
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Integrated pest management is a strategy or 
plan that utilizes various tactics or control 
methods - cultural, plant resistance, 
biological, and chemical - in a harmoniousway. Control actions are based on freq,,ent .. l ,.), 

monitoring of pests. 
Integrated pest management depends on 

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

No pest control strategy increases potential Z 

yield. Such strategies can only ensure that the 
maximum yield physioiogically obtainable in a 
particular field and season will not be 
significantly reduced by pests. 
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9 RICE PLANT STRUCTURE AND GROWTH STAGES 

Rice Plant Structure and Growth Stages
 
In a pest management 
program, familiarity with the 
different parts and growth 
stages of the ice plant is 
important. 

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

~Neck rot 

"Brown 
planthopper 

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

Insect iu u 

Weed ~ m 

Rice 
Seedbed 

Time 

Many crop management 
practices must be applied 
only at certain rice growth 
stages. 

,FER,.. 

Seedbed 
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STRUCTURE OF THE RICE PLANT 

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

Rice plant 	 Se 

Roots 

JTIller 

The rfce leaf 
Parts of a rice leaf 

/ - Leaf blade 

Ligule 

Auricle Coliar 

Leaf sheath 

Arrangement of leaves on a 
stem 
" The top leaf just below the 

panicle is called the flag 
leaf. F:ag leaf 

" The leaves grow alternately 
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 
stern. The internode isthe 
portion of the stern between 
the nodes. 

___ Node 

Internodes 

The panicle 
The smallest 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 (lemmaandaCd 
palea). L 

Ah. 

A 'Z' 

O 

7 ,, 

PaOn 

JJ 

-oe 

-e 

Panicle Spikelet 
at flowering 

RIPENING -4 

Mature 
spikelet 

GROWTH STAGES 
The growth cycle consists of 
steps of development caflled 
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. 

0 1 2 

Days oiler seedNg 

3 
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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. 

I 

3 

I 

6 

I 

9 

1iI 

12 15 
Days after seeding 

B 21 

I 

24 

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

\ 1'i•7' 

I I I 

VV:,Y 

11 

i, 

-

- _ _I_ _ 

-,) 

22 30 
Days after seeding 

40 

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

, 
I 

42 
Days after seeding 

52 
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Stage 4 - panicle initiation 
At the panicle initiation stage, 
the panicle develops and 
grows irtc a white feathery 
cone, creating a bulge at the f,,
base of the leaf sheath near 'i I/the bottom of the tiller. 

-\X\ 
" 

52 

Days after seedirj 
62 

Stage 5 panicle 
development 
The panicle grows arid 
etxtends ijpwand inside the 
flag luaf sheath and the 
spikelets develop At the end 
of thisistage, the panicle 
ca usesthe flag leaf sheath to 

swell (booting) 

t 
l 

'" 

p, -
14 

I~ 
Q 

Al 

60 6-4 68 -2 

Stage 6 flowering
The flowering sifege begins 
when the panicles emerge 
frorm the leaf sheath (head-
ing) It ends with pollination
and fertilization 

. , udi, 4

.. 
' 

\ 

' 

' 

F ow r ng 

,/ 

72 14 76 73 

Days (oiers.edtq 

80 82 



14 INTEGRATED PEST MANAGEMENT IN RICE 

Stage 7 - mill, grain stage 
At the milk stage, the grain 
contains a white liquid that 
can be squeezed out with the 
fingers. The panicles are 
green and the flag leaves are 
green and ere,-t. '*, 

, 

\ , 
V,. 

ell 

. 

-

I 

82 

AI 

84 

.-L ±f I 
86 88 90 

Days from seeding 

I 
92 94 

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 'ield 
appears yellowish ."" 

*4 

90 92 34 
Days 

4, 98 
from seeding 

100 102 

Stage 9  mature grain stage
The grain is full-size, hard. 
and yei;ow The Upper leaves 
are dry and the panricles bend 
toward the ground. 

I 
1 

N 
. , , . 

-JV 

100 102 

1 I 

101 

1 I 

!06 78 110 

5iWs otter Le'eding 

112 114 116 
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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 
panicle initiation to 
flowering 

from 3. ripening stage  from 
flowering to maturity. 

/20-day variety 

- alLL 

Vegetative phase 

(55 days) 

M Reproductive phase 

(35 days) 

Ripening phase 

(30 days) 

" . ./ 

/50-day variety 

Vegetative phase 

_0 

a. Reproductive phase 

0 

Ripening phase 

(85 days) (35 days) ( (30 days) 

I I I II 

0 10 20 30 40 150 60 70 

Days 

80 

from sowing 

90 l00 110 120 130 140 150 

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

The number of days in the 
vegetative phase varies in dif
ferent varieties. 
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Insect Pests of Rice 
Insect pests are particularly species are of major impor
abundant on rice grown in tance in tropical Asia. 
the tropics About 30 different 

General characteristics of 
insects Insects have 

02Head ,,,X (D 

Thorax ." 

Abdomen -, 

L: ____rt~ 

Three body regions Six legs 

Anfenne 

,'h Wing 

-- . ,:/7;, 

2 pair s 
I paif 

One or 2 pairs of wings One pair of antennae 

General life cycle 
Insects have two common 
general types of development 
or metamorphosis 

Gradual rnetarTnor,,)hosis 

Insects with gradual meta-(

morphosis go through the - ',',
 
egg. nymphal, and adult N T
 
stages ,, - -- ,' - /
 

AJ1 

Nymphs 

Nymphal stages may he F",. - Adults and nymphs both feed 
similar to adUlts but lack .on the plant and cause 
completely developed wings /;im"iilar damage 
and seXUal organs / 

-~ Bugs leathoppt-rs and plant
' ., . loppters are examlple"s of 
- " • . i,,sc ts with gradual 

S'I ,.,' . " ruetatnotphosis 

-4 " ¥/ ' " 
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Complete metamorphosis 

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

l7P"" 

Egg 

Larvae 

Pupa Adult 

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

' 

~/~ 
,f 

-

i 

i/ 

Larvae Pupae 

Adults do not feed upon or 
injure the plant., 

_ _ _ _// _ i 
Adults 

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

. 

' 

Hispa Sucking insect 

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

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

Adult 

Chewing insect 

Chen iparts 

~such 

Larva Planthopper 

Sucking insects pierce the 
plant tissue and remove plant 
sap. Plants damaged by 
insects with sucking mouth

may wilt or lose their 
green color. Sucking insects 

as leafhoppers or plant
hoppers may also transmit 
virus diseases. 

Grasshoppe 
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Rice insects can also be 
classified according to the 
plant parts upon which theyfeed: 

Groin insects 

Leof insects 

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

Ste insects 

Root insects 

. . . N \.,s__ 'h t-. ' " 

Seed insoil Vegetative stage Reproductive stage Ripening stage 

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

* 

-

-

Example of insect classification 

Common name Rice brown planthopper 
Order - Hornoptera 
Family Delphacidae 
Scientific name - N1laparvatalugens (StAl) 

Genus 

Species 

Taxonomist originally 
describing species 
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Description of insect pests in 
this Guide 
Each insect pest or group of 
pests is described in a 
common format. 

Pest status 

Insects are designated as 
either major or minor pests
based on a combination of 
three factors: 


" Severity of economic loss 

(high, moderate, low) 


" 	Frequency of occurrence 
and area affected within the 
insects' potential habitat. 

* 	Ease of control (difficult, 

readily controlled). 


" Environment 
The preferred habitats or 
locations of insect pest 

- rainfed upland rice 

fields (unpuddled, 

nonflooded) 


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

Potential Prevalence within
 
severity favorobie habitat Control
 

rORorely abundant 
Low * Abundant some 0ReJ,'v conroled0 Moderote years in limited "s + icntrMonoer pest
Hgh + 0 Abundant some ":.-rs + Difficut- SManor pestover lorgeareas *Major pest 

0 AbandOnt mostyears 
over large areas 

The pest status designation of any pest may vary consi
reflects only the general derably in localized areas and 
status of the insect species change through time. 
throughout Asia. The status 

species were divided into
 
three general categories:
 

- rainfed wetland rice - irrigated wetland rice 
fields (puddled, flooded fields (puddled and 
after rains) 	 fioodd) 

0"
 

. 

--...A -... " , , 
. ""j. . 

. 

1 . o 1k>-,°.1. 

..... > ..o, _i'X-J 


'.
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* Development and actual 
size 

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

* Location and behavior 

The location arid hehavior 
of varioLis ife stages of 
na nsorect pests are 

* Host range 

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

Darnage 


The type of damage caused 
s eache inse.,ibypest is de-

scrihed and illustrated 
Changes in ri,".e plant rolor 
caused by insect injury are 
difficult to illustrate in line 
drawing3. 

ACluo/s,ze 

17" ' 

Feisa 
Five nymphol 5iu(jes 

" . .. ,, - -

Egg small I.Ymph 

Large nmph 

0 6 
Days 

21 33 

/ 

4 

-;--

, j,, 

" 
.! 

V\1,, ," 

~~~~R ice 
IM 

Ehn h 

.l,,,
" 

v 
A

, 

' 

.,If. 

4 

LIM, 

V4 

'4 1Vi " V 
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Management 
Control tactics

The section on management
for each insect pest or group Cultural practices Varietal resistance
of species includes the 
following tactics arranged in - 2
the order in which they
should be addressed in a 
pest management program: 

Natural enemies 

3 

Insecticides 

4 

Parasite Predator 

Monitoring and sampling techniques 

I .. . . . ..r 

Economic thresholds 
The economic thresholds 

Oeadheorts (0/.) 
15 

presented in this publication 
are only general guidelines. 
Threshold values differ by 

Control necessory - -

location. The values may also 
be affected by crop age and 
simultaneous infestations of 

10 Economic threshold ..... __.. _ 

multiple pests.
Above the economic 

threshold, economic injury 
No control necessary 

occurs, while below it no
control is necessary. 5 Mature grain 

Seedlrng/ -cil
Oheu g i"

ni t i a tion 
T Flowering 

Das fe-sedn 
0 20 40 600 100o 120 

Days after seeding 
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SOIL PESTS 

ANTS (HYMENOPTERA: FORMICIDAE) 

Several species of red or 
black soil-inhabiting ants Thorax Pedicel Abdomen 
remove rice seed from newly 
sown fields in rainfed areas. 
Ants cat, be distinguished 
from other insects by the 
presence of the pedicel 
between the thorax and 
ahdomen. 11 

Pest status 
Although ant populations in Potential Prevalence within 
nonflooded rice fields are severity favorable habitat Control 

high, the greater tillering of 
the surviving plants normally Abundant most 
compensates foI lOSS ofcof pesae fi os + largeModerate yearsover + Radil Minorrescontrolled pests 

stand due to seed removal. 
Ants are readily controlled by 
insecticide. 

Ants are most prevalent in fields in rainfed wetlands. 
upland environments but They are not a problem in 
also occur in dry-seeded rice puddled fields. 

-K' 
S.... V 

" A,,"t,. t~u# *.t W 

i Pi,'lt ~ 9 .t i * i t f I !'9. , ( 

#,# t irl r 

Uphund IHinfed wetlan.! Irrigated wetland 

Ants' nests are below the I, 
soil surface in upland fields, 



but are confined to rice AM ne..'_ 
levees in rainfed wetland , ... 
fields.Fiad n 

Fl!oodeed wetland Ralrf)ed weland Upland 
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Ants remain in their nests 
during the day and forage at 
night. 

-qoDamage 7 

Ants store rice seed from the 
field in nests below ground. 

The result is loss of plant evi 
stand... 

Management " ",-
Cultural control. Increasing 
the seeding rate - -. 
compensates for ant-caused I i 1" 

losses and may be less '' P 
expensive than insecticides. . - - " R,,Is 

Resistant varieties. No va
riety is resistant to ants.__"__'___ _ _ 

e.dsBiological control. Natural 

enemies are not important in -~ 
controlling ants. . -

Chemicalcontrol. Treating 

seed with insecticide is the 
most effective way of 
controlling ants. Insecticide -" 
in powder form readily sticks 
to rice grains and makes it ! 
unnecessary to wet seeds or ": " a ensec 


use a sticker. Insetcd see 

1 41 

There isno economic ;4 
threshold for ants. 
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TERMITES (ISOPTERA: TERMITIDAL AND RHINOTERMITIDAE) 

Termite i,:iown as white 
ants bec:ijse si,:the overall 
s~hilarity to ants in body 
shape, wings, and the caste 
system of workers, soldiers, 
kings, and queens. Termites, 
however, lack a pedicel. 

, 

Thorax 

, -, 

Pedicel 

Abdomen 

-. 

ast 

Ped!celpresent 

Pest At dome 

Pest status 
Even though they are 
permanent residents of 
nonflooded environments,
termites rarely attack rice and 

are readily controlled with 

insecticide. 

Potential 
5everity 

Moderate + 

Prevalence within 
fovorabie habitat 

arely 

Control 

Readily - Minor 

Termites can be a problem 
in upland environments, but 
also occur in light-textured 

soils in tainfed wetland areas. 
Sustained flooding kills them. 

K.......................... - -, 

, • " .' . i" ,.-.','",,{ * , .-- .- .. . P1".. 

l itt , , , 9 7 9 * 

a i • . " _ .. , . .., . .I.. . , ', 

Roinfed wetland Irrigated weilknd 

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

r

-

4.."7 

AI .,.

-,I..-.-'i .* ., e ( 
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Distribution in Asia. 

Damage 
Most grassland termites lack Soldiers 
symbiotic protozoa to digest 
cellulosp. Instead they 
culture fungi in underground 
fungal combs. Fungal combs ( 
are made by termite workers -r-V' 
of partly digested plant . 
material. This plant material 
becomes innoculated with the 
fungi and the termites later 
eat the combs. Workers are 
constantly constructing and 
eating fungal combs in their Mocroteres gilvus (Hagen ) Heterotermes philip:inensis( Lightl) Copot-ermes formoscus (Shiroi) 

nests. (Termtde) (Rhifoterrmitidoe) (Rhinotermitidoe) 

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

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

Management 
Cultural control. To take 
advantage of termites' 
preference for dead plant -i. , tq-iJ -
material, farmers can divert , j 

the pest from the growing 
crop by putting crop residue 
in the field at planting. 
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Chemical control. Treating 
the seeds with insecticide at 
planting is usuLiy effective 
against teimites. If higher 
dosages are required, 
seed furrows or hills.......ticide
 

Decision on insecticide 
use should be based on the 
history of damage in a 

particular field or perhaps 
portions of a field.e 

WHITE GRUBS (COLEOPTERA 

The large larvae of scarab 
beetles are called whit," 
grubs Gruhs are larvae that 
live in soil White grubs can 
be distinguished from other 
soil-inhabiting larvae by the 
swollen end of tneir 
abdomens 

There are many species of 
white grubs, but none is 
widely distributed in Asia 
White grubs as ,agroLp are 
common to all countries 

White grLib species can be 
divided into two groups --

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

" ,
 

Insecticide seed
 
powder
 

4 
. 

i l b.g 	 . 

Shake inplastic bog . - .. 

- >J-, , v 

SCARABAEIDAE) 

the chafers in which only the 
larvae feed on plant roots 

- and the black beetles in 
A which only the adults are 

root feeders.
 

"
 

-

; /
 

-

,',,*. .	 i,"c;beee 

n	oenroi Prevalence w~thin
 
F'er,r fiovorqble hob,tot Corirol
 

Ab.jndmr most 	 - Minor 
+ Df - essModerate + elr rn!,nted 
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White grubs are restricted upland rice but can occur in 
to nonflooded environments. rainfed wetland areas with 
They are most common in very light-textured soils. 

Off, . ," 

,,.,:....) '7 .: , t -,+ .,, , ,,:.,, ,..-,, , ': . 

lHuinfedwetland Irrigated wetland 

Distribution in Asia. size 

j 

i "K 
Development and actual size

C O o~rz'e t te 
White grubs typicaity have a plcs. In temperate regions 2
1-year life cycle in the tro- year life cycles are common. 

+.,. U!A.." 

: ... 
xt :P 10., 

L /,lo~ure Pupa Urva C 

flint orDormancyi 

Three aroWeekge 
25 35 52e~s 

Week-, 
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Adult. Beetles are grey, 
tan, dark-brown, or black. 
Adults develop in 
underground pupal cells 
where they rest as larvae in a 
dormant state during the 
unfavorable dry season. After 
the first soaking rains that 
mark the beginning of the 
rainy season, the larvae 
develop into pupae and 
the pupae into adults whirh 
emerge from the ground and 
fly to nearby trees. 

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

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

Eggs are laid singly in 
moist soil by the burrowing 
females. Tilled fields with soft 
texture are preferred sites for 
egg-laying 

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

Egg. Eggs deposited singly 
are ovoid and creamy white 
v.,th a leather-like shell 

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

,, ,,,,,,, " 


/o//,t,'<'' /.,'/,/ I/ ,
 

/ 

, ,o*. . ,
 

Dry seowon -" Wet season 

__ 

71 ?J7 

Larva. White grub larvae 
" -. are difficult to classify into 

.. _ species without a microscope'-. 


.:7 f.or examining body hairs 
- , e.y have a hght to dark 

- I . . brown head and a white 
body

[qg , .,L
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The strict soil moisture 
requirements of white grub 
larvae help explain their 
uneven distribution. Larvae 
desiccate if The soil is dry, 
and they drown in heavy clay 
soils after a heavy 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 dari brown pupae

[rmdrying o, , 

Damage
Black beetle adults burrow 

in the soil and feed on roots 
The larvae feed entirely on 
organic matter and do riot 
attack living roots. 

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

Rice is a preferred host 
because of its fibrous root 
system Rice plants become 
stunted and wilt as a result of 
root loss Damage to the crop 
Linder drought stress is 
higher because plants are 
less able to produce new 
roots 

... . / 

. .r 

Water saotrated s Moist %l 

- ... 
K 

Z/

' 1 * 9 

\, , ,,, e 
, , 

" " 
,4 [/ \ ": . ',/" 

/1,
1\Vi 

J ,. ' "' "-.\ i;f;. - , . /;/ 
\ / ', ', 

\ ~ 'A~~~ 
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i 
,' ,, , , 

, , . , 
'. " -\ , / \ ,. . 

rY - :" ' 
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Most cf the damage from 
chafers occurs from the last-
stage larva. 

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

The same fields tend to be 
reinfested year after year. 

Plant hosts. Chafer larvae 
and black beetle adults feedon a wide variety of plant 

species but prefer plants with 
fibrous root systems. 

Management 
Culturalcontrol. Delaying 
land preparation until most 
chafer adults pass their egg-
laying phase or die reduces 
the field population. 

Resistant varieties There 
are no varieties resistant to 
white grubs. 
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Rot conmption i%)-(i , , ,, "FTT,,,,' So 

""
 

- fr.
 

50 -

Firstond Thvrd
-eyotate
second stage 10N AP Ir 

/
 

I ," 
. 

Rice Sugarcane Maize 

Millet Sorghum 

Chafer adults intrees (no.) 

HighF - - . ... 

Rice Many white grubs 

Few
 
Rice white 

grubs
 

First
lain
 

LowL ------
--.--
1- 3 weeks
 

Time
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Biolugical control. Several 
specialized scohid wasps can 
parasitize white grub larvae 
in the soil. Their control 
effect, however, is minirnal. 

Nernatodes also parasitize . 
white grubs. , 

Psommonernm i sp 
.1 (Mermithidoe) 

Compsomeris morgineqlo modesoI (Smith) 
(Scohido,) 

Chemical control. 4i~ ' -).
'-'
Insecticide application. '.-., • ) 

Granular insecticides ap - --'.Z 


plied nrcrop furrows or
 
hills at sowing are the only o
 
practical chemical control
 
measure against white
 
grubs. Granules covered by .
 
soil at planting remain W V
 
active for several weeks
 

Low insecticide dosages ,

are effective against first- or ,. .2
 
second-stage chafer larvae,
 
which are prevalent at the
 

j
beginning of the rainy 

season when rice is sown. ,. .
 
Insecticide control of third
stage white grubs is
 
impractical after the A.damage is seen Insecticide , . L: 

sprays on the soil are
 
ineffective, r-
t ....;RICE..... CROPCROP 

Land 
r, eparOr n 

Egg Fr1 Th:ra 

siage S10;e 

T irtn 

* Scouting. Because It Is If early planting is riot 
impra .tical to apply practical or does not 
insecticide to the soil after provide satisfactory control. 
the crop is planted, insecticide should be ap
scouting and economic plied at sowing time to 
thresholds cannot be used. fields which have a history 

of white grub damage. 
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MOLE CRICKET (ORTHOPTERA: GRYLLOTALPIDAE) 

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

Rudimentary hind wing 

------ Cercus 

Pest status 
Mole crickets only 
occasionally become 
sufficiently abundant to kill 
patches of young plants. 
They can be readily 
controlled with insecticide 
mixed with bait. 

Potential 
severity 

Mode+e + 

Prevalence within 
favorable habitat 

Abundant most 
years in limited 

areas 
+ 

Control 

controlled - est 

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

upland fields with moist soil 
that is easily tunneled. 

, , ,,,,,,,.,, . , , . . . ,

, ,- t,, . .t "  " ' 

Upland Rainfed wetland irrigated wetland 

Distribut on i Asia .i--.- A , 

,.,. £ 

IND"I 
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Development and actual size 

Actuo/ size 

ACIUO/ \I~
 

Development 
Five to sx nymihl stages 

- ! N-pa 

Egg 

Adult. The tan to dark brown 
adults have enlarged front 
I~ns d-picinp.i fnr dinninn 
tunnels in the soil. Thp first 
segment of the thorax istui16 yt-d iki.,lt: ,p lf ie ,ii~uu 

:ush its wav throiah the soil 
Durilg the oulig. adtults 
actively diq branched 
burrows or search for food 
such as seeds or othet 
insects above(round.During 
the day, they are 
underground. 

.' 

.

,. 
7.. 

t / 

\ l 

. 

_ 

. 

. 

_____........__ 

V 

" 

.. 
. 

( 

, 

Adults are frequently seen 
swimming in flooded fields 
during puddling for wetland 
rice. Flooding causes them to 
leave their hurrows. 

. 
, 

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

Adults are strong fliers 
despite their short wincs. ar,J 
are attracted to a light trap at 
night. 

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

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

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

Burrow 
Fodd . Nonflooded 

" , , . 

V 

Nymph 

-. tIOo O , -V* oo ~ , , .,~l .. , ., ," 
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The pattern of damage in a 
field is not uniform. Damage 
is normally in patches. 
Normally damage is greater 
near the field borders. 

-

L, 

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

Rice Maize Ech/noch/oa 

Management 
Cultural control. Maintaining 
standing water in the field 
prevents mole crickets tron 
tunneling in the soil and 
damaging the crop .. . ,4t. , 

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

. . 
, 

A " 

.,' 

. : -4 . 
. 

, 
/ " 

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

." .. 
0 

Lorao luzonenmt% (uohiwmr) 
( Sphecidoe ) 

Mermis nigrescenm ( Dujardin ) 
(Met riifidn ) 
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Chemical control. 
Insecticide application. 
Poisoned bait made from 
moistened rice bran and 
liquid or- powdor insecticide 
can be placed in the field or 
on rice btinds to kill night-
foraging mole crickets. 

Grantilar insecticides 
applied inthe soil are 
etfective hut are costly. 

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

Apply poisoned bait 
when dead plants are 
found. No economic thres
hold has been established 
for mole crickets. 

Poisoned boi,i c 

reba netcd 

... :-


I , 
Foliar sprays are not 

~ ~ ~effective.j j 

o . 

Damage 

rtin-c...... 

_ 

Panicle Flowering Mature grain 

Seedbed 

. 

Days oiler ,seeding 

[n ,p4 
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RICE ROOT WEEVILS (COLEOPTERA: CURCULIONIDAE) 

Weevils can be distinguished 
from other beetles by their 
long snouts. The most widely 
known - the American rice 
water weevil Lissorhootrus 
oryzophIlus Kuschel 
Occurs in the Americas 
recenUy entered Japan. 

Several root weevils feed 
on rice in tropical and 
temperate Asia. The 
discussion focuses on three 
of the most widely distributed 
rice root weevils in Asia: 
Echinocnernus squameus 
Billberg of Japan. Korea, and 
China; Echinocnemus otyzae," 
Marshall: and Hydronoiniditis 
molitor Faust of India. 

~'~ 

,-'-> 
-., _ -

'" . . 

Lsxhoptrus oryiophlus Echincus s(uomeus 

Hdrow)midius molifor Echinocnenxis oryzae 

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

evrity 

M, fa +,4-i 

revokence within 
fvointAe hetitof 

Atxjndnt stne 
Hiin ited 

areas 
+ 

Conrol 

t.eoddy Minor 

pests 

Root weevils are adapted 
to survive Underwater and do 

not occur in upland 
environments. 

'', ~ L...4- -K 

Uplaund 

Distribution in Asia. 

Roinfed 

-. 

wetland 

?-
(A-V/'- -. 

"/ 

Irrigrted wetland 

~< ~4 1, 1 A~ 
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Development and actual size 
The life cycles of the three 
species are similar and are 
discussed as one. Dormancy 
during the larval period 
extends the developmental 
period. 

Adult. The grey black 
adults emerge from 
underground pupa! cells after 
the or.set of rains Then 
behavior is similar to that of 
white grub beetles; however, 
they do riot fly away from the 
fields. 

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

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

Acuoi size 

) 

Oevelopment 

Four larval stages 

Egg 

Larva Pupa 

Adult 

I rmancy I I I 

0 1 42 44 46 

Weeks 

A 

_
 

Larva. The larvae remain 
/ , / submerged underground./ i i feeding on rice roots. 

/ t 

'(. ' 

-"1/'Oz1 '',
 

:- , ,' ;, .." -"
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On their backs, larvae have7 
special paired tubercles that 
take in oxygen from the 
roots. 

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

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

k in root 

" 

" 

, %,,.,, 
, 

. 

,' 
,:;, 

Pupa. -he larvae pupate in 
the early monsoon or spring 
in underground cells.;/ 

' / 

h i .. . 

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

Larvae feeding on roots 
during the wet season cause 
plants to become stunted and 
produce fewer tillers Plants 
at tillering stage show more 
damage -,ymptomsthan 
plants after tillering. 
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HeacIhy Damoged 

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

Rice Flmbr/styl/is Ech/nochloa 

Management
Cultural control. Double-
cropping flooded rice kills 
larvae in their pupal cells 

Crops whose planting is 
delayed escape the peak 
larval attack.Doleco 

single crop 

Double crop 

Wet seosor, rice 

Wet secor rieo,, 
WeseonCC 

Ldrvu inpupal 

, .;'.,-' 

r.I 

:e:, 

. 

kit
jGPCJrY 

,,laeP nted crop 

Resistant varieties. No re
sistant varieties are 
commercially available. 

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

e 

6: 

Chemical control. 
e Insecticide application 

Applying granular 
insecticide effectively 
controls larvae and is more 
efficient than applying 
foliar sprays to control the 
adults.. ' 

. 
- JJ\ 

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

F 
, 

, 

J. , 

".#'4SECTICIDE SOLO.J' 

Seedl n soak 
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e Scouting. Visit the field 
each week during the 
vegetaiuve stage and look 
for larvae or their damage 
symptoms. Foit ng fOr contro I 

Panicle Flower g Mature grain 
Ilnilphon 

Seedling 

Seedbed\ 

0 20 40 (-1O 80 00 120 
Diy (Ifter se~dino 

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

//, 
t', V 

19\ \ 

. ... 

AtA 

100 *hd 

E.oadcast granular InfesteV hVs (+t 

insecticide when the 20_______________ 
At 

,conomic thres[old is 

reached. 
control 

necessary 

Ponicle Flowernng Mature gram 
No0control ,nnflahsrn 

Seedbed Seedig rn:'or \ i":'/ - - \ r 

020 40 GO 80 100 

Days otter seedug 

120 



INSECT PESTS OF RICE 45 

ROOT APHIDS (HOMOPTERA: APHIDIDAE) 

Aphids are soft-bodied 
insects that live in colonies,-. 
composed of nymphs and . 
adults. Winged adults have -. ',, 

transparent wings. Several .. 
species feed in colonies on 
rice roots just below the soil 
surface. 

( 

) 

. 
" 

Teiraneura qigrcbdomnoIs (Saso k) Gecico luciug. ( Zehntner 

Pest status 
Root aphids seldom are 
widespread, even within a 
field. Control by insecticides 
is difficult because the 
insects are located below the 
soil surface. 

Poterfiiol 
severity 

Mode+te" 

1(wAlle within 
fovorable habitat 

Abundant o e 
yours inMlimited 

areas 
" 

Control 

ificult 
- Mnor 
- pests 

Distribution in Asia. 

-> cM.~PKu'f 

PEOPL.'SREPUILKCOFU14A 

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

i-"tI 1 1 , . 

ijpland Rainfed wetland Irric Jed wetiand 
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Development and actual size 
Eggs develop and remain 
inside the female, which 
gives birth to nymphs. 

F 

* 

Fournymphal stages 

Mature rrph 

0 15 
Days 

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

Two adult forms occur -
winged and nonwinged. 

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

( 

_-" 

" 

( 
retroneuru ngrbdomnpoM,s_ 

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

7 

adults 

Ii - Rice crop 

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. 

I. 

, 
" 

/ 

,' 

,*~ 

/ 
V-

Adult
 

-


(Sasak))
 

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

Tending ants feed on the 
honeydew produced by 
aphids. 

35 
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Damage 
Adults and nymphs remove 
plant fluids with their sucking 
mouthparts. 

Removal of plant sap by a 
high number of aphids 
causes the leaves to turn 
yellow and become stunted. J7 LL-L --. 

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

Rice Sugarcane 

Eleuslne Wheat 

Management 
Cultural control. No practical
 
cultural control methods are
 
known. _ 
 _ _ _ Resisance9meResIstatt vaiieties No re-
sistant va etoes re known 

_ _ 

Biological control. Tending prey on nymphs and adults 
ants protect the aphids from and nematodes that 
many natural enenies, for parasitize nymphs and adults. 
e~arnple, lady beetles that 

Predator 

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

Echinoch/oC 

Barley 

Parasite 

Coccinella re~prand Menochilus sexmaculatus Synharmonia octomaculatoa Mermis sp 

(Thunb3rg) (Fabricius) (Fabricius) (Mermithidae I 
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Chemical control. 
9 Insecticide application. 

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

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

Applying granules Raking qranules into 
the soi 

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

Damage 

Scouting for control 

Seedling 

Pancle 
initiation 

j 

Flowering Muture groin 

Seedbed 

20 40 60 

Days after seeding 

O 100 120 140 
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Dig at the base of plants 
showing symptoms of 
aphid attackand lookfor 
signs of aphids. 

Determine percentage of 1 4 "4. " 4 , 4 , 20 
infestedhills. hl9 

4t4 

-F

7 7 

43 
2 

Apply insecticide when 
the economic threshold is 

Aphid-infested hills 
20 -

reached. 

Control necessary 

10 m Economic threshold 

No control necessary Flowering Mature groin 

Seedinh Pancle 
initiation 

Seedbed 

0 20 40 60 80 100 120 140 

Days afterseeding 



50 INTEGRATED PEST MANAGEMENT IN RICE 

PESTS AT THE VEGETATIVE STAGE 

SEEDLING MAGGOTS (DIPTERA: MUSCIDAE) 

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

Atherigon 

,. 

oryzae ( Malloch) Atherona 

" 

% 

_ (Stein) 

Pest status 
Seedling maggots are highly 
seasonal in occurence and 
can be readily controlled with 
insecticide. However use ofeconomic thresh-ds in thee o t h o i e h l d i n t eh 

field to be protected is 

difficult because the attack 
begins at crop emergence. 

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

Potential 
severity 

Moderate 
toig h + 

Prevalence within 
favorable habitat 

Abundontin most 
years, but highlyseasonal + 

Control 

Readily
controlled 

-
-

Major
pests 

, n. 

Uplar I 

W~ 
Quinfedwetind 

7 
r rgoted wetkind 

Distribution in Asia 

00 
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Development and actual size 
,A¢luo/ size 

I A 

DeveoApnenf 

Three larval stages 

Egg 

I 

o 

Larva 

Days 

jI 

20 

Pupa 

24 

Adult 

31 

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

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

\, 
N",I 

vi 

j".-, 

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. 

.. . 

. "/, 

Peak 

abundonce 

1 

I 

2 

I 

3 

I 

4 

I 

5 

I 

6 
Monlh 

7 

I 

8 

I 

9 

I 

10 

I 

II 

1 

12 

Adults are not attracted to 
a light trap. 

x 
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Adult flies are highly 
attracted to 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. 

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

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

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

Damage
 
Larvae feed by moving their 
hardened mouth hook back 
and forth in a rasping motion. 
Larval feeding in the zone of 
new tiller development can 
kill tillers and form 

Mesh screen 

Metal slake _Z 
inground 

Cone trop 

."
 

/,
 
Ii 

1 

/ 

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 

Inverted
gloss jo 

" Fish mnealbait 

-

II 

" , / 5 

'"/4 F-I 

j 

tissue along the margins and 
are readily torn by the wind. 
As a result the leaves become 
ragged and exhibit symptoms 
similar to whorl maggot 
damage. 
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During severe infestation, 
the field may have to be 
replanted. 

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

Growth duration of undomuged plants 

Growth duration of seedling fly-damaged plants 

Poncle Flowering Mature grain 

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

L --
0 

- ..-
20 

-- - -- -I 
40 60 

Days afterseeding 

80 
-

100 
I 

120 
A 

14o 

Rice Maize Sorghum Millot Wheat 

N .. 

Barley Cynoidon Ponicumr Pennseturn 

Management 
Cultural control. The most 
practical control method is to 
avoid planting during peak 
seedling maggot abundance. 

PlanIing aIt ei .r.ins,. rf,j ,ni , or, e sn'odi r fians 

Jiaea .planting High weeding flynumbers 
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Resistant varieties. No re
sistant varieties are 
commercially available. Ph!- tnt 

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

-Eulophid and braconid 
wasps parasitize the larval 
stage. i )Q-

Spiders prey on adult flies. N/ 

Trchogrq]ma sp Klrb_ ?hus s. _plus sp 
(Trichogrammahidae) (Eulophidae) BOraconidae 

,CIbutgvr*~Ly.2v £;4eosono Araneus (och)R: Theisi (Walckenoer nuslus (L 
8 Stra,,d (Clubiolidae) Aroneldne) Aroneidoe 

. . . . . . . ... . . 

Argiope Catenuloto ( DoleschalF ) O)_opes jnCrus ThoeI ) L>COS ps.uCoonnulatc,(Boesenberg 
I Aroneidoe) Oxyopidne ).k Strand C( Lycosidae 

Tetragna a avan Thorel Tetragnatha nitens (Audouin C 
_etragnathidoe) Terograthidae) 
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Chemical control. 
•Insecticide application. If 

the crop will be planted 
durinc the period of peak
infestition, insecticide is 
mos' efficient as seed 
t-;dtment. 

Granules are inefficient 
because of the high dosage 
necessary. 

After the crop is planted, 

foliar sprays are the only 
practical control method 
but several applications 
may be necessary. The firs! 
application must be within 
one w eek after crop
emergence. 

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

ln+did 
Insecticide 

powder4S I' 

1") 

Insecicide 

Lseed 
I: 

-
-

-

_______ 

Shokein plastic bag 

____ _ . .9_ 
' 

............... ..-.-..'=r,,,. .= ," 

,- ' of .. .:gp. ¢-U P 

, f.f ',' 

i.. 

, ., 
' 

" " '" 
- "" 

. . 
' -, 

. 

. 

-

it 

, , 

otdamage 

Scouting 
for control 

Neihb oring fec 
plonled i- 2 eeks 

-ahead 

*=" %"' 

i -.., tZ. ',it 

.*' ". 

,Sr(i -

Ponicle 

,II, ' 

.Pj 

< 
Flowering 

l, /" "" 4 
Mature grain 

; 

0 20 40 0 
Doys after seeding 
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Cross that field and remove 
5 leaves from each plant in 
20 random locations, ortfe a , , 

If 4, 4 

175 

2 

4106 

Usetalofns0 eavciei h edin og!dmge# evs 

44 

14, 

Use an insecticide if the 
economic threshold is 
reached. 

Seedling moggot-domoriged leaves(%)/o 

Control 
necessary 

15 W (from neighbor's field) 

Panicle Flowering Mature grain 
No control initiation 

necessary 

0 20 40 60 80 t00 120 140 

Days offer seeding 
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RICE WHORL MAGGOTS (DIPTERA: EPHYDRIDAE) 

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

Hydre/lia griseola is a leaf/ 
miner, not a true whorl 
maggot. Damage from it is 
similar to that caused by 
another fly, Pseudona
pornyza asiatica, whose 
larvae tUnnel withln leaves. 
creating cleared trails ortminesathatgwbecome bigger as 

the larvae grow. 

Pest status 
Whorl maggots have 
increased in imporlance 
because of irrigation systems 
that 1)ensure standing water 
in paddies during the 
vegetative stage, 2) allow the 

presence of host plants year
round, ano 3) favor the 
transplanting of yuung 
seedlings. Use of economic 
thresholds in the field to be 

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

:.-' " ' \. 
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Upland 

- __,, _____ .
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l"uaso Ispiani Fallen)hydreli_ SasOkii et Hydrellia phiippna ferfino Plydrellia griseolo( 

/ 
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, .. Dumaga 
((mine) 

,,' , | '!j' l Pupa
 

jIPp 

Pseujdonipomy" asictico(pericer)/
 

Thttrc ,revwencp Ohun
 
seventy fcvoroole hibda Control
 

Moderate +t jeAbundont twlostide + Dif ficull Majorto r, oe 

h,oh a, de pests
 

protected is difficult beca;jse 
the attack begins at 
transplanting. 

rZjyi r........-

, , f , . * • •. . . 

Roinfed wetland irrigated wetiand 
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Distribution in Asia. 

Development and actual size 

A4ctualsize 

Deve/comenf 

Three larval stoges 

Lorvao 

Egg 

0 6 

Adult. Adults are grey with 
transparent wings. 

The adult 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 resemble 
other flies such as Notiphila 
spp. that live on 
decomposing organic matter 
in rice fields. Notiphdla eggs 
are large and are laid in 
masses. 

$IAN LI ..
..
 

Pupa Adult
 

16 24 34
 
Days 

. 

._ 

Notiphila otigenis Hendel 

Whorl maggot Notiphiha eggs 

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

Adults no longer find rice 
once the crop canopy closes. 
Therefore, direct-seeded 
fields or seedbeds are not 
highly attractive to adults. 
Eggs are only found along 
the edges of flooded 
seedbeds.
 

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

Adults are not attracted to 
a light trap. 

singly on leaves during the 

ffrst 30 days after 
transplanting. The elongate, 
white eggs are readily seen 
with the naked eye. A gluey 

substance secreted by the 
female causes the eggs to 
stick to leaves. 
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Larva. Upon hatching, the 

legless larvae are transparent 
to light cream in color. They
wiggle down the leaf blade 
on a film of dew to the base 
of the tillers. Oldar larvae are 
yellow. 
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Pupa. The dark brown 
pupae are found inside oldertillers. _ -- _l . _ ., 

Pupa 

Damage 
Larvae rasp plant tissues with 
their hardened mouth hooks. 
They eat the tissue of unopened leaves. When the 

leaves grow out, the damage
becomes visible. 

Mouth 

hook ., , 

, 

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

.'/1 

- - __ 

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

A lightly damaged leaf has 
only pinhole feeding areas. 

The severely damaged 
leaves break from the wind. 

Plants can recover from 
whorl maggot darmage it no 
other pests are present, hut 
maturation may be delayed 
7-10 days 

.. 

/ 
/ 

.. 
-

, 

... 

_ 

, 

,, 
. 

i 

.4 

1 

. 
, 

' 

Growth durotiont of undamaged crop 

Crowth durtion of nhurl maggot damaged crop 

Seeding 

PorbCie 
initiation 

FIoweraig M.fure gron 

Seedbed /; ,r " 

0 20 40 60 
Days oter seeding 

80 OO 120 

Damaged plants are 
stunted and set few tillers. 

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

Yeld loss 
Hgh 

Low 
Whorl noggot Whorl maggot 

Cosewor m 

Whorl rr, ggol 
Caseworm 

Stem borer 
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Plant hosts. Rice is the maggots can develop on a 
preferred host but whorl number of grasses. 

V1 

\, il L 

Rice Echinoch/oa Brachiarla Cynodon 

¢/  /' - - " -

Laptochloa Panlcurm Wild rices Learsia 

Maniagement 
Culttural control. Because 
adults are attracted to / 
standing water, draining the 
paddy at intervals during the , . 
first 30 days after " 
transplanting reduces egg . Drain field 

laying. Drained fields, . .3..a. 
however, allow more weeds for 3-4 days 

to grow. Flooded eld 

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

Direct seed rather than 
transplant. < 

Transplant older seedlings. 

Young seedling Old seedling 
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Resistant varieties. No re
sistant varieties are 
commercially available. Pi~lt

Reisance 

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

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

High tillering varieties can 
tolerate greater whorl maggot 

numbers than low tillering H .L .. va itisca hillering tillering.High Low 
varieties can.________________ 

_ 

%K 

Trichogr rnira sp Telrust'£hus sp Opius sp 
Trichogrammatidae) (Eulophidoe) ( Broconidae 

// < 

Dolichopus sp Medetera sp Syntormon sp 

Ochlhera brevitibialis de Meijere Oxyopes javanus ( Thorell
 

(Ephydridoe) (Oxyopidoe 
 ] 

Egg cocoon Egg cocoon 

Lycoso pseudoannuloto ( Boesenberg & Strand I Neoscono theisi Waickenaer 
( Lycosidoe ) ( Aroneidoe 
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Chemical control.
* Insecticide control. There 

are four methods of 
insecticide application for 
whorl maggot control: 
1 .Soil incorporation of 

systemic granules during 
last harrowing beforetransplanting,.,, 

2. Soaking seedlings 
overnight in systemic
 
insecticide solution,
 

3. Coating the roots for 1
 
second in a runny 
mixture of paddy mud 
and insecticide, then 
drying overnight before 
transplanting. ZnO 2 
powder can be added to 
the slurry in zinc 
deficient areas, 

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

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

* Scouting. Sampling is 
based on number of eggs. 
Leaf damage symptoms are 
too delayed to be used as a 
timely unit of measurement. 
Scout a low-lying 
neighboring field planted 1
2 weeks earlier or the field 
itself up to 1 week after 
transplanting. There isno 
need to scout a densely 
planted seedbed. Direct 
seeded rice should be
 
scouted within the first 

week. 

1 	 4. k_ 
RAI 

.	 .•
 
,i .4 t,, "
 

._._ ... 	 __"___._._ 	 . 

2 .	 5 
,,
 

SO'-	 " 

3 
,1
 

I _ V 
0 5 15 	 30 

Days after transplanting 

Leo 
niaged
 

Scouting
 
forcontrol
 

Panicle Flowering Mature grain 
initiation 

Seedling 	 \-

Seedbed
 

4./
V__ __ 
0 20 40 60 80 100 120 

Days after seeding 
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While crossing the paddy, 
randomly select 20 hills and 
record the number of eggs 
per hill.+441 

19+ 

174 

15k 

13 f 

than0 fe fisfee Vh 

122 

transplanting. Apply when 
the economic threshold is 
reached. 

Control 

nocessary 

2 ,.JEconomic ,. 

necessory 
No 

Seedbed 

trhldPonicle 

cntrl inng1 

I 

olo 

Flowering 

._ 

Mature groin 

0 SI20 40 60 

Days ofter seeding 

80 t10 12 
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RICE CASEWORM (LEPIDOPTERA: PYRALIDAE) 

The caseworm Nymphula 
depunctalis (Guen6e) is a, 
aquatic insect. The damaging 
stage is the larvae that live in 
sections of leaves cut from 
young rice plants and rolled 
into tubes called cases. 

A number of related 
species occur in Asia, but N. 
depunctalis is the most 
widely distributed. N. vittalis o .. . 
and N. fengwhanalisoccur in 
China. Not all feed on rice. 
Paraponyx diminutalis and P. 
fluctlosais feed on aquatic 
weeds. 

Nyrnphula depunctalis Nymphula vt tflis 
t Guende ) Bremrnmer ) 

Nvrmohua n ..h... P ponyx fluctuosalis 

(Pyer IjZeller) 

Paraponyx diminutahs 

(Snellen) 

Pest status Potential Prevalence within 
In a field, damaged plants severity favorable habitat Contrcl 
occur in patches. They 
normally recover from the Abundant most Readily Minor 
effects of leaf removal in the Moderate + years Inlimited +controlled - pest 
early growth stages. areas 
Irrigation, which ensures 
prolonged standing water in 
the vegetative stage, abundance. The larvae are 
increases the pest's very sensitive to insecticide. 



66 INTEGRATED PEST MANAGEMENT IN RICE 

The caseworm occurs only and rainfed wetland envi
in rice fields with str.nding ronments and is more preva
water. It is found in irrigated lent in the rainy season. 

,-i -- ,,- ' , i C,0 'I ' t t , .. . 

i''' -" * t 

Upland Rainfed etland Irrigatedwetland 

Distribution in Asia. - ."7" 

~%
 

Development and actual size 

Five lor'al stages 

Eggs 

0 3 

Young larva 

II 

Mature larva 

Duys 
23 

Pupu Adult 

30 35 

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

Adult 
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The caseworn moth hide,; 
in rice fields during the day 
and lays eggs at night. 

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

L 
0 
(,,I 

Z.;, 
. 

Night 

r V 
" 

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

[ 

" 
. 
, 

, 

I 
I 

/ 

/ 

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

1 
/ 

II 
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Larvae make their cases 
from leaf sections cut at right , -Gill 

angles from leaf tips.The larvae rol! the leaf" . .. 

sections around their bodies 
and secure them with silk. 

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

j 

, 

/ 

" \" ' 

/ 

f/,
b/ 

,1 

Cases are replaced with each 
rmolt. 

N>' "" 

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 r \ ,,

inside the larval case where it 
pupates. , 

Damage I. 
Damage can begin in a 77 
flooded seedbed, but does I ' 
not occur after maximum till-ering. 1he larvae feed by , 

" -r 

scraping patches of green 
tissue from young leaves, 
causing only the white 

... 

U, 

'' 
, 

] 
' 

'I 
TI 

epidermis to remain 
Caseworm damage can be 
distinguished from that of 
other pests i two ways: 
* The ladder-like appearance 

of the removed leaf tissue, 
resulting from the back and 
forth motion of the head 
during feeding. 

* Leaves cut at right angles 
as with a pair of scissors, 
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The pattern of damage is 
, ,not uniform because the - , i 

larvae floating in their 
cases are often carried to 
one side of the paddy by 
wind or water currents. 

• __ _ 

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

A// 

5.) QO 0-,, , 0 

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

Growth duroton of undamaged crop 

G 
duration of caseworm amuged crop 

Ponrcle 
ilitictiofl 

Flowering Mature grain 

Seedling .\ ii /i 

Seedbed i x 

m ll, _ _:, 

0 40 60 
Days aftersedn 

80 100 120 130 

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

nlaloss 
High 

Low _ 

Coseworm Coseworm+ 
Whorl maggot 

Coseworm± 
Whorl maggol 

Stem borer 
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Plant hosts. Larvae prefer
 
actively growing leaves and
 
although they can survive on
 
several grassy weed species, ~ ~
 
rice is their main host. .
 

"'N 

Rice Ehchohloa tPospO/um 

Cynodon Wild rices 

Management 
Culturalcontrol. A 
nonflooded seedbed is 
protected from caseworm 
attack. 

Transplanting older seed
lings limits the period of 
larval attack. 

Young seedling Old seedling 

Draining the paddy for 
several days kills caseworm / \ I 
larvae, but weeds become a /i \ I' < i 
potential problem. ' , ,' € ; ,; "\ ; 

~~'A 

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

Resnis-tance 
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Biological control. A 
braconid wasp parasitizes the ""7 F 
larval stage. The larvae of I , . 
hydrophilid and dytiscid 

water beetles prey on the 42i 
caseworm larvae. Spiders . __,.,___ _.. 
prey on adult moths. "i,.' .' 

Docnusa sp Hydrophilus atfinis ( Sharp) Berosus sp 

Braconidae) (Hydrophil;dae) ( Hydrophilidoe ) 

I l __'_ __ _.. - -

F /\ / 

Loccophilus difticilis (Sharp) Neoscona theisi WaIckenaer ) Argiope catenulata ( Doleschall 
Dytiscidae ) . ..... - ( Araneidae (Araneidae._ 


Araneus nustus L Koch) Oxyopes javanus Thorell) LcosO pseudoannulaa Doesenberg 
(Arar e) (Oxyopidoe ) 8 Strand I Lycosidae 

(H
Tetragnatho nitens (Audouin) Clubitno c r o,!,[oc, Ierg 
(Teiagnathidae) 8 Strand I (Clubionidae) 

Caseworm eggs and larvae 
are protected from the attack 
of many natural enemies "No raI 
because eggs are laid in Enenies 

water and the larval stage 
remains in cases floating on 
water. 

g Larv 

...... 
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Chemical con (ioN 
* 	Insecticlde appt,',ation" 

Caseworm larvae are highly 
sUsceptible to insecticides 
and are readily controlled 
with follar sprays or 
granules in the, paddy 

water.
 

* 	Scouting. Sampling is 
based on plant dlamage 
Scout seedbeds weekly for 
signs of larval feeding 

Direct-seeded and 
transplanted fields should be 
scouted weekly until 
maximum tillering. Damage 
symptoms appear at once on 
th,,-crop; therefore, fields 
si ould be scouted even 
di "ing rains. 

Look at the number of 
insect-damaged and 
undamaged leaves on5 
leaves from each of 20 hills 
chosen at random. 
Combine the damage 
caused by other leaf-, 
feeding pests with that 
caused by caseworm 
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Determine the 
percentage of leaves 
showing signs of feeding 
from caseorm (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 compens3ted for b 
the p lan t. 

RICE GREEN SEMILOOPER 

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

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

The green sernilooper is 
found only i 'tlarid envii. 

ronments and is ahundant in 
the rainy season 

Upland 


Damaged leaves(%) 

50 	 Economic
 
threshold
 

40 	 C 

No control necessary 
necessary 

30 

Panicle Flowering Mature grain 
20 initiaton
 
I ,_,,________._______
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Seedlng 41, k
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(LEPIDOPTERA. NOCTUIDAE) 
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Potential Prevalence withinseverity favorable habitat 	 Control 
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Distribution in Asia W.._ 

vo ~ ~ DKOM...
, , iL: 


Development and actual size 

Adult. Moths are yellow
orange with twvo diagonal, 

dark-red bands on each fore 
wing. 

;, sz 

Three larva: stages 
itV 

Pupa Adull 

Adults hide in rice fields or 
in grassy areas at the base of 

plants during the day and 
become active at night. 

0 

~i"O 
. 

Days 

13 1722 
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Each female lays 50-100 
eggs during its lifetime of 
3 to 5 days. 

Moths are highly attracted 
to a light trap and catches 
are high during a nw moon 
phase. 

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

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

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

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

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

Damage 
Larvae feed on leaf blades 
and prefer actively growing 
plants, from the seedbed 
through zhe tillering stage. 

Young larvae scrape the 
leaf tissue from leaf blades. 

Older larvae eat large 
areas on the edges of leaves 
to form notches. 

f~ N 

Larva
 

'. 

I 

L 

Pupa 

1)
 
JJI 

V 
A)L 

If 

II Younglarvae i Old larvae 



76 INTEGRATED PEST MANAGEMENT IN RICE 

Young plants can normally 
recover from defoliation 
caused by the semilooper, 
but yield loss occurs if other 
nondefoliating pests such as 
whorl maggot and stem borer 
feed at the same time. 

Plant hosts. The larvae 
also feed on grassy weeds. 

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

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

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

Yield loss 
High 

'emilooper Sem iloo r t Semilooper
 
+ +
 

Whorl mrOggot Whorl mogqot 

Stem borer 

Rice 	 £chinoch/oo Eeuso 
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Seedlirq 
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Biological control. Small 
trichogrammatid wasps para
sitize eggs. Ichneumonid,
braconid, elasmid, eulophid,
and chalcid wasps parasitize .. '. 

the larvae and pupae. . . 
Fungi also attack the -

larvae. on adul 
Spiders feed on adult 

moths in the crop canopy. / 

Trichogrammo nr ostrin'ae ( Pang Charops brachypterum ( Cameron) I Itoplectis narangae ( Ashmead) 

Chen )( Trichogran--mtidoe ) C(chneumonidae) (lchneumonidoe 

Cotesio flavipes (Cameron) Cotesia ruficrus( Holiday) Apanteles angustibasis ( Gahan 

....... (Braconidoe) . .. Braconidae) B.acnide) 

Brachymeria lasus ( Walker )
(Chalcididoe )(Elasmidae 

Elasmus sp) Euplectus chapadae ( Ashmead(Euliphidoe) Pupal cocoon 

... . .. / \4..... 

Diseased larva of Narango 
-- -.. .. ~ 

Neoscono theisi Walckenoer )
L Araoneidae) ____Araneidos 

Argiope catenulata Doleschll 
I 

Aroneus inustus ( L Koch 
Araneldae 

l-isa pseunoanruiata I Hneeroerg Oyopes aanus Thnrell ) CuIoWIC 'Ipcr IcOL, (Houewenber:J Tetragnotha nilens (Audouin) 

Strand) ( Lycosdae I (Oxyopiaae ) 8 Strand) (Club,ondae) (TeIragnathidae) 
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1 I" Insecticide application. The 
green semilooper is readily 4.s:j
controlled with insecticide, ! ,... . . ,;:Foliar sprays or systemic . • 

granules are eftective. 

" Scouting. Visit the field 
weekly during early crop 
growth. A wet seedbed 

should be scouted. 

Select 5 leaves from 
each of 20 randomly 
selected hills across the 
field. Record the number of 
leaves damaged by all leaf-
feeding insects combined. 
It is impractical to record 
early vegetative stage 
damage from ea.h leaf-
feeding pest separately. 

Damage 

Scouting for control 

Seedling 
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Apply insecticide when 
the economic threshold is 
reached. Rice at sE-,ing 
stage can compensate 
more from leaf damage 
than older plants. 

Damaged leaves(%) 

50 Economic 

40 

No control 
necessary 

- -

Control 
necessary 

20 
Panicle 
initiation 

Flowering Mature grain 

10-
Seedbed 

Seedi 

0 
:AQeeig 

20 
40 
40 60 

Days after seeding 
80 100 

2 
120 

RICE GREEN HAIRY CATERPILLAR (LEPIDOPTERA: NOCTUIDAE) 

The Rivula atimeta (Swinhoe) 
feeds on the leaves of rice at 

the vegetative stage, pro
duces damage similar to that 
from the rice green 
semilooper. 

Pest status 
Damage potential is 
moderate because the plants 
can, to a large extent, recover
frum defoliation at the vegeta-

tive stage. 
Green hairy caterpillar 

incidence is normally low 
and can be readily controlled 
with insecticide. 

The pest causes more 
damage to the rice crop 
when it occurs with other 
pest species that are not 
th e m se lve s d e folia tors. 

Potential 
s,erity 

Moderate 

Y,eld loss 
High 

Low . I 

Prevalence within 
favorable habitat 

Abundant some 
yeorsin limited 

... 

Control 

contReadily - Minorest 

The green hairy caterpillar 
occurs in wetland 
environments where the 
fields have standing water. 

Green hairy 
caturpillar 

Green hairy 
caterpillar 

+Whorl mognot 

Greenhairy 
caterpillar 

+
WhorlnX ]¢ 1 

+ 
Stern borer 

T 

' ',.t j- I- ' ' " - - -

Upland Rainfed wetland Irrigatedwetland 
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Distribution in Asia. 

(Pt UIr...'. AlA 

-AAAU ....... ' AN ' ! ' O 
' ' ' N 

NCoAI ,tAo % ,.,, . 

z".' 

Development and actual size 
Actual sIe 

Adult. The adult moth of 
either sex is white grey or 
light Drown. Each female can 
lay 100-150 eggs in a lifetime 
of 6 days. 

Veit~opine, 

- ~ ~ Five larval sfague rv 

Egg Young larva W r av 
Adult 

Pupa Adull 

0 3 13 18 24 
Days 

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

'4 
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Adults are attracted to a 
light trap. Greatest numbers 
appear during a new moon. 

-vi 

Egg. The spherical, pale

green eggs are laid singly on 

leaf blades. Pi 

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

. 

, 

,:, 
, -

' (, ,. 
0 

Larva 

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

, 
/ 

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

Management 4A k 

Cultural control. Heavily 
fertilized crops result inhigh Rice rchinochloa Leersia 
numbers of this pest. 

Use only an optimal 
amount of fertilizer. 

Resistant varieties. There 
are no commercially available 
resistant varieties. 

Resssance 

Biological coruLl. Eggs .. . 
are parasitized by 
trichogrammatid wasps. 

Ichneumonid wasps para
sitize the larval stage. 

La(vae are attacked by . -

Adult moths are captured , 
by spideis. 

Trichogramma nr evanescens 

Westwood ) 
( Trichogrommatidoe) 

Itoplectis narangae ( Ashmead 
( Ichneumonidae) 

Diseased larva of Rivula 

7~ j1 

Argiope catenulata t Doleschall ) Egg cocoon 
(Araneidol 

Araneus nustus ( L. Koch) 

(Arancidae) 

Chemical control. I 
Chemical control measures Tetragnatha maxilloso (Boesenberg a Strand) Egg cocoon Egg cocoon 

for the green hairy caterpillar t Telrognothidoe 
are similar to those used for 
the green semilooper. 
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RICE LEAF BEETLE (COLEOPTERA: CHRYSOMELIDAE) 

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

Pest status 

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

It is found in upland and 
wetlnd environments. 

Potentiol 

severity 

Moderate + 

Prevalence within 

favorable habitat 

Abundant sone 

years in limited 
areas 

+ 

Cntrol 

Readily 
controlled 

Minor 
- pest 

1. V. r''.l 

I t IFAJA1 

Upland Rainfed wetland Irrigated wetland 

Distribution in Asia 

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

Actual size 

De velopn'ent 

Four larval stages 

Egg 

t 

II-

5 

Larva 

I .. 

20 

Pupa 

Days 
28 

Adult 
Dormc'ncy 

360 
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Adult. The adult beetle ha-, 
shiny, dull black wing covers 
and a reddish-brown thorax. 

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

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

MaIp Ma I f .' I 

Mar Ap May Jun Jul Aug Sep Oct Nov DUc Jan Feb 

Adults are not attracted to
 
a light trap.
 

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

Larva. The brown larvae 
are globular in shape and are 
covered with their own 
excreta as camouflage. 
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Pupa. The larvae spin a 
white cocoon for pupation. 
They pupate on the plant in 
wetland areas and in the soil 

in dryland areas. The naked 
pupa is yellow. 

Damage
 

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

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

Stunted Undamoged 

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

N/
\
 

Rice Glycorlo Zlzono 

IPc 

Leers/a Phragmites Dacty//s 
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Management 
Cultural control. No practical 
cultural control methods are 

Resistant varieties. No 
resistant varieties are 
available commercially. 

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

Chernicalcontrol. 
Insecticide application. 
Foliar sprays are the most 
practical chemical control 
method. 

Granules are not 

effective. 

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

Randomly choose 20 
hills to record the number 
of beetles. 

IN ICE 

Cu 
b"ltt 

slPi nct 
Resistance 

.. 

Trichomalopsis apantelocteno 

(Crawford)( Pteronalidae) 

Zincrona coeruleo Linneaus 

(Pentaprntoamidae) 

.'-" 

.,, 
4 

_ 

t . " 

, . .. 

' ,l & 

. 
. , 

"" " ,. 

Damage 
Scouting 

for control Panicle 

niltalion 

Flowering Mature groin 

Seedbed / 
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Days rflerseeding 
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+'$ 
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7T 
+ + 

" 

1i9 

16 e44 

tl l 

0~l 
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Apply insecticide when 
the economic threshold is 
reached. 

Beetles (no. /20 hills) 
4 

Control 
necessary -

2 -

Seedbed 

cmic 
thehld 

No control necessary 

,/ 

Pnicle 
initation 

nfelo 

Flowering Mature groin 

0 20 40 60 
Days otter seeding 

80 100 120 140 

RICE THRIPS (THYSANOPTERA: THRIPIDAE) 

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

-

/ 4 

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

Potential 
severity 

Moderate + 

Dreva!ence within 
favorable hobi'at 

Abundant some 
years inlimited 

areas 
+ 

Control 

Readily 
controlled 

Minor 
pest 

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

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

r C~ 

i .. , , 

. " , ", 1 . ta I g _ 

Upland Rainfed wetland Irrigated wetlond 
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Distribution in Asia. 

E A 

PEOPLCE'$ X OfrCHINAOr A 

MW1 BOW 

F~ur IorvoIsoro(1 

I I I I !I 

Development and actual size 
Thrips have a shon life cycle
and can multiply rapidly. 

Oebrlocp'ent 

Fourlorval stages 

Egg Young acrva 

0 3 
Older tarv Pepup 

17 
Days 

Rna 

:9224 

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

Bdulf ' "Adult 

Adult 

Adults are day-flying
insects and are not attracted 
to a light trap. 
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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 
lays cream-colored eggs 
singly into the leaf tissue. 
The upper half 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 adark 
brown prepupa protected in a 
rolled leaf blade. 

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

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

E 
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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- L 
moval of green leaf tissue 
causes only a translucent 
epidermis to remain. 

Damaged leaves curl 
inward longitudinally from 
the edges, forming a 1 
protective chamber for adults 
and nymphs. 

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

Plant hosts. 

/ N .l 	 / 

Rice Maize Ech/nochlou 	 Leorsla 

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

Resistant varieties.No re- ,., 	 .. Biological control.The 
sistant varieties are " , - iJr -.\ , effectiveness of parasites, 
,.ommercially available. .	 predators, and pathogens 

against thrips has not been 

determined. 
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Chemical control.j 
" Insecticide application. 

Thrips are readily 
controlled with insecticide 
Apply insecticide sprays,
dusts, of systemic granules 

* Scouting Sampling is 
based on the percentage of 
leaves showing thrips_ 
dam age. 

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

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

, 
" 

I 

, ,I 

I 
Lcuing 

Damage 

o 

Seedbed 

Seedling / 

ii 

Ponicle 
infiohon 

oV. 

F lowerrg Mfure groin 

0 2( 40 1,1 
Days (ifI Semdq 

HO 10c 120 
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2 j 
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Apply insecticide when Thrips damaged leaves(*/.)
 
the economic threshold is 25
 
reached. -.- - - -.
 

20
--- control necessary 

No control necessary Panicle Flowering Maaure grain
10 initiation 

Seedling .. 

Seedbed
 

T4I I
0 20 40 60 80 100 120 

Days offer seeding 

RICE GALL MIDGE (DIPTERA: CECIDOMYIIDAE) 

Orseolia (::- Pachydiplosts) 
oryzae (Wood-rhason) 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. 

Gall midge 

Pest status 
The gall midge causes high Potential Prevalence within 
economic loss almost every severity favorable habitat Control 
year in areas where it occurs. 

Resistant varieties are Abundanl most Difficult with 
available, but they are highly High + years over large + insecticides if - Major 

areas no resistant ves~Otlocation specific because of vnrety 
the many gall midge
biotypes. 

Gall midge becomes rainfed wetland 
highly abundant during the nrvironments. It isnot a pest 
rainy season in irrigated or in upland rice areas. 

Upland
IfwelndIro
 

Upland Rainfed wetland Irrigated watland 
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It may also occur in 
relatively low numbers in the 
dry season in irrigated areas 
when fields are continuously 
flooded. 

CImO 

Gall midge abundance is 
favored by cloudy or rainyweather. 

IDnzlr 

CCloudy skies 

rain 
{ .. -IRopid ree of 

rice goll midge 

Low 
domge 

Wetseason 
crop 

Dry season 
Crop 

25 -350C 
80- 90O% RH 

Distribution in Asia. 

, ,: -40... -,. ... , .... 

PERJ~ S -1 1 H ., 

AUSTRALIA 

Development and actual size 

ActLa' sze 

Three to four larval stagesa 

Egg Young lrva 

M lure larva Pupa 

Adult 

0 4 
Days 

22 28 32 

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

Adults are weak fliers and 
do not migrate, a fact which 
explains their localized 
distribution. Adul; 
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Gall midge adults emerge 
at the start of the monsoonal [ > / 
rains from wild rice and grass 
alternative hosts where they Generation 4 
complete one to two // Ade,,ene,,? ll 
generations until the rice 
crop is planted. 

1F____ffitione2erbnon E C.'el,,eron 3 -

Generton Se, 

Wd rrceandgrossel SeEdbed 

0 20 40 60 80 
Doys ofer seedng 

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

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

Each female lays several 
hundred eggs in its lifetime of 
4 days. 

Egg. Newly laid eggs vary ,iii i4
in color from white to pink, Eggs , 1+, 
red, or yellow, but all become 
shiny amber before hatching. 

Eggs require high relative , 
humidity (80-90%) for 'k.#' ' ? .f 
development and hatching. V 

Larva. The maggot-like 
larvae are grey-white after I' 

hatching. It takes them about 
6 hours to move down the 
leaf blade on a film of dew. 
Larvae die if humidity is low 
for more than 24 hours. 

Mature larva 

They move between the - ",, The tubular gall is capped 
leaf sheath and the stem until . ... by a solid plug of plant tissue 
they reach the growing point at the base of 'he point where 
of the apical or side buds at a Eggs the leaf forms. 
node. Eggs , The larvae pupate at the 

T'he larvae feed inside the Young orvo base of the gall. 
developing buds, the zone of They remain dormant 
differentiation of new tillers. Laf"° during the dry season in 

A hollow chamber, called a dormant buds of alternative 
gall, forms around the hosts. 
developing ;arva. The tubular 
gall enlarges at the base as 
the larva feeds. It elongates Node -ud of new filler 
and emerges as an abnormal 
tiller which is light green. 



Pupa. The pupa is lightemerge ce
pink and becomes red ltbefore 

emergence of the adult 
midge. 

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

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

Damage 
The gall midge turns the 
tillers into tubular galls that 
do ot bear panicles. 

By the time galls are 
observed (larqer than 3 Mm ), 
the larvae have developed 
and pupated, and adults have 
emerged 

The galls continue to grow 
after adults have emerged 

A completely developed 
gall is a silvery-white hollow 
tube 1 cm wide andi 0-30 cm 
long The :ribuilar clalks are 
called onirn leaves or 

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

Information on the
mechanism of gall 
development is lacking. 
Either the direct feeding or a 
chemical secretion by the 
larva stimulates the leaf 
sheath to grow around the 
insect into an oval cham ber 
which then develops into the 
g all. 

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

The gall midge damages 
rice from the seedbed to the 
end of the tillering stage, 
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ofthe ad . 
: , 

ce-Pupalcase --I . i " 

"-,-.. . 'emeges. 

Gali 
chamber 

extends its body halfway
through it, and the adult 

Ademen eus alAdult emergence isually 
takes place at night. 

Pupu 

I_ 
; ul' 
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........ 

, 

e~dhed , 

G-'-- - -"... - 40' - -

' I 

Young larvae cannot 
survive past the vegetative 
stage because there are no 
actively growing buds for 
them to attack. 
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Plant hosts. Some grassy are less suitable than rice or 
weeds can serve as hosts but wild rices. 

Rice Wild rices ch/lnochloa Leers/a 

V A 

Ischoemum Ponicuin rachicrlb Paspaum Rot/boa//ia 

Management 
Culturalcontrol. Control or . 
remove grassy weeds or wild 
rice alternative hosts from '

surrounding areas and rice -. 
fields. v, 

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

V '0" 
-

.j 

;A- ij 

V: 

Plants at the vegetative , , .. vegetitive stage before gall 
stage are more susceptible tor ' ,-,dnf,6,.f -.crorV e ,n, midge populations transfer 
gall midge attack. Delay the , from alternative hosts. 
wet season planting of 
photoperiod-sensitive 10IL1 

varieties as log as possible 
after the nionsoon begins to 
reduce the length of the 
vegetative period. 

Plant photoperiod
insensitive varieties as early . 
as possible at the beginning Low . . . 
of the wet season to allow the Te- 7-e

crop to complete the Po D' ,, 
now no. 
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Avoid staggered ages of 
fields by planting
neighboring fields within 3weeks in an area. 

F 
FL4F

FFIELD 

4 
_D

3 

1 FIELD 2 
FIELD 2
FIELD 2 

FIELD I FIELD I 

Ti r M. Ti N . 

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

/ / \ 
TFe ntoon 

SeedIN~ 

0 20 30 40 

DoyE 

50 

ifter .fedjng 

60 70 ,O 90 

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

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

"" 
,", 

' 
R 

-_.-,_:_,_.___ 

.. 

. 

',i , 

' 

I. 

-_ _ 

" 

/ 

1" 

Biological control. A 
predatory phytoseiid mite 
attacks gall midge eggs. 
Several platygasterid, 
eupelmid, and pieromp.lid 
wasps parasitize the larvae. ,." 

' o 

Amblyseius imbricatus Corpuz 

BRimando (Phytoseiidae) 
Platygoster oryzoe Camer(n 

t Plotygosteridoe) 
Pupol cocoons 

Neanostlaus Cinctiverntr is Girault Neanastatus oryz e Ferriere Propicroscystus mirificus (Giroult) 
(Eupeimidoe) t Eupelmidoe) (Pteromolidae) 
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Spiders feed on the adult 
midges. 

Tetrgnat ' 
(Wlcener 

mandbl 
pTtrugnathidae ) 

Argiope catenulat(
(Araneidae 

Doleschall )
J(A 

Neascona theist W,:c
-ranedae) 

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

Larva j 

". J 

V 

Adult ac IiIvity 

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

0 20 40 

Days after seeding 

60 

Granules are usually 
more effective than sprays 
for ga:, midge control, but 
only if the fields have 
standing water. 

, 

__ _ _ _ I _ _ _ _ _ 

* Scouting. Adult activity 
should be monitored from/ 
the seedbed to panicle 
initiation. 

- Galls and s,'vershoots 

, Checklt r eal-

4~~3J_ a~ichwcAU. 

Apply insecticide after 
the peak periods of adult 
flight. 

0 2 '0 

Number of adults captured in ight trap 

60 70 
Days after seeding 

OO 120 

10 20 30 40 50 60 70 80 
Days after seeding 
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In areas of chronic and 
severe infestation, 
preventive applications of 
systemic granular 
insecticide in the seedbed 
or soalkng seedlings before 

transplanting may be 
warranted. 

Seedling 

insecticde 

Doys or conlrol 
otter root dip 

~ 

Ponicle 
initition 

Flowering Mature grain 

Seedbed 

O 20 40 60 

Days after seeding 

80 100 12.0 

ARMYWORMS AND CUTWORMS (LEPIDOPTERA. NOCTUIDAE) 

Many species of armyworms 
and cutworms attack ric.. 
Their life cycles, damage, 
and management are similar. 

,,.., ., 

Spodoptera exermph_( Wolker ) Spodopter exiqua Hubner 

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

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

'.. "4., Y ".. 
.L.L....--. 

Discussion focuses on 
three of the most common 
species: rice ear-cuttingcaterpillarMythimna (:' 

Pseucaletia = Leucania = 
Cirphis) separata (=unipuncta) (W alker), rice
swarming caterpillar 

[ i, 
.!" 

'l 

, , 

Spodoptera mauritia 
(Boisduval), and common 
cutworm Spodoptera (= 
Prodenia) litura (Fabricius). 

Mythimn_a separate 

. ',. 

Spodotera murifia Spodoptero litiro 
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Post status 
Armyworm and cutwrm 
populations are highly
localized and normally are 
held below threshold levels 
by parasites. 

IN RICE 

Potentialsveriy 

Moderate + 

Prevalence withinfavorable habitat 

Abundant some 
years inlimited 

areasro 
+ 

Control 

R 
cotile 
controlled 

- Minor 
- pests 

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

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

.. . ; -"7-- "-" - . . . . 

Distribution in Asia. 
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Mythimna separata Spodaptera mauritia 
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Development and actual size 
The life cycles of arrnyworms 
and cutworms are similar. 

Mythimna separate 

4c/uolSIZe 

Fve to sixl rval stages 

Egg 

0 

Young larva 

9 

Mature ljrvo 

Days 
37 

Pupa 
Dormancy 

53 

Adult 

60 

Spodoptera mauritia 

A}cluol size 

Devekpvent 

Five larval stages 

Young larva Mature larva 

Egg PRia 
Adult 

Dormancy 

0 27 41 51 
Days 
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Spodoplera litura 

r.'eual5ene
 

j~.I 4. IFive larval stages -

Young larvo Mature larva 

Egg Pupa Adult 

L i____ _-I I I I 

o 4 24 30 40 
Days 

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

Mythirnna s~p rtpq 

Quiet ActieA 
Rice-swarming camerpillar 

moths are dark brown. The 
front wings are brown or ---W . 

<~ 1; 
grey, with dark brown and 
dark yellow spots and one 
grey wavy line near the apical 

X 
I"-
,)4 

( 
t 

%t 

margin. The hind wings are 
white. L N 

Spodopter 9 rnau ritia , 

Moth- ,' w common 
cutwoinr are dark purple 
brown The front wings are a 
mixture of black spots andwhite and,yello wavy6>;= 

stripes. The hind wings are 

..-
wtea ye y 

,. 
. 

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

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

white. At night they fly, mate, or 
Spodoper litur lay eggs. 
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Each female lays 800-1,000 
eggs during its lifetime of 
about one week. 

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

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

Rice ear-cutting caterpillar 
eggs are cemrinted between 
the base of the leaf sheath 
and stem and are not 
covered with hair. Eggs turn 
from green white to yellow as 
they mature. 

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

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

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

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

A bright yellow stripe-'" 
running down the back has 
pale yellow stripes on each 
side. Black crescent spots lie 
next to the stripes. 

'
 
: 1/
 

A Spodoptero mauritla 

and
 
Mythlmn separota Spodeptera lituro 

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

MytiImno separata 

-- I' 

Spodcoptero mouritia ... 

The body is grey to 
blackish green. 

The larvae hatch during 
the early morning and feed 

"-' together on the tips of leaves. 

p r 
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During the day the larvae 
hide on the ground under 
leaf litter in dryland fields and 
on plants above the water in 
wetland fields. The bodies of 
resting larvae assume the 
shape of the letter C. 

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

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

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

.. _ 

// 
14j/ 

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

Aft 

Mythimna separoto 

P 

Spodoptero mauritia 

PUPO 

Spodoptera litura 

. ,,. t ..';,'. ., . ... _,e" 

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

Older larvae can consume Total food (0)eaten by larva 

much more than younger 8o
larvae. 

6O 

40 

20-

Young
larva 

Older 
larva 

Armyworms and cutworms 
become active with the 

-- -

coming of monsoonal rains. 
They produce several 
generations on grassy Needs 
and then move to rice 
seedbeds and fields. "e o3t. 

/ 

Generation 3 -- 7'.. ' 

Genej'on 2 

Generation I 'CIA,. 

Tim'? 

Larvae cut off young seed-
lings at the base. Rice , 

I" 

panicles may be cut by larval . ' 
feeding. 

• - . 1 -

Outbreaks 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. (,I//I 

Weeds and rice grow 
luxuriantly after a prolonged 

,"/ /'/ 
,,. .,/.,/,// 

/,/ ,/ 

drought because of the 
nitrogen mineralization in the 
soil. Armyworms and 
cutworms feeding on the 

7
/ - ., i.4; ,,, 

naturally fertilized plants 
produced more offspring. 
Most of the offspring survives 
because of the absence of 
natural enemies. Drought followed by heavy rains= Outbreak 
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Plant hosts. Armyworms grasses and no preference is 
and cutworms have many shown for rice. 
alternative hosts. Not all are 

Rice Wheat Ciats Barley 

I ,"
 

Maize Sugarcane Sorghum Mungbean 

?.... .:!,. ",.: 2+'-: - -,,\ 

Tobacco Jute Castor Sweet potato 

Cabbage Ech/noch/oa 
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Management 
Cultural control. Establish 
seedbeds in sites far from 
large areas of weeds and 
grasses so that armyworms
and cutworms cannot mi
grate from alternative hosts. 

Remove weeds from areas 
outside of fields. 

Plow all fallow land. 

Resistant varieties. No re
sistant varieties are 
commercially available. 

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

Eggs are parasitized by 
scelionid and 
trichogramnatid wasps. 

Larvae are parasitized by 
braconid, eulophid, and 
chalcid wasps as well as by 

Ants and wasps also prey 
on larvae and spiders prey on 
moths. 

-

Plant
Resistance 

,
 
.
 

k .2 _---..


Telenomus sp Trichogramma iveloe Pang a Cotesio sp 
tScelionidae) 
 Chen (Trichogrammotidae) (Braconidae)________. .... .... ....
 

.
 

Euplectrus chapodae (Ashmead Brachymeria lasus(Walke-) Polexoristo lucagus Walker 
(Eulophidae) (Choicdidae ) Tachinidae) 

I . V 

Argyrophylox nigrotibalis Baranov Odontoponero transuerso Smith Ropalidia scoto Fabricius 
CTochinidae) [Formicdoe) . Vespdoe _ 
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Lycosa pseudoannuola a;Boesenberg 
a Strand ) (Lycosidae ) 

Oxyopes javaivs ( Thorell 
( Oxyopidae 

J 
A polyhedrosis virus 

attacks the larval stage. Dead 
virus-infected larvae hang 
imp from the plants. 

Chemical control. 
*Insecticide application. 

Sprays are more effective 
than granules. 

High dosag,s are 
required to kil large 
armyworm and cutworm 

".." 

ell 'J 

___t,j'l.. I 

7 larvae leave their resting 
places to climb up the 
plants. 

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

larvae because insecticide 
toxicity is positively related 
to insect body weight. 

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

* Scouting. Scout the fields 
weekly from the seedbed to Damage 
crop maturity. 

- Scouting for control 

anicle 
intiatQion 

Flowering !tuee grain 

SeedlingInao 

Seedbed N1 

0 20 40 60 80 100 120 140 

Days offerseeding 
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Field sampling is based 
on plant damage as a 
percentage of either 
darnaged leaves orcte, 
panicles. Randomly select5 
leaves or panicles in each 
of 20 hills across the field. 

Determine percentage of 
damaged leaves or cut 
panicles from armyworm or 
cutworm feeding. Apply
insecticide when the 
economic threshold is 
reached. 

?o 
9 

< 

17 

. 
4 

I 

' 

1 
t 

Y 
V, 

t 4 
'i 

V 

4 \4 4 

1 

f 

f 

U 

~ 

Ti 

4~ 

2 

10 

9~ 

~ ~ 5 

Damaged ;eoes ol cut panicles (Y,) 
50 

Control necessary 
. -

25 

0 

-

Seedbed 

0 

47cnmc he 

Ni control r e:.es,,ry 

/ 

Seeitg 7 

A4 
20 40 

Panice 

on 

60 80 

Days after seeding 

Fl owering 

100 

Wure grain 

/ 

120 140 
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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 ., r'^ 

to hop away for a qtuick 
escape.
 

LoCust2 rn~qrnt,_rci mar''eI-ss Oxyri lPon ijpcoCoa 


Some grasshopper species 
migrate in swarms and are 
called locusts. 

Meadow grasshoppers .
 
(katydids) can be
 
distingUished fromiotneri;.; C ,

grasshoppers by the long . . 
thread-like antennae 
elongatec ovipositor of the 
fen; 'cand 4-segmented I 
tarsi.L 

V4 

Acridid grasshoppers have 
antennae shorter than their 
body I'ngth 

Rica ,!elds are habitats for 
many grasshopper speces 

e
wnose nymphs and adults 

'
defoliate plants. . ... !" I 

S ter~ocjrantops spienders I ,sonuc -Tundata W'Noker) Ailopus tholassinus tamuius 
(Thunbergf) IAcrioidae) CAcrididae) (Acrididoe) Fooricius 

Gastrimorgus mormoratus 
(Thunberg I (Acrididae) 

Acrido willemsei ( Dirsh) 
(Acrididae) 

Atractomorpha psittocino psittOcino 
(de Hoon) ( Pyrgomorphidoe) 

Pest status 
Grasshoppers are localized in Potrenti Prevalence within 
dry regions and can be e.erty favorable habitrt Controi 

readi!y controlled with 
insecticide. Locust outbreaks Abindonil some Readily Minor 
occur less frequently than in 
the past decades because 

Mod+rare + years in irr..,tdareoc +controlled pesrs 

more of their natural nabitats 
have been cultivated. 
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Most grasshopper species 
that occur in rice fields are . 
nonsw ming, and - , . 

consequenfy cause minimal 
damage. When they become 
abundant locusts can de
stroy a rice crop. 

Distribution in Asia. 

C,-_' 

japerica
Ox'yajaponica 


Au b an..V "s ........_i.... 

Hirglpubna '. mirtramnlni "Locso~ '
Q -~ \ 
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Locusts normally are in low 
numbers in favored grassland
breeding areas typical o' 
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 
riore robust and have well-" 
developed wings. These 
r:igratory forms fly in 
swarms to infest new areas. 

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

I 	 . .' A i "iflr A 
.'-

Development 	ani actual size 

Krtn 
swarms 

, V, 
/ ,4 

Low populaton L, urirl growth Crowding Long-winged
of locusts of grOsSes of lOcuSts lOCusts 

Low rainfall hreeding site 

Time 

. .... . ... 	 ... ..... 

! Pronotum arched r---- Pronotum saddle-shoped 

, . . .. 

' ,
4, 

Non-migratory Mgratory 

rainfed areas. Grasshoppers 
occur in irrigated rice 
surrounded by grassland 
breeding grounds. 

V~~1 
--: - ; ' { ).... 

- jj... .. .. .... :: ' . . . . . . . . . 
*'f , "" . . 4 . . .	 ":I"~tf, 14 

Rainfed wetland Irrigated wetland 

Oxya japonica japonica 

Acluol size 

Development 

Five to nine nymphol stages 

Egg Nymph 	 Adult 

- i I 
0 2 	 3 4 

Months 
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Hieroglyphus bonion 

,ee.opmenl 

Six to seven nymphol stoges 

gg Nmhdul
 

0 3 7 
Months 

Locusto migrotoria manilensis 

F 8 tO sixflyrrphol Sfoqes 

Egg Nymph 

0 I4 

Mon tts 
7 

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

.. 

Oxyooaponica japonica 

,-brown 

Hieroglyphus banian 

" 

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

with yellow rings. The 
enlarged pair of legs is green. 
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The body of Locusta 
migratoriamani/ensis is 
brown with no stripes Tne 
hind wings are dark yellow t 
the bases. The enlarged leas 
are brown ... -\ 

''Q 

Locusto migrotoriormonilensis ,.n ,, - " ': . 

Adults feed on rice foliage " 

with their chewing 
moUthparts. They are active 
at night during the day they 
remain hidden at the base of 

/ 

...... 

% 
"A.j, 

r 

Each female lays 100-300 
eggs 'n a 
months 

lifetimt of s-everal 
4 

Egg. Eggs are iwi (1J 
compact masses tL I Kl i A 
35-100 eggs. They an, 
covered with a frothy 
secretion to protect 1ernn 
from desiccation r r 
oin th li f,! , eggs;ort, 
either ,.hlte or yellow and the ",/ 
froth biihhl4, are either white 
or brown f/l, . ,;"1. 

Egg podethindep,tad ," 
the soil in grasslands or I 
dryland rice fields, or behind 

'I 
the leaf .hoahm,¢, ta 

-'th 
., 

rice fields L . Li.,a 

Nymph The body of the 
Oxya !i"o(fllca /ap ri,' 
nymph is green Two narrow 
red-brown bands run down -
its back from the compound 
eyes to the bases of the ... 
wings. 

O'yc jOp<)nCGjaponic Loc.Ant migrtor iu mcnilens5 i 

The body of the nymph of 
Hieroglyphus banian is red-

The body of the nymph of 
Locosta rnlgratouia 

brown, later becoming green. " . mailensis is brown-green to 
It has two broad stripes along . brown-orance Two narrow 
the back. black stripes lie behind the 

compound eyes and a much 
broader stripe is along the 

IHierogiypri'.s b dn shoulders of the pronotum 
... riandwing buds 
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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. 

/I ,/ 7 1 ' . , 

f I'/ 

Damage 
Grasshoppers can damage 
ice at all stages of crop ' r.n Jornaeg 

growth. The damage caused 
by meadow grasshoppers to
rice grains is partially , 

" 
V, A 

j 't 
""I

outweighed by their role as 
predators. Conocephalus is 

. ' ", 
".__ 

( , 
.;4

- "" 
an important stem borer egg 
predator. 

!(,onoephnlu5, 

Field crickets (gryllids) 
normally feeo on seeds, 
roots, or leaves of young 
seedlings. 

I 

..... 

...... 
............. 

. 

Gryllus bimaculatus 
Grylli 

de Geer Velarifictorus aspersus 
Grylhdae) 

Walker Plebeiogry:Lus plebelus 
(Gryi dae) 

Soassure 

I 

, . ......F.. / 

:!,::::'. ,,.:., ,4 -.'- $o 

Teleogryllus occipitohs Serville Loxobiemmus hrini Soussue EuscyrtLs concinrius Hoon 
( ',yllidoe) . . GrIid-., ei--
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Some species of field 
crickets defoliate rice plants 
by removing !he 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 Thuy 
resemble mole CriCketS hut 
lack enlatced fronntlecs 

[ 

, 

t 
d__m__e __,_ _________/

,' 

. 

-

_ 

, 

23 

______ ____ 

Adults and nymphs feed-
on rice leaves from the 
margins of leaf blades. 
creating ctAOlt areas. Grass-
hcppers are large enough to 
feed even on the midlilb. 
Th,'y also can cut rice 
panices as arnyworms do.Swarming 

Ii' 

I-' 

) 

', 
;/" 

.1 
I 

m 
. ' 

locusts can 

remove most of the foliage in 
a rice field leaving only the 
bases of tillers. 

v,' , 

, 
.:,'A 

-77 

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

. 

Rice Maize Sorghum 

Sugarcane Millet E'ch/nochloa 
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Management 
Cultural control. No effective 
cultural control methods are Cu ural P1 nt 
known.W 

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

control Resistance 

Biological controi. 
Different scelionid parasitic 
wasps can locate 

V,1 
', 

grasshopper eggs in the soil 
or on plants. Those adaptedto ocatng eggs in the soil ... " " / .,,, 

have elongated abdomens. 
Nymphs and adults are 

killed by parasitic flies, 

- \ 

IM! 

nematodes, and fungal 
pathogens.

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

Macrofeleic nr indica (Sharma) 
. (Scelionidae) 

Scelio sp 
I... (Scelionidoe)S1 

Paratheresio Sp 
( Tochindoe ) .....................
 

Hexomermis sp Enromophthora nr grylhi i Ploceu prlippinu5 i ifmneus iFreseniusIh
TMer m a -d ( Entomophtho'aeooe) Ploceid.ie) 

Rin sD Ag'upe co~enuero Doleschali 

L~ f .il .Aranednoe -J~ 

Chernicai control. 
Insecticide application. 
Poisoned baits are used to 
control locusts in their 
grassland breeding 
grounds. 

Locusts are alpracled to 
salty rice bran. Bait is made 
by moistening rice br.,. 
with salt water 

Insecticide is then added 
and the dried poisoned 
isspread on the round 

ti 
-'. 

.ai , 

among swarms of nymphs 

http:Ploceid.ie
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Grasshoppers in rice 
fields are controlled by fo- , 
liar sprays. ,,. -

Granules are not '" t ... : J
effective against 

. _ 

.t04f,,_"-.},. m .. , ," . .i 

grasshoppers. 

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

Grasshoppers can 
damage rice fields 
throughout rice growth. 

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

Determine tne 
percentage of damaged 
leaves or panicles. Leaf 
damage from grasshoppers 
and other defoliating insect 
pests should be combined 
to form the threshold value. 

" .

1 

, SSU 'EILLhL TEA,"TEAM 

".. 

Dc,,,Uge 

F Scouhing for onhrolI 

Panicie Flowering Molure grain 
inifiOticri 

Seedling / /'' 

Seedbed - 4 , 

7 T T- i" f 

"80 10( 120 

/. 
" 

20 
,9 

1, " 

,/'s 4 

', l , gi9 f", 

4 1 !io ~ 

6A 

j\ 
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Spray insecticide when 
the economic threshold is 
reached. 

Damaged leaves/hill (%) 

50 

No control 
necessary 

Flowering 

Seedbed 

Seedling //ClY 

-D /amaged
"ond" 
ii 

Economic threshold 

PoncleJthahon 

Mature groin 

I If 

pancles , 

020 40 

Dop 

6(0 

uftersreedng 

Hk' 100 12.0 

RICE LEAFFOLDERS (LEPIDOPTERA: PYRALIDAE) 

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

-

Cnuptolocroci l . rle. Marosmic e-g ..Huter) 

Morormia pa nahks(Bradley) Marosmia ruras (Walker) 

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

- ' I jP' 

To form a protective ChWhiOOS mede ee Marasrr .' I t 
u r

) 

feeding cham ber, the larva ................ . 
folds a leaf blade together by 
attaching to the leaf margins 
silk strands that shrink upon -. 

drying.rrr 

i oInal trv si Erdir I Marasmia ruralis(IWorker 
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Pest status 
Rice leaffolders are wide-
spread and often cause 
significant yield loss. They 
have increased in importance 
in areas where rice is heavily 

Potentil 
severity 

High + 

Prevalence within 
favorable habitat 

Abundant moost 
years over 

large areas 
+ 

Control 

Readdy 
ontrolld 

- Mujor 
pests 

fertilized and is cropped in 
both the wet and dry 
seasons. Outbreaks occur 

after prolonged drought or 
heavy use of insecticide. 

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

UoDIIInd 

Distribution in Asia. 

Rainfed wetland irrigated wetland 

~ W A~ EOAVPS A&,~ Vf, 
"..AP'Qa(AEP.,BLIC Cj 1 

Y C EA.- S, 

NM~A 

A 

NASM 

BA"I 

4EI AS 

p 

IN 5'AP E 

Cnaphalocrocis rnedinclis M orasmia enquc F "\ 

Marasmia 

LA..,. 

Ow, A' 

A 

APAN 

A5AP 

Klnaarosmia 

,A 

tu~,SS 

-

rxual 
*" 

~

' 

~~ 

A~ 

P1, 

Morosmia patnalis Morasmia ruralis 
Z ASIRALEA -1, 
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Development and actual size 
Because Cnaphalocrocis is Cnaphalocrocis medinalis 
more common, its biology, 
damage, and management .
 

s.
Acl /alwill be described. 

Deve/lsnmew/1 
Five tosix larval stages 

Egg Younglarva Mature larva 

o 5 
___ __-L 

Days 

Pupa 

30 

~ 
Adult 
J_ 

37 
WI 
47 

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

Marosmia exiguo 

,4lal slze 

-

VeveopmMIn 

Six larval stages 

EAdult 

/Young larva Mature 0rva 

Ad u11 Pupa 

o 5 33 42 48 

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

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

Adults hide on rice and 
grassy weeds during the day 
to escape predation by birds 
and only take short flights , Y-

whendistrbed 
/" 
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Adults are attracted to light 
at night but are seldom 
caught in light traps. 

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

The egg masses are dif-ficult to see vith trne naked 

eye. Eggs turn from trans-
parent to a cream color as 
they mature. 

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

They migrate to older 
leaves from the second larval 
stage onwFd. 

Only one larva feeds within 
a tubular feeding chamber.Some feeding chambers are 

made from leaves bent tip

down. 

The larva remains within 
the folded leaf, feeding by 
scraping the leaf surface 
tissue. Each larva may feed in 
three to four loaves d uring its 
lifetime. 

Mature larvae are yellowish 
green wth dark-brown 
heads. They jump or wiggle 
rapidly when touched. 

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. 

.. X 

-


; ' : ; r,
1 ~ 
 , ''
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Damage 
The removal of leaf tissLe by 
a larva within a feeding 
chambe" causes longitudinal 
white and transparent streaks 
on the leaf blade. 

Each leaf blade may 
contain several feeding 
streaks. 

When infestation is hioh, 
each plant may contain me'ny 
folded leaves. Heavily/1 
damaged leaves become dry 
and highly infested fields 
appear scorched. 

flag leaf is damaged.Yield loss is high when the 

Larv I 

chamber 

/ 

/4 

/1,I 

.dK 

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

Maize, sorghum, and 
sugarcane are minor hosts. 

"-"- ______-___"____-"_____ .___i__________ 

,- , 4..., . _, i 

IVt 

Rice cchinachloa Cleusine Loewsla 

, ,!- " / " \v./ 

"Iii 

-: 

., 

..Z, 

' K 
\. 

"' 

, 

-' ,.. , -

Panicum Penn/se/urn Isochne rh/r1 
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Pospolum 

MOiZe 

Management 
Cultural control. High 
infestation occurs from high 
use of nitrogenous fertilizer. 
Split fertilizer application 
during the growing season 
and reduce the amount. 

Higher infestation occurs 
in areas where the rice crop 
isshaded oy trees. 
Remove grassy weeds 


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

Resistant varieties. No re
sistant varieties are 
commercially available. 

Rottbolic 	 Imperata Sty1osanthes 

Sorghum Sugarcane 	 Wild rices 

H P 
Panic* 

T,,e, initholon 

seedingq 

0 20 30 	 40 50 60 70 S 0 

Days afterseeding 

s,... 
-	 I"7' 


, -


Plant 
Resistance 

_1
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Biological control.High 
natural mortality occurs from 
the activity of beneficial T1 
arthropods, which attack leaf
folders at every growth sta,....... , \ '. 

Tiny trichogramnatid , ' . ; .., 
wasps develop, one each . .. 

iriside an egg, killing the - . . 
leaffolder larva before it 
hatches. 

Many species of wasps -

V 
\ ' 

' 

'I:

1 -

braconids, ichneumonids, Trichogrommo sp Apo: teles angustibosis (Gohan) 
chalcids, elasmids, and (Trichogrornmmtidae) T ar-coni-ae Puplcocoon 

encyrtids  parasitize the 
larval and pupal stages. Deadlarvae infected with fungi are 

-

// 1 
flattened and stick to the -... 
leaves while those killed by / " r. 
viruses turn black and hang %4-, -. 
from leaves. --

Crickets prey on eggs and 
ants and beefies prey on the " 
larval stage. 

Spiders capture adult 
moths Apanteles cypris ( 4ixo. 

I 
Chelonu 

I 
rMuriCKIote. Munokuta) 

CBraconido) Pupal cocoon . k.r nn id-oe) 

r 

'
/ ,"\t . 

CQrdiocills philippinensis Macrocentrus philppinens s Temelucho philippinensis (Ashrnead) 
Ashmead B o) ae (Ashneod) (I Broconidoe (--l'chneumonidae) Pupal cocoon 

Temelucho 5ago i (Ashmead ) Trichomrno crophaocrosis (Uchidc Brachymerlo excarina ( Gahon) 
Ichneurnonidoe) Pupal cocoon (Cholcididoe) 

c .-,.,h,..-.n ' e .~....../ 

K -' 

Elosmu, sp Copidosorna sp 

(Easm idae) (Encyrtidoe) ungus- rifected lotva Virus infected larva 
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Odontoponera transvers( Smith) 
(Formicide) 

Pcederus fuscipes(Gtrtls) 
StaptylInidoe) 

Chemical control. 
Insecticide application.Granular insecticides 

broadcast into paddy water 
are not effective against theleaffolder. Spray 

fpruaiare preferredr 

a Scouting. Fupulations can 
be monitored 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 

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

Ophlonea Ishii(Habu) Metioche vittaticolls (Stol) Anaxipha sp. 
(Corobidae) (Gryllidae) (Gryllldae) 

Chlaenius 	Posticalis (Motschulsky) Lycos pseudoonnulata(Boesenberg Oxyopes javonus ( Thorel; 
(Carobidoe) L Strand) Lycosidoe) (Oxyopidae) 

-- N'
I>
 

, . '(,J .... .
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° -r ''-. ' ." "
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_Drnge
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Ponicle Flowering Mature ginront
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Seedling 

Seedbed
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Randomly pick 5 leaves from 
each of 2 hills across the 
field. Take note of leaffolder 
moths while walking across 
the field. 20 , 

19 

4 , , 41 

V, 

14 

fit~v 

to i0 f 

nreasdTesamplngnl (/o 

when mothes are fousnd. whileesol 
walkingrinnthMfieldeorrinn 

Appleny tonscie aweek 20 

the economic is 10 
reached The econofic 
threshold is lower when the 
flag leaves are present. 5-

necessaryvs 

40reshoiNo control 
necessary 

hehold 

, 

loerigctu 

r 

gai 

iniiato d lwrn Mt ri 

Seedbed Seln to 

0 20 40 60 
Days otter seeding 

80 100 120o 
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RICE STEM BORERS (LEPIDOPTERA) 

Five stem borer species are 
important pests of rice in 
Asia. They are rice striped Striped Do k-heoded Yellow White 
borer Chilo suppressalis (= 
simplex), dark-headed stem 

. .borer Child (=Chllotraea).. 

polychrysus (= polychryss), 

rice yellow stem borer f)white stem borer ' , '., ).- '' ! ,Sohoenobius) incertulas, rice
 
Scirpophaga (= Tryporyza= 
 .
 
Schoenobius) innotata, and
 
pink stem borer Sesamiao 
 MO &irPophogo sc'rportogo
inferens. supPresso/,s pO'.chrysus incertulos nno/oA

The life cycle, habits, and (Waiker) (Meyrick) IWalker) (Walker) 
management of the different 
species and the crop injury P.raldo 

they cause are similar and
 
are described together.
 
Identification, distribution,

host range, and of each species are described
 
distinguishing characteristics separately. 

Pest status 
Stem borers are widespread Potential Prevalence within
in occurrence. They cause severity favorable Controlhabitat 

significant damage by

reducing tiller number even 
 Abundant most 
on resistant varieties and are High + years over + Difficult 
difficult to control with large areas
 

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. 

~" ......
* .. . 
" 
,A,.., . ' , , ,.Wt 

UpadRainfed wetland 

'Iy 

Pink 

..... 
.
 

Sesunc 
atfe
ens 
(Walker) 

Noctuidae 

Major 
_ pests 

Irrigated wetland 



INSECT PESTS OF RICE 129 

Development and actual size
 
All five species have a similar life c, Cle.
 

Chilo suppressalis 

Ac,/ulsize 

Oeve/opmen! 

f7 ,, 7 Fvelaval stagesA 

41.Young 

Egg mass 

larvr, Mature lava 

Pupa Adult 

0 6 39 
Days 

45 60 

Chilo polychrysus 

Actuol sze 

Development 

Five larval stages 

EgasEgg mass Young larva Maure oava 

Pupa Adult 

0 6 41 

Days 
50 55 
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Scirpopoago incertulas 

Afual sze 

Five larval stages 

Egg 

0 

mass 

5 

Youb larva Mature larva 

Days 

35 

Pupo 

44 

Adult 

54 

Scirpophaga innotato 

Actualswe 

Deve/opn,; 

F,ve larval sto es 

Egg mass 
I 

0 

I 

W Pupa 

Days 

I 

31 

II 

42 

Adult 

51 

Sesamia inferens 

Actual size 

Oeve/lcnent 

Five larval stages 

Egg 

0 

YouN 

I 

5 

larva Mature larva 

Pupa 

Days 

50 

it 
61 

Adult 

70 
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Adult. Adults are quiet 
during the day, hidling among 
the rice plants or weeds near 
Ine ield When d st rhed -
they fly only a few meters... 
The moths are active at night
and fly to rice fields to lay 
eggs. 

F 
. 1 

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

'i 

A 
Each female lays 200-300 

eqqs durirg a lifetime of 4 
days. 

/ /', __ " 

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

Egg. Eggs are laid in 
masses of 5-200 on rice 
leaves or leaf sheaths. Egg 
shape, appearance of the egg 
mass, and location on 'he 
plant are specific 
characteristics that 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 drift 
to nearby plants Young 
larvae feed on leaves and leaf 
sheaths. 

/ 
, 

/ 
.. 

" I\ 

-®'\ 
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Medium-aged larvae 
penetrate the leaf sheath and 
feed between the sheath and 

I 
j 

/ 
'/; 

tiller for several days before 
entering the stem. Older 

, 

larvae feed inside the stem 
near the base of the plant. 

I / 

Mature larvae inside the stem 
may move below the soil Y, 
surface and hibernate when 
conditions are unfavorable. 

Pupa. Larvae pupate inside 
the stems near the ground or ' 

several centimeters below the
soil surface. 

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

Striped stem borer 

Distribution in Asia. 

POLS WEPUOILCN CI.MA 

DE PEU-a , 7 

*5AmLNj 
vt'i P 

silver scaleandaarow o O£335 Q MAA 

The Striped stem borer moth 
isstraw 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. AdI 

7:'/17
'I 

f.," . 

MaUe 

'-body. 

, 

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

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

The pupa is dark brown. 
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Planthosts. The larvae can 
develop on maize or grassy 
weeds, but prefer rice. 

V" !!
 

Rice Wild rices ypha 

.AjIf, .I.,, , -. - , -'. .'"t,! 

Phrogmies Maize Zi0anic Pani/um 

Distinguishing 
characteristics 
" Many larvae may be found 

in one rice stem. 
" Egg masses are deposited 

near the base of leaves or 
leaf sheaths and are not,/ 
covered with hair. 

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

. 

Dark-headed stem borer . -

Distribution in Asia 5 @.i ' 

The adult moth is straw to 
light brown with silver scales 
and several black dots at the 
tip of the fore wing; the hind 
wing is yellow-white. 

-

I 

*1I'EOE S REUBI 

., 

OFCH 

,, 

.~. ~IS.IN 

*55j 
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The scale-like pale-yellow
 
eggs overlap in the egg mass.
 

The larva has a black head T_
 
and black connecting . Mo'" e " ." 
thoracic plate; hence, its ,, 
name. I
 

On the abdomei, three 
 i 

dorsal and two lateral brown y
stripes are distinct. i 

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

Pupa 

Plant hosts, Rice is not the 
only preferred host. 

Rice 	 Maize Sugarcane Saccio/epsis 

L
 
Scirpus Se/aria 	 Echlnochloa 

Distinguishing 
characteristics 
" Eggs are laid in rows near 

the base of the leaves and 
on leaf sheaths, and are not 
covered with hair. 

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

" One larva generally tunnels 
in a single stem. 

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



INSECT PESTS OF RICE 135 

Yellow stem borer _j j ... , V _w-f. I 

Distribution in Asia 	 .J .. -. .
 

The male and female yellow k- I. 

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

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

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

The pupae are elongated
and yE 3w-white. 

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

Distinguishingcharactcitc
#; 

It , Ist, 

* 	Egg masses are laid near 
leaf tips and are covered 
with hair. 

" Only one larva occurs in a 
stem. 

" The pupae are found at the 
extreme base of the plant. 
often below the soil. 

" The yellow stern borer is 
most abundant in aquatic 
habitats where flooding 
occurs and in places wheia 
multiple rice crops are 
grown annually. Larvae seal 
entrance holes with silk to 
make stems watertight. 
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White stem borer 

Distribution in Asia Z d #==" UOLoA" 1 ,.O,, 

The adult white stem borer is 
similar to the yellow stem 
borer in appearance. The 
male and female appear the 
same. 

CMJPUt 

B.UTA 

OCN . ,JAPA 

A I 

SLAdul 

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

NEW 

C -

A Egg 

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 
yellow stem borer. These two 
stem borers can only be 
clearly differentiated as 
female adults. The yellow 
stem borer female has a 

Lorvo 

black spot on each front wing
whereas the white stem borer 
female has no spot. 

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

Millet Rice POspaum Panlcum 

Sg\a W/si 

Sugorcane Wild rices E/euslne 
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Distitguishing 
characteristics. The egg 
mass, larva, and pupa of the 
white stem borer are similar 
to those of the yellow stem 
borer. 
* 	The white stern borer 

occurs predominantly in 
areas where there is only 
one wet season rice crop a 
year and the stubble is left 
undisturbed du'ing the dry 
season. 


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

Pink stem borer 

DIs frIbutlon Ii Asi,i-

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

1 he adult IS101(jt1hi'lt kiM 
with dark b own makri s 
From a central point In the 
fore wing. a typical radiation 
of grey-black lines spreads 
toward the wing tips, ending 
in a thin terminal line of dark 
spots. The hind wings are 
whie. 

The bead-like eggs ire laid 
in rows aecd are not covered 
with hair 

The larva has an oranne
red head. Its body Is purple
pink on top and white below. 

The pupa is dark brown 
and robust. 

'I 

-. .'..... ... 

SINGLE RICE C RO0P 

-,. 

, ,,, 41
 

i. K rU &Xc, ,, , . . 

IAA 

.... 
.. 

" ' . 

' 

AMA 

EggMature lOr' I ,RUp0 
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Plant hosts. The larvae 
have a wide host range. 

Rice Sugarcane Maize 

Wheat Barley Oats 

Wlld rlces Pdniculm Pospa/um 

~ / -/ ~ KuDistinguishing 
SThe eggs are laid between!
 

the leaf sheath and the 
stem and are iiot covered [
with hair. " ! / 

" Larvae may pupate 
between the leaf sheath ,," 
and the stem, instead of /
inside the stem. -.. 
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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 stem-, which 
then break easily.,, 

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

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

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

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

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

-- A 

,
 

,
 
,;ji/ / 

Deadhear dar mo. il~ eoaIIA'ooo.0 0_____ 

-

0 10 20 	 30 40 50 60 70 80 90
 

Days after seeding
 

Deadhear ts 

' 
 Stem borer damaged tillers 
are filled with frass (waste

", 
 from the digestive tract) and 
,nave larval entrance and exit 

holes. 

........ . , 


,0, 
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ManagementCultural control. 
Partial eneration ,* 	Plant an early-maturing rice
 

variety. Generaton 2
 
The stem borer Gencration I , ago,


completes fewer
 
generations in an early

.. .maturing variety..
Populations on such a
variety are lower and f '4'
damage Is reduced. 	 Early maturing varety* Plant fields In an area 

Partial generation 4within 3 to 4 weeks, which
 
is less than the time for one
 
stem borer generation. Generahon 2
 

Stem borers complete Generation I . .. A i. .': "
 

fewer generations when 
 __ Ge...at..n. 
fields are planted -A
 
synchronously.
 

Fields planted later maybe severely damaged by -,., ,
stem borers that have built 

e.rto .up in fields planted earlier. 	 Generation 4 Generaion 8Stem borers in late GeneraA3 __jw-*-ral 7 - Aplanted crops may be
 
carried over to attack a G 2 
 G
 
second rice crop. G-eneration I I .... a 5 A l
Stem borers on the first
 
crop will not be carried A
 
over to the second crop if
 
the stubble is plowed under Dry, cm
after the first crop is har-

vested, and the ground is 

- "
 

leftf!allow for at least 3 to 4 
 it f
weeks between crops. f V 1 

0 20 40 60 80 I00 120 140 160 180 200 240220 260 280 300 320 
Days 

Generation 2 ,yrro n0g7nmg Generation 2 
Generation I A Generation I -

Wet season crop Dry season crop 

o4 100 02 202402 280 300 
60 8012Da3s
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* 	Remove rice stubb,e and
 
straw.
 

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

Cut stubble close to the 
ground so that many of the 
remaining striped, dark
headed, and pink stern 
borer larvae are removed 
with the straw.B uirn or sun-dry straw
after threshing to destroy 

stem borer larvae. 

o Avoid excessive nitrogen 
fertilizer by splitting fer
tilizer applications. 

" Remove seedlings with
 
stem borer egg masses
 
before transplanting


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

Resistant varieties. Many 
improved varieties have 
moderate resistance to stem 
borers. 

' 

. 
4 €¢ _ 

. . -, 

Fr L 

Till'on infitio n 

SeedhNq 
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Doys after seedrg 
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Because some chemicals 
in the rice plant affect the 
moth, the plant becomes less 
attractive for egg laying and 
larvae that emerge have a 
lower rate of survival, are
small, and take a longer time\ 

High tillering varieties can 

compensate more for 
deadht. arts duririg the 
tillering stage than low
tillering varieties can. 

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

Striped 


S
DE FGH 

A 

Telenomus rwani (Gahonn) 
(Scelionidae) J 

F 

' /
 

i '. 

High tillering Low tillering 

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

Dark herdecd Yellow White Pink 

DEFG A BCD FG ABFG 1BDG 

C D E 

....- ....
 

Tetrasti ,us schoenobii Teienomus digno i s (Nixon) Te-rs y ~r..er 'eenorrus dignus(Gahon)
Ferere) (Eulophic& . . Sc(no- .e) L Eulophidae I 'dcie)- Ye-


xA! G H 

C ~41> 

Trichogrommo joponcum Trichogromma ouSrolicum Trichogramma chilonis ( Ishii) 
(Ashmead) ( Trichogrormaidoe) (Girout T ( Trichogrammotidoe) 
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Eulophid wasps have
 
elongated ovipositors and
 
can lay their eggs in stem
 
borer eggs, even if the latter
 
are covered with a mat of 
hair. Scelionid wasps, ~ ~ 
however, parasitize stem \b,,,, 
borer eggs while the moth is 
in the act of oviposition - k 

before the eggs are covered 
with hair. The wasp !ocates . 
the female moths, possibly 
by the windborne chemical 
sex pheromone given off by 
the female moth to attract a I Telenomus 
mate The wasp attaches on the anal hair tuft 
itself to the tuft of anal hair of )ellow stem borer 
near the female moth's ovi- female moth 
positor and waits for the 
moth to lay eggs. 

Egg masses are also the -- I -____:.,,.,-


food of several predators "
 
Tettigonlid and gryllid 
predators prefer yellow and 
white stem borer egg masses / .


M
and consume the hair mat , 

covering the eggs as well as
 
the underlying eggs.
 

Conocephous longlpennis (Haan) Metioche vi taicolls (tal) Formicomus braminus I La Ferte 
(etfigoniidae) - (GryllideSe) e) Anthicidoe- rnec 

The larval and pupal but parasitization rates are 
stages are attacked by a often very low. 
large number of parasites, 

Jr.. .. r.. ............1.. .. .. . 
1 2 3 4
 

_ '. .I ' 
Stroed Dark hr nYellow White Pinkh E 


G K L MN G H Ar8e ] [ 1 

CD E F A B J[ D G Jc D BCGKN0. 

rhaconolus schoenobivorus Tropobra on schoenoi VieriecK) Bracon chinensis Szepiigeti ) Elatmus olbop;.tus (Crawtord) 
5ioh~er (Braonidae) R aon,d-1e (Broconidoe) Cif n1dae) 

fE IF GK 

Chelonus munokatoe, M no ,,a I H pitis russatus(Holidoy) I Cotesia flavipos Exoryzo schoenol'.; ,liklnson)(Cameron) 
_ " 7 Broconide) -.-. raconid.e)[ .. (Braconidae) (Brcondo,..) 
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stm_ SP Ternelucho slongli (Ashmead Itoolectis narngoe (Ashmeod) Goryphus bosiloris ( Holmgren) 

(ichneumonidoa) j .chneumonidoe) (Ichneumonidoe !(Ichneumonidoe) 

M N 0 

17' W 

Temelucn philippinen~is ( Ashmeod Xonthopimplo sternmotor Sturmiopsis inferens ( Townsend
trchneumonidce) (Thunberg ( Ichneumonidae) ( Tachinidae) 

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

OPhioneo nigrofscloto (Schmidt- Lycoso pseudoonxlata (BoeenOerg
Goebel) (Carobioe & Strond ) Lycosidoe 

(\i( 
OrxyOpes jovanus Thorell ) Aroneus nustus L Koch 

Osyopodo, ) Ar'nredoe) 

Several species of fungi 
can infect the larval stage IW\
 
and consume the stem borer 
at the base of stems when it ry
is about to pupate. The 
Cordyceps fungus grows 
long, noodle-like arms from 0. 
the stem borer's body. 4 

Beauveria bassiono (Balsomo) Vulllemln Cordyceps sp
- Eno'ophthoroceoe) (Entomophthoroceoe) 



INSECT PESTS OF RICE 145 

Chemical control. 
a Insecticide application. 

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

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

Granules ifmore tho 
paddy water 

F Folior 

Seedling , 

cmI 

sprays 

Pnicle Flowering Moure grain 

can be used. 
2. Panicle initiation to 

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

Seedbed 
-( 

L 
0 20 40 

L 

60 
Days after seeding 

Damage 

80 100 120 

* Scouting. Scouting 
considers the percentage of 
tillers showing deadhearts. 

Visit the fields weekly 
from the tillering stage to 
flowering. Seedln 

Scng for cont'oI 

Panic 
inition 

Flowering Mnture grain 

Seedbed 

0 20 40 60 

Days afterseeding 

80 10 120 

Record the number of 

deadhearts and healthy tille,,s 
in 20 randomly chosen hills 
across the field. Take note of 
moths while crossing the 
field. 

+ 
2o 

'9 

"' ' " 
It V 

18 

17 
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10 V 

20hill 9 t 

4 
*~#~I~I~ ~4( 33 
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Apply insecticide when 
the economic threshold is 
reached.__ 

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

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

Deadheorts (/) 

15 -

0 

5 

Control 

Econvnc threshold 

NO ,ontrolnecessary 

Sl 

necessary 

initiatio/ 

Mature grain 

0 20 
7t-

40 60 

Days after seeding 

- I 
Be 

-T 
10O 120 

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

, 

-
-

Egg masses(no /20 hills) 

2 Economic threshold 

No control necessary Control necessary 
_ .-- .- , 

Seedling 

Panicle 
initiation 

Flowering Mature grain 

Seedbed 

0 20 40 60 

Days after seeding 

80 100 120 
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RICE BLACK BUGS (HEMIPTERA: PENTATOMIDAE) 

Two species of rice black
 
b'ugs are important in Asia:
 
the Malayan rice black bug
 
Scotinophara coarctata 
(Fabricius) and the Japanese
rice black bug Scotinopharalurid (Bumeiser).pronotum 

hirida (Burmeister). 

.-


Scotinopharo coarctata 

, 

- - .. 

• , 

1 k4 .pointed 

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

Scotinophoro parva (Yana) Srnnophra ' tlsnh.....) 

Scotinophora horvathilDistant) Scotinophoro inermiceps(Breddin) 

Sieoatro agno-oSpine oninterior margin ofpointed sideward 

Lateral
margin
 
slightly concave
 

Shoulder spine short and 
slightly pointed 

-Spine on onterirwmargin of 
pronotumn pointed forward 

Latera margin wavy 

Shoulder spine long and 

Sc ioupliura %fot:0Ilorvath) 

Scotirophoro latiuscula Breddin 

Scotinophara oftinis (Haqlund) Scotinophoro inermis(Haglund) Scotinophara ochroceo (Distant) 
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Pest status 
The Malayan and Japanese 
black bugs often are abun
dant in their preferred 
habitats. Because chemical 
control is difficult, yield 
losses are often high. 

Potential 
severity 

High + 

Prevalence withinfavorable habital 

Abundant most 

years over 
large areas 

+ 

Control 

Difficult -Major 
pests 

Both species occur in 
wetland environments but 
S. coarctata prefers swampy 
areas. 

6e 0' fe I)t 6 F , .Ik 

Up ni 

Distribution in Asia. 

ed ,,etkind Irrigal ed etl n d 

toE 

... DEN ....... 

EA>AA 

• .('1Isix., 

Sc .otinopharaCO rcItat 
Scotinophara lurida 

. 

Development and actual size 

Ae/Le,/oS4'e 

I 
il ' 

Fournympnal stiuges 

Egg] Young nymph 

Mature nsympn 
dl 

Dormancy 
45 

Days 

75 
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Adult. The shiny dark brown 
or black adults aggregate at 
the base of rice plants 
immediately above the water 
level during the day. They 
move up the rice plants at 
nicil t and use their sucking 
muLithparts to remove plant 
sap from tillers. 

N 

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

' 
4 , 

---

Generation I 

Geinerolin 2 

Rice crop 

Adults are highly attracted 
to a light trap, and catches 
are highest during a full 

moon. 

1V /1 

Adults give off an offensive 
odor when disturbed. 

A female lays about 200 
eggs during her lifetime. 

Egg. The greenish pink 
eggs are laid in masses of up 
to 15 in several parallel rows 
on lower leaves near the 
water level. 
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Nymph. The nymphs are 
brown and yellow with blackspots. / 

Like the adults, they
 
remain at the base of the 

plants or in cracks in the soil 
during the day and feed at 
night. 

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

Du tng the tillering stage, 
black bug feeding causes 
stunted growth and reduced 
tiller number 

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

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

Scoitnophara cenrc!tr ,1a __ 

r 

'2
 

\ N, / \\ p,, 

. . f 
-

i Health, Damaged 4 y Bugbumr 
.tatv,, ,,tape Repro.rtwe stage 
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Plant hosts. Nymphs and 
adults have a wide range of 
alternative hosts. 

Rice Wheat Maize Sugarcane 

/: ...t-l,. " 

Echrmoch/oo Wild rices 

Cultural control. Remove 11, q

weeds from the field to allow 
more sunlight to reach the i~ 
base of rice plants. J4r/ . . 

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

Early-rnaturng v(reyg o Hack bug generation 2 

Panicle Flowering Mature grain 
iniiation 

Seedbed.... 1 j 1 . 

0 20 40 60 80 100 120 140 

Days oiler seeding 
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Late-moturng variety u lock b gnolp 
:
Blcbggeneration 2 :;"

"" Flowering ftloture grain 

Seedln 

Seedbed i 

0 20 40 60 80 100 120 130 ,40 
Days after seeding 

Resistant varieties. No re
sistant varieties ar.
 
commercially available.
 

Biological control Natural
 
enemies attack all life stages
 
of black bugs.


Small scelionid wasps para
sitize eggs. , .>.. ,

Frogs prey on nymphs and "
 adults. N"-7 . ..
 
A fungal disease affects "
 

both nymphs and adults.

White fungal growth emerges / \
 
from the dead bodies. Larvae
and adults of carabid ground Telenomus triptus Nixon Telenomnus cyrus Nixon
beetles feed on black bug Rana sp

(Scelionidoe) (Scelionidae) (Ranidoe)
eggs, nymphs, and adults.
 
Nabid bugs prey on eggs and
 
nymphs. 
 \ .
 

Metorhizium onisoplioe(Metschnikof) Agoniurn doimio(Bates) Stenonabis tagallcaSialS(Moniliales) Srokin (Corobide) (Nabldae) 

Chemical control. I 
* Insecticide application. " 

Foliar sprays are more
 
effective than granules. T
 

Direct spray to the base
of plants where the black i .. ',,:..
 

bugs stay. 
A_____ 

4Z/ 
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* Scouting. Visit the field 
weekly during the entire 
rice crop period to record Damage 
back bug numbers. 

Scouting for control 

Pancle Flowering Moure grain 
ilit ilatiOn 

Seedling/ 

Seedbed 

."! T ... .. 

0 20 40 60 80 00 120 140 
Days oter seedirig 

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

20 

16 

Use~~ ~ 1inecicdBloibus+o/u Ife th 

64 

Use insecticide when the 
black bug population 

Block bugs (no /hill) 
10 

reaches the economic 
threshold. 

Control necessary 

5 -Eco 

No control necessary 

Seedling 

Panicle 
initiation 

Seedbed 

Flowering " 

0 
0 20 40 60 80 10 120 140 

Days after seeding 
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RICE HISPA (COLEOPTERA: CHRYSOMELIDAE) 

Hispa means spiny. Dicla
dispa (= Hispa) armigera 
(Oliver) is a beetle covered 
with many short spines. Both 
the larva and adult damage 
rice leaves. 

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

Dicladispo ar-mnigera. Lepispa pymoeo 

Pest status 
Although hispa reaches Potential Prevalence withinseverity fovoruble habitat Control
outbreak proportions from 
time to time, the areasaffected areafelimitedtdaelmand the yearsAbundant large "- Minorpeststda dteModeraTe +t over most +Dffcult 

insect can readily be oreas 

controlled with insecticide. 

Hispa is prevalent in where rice grows throughout
wetland rice environments, the year. It is more abundant 
particularly irrigated areas in the rainy season. 

. . .... . .
.. .... .. .. 1 ,. 'i.. 2,
i H-


, .._o- . ' ' "*" : ,' /; , v''.: :. ...... 
S" , , .,';... ; ,. .I-. ........ 

Upland lHoinfed wet'and Irrigated wetland 

Distribution in Asia. 

DWI-

"~'IA 
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Development and actual size 
Dicladispa armigera 

Actuo/ size 

De~e,'pmenf 

Four larval stages 

Egg Young larva " -

Adult. The adult is blue-black 
dnd shiny. Its wing covers 
have many spines.

Adults are not attracted to 
a light trap. 

Mature larva 

I 
19 

Pupa 

Days 

24 

" ' t 

Adult 

40 

,~~~~~: ' . r- I 

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

I : '7 

_____,_ 

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

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

; 

., 

l' ,. 

. 

fThe 

Larva 

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

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

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

Pupa -

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 
lower epidermis between theparallel leaf veins. 

Larval mines are irregular, 

semitransparent patches that 
run parallel to the leaf veins. 

, 

L . 
.. 

. 

. 

.. 

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

. . ' 

... 

i 

,,: 

Plant hosts. The rice hispa
feeds mainly on rice, but also 
survives on grassy weeds and 
crops such as wheat.-" 

/ 

Rice Dl4giloria Ech/nvchloa 

Zizanla Wheat Sugarcane 



INSECT PESTS OF RICE 157 

Management 
Cultural control. Close 
spacing results in greater leaf 
densities that can tolerate 
higher hispa numbers. 

Removing grassy weeds in 
and near rice fields removes 
alternative hosts, 

Planting early at the 
h-inning o-fthe monsoon 

rains is a method that allows 
a field to escape hispa build-
up on alternative hosts or 
other rice fields. 

Hand picki;ng d4amaged
leaves removes larvae from 
the field and prevents hispa
buildup. Damacled Raves caj 
be removed until booting. 

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

canopy. 

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

High 

Amount 
of 

damaoge 

Low ... 

30 X 30cm 20 X 15cm 
Plant spacing 

10 X 10cm 
, "• " . . 

' 

Ger,¢ e jtn 2 

5i"U ierCT,"p I 

\ 
I 

Acul. torice field 

oQ-ted crop 

4 

Faty 

F'o; q0£ U 0I 

Days offerseeding 

120 A40 160 180 

\ / 
:' 

/ter-

A 

.. 
/. 

., 
I pa 

. 
Kerosene -mpart 

_ 

Pant
Plantbeen 

Reswis~tance R 
>wasps 

Biological control. The role 
of natural enemies has not 

fully assessed. 
However, several braconid

parasitize the larvae. 

Bracon hispoe (Viereck) 

(Broconidne) 
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Chemical control. 
0Insecticide application. 
Chemicals play an 
important role in rice hispa 
control. 

Aoults are more exposed 
and susceptible to insecti
cide than are the larvae,
which are protected in leaf 
mines. 

Sprays and dusts are 
usually more effective than 
granular formulations. 

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

Weekly from trans-
planting to panicle
initiation, count the number 
of adults and larval mines 
on 5leaves in each of 20 
randomly chosen hills 
across the paddy. 

IN RICE 

q 4K 

,iyys of proecioi 
. 

10 

Systemic insecticides 
give longer residual 
protection and are more 
effective against larvae than 
are nonsystemic chemicals 0-

Nonsystemic 
rnsectKide 

Systemic 
insecticide 

F
.... Defoliation-

Scutn for conitrol_ 

Seeding 

Rirlce 
iaf lKt,x 

Flowerng Mfaure groi 

r. f . . . . . 

0 20 140 

Days affer seedN 

80 I 120 

-

20 ' i # 4 I 

\ 
)8 . , 

~~20i'ls 
F3 

V 6rI 
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Apply insecticide when the Adults(no./hill) 
economic threshold is 
reached for either adults or 
larval mines. 

Control necessai y 

6 

4Economic lheshsold h- Mature grain 

No control necessarySeed n,< Pa:niclei° 
2 -ntato 

Seedbed \ 

0 r 

0 20 40 60 80 100 120 
Days after seeding 

Larval mines(no /leaf) 
30 

Control necessary 

15 Economic threshold
 
Mature grrin 

necessary
No control 

SeedIng/t !i/Panicle 

Seed ,J ed'?'initiation 

fi Flowering 

0 i
 
0 20 40 60 80 100 120 

Days after
seeding
 

MEALYBUG (HOMOPTERA: PSEUDOCOCCIDAE) 

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

Pest status Potential Pr(vjlence w~hiin 

Mealybugs are abundant severity favorable habitat Control 

during droughts when rice 
plants can least tolerate Abundant pnie Minor 

removal of plant sap. But W',!vt,,, ye:; n irnted + Difficult - pest 

large populations are OWaS 

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 
iainfed rice environments 

and is not prevalent in 
irrigated rice. 

';". 

fr,,,,K., 
' 

44. 

• , 

\ 

, .. .. 

* , 

.,-,-< 
. V 'F' ' 

,,i_ ,: 

i . 

'- - . . 

Uplaond :ir;td we !onc Irrigated wetland 

Distribution in Asia. J f-

Development and actual size 4clua/l,,_ e 

o ii 

II 

15) "'0i 

Three nymphoI sloges 

Eg 

Adult. The males and females 

do not look alike. 
The females are wingless,, 

soft-bodied. pink, and.. 
covered with waxy threads."The males which arest 

smaller have wings and areshaleyellow hich.are 

smallr haear 

F"" i" 

wigs ad 

., 

.• 
.: 

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

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

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

The eggs hatch within6hours.Q 

, 
 Egg 

//
 

Nymph. The young
 
nymphs are white and
 
become pale yellow and later
 
pale pink. At first they take • !,j"/

shelter under the body of the
 
female; later they move from
 
plant to plant hy crawling

(crawler stage), or may be
 
dispersed in the wind.
 

After the dispersal period,
 
the nympis settle down on a
 
rice tiller behind a leaf sheath / " :,

and feed. They tend to feed!' t
 
in groups. 
 k 

Damage
 
Nymphs and adults remove
 
plant sap. Under conditions
 
that favor high populations,
 
mealybug feeding causes the
 
leaves to turn yellow. The 4,
 
plants become stunted.
 

The pattern of damaged ,,

plants is not uniform because 

mealybug numbers vary 

. .
 

greatly between hills.
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Dry spells result in a large 
population buildup of mealy
bugs and damage to 
drought-stressed plants can 
be high. 

Planthosts. The me-lybug 
can develop on grassy
weeds. It shows no distinct 
preference for rice. ' l 

_ 
_" 

g,/ 

Rice Echlnochloo Cyperu$ 

Management 
Culturalcontrol. Remove and 
destroy infested plants at the 
first sign of mealybug
damage. ,. 

_ 
7 ' 

,, 

Resistantvarieties No re-
sistant varieties arecommercially available. 

' 
' 

- ---

., l nP1 

Resisance 

Biological control.Mealy
bugs give off honeydew and 

are tended by ants which 
protect them from most 
predators and parasites. 
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Lady beetles are the main 
natural enemies of mealybug. 

Coccinella repondo Thunberg Menochiius sexrnocutatus (Fbricius) Synhormonia octomaculata rabricius 

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
 
impractical.
 
Foliar sprays are effective if31
 
the nozzle is directed to the i "I
 
base of plants. , 4 1
 

i , 	 ,1V, . lie 

* Scouting. Mealybugs can 
infest the rice crop from till-,rDamoge 
ering to harvest. I 

Mealybug abundance is
 
recorded as percentage of Scouting for control
 
plants infested with
 
colonies.
 

Poicle Flowenng Moture gToiln 
initiation 

0 20 40 60 80 100 120 
Days after seeding 

140 
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Visit the field each week 
and look at the base of 20 
hills across the field. , 

415 

~'14 

'~~~~~~~~ ," , It4# ,' 't 

Apply insecticide when Hills with meolybug colories(0/) _____ 

the economic threshold is 4o 
reached. U: i7 # 

• (-.~~~~Ontrol :necessory : 

No control necessory Mature groin 

0 Iinitiation Flwering 

0 20 40 60 r0 100 120 140 
Days 3f te seeding 
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PESTS AT THE REPRODUCT'VE STAGE 

RICE GREENHORNED CATERPILLAR (LEPIDOPTERA: SATYRIDAE) 

Melanitis leda ismene 
(Cramer) is a large butterfly.
Its greenhorned caterpillar 
has two prom inent horns 
(tubercles) on the head and 
two at the end of the 
abdomen. 

Anter or 
tuberle 

Ano! 
tubercle 1 

Pest status 
DUO to the low eprodjctive 

potential of the pest and the 
activity of itsnathiral enermies, 
gLnumheoc are atiuply tOO 

Potential
beverity 

LW 
L 

Prevoalence wthinfo.oroble hibiijt 

Rarely
abundont 

+Redly 

Control 

controlled 
_ Minor 

- pest 

to cause econlllic loss 

I-he pest occurs III all lice 
eOViIOiICm fts, htit IS muie 

pi/. t Cl asS 

i t 

Up~n rr~gqtedwetordj 

...... ,,,., 
'00' 

Runfed wetllond 

-' e .i " *, \* ' 
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Development and actual size 

Vevelopmemnt 

Egg Young lirva 

I I 
0 4 

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

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

,hreo lorvwli
stoges 

Mature larva 

I 

2' 

Days 

Pupa 

I 

37 

Adult 

I 

52 

..- 4>. 
I 

a 
, 

/ 

/
// 

, 

/ 

-

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

Adults are not attracted to 
a light trap 

., 

-I 

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

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

The head is flat and 
square. 

i 
- . 

Larva 

p1 
_ 

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

Pupa 

Damage 

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

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

Yield loss occurs because 
of remoal of leaf tIssue. 

*, , 
. ,, 

/.1 

-_ 

/ 
/, 

/7 

bfil 

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

,,!,i' '/77 

Rice Echinoch/o 

Management 
Culturalconhfol. No effective 
cultural control practices 
have been developed. 

Resistant varieties. No re-
sistant varieties have been 
developed. 

C u urai 
n1! 

COntro 

P 
Res 

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

Adult butterflies are prey 
to spiders. 

Trich gromma sp. 
(Trlchogromrnatidae) 

Brachyrnerla lasus (Walker) 
(Cholcididoe) 

Argyrophylax ngrotiblolis Baranov 
(Tachinidoe) 

Exorista japonica (Townsend) 
( Tochinidoe) 

Ropolidia fasciata Fabrlclus 
(Vespidae) 

Tetrognatho mandibulata 
(Wolckenner) (fTetrogncthidae) 

i cotenultaI (Doleschall) 
(Araneidae) 

Chemical control. 
I Insecticide application. The 

larvae of the greenhorned 
caterpillar can readily be 
controlled by sprayable
insecticides. p, 

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

* Scouting. Sampling is
based on plant damage. 

Scout the fields weekly, t
Defoliation 

for 'damage, from 30 days
after seeding until 
flowering. 

Scouting for control 

Ponicle 
initiation 

Flowering Mature grain 

Seedling 

Seedbed 

0 20 40 60 80 100 120 140 
Days oler seeding 



INSECT PESTS OF RICE 169 

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

Yield loss isrelated to + , 'f V, "V''V'YT . ' 'V 'I
thedegreeof defoliation, 20 , Y ' i 44 1,'V" 
therefore, there isno need 19
 
to distin Ush leaves .1 
damaged by the 1 \ I , , 4, 
greenhorned caterpillar / 17. it W ' " 
from leaves damaged by 16 ' ,,o . 4 
othor pests sich as J# \ 15 ,it )0 /. .arn~lywo~Ms,cutworms. 

grasshoppers,arid lice 4f # V ~ 41 4skippers 4 13 #V\ I 

0 Coillsn 9eesr 

The economic threshold 
is based o n perce n ta ge o f 
damaged leaves due to all 

Damaged~ eoaes(/a,) 
25 . . .......... 

See]d*i * V _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 

pests that remove leaf 20crmncesr 
tissue. 

Apply insecticide when 
he econtomc threshold 5s ilj' cnmc 

reached. 15 -l trsodi 
m l l l 

NO control necessary Fowerng MofJre gran 

0 20 40 60 80 IO 120 40 

Days aiter seeding 
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RICE SKPPERS (IFPIDOPTERA: HESPERIIDAE) 

Pelopidasmathias (Fabricius) 
and Parnara guttata (Bremer
and Grey) are the most 
widespread rice field species 
of these day-flying skipper
hutterflies. 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 stage 
by the pattern of spots on the 
wings and spines on the 
second pair of legs. The 
distinguishing larval 
characteristic is banding on
the head. 

\ ,' 

Adult 

Second leg ( t'o ) 

.' 

Larva 

Larval hed 

I 
I 
I" 

- " 

Adult 

,I 

Second leg (tIbia) 

. -. 

/./ 

-

Inrv4i 

Larvalread 

-

Parnara guttata Pelopidas mathios 

Pest status 
The larvae rarely abound in 
rice fie!ds and occasions of 
yield loss from skippers are 
rare. 

Potential 
seve;y 

LoRarel 

Low + 

Prevolence within 
fCcrublc hObirJ' 

abundant -

L 

control 

Readly 

controlled 
Minor 

- pests 

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

AW< 
., 

Upland Roinfed wetland Irrigated welland 

Distribution in Asia,_ .. -

EWLE'SM, fiALIOr 

''
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Developoment and actual size 
AcIuOlswze
 

Adult. Adults are light brown 
with orange markings and 
white spots. 

Dete/opnent 
Five larvj stages 

Egq Ybung larva 

Adult 

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

0 4 

Mature larva 

20 

Pupa 

Days 

42 60 
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Egg. The white spherical 
eggs are laid singly. They are 
glued on leaf blades by the 
female. 

Larva 

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

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

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

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

Larval 
feeding -

chamber 

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


The larvae feed on rice
 
foliage. - -


Plant hosts. Skipper larvae "' 
feed on many plants of the f,,k' 
grass family. 

Rice Sugarcane Sorghum Cynodon 

Pospa/um Elousino Andropogon 

Management 
Cultural control. No effective 
cultura' control methods Cuural P,nt 
have been developed. a 

Resistant varieties. There control Resstance 
are no commercially available 
resistant varieties. 

Biological control. Rice 
skipper populations are 
natural enemies.regulated by awide variety of FI . . - _ _ _ _ 

Eggs are parasitized by I -. o) K- 

trichogrammatid wasps. 
Many species of 

ichneumonid, braconid, 
chalcid, and eulophid wasps 
and tachinid flies parasitize
the larvae. 

Trichogrommo sp Cnrpole jponicus Cameron chorops brochyptarum Cameron 
(Trichogrommatidoe) Ichneumonidoe) I chneumonide) 

Xorthopimpla purict tu Fabr cius) Coccygomrnr ; r)crnoare ( V!ereck P,mpla luctuosa (Smith) 
(Icheumonidoe) ( chrltumornidce .(Ic- ondae;-e-neum-
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Cotesla ruficrus ( Holiday) Apenteles baoris (Wilkinson) 
( Braconidae) (Braconidae) Pupal cocoon of 

Larvae are preyed upon 
by earwigs and reduvild bugs. 

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

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

Brachymerla lasus (Walker) 


Chalcldidae ) 


Nemorilla maculosa(Meigen) 

(Tachinidae) 

Cerorrjia silacea (Nieigen) 

(Tachnidae) 

Scipinia horrida Stal 

(Reduviidae) 

skipper are similar to those 
for the greenhorned 
caterpillar. 

Pediobius sp. Pseudopericheto nsidiosa(Robineau
(Eulolhidoe) Desvoidy) TCochnidoe) 

Theco arcilia parnorus Chao ) Eorsto japonica (Townsend) 

( Tachnidae) (Tocindce 

Clytho orgentec Egqer Proreus simulans(Stat)
 
(iTchiidae )(Chelisochidae)
 

" . . / .14
 
I 

\/
 
Rhinocoris fuscipes (Fabriclus) Argiope catenulnta I Dolemcholl 

(Reduviidoe) Aranedae) 
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RICE BROWN PLANTHOPPER (HOMOPTERA: DELPHACIDAE) 

Nilaparvata lugens (StAl) is 
probably the most serious 
insect pest of rice in Asia. Its 
feeding causes plants to wilt 
and ca, ses a symptom called 
hopperburn. It also transmits 
grassy stunt and ragged 
stunt virus diseases. 

Pest status
The rice brown planthopper 
has a high capacity to 
reproduce. Frequently, 
farmers' misuse of insecticide 
causes outbreaks of 
hopperburn and/or virus 
diseases over large areas. 
The development of biotypes 
often reduces the life-span of 
resistant rice varieties. The 
effectiveness of control by 

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

Upland 

Distribution in Asia. 

Potential Prevalence withinseverity fovorable hobitot Control 

[-High direct Abundant some Difficult with 
damage and + + no resistantif pestyears in limiteo insecticides --Major 

virus ,,onsmissiOn areas variety 

insecticide is lessened an umbrella to protect the 
because the hoppers are insects from the spray 
found at the base of plants droplets. 
and the crop canopy acts as 

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

- J-jL- -A-

II
 
:: >~~~~~~~~~_i , I. r _ .,.... .... 

Rairifed wetland irrigated wetland 

. >. 

0 

- 0 - V.-.~ 
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Development and actual size 
AcUO/lsize 

Five nympthal stages 

Egg Smallnymph 

Large nymph 

Adult 

0 6 21 33 
Days 

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

Trsarent 

si71 ~f' /\ 

Brachyplerous adult 
(short-winged) 

Macropterous adult 
(long-winged) 

Generaton 2 kF Gooer,;,hon,' '( t , 

Ponrce .,wIrlr Mooregon 

Seeded oo / -

\-....... .. 

0 20 40 60 80 100 120 140 
Days afterseeding 
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Macropterous females lay 
about 100 eggs and 
brachypterous females 300 
eggs during a lifetime of 
about 2 weeks. Openings for 
eggs are made in the tillers 
by the saw-like ovipositor. 

Adultp suck the plant sap 
iromn the base of plants where 
they stay ily and night. 

Long-v, 'iged adults are 
highly attracted to a light 
trap. Highest catches occur 
during a full moon. 

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

Frons excavoted 

, 

Mesothorax with 
two grayish stripes 

Nilaparvata 

-_ . 

Saw-like ovipositor 

\ 

hopper, is found in light trap 
collections but is not a pest 
of rice. 

,: - Frons not excavated 

Darkened Light veins 

Paramere Lgh/ Paramere 

-bifurcated / 't bifurcated 

othreebrown stripes 

bakeri Nilparvata lugens 
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Egg. The white eggs are 
inserted into the midrib or 
leaf sheath in masses of 8-16. 

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

F 

i 

11 

! 

IIi 

IEgg p 

Nymph. Nymphs are found 
near the base of tillers where 
it isshady and humidity is 
high. Young nymphs are 
white, turning brown as thc.mature. 

KTT r 

;. ' 

As with all leafhoppers and f 

planthoppers, nymphs and 
adults move laterally like 
crabs to the opposite side oftillers when disturbedt; . 

Nymphs feed on the same F " 

tillers in which they hatched 
and, unlike those of other 

5 -. : 1ne,, .... 
, mn g.'j 

hopper species, can become .. , 

highly aggregated. *-- ,. 
The wing pads of mature v -

nymphs are light brown and 
opaque; short-winged adults Hachp~erou,, ,.,. . 

have transparent wings. 

DamageNymphs and adults insert 

their sucking mouthparts into 
the plant tissue and remove 
plant sap from phloern cells. 
The brown planthopper H ! / 
removes more plant sap than 
it can digest. The excess . 
p l a n t s a p, wh i c h i s h i g h i n Ho n ey d e w 
sugars, is expelled from the Honeydew 
body as honeydew. The 7\ 4
honeydew drops fall on the , 
base of plants and in time -
turn black from infection by a . 
sooty mold fungus. sooty 

mold 
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During the act of feeding, 
the brown planthoppers 
secrete solid feeding sheaths 
into the plant tissue to form a 
feeding tube. The feeding 
sheaths block the flow of 
plant sap. 

Tiue brown planthopper 
may remove enough sap or 
block its flow to cau ;e the 
tiliers to dry and tuin brown, 
producinq hopperburn 
during later growth stajes. 
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 
outbreaks are associate'J with 
development of irrigatic i 
systems to allow year-round 
rice cropping (thus 
continuous planthopper 
buildup), excessive fertilizer 
usage that results in higher 
planthopper populations, and 
the use of insecticides that 
kill natural enemies. 

Xylem 
Pne~n 

Head 
Feeding 
shelaths 

~Mouthno 

Salivary glands 
Leaf 

Hopper 

"" 

Hopperburn 

Ragged slunt Grassy stunt 

~... 
.<* 

, 
/N 

... 

, 

.. 

: 

1 

, 

,. 

-1 

N..N 
". 

N 
n >.. 

.N..H. 

Jan Feb Mu, Ap lWry jn 

. 

5ep 

_ _ 

aA It? 

_ _ 

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

Rice Wild rices Loersio 

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 .'ton 
after harvest. 

DRY SEASCN CROP 

Field 5 
Field 4 

Field 3 
Field 2
Field 2 
Field 1 

WET SEASON CROP 

Field 5 
Field 4 

Field 3 
Field 2 
Field 1 
Field 1 

L --

Feb 

I 

Mar 

I 

Apr May 

I 

Jun Jul Aug 

I 

Sep 

I 

Oct Nov Dec 

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

; -T U' 

, 

.. 

LZER 

/ 

.. 

R LER I 

Tiferwig / n aofnl,!e 

Seedling 

0 20 30 '0 

1Qas 

_0 

afterseeding 

6 70 80 90 

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

-4 das 
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Eliminate virus sources in 
rice and weeds by plowing 
down rice stubble and 
ratoon. 

Plant seedbed in areas as 
far as possible from lights 
and sources of virus 
infection. Lights attract virus-infected hoppers, afod weedsI 

are alternative host. AviruS 
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 
produced by the plants. 

If varieties with the same 
genes for high levels of re

sistance are widely planted, 
however, new biotypes or 
field populations capable of 
attacking ,he resistant 
varieties can develop through 
natural selection.. 

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

I 

r. 
', k -: i'.- ,., #'.' , " " 

/ 

,i , 

"e,oXi 
qm.,,c ) 

q,,I,,,i?,,,, 

qi10-11 rhd
*EUE_ u..... ?%-


Re' ltrc t e ,,, S .tjfb'0 vriety
 

[ 
I , 

' , ," .! ,, 

BIOTYPE I -BIOTYPE 2 

[ Part 
Forly-maluring var-ely I generation 3/
 

Brown pianthopper generation 2
 

Brown planthopper generationII 

Penicle Flowering MWture grain 
iitiaion~ 

Seedling __ -

Seedbed ' 

20 40 60 80 1oo 120 140 
Days after seeding 
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Late-mturing variety 

Seedling 

Seedbed\ 

0 20 

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

Biological control. Many 
parasites, predators, and 
pathogens attack all stages of 
the brown planthopper and 
effectively control this pest
under most situations. 
Improper use of insecticide,however, ian kilthe natural 

enemies and thus lead to 
dramatic brown rlanthopper 
outbreaks. 

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

Mirid bugs and phytoseiid 
mites prey on eggs. 

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

Partial 
generolion 4 

Brown plonthopper getn'on 31 

Brown planthopner generation 2
 

Brown plonthopper generation I
 

Poncie Flowering Mature grain
initiation 

40 60 80 100 120 140 160 

Days after seeding 

iJ.,J
 

±
High tillering Low tillering 

s y. -

"-'
 

/ -

..

Y ', \/ ,- / /\ 

Anugrus opkiblibsRerksr Parocentrobia ondoi( shii) Tetrostichus formosanus (Timberlake) 
,yrnaracre (Trichogrammotidoe) (Eilophidoe) 

C)rtorhinus hvdipennis (Reuter ] mblyseus nr colorai (Corpuz 8 Elenchus yasurasui ( Kifune et 

( Mrrdce~ Rimando) (Phytoseidoe) Hiroshima) (Elenchidae) 

\ L, 

-chthrodephr K bicoor (.scbk F Pseudogonotopus sarawaki(Moczar) Haplogonatopus sr 
-hirrotc) Dryinidre) (Dryinidae) ( Dryinidee) 
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Ti
I ¥" 

Monogonatopus orientalis (Rohwer) Pupal o Hexamermis sp 
Dryinidoe) (Mermithidae) 

Aquatic predators under 
the water surface (hydrophid 
and dytiscid beetles and 
damselfly and dragonfly'mmatures) and those that ,' 

swim on the surface (nepid, . 
microveliid, and mesoveliid 
bugs) prey on hoppers that 
feed near the water or fall 
into the water. 

Beetles and spiders Hydrophilus affinis (Sharp ) Cybister sp 
actively search the foliage for ( Hydrophilidae C (Dytiscidoe) 

brown plarithopper nymphs 
and adults. Dragonflies and 
damselflies prey on moving 
adults and nymphs. 

Fungal pathogens infect 
brow.i planthopper nymphsand adults. After the death of '# ": .. 

the hoppers, the fungi grow '3 

out of the corpses. 2' \ 

Pantala flavescens( Fabricius) Orthethrum sp. Ronatra dimidiota (Montadon) 

(Libellulidae) (Libellulidae) ( Nepidoe) 

Microveia dougla.r atrolineoato Mesovelia vittigera ( Horvath) Poederus fuscipes (Curtis) 
(Bergroth) (Velihdoe) (Mesoveliidoe) - (s tophyrinidae) 

CHbu)Micraspiscrocen (Mulsont) Ophionea ishii Callitrichia tormosano (0i) 
(Coccinellidae) (Corabide) (Micryphantidoe ) Egg cocoon 
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' I . 

Clubiono ,aporicol (Boesenberg Neoscona theisi( Wolckenaer ) 
6 StrandI (Clubionidae) ( Araneidae) 

Crocothemis servilic (Drury) Agriocnemis femina femina(Brouer) 
(Libellulidoe) Copnagrionidae) 

Metorhizium anisoplioe Sorokin) 

Entomophthoracece) 

Chemical control. 
e Insecticide application. 

Insecticide to control -""particularly
brown planthopper usually

isnot necessary in fields 

planted to a resistant -'
variety,.-

Apply an effective insecti-
cide un susceptible
 
varieties whenever the
 
brown planthopper
 
population reaches the
 
economic threshold.
 

I 

Araneus inustus (L Koch) Lycoso pseudoannulato(oesenberg 
(Aranedoel a Strand )( Lycosidoe) 

Beauveria bassiana (BOIOmO Erynia delphacis (Hori) 
Vuillemin)(Entormophthoroceae) (Entomoohthoroceae) 

Hirsutello citriformis(Speare) 

(Stilbaceoe) 

Granules are less effec
tive than sprays or dusts, 

when applied to 
older plants with a greater
biomass. 

"I (?S"" 


"7"_
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Applying insecticide 
when long-winged adults 
are numerous will kill 
natural enemies and not 
the eggs. When the eggs 
hatch, most nymphs will 
survive. 

Applying insccticide 
when the population is 
mostly young nymphs is 
wasteful. Predators 
normally will lower their 
numbers and young 
nymphs cannot damage 
the crop. 

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

Applying insecticide to 
fields of rice varieties 
susceptible to the brown 
planthopper may cause the 
number of brown 
planthoppers to be higher 
than when no insecticide is 
applied. This dramatic 
contradiction of the 
expected outcome is called 
resurgence. 

Do not apply an 
insecticide that causes 
resurgence. 

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

* Iii bJ* 

Brown plonthopper (no) 

Nonresistant rice varieties treated with insecticides causing rezurgence 
Field not treated with insecticides 

-/
-,,, 

p __ . I I 

0 10 20 30 40 50 60 70 80 90 100 i10 120 
Days after seeding 

Damage 

Scouting for control 

Ponicle Flowering Mature grain 

initiation, 

Seedb~ed 

0 20 40 60 80 I00 120 
Days after seeding 
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Pick 20 hills at random 
across the paddy. Hit each 
hill several times with the 
hand and count the 
number of mature nymphs 
that fall on the water. 
Mature nymphs are brown 
and immature nymphs are 
white. 

Determine the average 
number of tillers per hill. 

No action is required 
until the number of mature 
nymphs reaches one per 
tiller. When that occurs, 
visit the field every 3 to 4 
days thereafter. If the 
population of mature 
nymphs increases beyond 
one per tiller, spray the 
base of the plants. 

20 , 

18 (, 
17 ( 

12 

10 

Mature nymphs(no./tiller) 
- - - -

Control necessary -

. E 

I 
Scout e%-ry 3-4doys 

No conlrol necessary 

Panicle 
initiation 

Flowering Moture grain 

Seedling 

0 20 40 60 80 0oO 120 1.0 

Days after seeding 
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SMALLER BROWN PLANTHOPPER (HOMOPTERA: DELPHACIDAE) 

Laodelphax striatellus 
(Fallen) appears like the 
brown planthopper but is 
smaller. Tasuetwn 

~White 
~median 

Pest status 
The smaller brown 
planthopper transmits black
streaked dwarf and stripe 
virus diseases and remains as 
a vector throughout its life 
after feeding on one virus-
infected plant. However, it 
can be readily controlled with 
insecticide. 

Spines
absent 

Potential 
severity 

Moderate 

j 

Slender post-tiblal aG 
spur with very
small spines lck Gena 

lateral 
corlna 

Laodelphax striatellus 

Prevalence within 
favorable habitat 

Abundant most 
+ years over large + 

areas 

Genitalia 

l 

COntrol 

Readly 
controlled 

Minor 
- pest 

It is found in all rice envi
onments but is restricted to 

temperate climates. 

-7

.,, . ,. , , .. tL . 

It f t 'a . 9, 

Upland Rainted wetland Irrigated wetland 

Distribution in Asia. _ .1" * . " 

MAN i.A 

DEMRE S/ 

-

lASS." 



188 INTEGRATED PEST MANAGEMENT IN RICE 

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 
Iiyes. 

,cluo/ s/ze 

Devefcpnenf 

Five nymphol stages 

Egg Nymph 

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 mediallyand black along the lateral 

margins. There are blackdots between the wings at 
the end of the body. 

Long- and short-winged 
forms occur. Long-winged 
adults fly to rice nurseries 
and newly transplanted fields 
in the spring from winter 
wheat, barley, or grasses. 

i 
0 

_i__ 

1o 

: - ,. \ . 

/ 

. 

. 

Long-winged 
adult 

28 
Days 

Short-winged 
adult 

Adull 

The adults suck plant sap
from the base of the plants. 

L //
 

Adults are highly attracted 
to a light trap. Highest 
catches are during full moon. 

To deposit eggs, the 
female cuts openings in the 
tillers with its saw-like 
ovipositor. 

Each female lays 50-200 . " 
eggs during its lifetime of 
about 3 weeks. 
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Egg. The white eggs are 
laid in masses in the leaf 
midrib or leaf sheath near the t 
base of the plant. Each egg is Egg plug 
capped with a small eggplug. " " 11' 

Nymph. The nymphs are 
light to dark brown and feed 
at the base of the plant by 
removing plant sap. In winter, 

7 

the fourth-stage nymph lies 
dormant on alternative hosts. 

Nymph 

Damage 
The smaller brown plant
hopper does not usually \ 
damage rice by direct 
feeding; however, it is an 
impcrtant transmitter of two , 
virus diseases: black-streaked 
dwarf and stripe. 

8lock s.treaked dwarf Stripe 

Plant hosts. The smaller 
brown planthopper utilizes a 
iiumber of alternative hosts7 
especially in winter. * v~ 

J I 
A 

Rice Barley Wheat Sugarcane 

r, 

Difr ~XAoPecurus olu 
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Management
Cultural control, Keep fallow 
fields free of weeds during
winter to remove 
overwintering sites. 

In the early spring, protect 
seedling nurseries from 
migrating adults by covering
them with netting. 

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

, 
,, 

itself, ", 

r,!'/,i, , . , 

Biological 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 triclhogrammatid 

. 

wasps and preyed upon by
mid bugs. Oligosita ysumatsui (Vggiani et Cyr torhinus lividipennis (Reuter) Elenchus yasumatsui (Kifune et 

Subbo Rao) (Trlchogrammatidae) -"---.-.M ) Hirashimo) (Elenchidae) 

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

'lip 

Hoplogonatopus atratus (Esaki 8 
Hashimoto)(Dr yinidoe) 

Pseudogonatopus flovifemur 
(Esaki lHashimoto)( Drylnldae) 

Erynia delphcis (Hori) 
(Entomophthoracece) 

Predators of nymphs and 
adults include aquatic
underwater beetles and 

. 

immature dragonfies, as well ' 
as water surface-dwelling 
microveliid and mesoveliid 
bugs, and spiders, 

S.ernolophus rufipes (Fabriclus)
Hydrophildae 

Laccophilus difflclis(Shorp)
Dytiscldae) 

--
Aeschna sp 

(Aeschilde)"" 
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Microvelio doujlos!atrolineota 

Begoth) ' ei,(V 


Chemical control. 
* 	Insecticide application. 

Calendar-based 
applications of insecticide 
to the smaller brown ~ 
planthopper during the 
early growth stages of rice 

" Scouting. Nationwide 
forecasting systems on 
virus diseases trdnsmitted 
by the smaller brown 
planthopper make control 
efforts more efficient. 

There is no economic 
threshold for the smaller 
brown planthoppe,. 

Mesove!ig viitigera Clubiona japonlcola(Boesenberg(Horvath) 

(Mesovetidoe) a Strand)(Clublonidae) 

prevent virus infection. 
Repeated foliar sprays 

. are necessary to protect the 
j?kJ. . crop. 

J , 

F 

Transmit virusF 	 J 
Plant sampling and control 

Poncle 
initiation 

Seedbed .	 > 

0 20 40 60 80 

Doys ofter seeding 

Eco Som ic 

Lycosa pseudoonnulota(Boesenberg 

a Strand)(Lycosldae) 

Flowering Mature gror, 

/y\I 

100 120 140 
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RICE WHITEBACKED PLANTHOPPER (HOMOPTERA: DELPHACIDAE) 

Despite its common name,
 
Sogatella furcifera cannot be
 
distinguished from other 
 . 
planthoppers in the adult White
 
stage by the white band band
 
along the back (thorax)
 
between the wing bases.
 

Several related species 
occur in rice fields although
rice is not their principal host. -UnbronchedEach can be distinguished by 

tolowwing, head, and male ablnd 
tPole yellowgenitalia characters except 

. cheekfor females of S. panicicola 
and S. Iorngifurclfera. 

Sogalb:!2 furclfera (Horvarth) Genitala 

$ Yellowish 
Halt ot wing brown cheek 
bonded 

Sogatelta kolophon(Kirkoldy) ' , Genitalia 

Branched 
bond Pole yellow 

cheek 

Sogatodes pusanus (Distant) 0' Genitalia 

Tronsporent wing 

_ wthout bonds 
Block 

CySpanicicolo 

Sogatella pan;:icola (Ishihora) 

Sogatelto Iohiglfurcifera (EsakiBa f'Ishihara) / 
S longifurciftra 

genitalia 
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Peut status 
Even though it does iot 
transmit virus diseases, thij
whitebacked planthopper 
occurs widely and can 
become sufficiently
numerous to kill plants by 
hopperburn. If detected in 
time, it can be readily 
controlled with insecticide. 

! 


UpIond 

Distribution In Asia 

Deve!3pment and actual size 
Adult. The adults are brown 
to black with a yellow body 
and a conspicuous dorsal 
white band between the 
junctures of the wings. 

Potential Prevalence within 
severity favorable habitat 

Abondant some 

Hagh rin limited 

E ras 

The whitebacked plant
hopper occurs in all rice 
environments. 

Contirol 

Readily 

controlled 

Nlrjor 

pest 

I' , . , , ! ....*

, , ,.S 

- - -

Panfed wetlard 

___ "_-__- --

Irrigated w,-lnd 

... 

Ac/e Sm?, 

Fiv enymrphal sluge 

./ 
Your'grympS auenyp 4 

Aduit 

__- I -

02 40 

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

Long -winged 
adult 

Short-winged 
adult 

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

,
1/ 

, 

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

Generations that are 
completed on the rice cop 
are fewer than those of the 
brown planthopper. The Generation 2 
whitebacked planthopper 
prefers a younger crop and Generation 00) 1 
produces long-winged 
migratory forms before the 
plants flower. F-icle Flowering Mature grain 

Seedling 

SeedbedT V 

0 20 40 60 80 I00 120 140 
Days oter seeding 

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

Egg. The eggs are similar 
in size and shape to those of -i ( gplu 

the brown planthopper, but / -" 

the egg plug is longer. ">. " 

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

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

Damage 
Nymphs and adults suck sap 
from the base of the tillers. , , 

-Q 

' ;. '. 

Hopperburned plants 
initially occur in small 
patches in i e field. The 

Honeydew production is less 
than in the brown plant- a 

patches coalesce if the 
population continues to 

hopper: consequently, sooty- increase. Damage is most 
mold on plants is less of a 
symptom of damage. 

,. 
: 

, common during the early 
reproductive stage. 

High populations remove W1' , , The whitebacked plant
erloLqh sap .o cause the - '"-\ hopper does not transmit 
plants to turn orange-yellow. virus diseases. 
Later, tie leaves dry and •vrda 
brown 

PIut hosts. The 
whitebacked planthopper has 
a wide hust, rnge. 

- _ , 

Rice Echlnochloa Eleusin6 Lepochloa 

,,r M Millet .Wil _ 

Fimbristylis Maize Miiiet Wild rices 
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Management 
Cultural control. The cultural FIRST CROP SECOND CROP 
control methods effective 
against the brown Field 1 Field 1 
planthopper also control the 
whitebacked planthopper. Field 2 

Field 23o c Field 2 
Fisrtv a Timet 3Nore-

Resistant varieties. No re
sistant varieties arent 
commercially available for 
whitebacked planthopper. Rewsa e 

Because the whitebacked 
planthopper disperses from 
the crop between booting Early-maturing variety 
and flowering, early-maturing [ Planhopper generation2 
varieties can reduce the 
number of whitebacked Planthopper generation I 

planthopper gunerations. 

Ponice Flowering k hjregroain 

Seedling 

Seedbed N 

0 20 40 60 so 100 120 
Days oier seedin 

Late-maturing variety _ _ Planhopper generahon3 

[I anhopper generation 2 

Planthopper generation I 

Pal Flowering Mature grui, 

Seeding 

Seedbed / 

I - I 
O 20 40 6 0  80 )00 120 140 160 

Days offer seedl 

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

High fillering Low filtering 
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Biological control. Natural ._ 
enemies attack all stages of 
the whitebacked planthopper 

population at low levels. 
Indiscriminate insecticide 
usage may kill 
proportionately mo.(e natural 
enemies than whitebacked 
planthopper and lead to 
population outbreaks. 

Whitebacked planthopper 
eggs are parasitized by small 
parasitic wasps or are preyed 

Anagrus foveolus(Woterhou,*' 
(Mymoridoe) 

OIIgosito aesopi(Glrault') 
(Trichogrommatidoe) 

Cyrtorhlnus iIvidipennls(Reuter) 
(Miridoe) 

upon by mind bugs or 
phytoseiid mites. 

Nymphs and adults are 

parasitized by dryinid wasps 
or fungi. 

lope( 
Predators of nymphs and 

adults include underwater / 
hydrophilid and dytiscid 
beetles as well as immature \ 
forms of coenagrionid 
damselflies and libellulid 
dwelling veliid and 

Amblyseius imbricatus ( Corpuz & 
Rimando)( Phytoselidae) 

Pseudogonatopus nudus (Perkins) 
(Drylnldae) 

Hoplogonatopus japonica (EsakiS 
Hashimoto) (Drylnidoe) 

mesovel!id bugs are also 
important predators. These 
aquatic predalors prey 
mainly on planthoppers that 
fall on the water surface, but 
can also capture hoppers 
from foliage near the water 
level. , 

Pseudogonotopus ponomarenkol Erynia delphocis (Horl) Berosus sp. 
(Moczar) (Dryinidae) (Entomophthoraceie) (Hydrophilidae) 

Agobus nr.conspicuus (Sharp) Ischnura senegclensls(Rombur) Crocothernis servilia (Drury) 
(Dytiscidoe , 

(Agrionidoe) (Libellulidae) 

Microvelia dougiasiotrollneato Mesovelia vittigera (Horvath) Paederus fuscipes( Curt r 
(Bergroth) (Velildoe) (Mesovellidoe) Sptophinie) 
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Staphylinid and carabid 
beetles and lygaeid bugs as 
well as spiders search rice 
foliage for planthopper......... . 
nymphs and adults, 

Coenagrionid damselfly 
adults prey on hoppers
resting on the foliagie, but 
libellulid dragonfly adults 
capture only hoppers in 
flight. Ophlonea ishli (Habu) Geocorls ochropterus( Fleber) Lycoso pseudoonnulata(Bosernberg 

(Cbra-We) "-y-- i V ' Strand)( Lycosldae) 

Clubionojaponlcolo(Boesenberg Crocothemis servillo (Drury) Agriocnemls femina femlna(Brauer) 
B Strand)lClubonldoe) (Libellulidoe) (Coenagrionidae) 

Chemical control. 
*Insecticide application, 

Insecticide application 
methods for whitebacked 
planthopper are the same 

, . 

as (hose described for the Y. 
brown planthopper. ' , 

Sprays or dust are more 
effective than granules. 

Do not apply an 
insecticidkI 'which causes 
resurgeice. -.. 

Plant damage 

Scouting for control 

13Scouting. Visit the fields
weekly from,30 days afterseeding to flowering. Slap 

the plants to remove 

Seedbed 

0 

Seedling 

1 

20 

7 _1_1 
40 

Panicle 
initiation 

60 
Days after seeding 

80 

Flowering 

100 

MNblue gro 

20 
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hoppers from 20 randomly 
selected hills or points 
across the-field,... . .. 

Determine the average Mature nymphs(na./tiller) 
number of hoppers per .__-_-_-- -:._; . _ .. . . . . . . . -. _ _ 

tiller. When the population 1.-97-:i-ii ix -7711771e. e ____ _ .--
reaches one whitebacked .... .................-......... _-_-.... 

planthopper per tiller, scout ....... . ........ ..... cnmctrsod I. .. .T . . . 
twice a week. 

Apply insecticide to the 
base of the plant when the Scotr neer3-sarys 
population of mature 
nymphs exceeds one per 
tiller. 

N oto eesr 
Panie 
initiatian 

Flowering Mature grain 

020 40 60 80 100 120 140 

Days after seeding 
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RICE GREEN LEAFHOPPERS (HOMOPTERA: CICADELLIDAE) 

Four species of rice green
 
leafhoppers in the genus
 
Nephotiettix are commonly
 
found in Asia. They are N.
 
virescens (= impicticeps),
 
N. nigropictus (= apicalis),cincticeps.
N. malayanus, and N. _ I _ 

Kr 

Nephotettix c incticeps jephotettix nigropictus Nephotettix virescens Nephotettix maloyanus
(Uhler) (Stal) (Distant) - ( Ishih ro et Kawase) 

Pointed vertex Rounded vertex 

l-aIockbond Block bonds Green hecf Block bond 

A if 

,11 0 

Green wing Black spot \\ " 
Block snot 

either present or absent 

Pest status Potential Prevalence within
Adults and nymphs transmit severit' favorable habitat Control
 
several serious virus
 
diseases. When their 
 Hjqh-',irtis Abundant most Difficult to Nlajor
populations are high, they trans'nssiosi + years over large 
 n pests
directly damage rice olants. 
Green leafhopper 
populations can be reacily preventioi of virus infection 
controlled with resistant is difficult when insect 
varieties or insecticides, but numbers are high. 

By allowing year-round upland rice. 
rice cropping, irrigation has Green leafhoppers are 
increased the importance of more abundant in the rainy
these pests. They are season and on vigorously
generally not prevalent in growing rice crops. 

S. 
 '. . . .
 .
 

Upla ' ' ,ie '7- : g ti . , 

Upland 
Ucin fedwetland 

Irrtgeld wetlnd 



INSECT PESTS OF RICE 201 

Distribution in Asia. N. N. virescens, N. nigropictus, 
cincticeps is confined to and N. malayanus are 
temperate regions whereas tropical species. 

1 I2V AP 1 

-.. - . . . ... ,*P.....,EL AL. '-IA • -', ,. llL ,,Al~ , 
A.4 

Nephotetfix cicicp Nephoteffix virescens 

.: V )....' ' PAI .% i .)p P4 

_________ti _________I Nephotettix ivrieS . 

P.,..... .. ... .A.. 

Development and actual size 

Development time for all '40,o .w.e 
specie,- is the same under 
similar temperature regimes. 

The duration of the life , 
cycles for the tropics is givfii 
here. It is longer for 
temperate climates,.,,,/ 

f: ~~Fivestages i/nymphali: ")! 

A"dult 

0 6 23 33 

Days 
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Adult. Adults are pale
 
green and may have black
 
markings on the head or '
 

wings. They are highly
 
mobile and fly when
 
disturbed in the field.
 

Adulh 

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

Adu!ts can fly long dis
tances, but movement is
 
normally confined to several
 
kilomaters.
 

The leafhoppers migrate
 
into the field soon after the
 
seedlings emerge and are
 
most numerous during the / 
 1k 
vegetative stage. Adults feed 
and rest on the upper 
portions of the rice plant. 

There are no short-winged 
forms in leafhoppeis. Each 
female lays several hundred 
eggs in an average !ife-span 
of 3 weeks. Females make 

openings in the tillers with
their saw-like ovipositors.. 

ovipositor 

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

Egg 
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Young plants are preferred 
for egg laying. Eggs are 
deposited in leaf sheaths or at 1 
midribs near the base of the 
plant in batches of 8-16. 

Nymph. The yellow or pale 
green nymphs are most 
numerous during the tillering 
stage. 

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

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

Nymphs and adults suck 
the sap from the leaves and 
tillers with their sucking 
mouthparts. Their feeding 
can stunt plant growth. 

More serious than direct 
feeding injury are the virus 
diseases transmit*ed by both 
the adults and nymphs. 

' 

Molure nymph 

______, 

DIRECT FEEDING 

,e 

Nephotettix malayonus NePh-oteftix Irescens, Neoholeffix ni 70Picu011 Nephotetftix cincticops 

TUNGOI YELLOW TRANSITORY 
DWARF YELLOWING DWAR 

VECTORS OF VIRUS DISEASES 
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N. nicropictus is less High 

effective than the three other 
species in virus disea,,e 
transmission. IAbdltyto 

tironosmllt 

virus 

Plant hosts. N. cincticeps 
and N. virescens are more 
specific to rice than N. 
nigropictus or N.malayanus. 

Low _ 
Nvirescens N cincticeps 

and 
Nmlayanus 

N.nigropictus 

Nerhotetixcnctcents 

Rice Echinochloa Poo Alopecurus 

II 1 

Nepho e,,x virescens 

Rice Ech/noch/oc Wild rices 

-jell 

Nephotettix ngropictus 

Rice Ech/noch/oc Leersia 

, , 

Wild rices 

. . \ . 

iephotettix cllhyonus e 

Rice china chloc Leersid 
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Management
Cultural control. Grow no 
more than two rice crops per 
year. Create rice-free periods 
by synchronous planting,
using early-maturing 
varieties, and plowing down 
stubble after harvest to 
minimize green leafhopper 
populations and remove virus 
sources from the field. 

DRY SEASON CROP 

Field 5 

Field 3 
Field 2 

WET SEASON CROP 

Field 5 
Field 4 

Field 3 
Field 2 

Field 1 Field 1 

Feb Mar 

l _ 

Apr 
_ . Z 

Moy 

. 

Jun 

)I 

Jul Aug Sep Oct 

I 

Nov Uec 

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

Place seedbeds away from 
lights so as not to attract 
virus-infected hoppers. 

Virus-infected hoppers 
also breed inweedy areas: 
therefore, set seedbeds iway
from weeds. AN, 

4... 

, 

, 

-.-

I 

,- . 
, 

p 

, 

" 

:5 LV 

Resistant varieties. Many
varieties resistant to green 
leafhoppers are commercially 
available. 

Few varieties are resistant ' ' 
.","ii :, 

to the virus diseases, butR 
widespread planting of green
leafhopper-resistant varieties 
is normally effective in 
minimizing virus incidence. 

"p 

, 
~$ 

S-

, 

" 

, . 

. 

, 

f 

,- . 

- _ _. 
<. . 

s. ) ,-, 

.__ .... -" _ 
. 

" 

. 

. 
_-! );,.. 
,,..i,, 

., ,'k 
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Early-maturng varieties 1 
reduce the period for green 
leafhopper population 
increase, but will not directly Early-maturing variety Leofhcpper generetion 3 
prevent virus infection. L g 

L.eofhopper generation I I 

Poniic Fo.tring Matre grai
.,li
ftit,

-iito 

Seedling 

Seedbed
 

20 40 60 80 lCd0 120 140 
Days after seeding 

Lote-maturing variety Leafhopper genemtion 4 -

Leafhopper generation 3 

fhop p i 2
Le 

a er generot or 

Leafhopper generohon I 

fkmle Fowering Mhbake grain
himl-lition 

Seedling .-

Seedtbed 

0 20 40 60 RO 100 120 1:30 140 
Days after seeding 

Biological cont'ol. Green 
leafhoppers are normally I 
held in check by the activities . 
of parasites, predators. and 
pathogens. . ." A 

I..,0
Eggs are parasitize, by ,"" 

trichogrammatid andmymnarid wssai,d preyed '" 

upon by minid bugs. 

nroracentrobia an (Iio Oigosita ncis (G-rault) Gon, ocerus cincticipitis (Schad) 

STnchogrammciidae; (Trichogrammatidae) ,-e-_e) 

- ~ , ',r, / 

vi -" 

Pert'-s)
Anrgrus optcblls Gon)toceru, sD Cyrtorhinus Iivldipennis(Reuter) 

(Myrnardoe' (Mynuridi.s) ( Miridae) 
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Nymphs and adults are 
parasitized by pipunculid 
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. 

. 

Plp,,nculus mutillatus(Loew) 
(Pipunculldae) 

Hoplogonatopus sp
(Dryinidae 

Holictophagus munroei (Hiroshima 
8 Kifune) Halictophogidae) 

. 

. 

Dropefis sp 
(Empidee) 

Lycoso pseudoonnulata(Boesenberg 
B Strand)( Lycosidae) 

Tomosvoryella or.yzetora(Koizuml) Hapiogonatopus joponicus (Esaki 
(Pipunculidae) a Hashimoto) (Dryinidoe) 

Echthrodelphax fairchildil(Perkins) Egg cocoon(Dryinde 

Microvelia douglasi atrolineato Nabis sp
 
(Bergroth) (Vehidoe) (Nobldoe)
 

Crocothemis servileo (Drury) Agriocnemis temina femina(eBrouer) 
(Libellulidoe) (Coenagrionidne) 

Ij
 

:.. ,J . ; 

Callitrichi. forrvna (Oi) Argiope colenulata ( Doleschall ) 
'; (Arane;dae)Mcryphartidoe 
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Aroneus inusius (L. Koch) Tetragnotha rnxllloso(Boesenberg Clubiono oponco a(Boesenberg 
(Araneidoe) 8 Strand)(Tefrgnothldoe) B ,itrand-Clublonldoe) 

Nematodes and fungal 
pathogens also infect 
nymphs and adults. Awhite _ 

fungal mat grows from the U 
inside and covers the body of 
dead leathoppers. 

Hexomermis sp Entomophthora coronata(Constantin) Beauvero bossiana(Bolsomo) 
(Mermithidue) Kevorkian (Entomophthoraceae) Vulliemin (Entomophthoraceae) 

Chemical control.
 
Insecticide application. If A .
 
virus diseases transmitted * -..
 

by green leafhoppers are " .
 
prevalent in an area and a
 
susceptible variety is used, "
 the rice crop 	 must be . .|
protected with insecticide. 

from the seedbed unless Lh ofprecon
 
the seedbed is covered. A
 
systemic insecticide is
 
preferred. Systemic '4
 
granules should be 0 0 20 30 40
 
incorporated into the soil Days ofler seeding
 

before sowing the seedbed. aB
 
Soil-incorporated granules
 
are more efficient than
 
broadcast granules or
 
sprays in the seedbed.
 

O 3 10 	 13 20 30 40 
Days after seeding 

0 3 10 17 20 30 
Days after seeding 
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A similar choice of 
protection should be 
sought immediately before; , 
transplanting. Soaking 
seedlings in insecticide 
solution for 6-12 hours 
before transplanting gives. , 
protection tor 20 days, .. 
whereas soil incorporation 
or broadcasting of systemic 
granules protects the crop 

Iiiength of protection 

for 40 days. 

o 10 20 30 40 50 60 
Days afterseeding 

[L&'ngth of crotection j 

__ I I I I I 
0 10 20 30 40 50 60 

Days ofter seeding 

Scout,ng, If a susceptible 
variety is used and 
preventive insecticide 
applications are not carried 
out, the crop should be 

I sampletwice each week 

monitored for green 
leafhopper activity. 

Green leafhoppers 
should be monitored in the 
crop from the seedned to 
p a nic le in itiation . L 1020 31 0 30 4040 50 60 

Days afterseeding 

Individual seedbeds and The bottom of the net 
fields can be sampled with should penetrate the rice 
a sweep net to determine if 
chemical control is 
necessary. Sampling 
should be done in the 
morning. 

r -

, 

iTJ 

.- ... canopy during a sweep. 
Make 10 sweeps (a sweep 

is one pass of the net across 
the plants, either to or fro) 
while following a diagonal 

A sweep net isparti-

cularly effective in catching
green leafhoppers because ... 

L_ 
C: , k. 

_line 
..... _ake"----twice I 

across the paddy. 
sweep net samples 

Tak swe net{,samples 
a week, from the seed

they feed on the upper 
portions of the rice plar 

'. 
,-

ling stage to panicle 
initiation. 

Swing the net in a "brush 
stroke" (following the arc of 

Count both nymphs and 
adults. 

a pendulum) for each 
sweep. 
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If a sweep net is rot
 
available, plant tapping can
 
be used. Each week 
randoniy pick 20 hills 
across the paddy. Slap the 

+, 
20 , 

, 
r w w 

,, 
' , : v 

plants Yith force several 19 
times with the palm of the v I 
hand. Count both adults 
and nymphs that fall on the 

, 
17 

" . , 

water. A 16,"., 

Calculate the average 
green leafhopper number 
per hill. W ? V \. 

15 
1-4 

W 
" 

)o 4 4 v 

" ' "i'' '-i--,'V 13'V " 

l33 

i !, 

~/ 

Spray a systemic 5No green lent hopp!r!!/sweep 

insecticide w hen the () Sweep no smp/,, 
economic threshold is 
reached. Control necessary 

2- conor ic threshold 

No control necessary 

Panicle 
Initiation 

0 20 40 60 
Days ofter seeding 

No.green leafhoppers/hill 

ct(A)Weppin h#1/5 

Ponicle 
initiation 

6 Control necessary 

I Econoic threshoald- i 

4 ~No control necessary 

2 

0 20 40 60 
Days afterseeding 
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RICE ZIGZAG LEAFHOPPER (HOMOPTERA: CICADELLIDAE) 

Recilia (= inazuma) dorsalis 
(Motschulsky) is a pest 
mainly because it transmits I 
virus diseases. The andult has " 
dark zigzag markings or,the if j

' 
wings. Other leafhoppers .. " " : 
having zigzag wing pattarns " 
- Scaphoideus,j.II A 
Deltocephalus, and Eutettix 
are found in iight trap - ' 4 

collections but do not feed . 
on rice. The zigzag patterns 
are more obvious on these fclr o dorslis Scophoideus morsus fltocephlus oryze 

species when they are wet. sS __dr hd m u EutettixSP
 
Motschulsky) Melichor Motsumuro 

Pest status Prevalence wthin
Zigzag leafhopper can y r h'bitat Corntrol'Oruble 

transmit tungro, dwarf, and 
orange leaf virus diseases. It Frorely Peoldly Minor 
plays a minor role as a pest e+ ary + ConroIled - pest 

because its population is 

generally low. 

It occurs in all rice envi- The zigzag leafhopper is 
ronments but transmits the particularly abundant in the 
virus diseases only to early rainy season. 
wetland rice. 

Of ',':-r%' 

,,, ;, .., ,, , . .
 

Upiond Ptiinfed wetiand Irrigated wetlnnd 

Distribution in Asia . 

.L A. 

http:Scaphoideus,j.II
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Development and actual size 
4c/uo' s,?e 

Adult. The adult is readily 
recognized by the I 
characteristic zigzag white 
and brcwn pattern on the 
front wings. ,.,,ee 

Developient Five nymphal stages 

Eqq 
Youngnynph 

MolUre nymph 

tc.b T Adult 
_ __ _ I___ 

0 7 21 34 

Days 

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. 

Egg 

Nymph. The yellowish 
brown nymphs are found 
both on leaves in the upper I 
parts of the plant and on 
tillers near the base of the
plant.
Nymphs are u,;ually more 

.. 
. :i , 

pln t.e ou during thei / 
vegetative stage of rice. 

,  ' I 

7.), 
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Damnage 
Nymphs and adults damage 
the plant by sucking sap from 
the leaves and leaf sheaths. 

Damaged plants have 
dried leaf tips and leaf 
margins show orange 
discoloration. 

Later, the who;e leaf 
becomes orange and the leaf 
margins curl. 

Damage symptoms appear 
first on older leaves. 

Young seedlings wilt and 
die when the hopper attacks 
in large numbers. 

The zigzag leathopper 
transmits rice tungro, dwarf, 
and orange leaf viruses. 

Plant hosts. Alternative 
hosts are in the grass family. 

F 

I', 

Rice 

Managoit 
Cultural control. Grassy
weeds and volunteer rice in 
fallow fields allow the zigzag 

leafhopper and the viruses 

between rice crops. 

Keep fallow fields free of 
vegetation between rice 
crops. 

K
 
. 

,' 

Tungro Dwarf Orange leaf 

I ,W, ''"I ' 

/-. . 

Echl/norhva Leersic, Wild rices 

4 

. 

Establish seedbeds away 
from weedy areas or lights. 
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Resistant varietes. No re
sistant varieties are
 
commercially available for Pp rt
 
either the zigzag leafhopper
 
or orange leaf or dwarf rim ils lan
 

. viruses. , 

Biologicalcontrol.Para
sites and predators normally

regulate zigzag leafhopper

numbers.
 

Mymarld parasites and the
 
mirid bug attack the egg . ..
 
stage.
 
pipunculid flies parasitize
 

nymphs and adults. 

Anagrus optobilis (Perkins) Cyrtorhinus lividipennls (Reuter) Neogonatopus lunatus(Klug) 
(Mymaridoe) T Miridoe (Drynidae) 

Spiders that inhabit the
 
leaf canopy prey on adults.
 

Tomosvaryella inazumas (Koizumi) Tetragnath maxlllosa(Boesenberg Argope catenulata ( Doleschall) 
(Pipunculldae) a Strand)(TetragnathIdae) (Aroneidae) 

Chemical control. 
* Insecticide application. 

Foliar sprays are more "°. } J ,;' '-'effective than granular / ,I 

insecticides.,~ ; 

e Scouting. Visit the field 
weekly from the seedbed to 
panicle initiation. Plant feeding 

Scouting for control 

Panicle Flowering Motue grain
Initiation 

Seedling . 

Seedled 

20 400 60 80 100 120 140 
Days after seeding 
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Record the number of 
zigzag leafhoppers from 20 
randomly selected hills 
across the field. 

Calculate the number o! 
zigzag leafhoppers per 
tiller. 

20 

8f 

iOi\ , 
15 

t v,- t i~ Tv0vI 

13 

t -t i\ , ot 

0Ohils 

64 

Spray insecticide when Ziza leaf hoppers no/ tiller) 

the economic threshold is 4 iii titfltllitiat.,ion
reached.---ontrol necessary 

L -T 

2 threshold iEconomic 

RnFowering Mature groin 

0 040 60 80 100 120 140 
Days offer seeding 
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RICE WHITE LEAFHOPPER (HOMOPTERA: CICADELLIDAE) 

Cofana (= Tettigella = 
Cicadella) spectra (Distant) is 
the largest of the rice 
leafhoppers and is entirely 
white. Other leafhoppers of 
minor impotance include therice orange leafhopper Thaia 

oryzivora Ghauri and the rice 

blue leafhopper Zygina 
maculifrons (Motschulsky). 

Nisia atrovenosa, which 
resembles white leafhopper 
in appearance, also occurb in 
rice fields. It is neither a 
delphacid planthopper nor a 
cicadellid leafhopper and 
feeds on grasses and sedges.

spines7Leafhoppers have tibial 
spines and planthoppers 

have a tarsal spur. Nisia 
atrovenosa has neither of 
these characters and belongs 
to the family Meenoplidae.
The biology, damage, and 
management of only the rice 
white leafhopper will be 
discussed. 

Pest status 
The rice white leafhopper 
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 

.,,. . , .
 

Upland 


.
 

6 

Cotona -pectra (Distont) 

(Cicadellidae) 

.>
 

,t" 

/ 

Thaic oryzivora G-houri Zygiro moculitrons(Motschulsky) 

(Ccadeilidae) (Codeie) 

Lateral 
present 
preen 

Grnuat 

N 

and plntoper 1' 

\J' 
isi"alrovenosa(Lethierry) 

(Meenoplidae) 

;, 

Plcnthcpper 

flclphccdr) 

Posttibla 
1,setae 

present / 
etasn 

Leafhopper 

(Cicodellidae) 

/
MoMbile 

/ 

Laohopper 

,%eerKoplidoe) 

Mobi

absene 
absent 
Posttibal 

Potential 
scverity 

LOw + 

Prevayence within 
tnvorable tNibitat 

Rarely 

aburdcort 

Control 

Readly 

controlled 

- Minor 

- pest 

rainfed wetland rice and is 
more abundant at the end of 
the rainy season. 

Roinfed wetland Irrigated wetland 
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Dfktribution in Asia. ..- ..........
"..,....'..,
 

k-" 

Development and actual size 

Adult. The large adults are 
grey-white with prominent 
wing veins. 

ACtuoI 51ze 

elop-t7 

Egg Yon nymph 

Mature nyrnph 

Adult I 
0 

III 
6 

Days 

26 

Adult 

18 

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 abundant 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 elongate white 
eggs are laid in leaf sheaths 
in rows of 10-15 at the base 
of plants above the paddy Egg 
water._ _" 

The female covers the egg 
massec with a chalky 
substance. 

Nymph. The pale orange 
nymphs feed on tillers just 
above the water line. 

II 

Nymph 

Damage 
Adults and nymphs suck sap
from the plants, causing the /4
tips of leaves to dry up. Later t , 
the whole leaf turns orange V\\, 
and curls. Plant growth \'1 7 ", 
becomes stunted. ',' /" 

The white leafhopper does 
not transmit any plant 
viruses. 

Nymph populations 
usually build up during late 
tillering and reproductive 
stages of rice growth. 

Plant hosts. The white 
leafhoppper breeds on an 
array of plants in the grass 
family. 

Rice Wheat Barley Suga]rcane 
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Management 
Cultural control. Practice 
clean culture by removing
weeds from fields during the 
rice crop and from rice fields 
during fallow periods. 

Biological controi. The 
action of a wide array of na
tural enemies attacking all\ 
growth stages normally 
keeps the white leafhopper 
populations below economic 
threshold levels. 

Eggs are parasitized by 
tiny mymarid wasps and arepreyed upon by mirid bugIs. 
Young nymphs fall prey to 
aquatic veliid and mesoveliid 
bugs. Strepsiptera are 
commonly found as internal 
parasites of older nymphs or 
adults. Web-building and 
hunting spiders capture 
many flying adults. 

Chemical control. 
Insecticide application. 
Insecticide spray or dust 
iormulations are preferred. 

Granules are noteffective because the white 

leafhopper is abundant 
when the plants are fully 
grown and are too large. 

rchlnoc7oa Eousbin Leers/a 

\\i, -c 

PintRes1s ance 

Resistant varieties. No re
.sistant varieties are 

commercially available. 

. 

/ 
... 

. 

..it" ," -

Oirtoce , cinglI~us_Perkinl)
( M ym rid e)... 

. .................. . . 

Cjtorhinus lv'dpennis 
... -(N rda' -

rde'iter 

1 

Mcr ,el douqIlasi ctrolineatc 
(Bergroth) i Veliidce) 

Mesoveia vittigero (Horvath) 

(Mesoveidue) 

Halictophagus spectrus 

(Halictophc-qidoe) 

Yang Araneus inustus i L 

(Aronelece 

Koch ) J 

rr 
. 

. 

, ._.-

" -'" 

. ,, -_', _ 
". 
• 

0 

.. , 
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9 Scouting. Begin scouting 
weekly from the 
midvegetative period until 
after flowering. 

[ 

Damage 

Scouting for control ] 

Seedling 

Panile 
initiatonl 

Flowering Moture groin 

Seedoed 

0 

H. 

20 40 60 
Days ofler seedtnq 

80 100 120 

Record the number of 
leafhoppers on 20 
randomly selected hills 
across the field. 20\ 

lR4 

17.~ 

i' 4 ,,. i " - '{",,t! It 0 4/, 4t 

20hhi"ls 

A4 

\\ I 

Determine the average 
number of white 
leafhoppers per hill. 

Apply insecticide when 
the economic threshold is 
reached. 

'hur,,/ 

W---------

45 

I 

Control necerriry 

30 oo t hho I 

Mature grain
 

Se Seedling (W ' Seedbed .l 7y ,,1 i ,,, , -,-

o 20 40 60 80 100 
Days otler seeding 

I 

120 
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PESTS AT THE RIPENING STAGE 

Rice pollen is a nutritious
 
food source. Itattracts many-,
 
insects to rice panicles
 
during flowering.
 

Insects, however, do not
 
cause sterility or unfilled
 
grains when they'feed on
 
pole . Generally, the rice
 
plant produces more pollen
 
than Is needed for
 
fertilization.
 

Many Insects that feed on 
pollen are beneficial species. 
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 
commonly called rice bugs.
These species are discussed 
together because their . 
appearance, biology, and the 
damage they cause are Ventroloterol spots 

oratorius(Fabricius)
.eptocorisa
similar. 
Body length =19rm 

Dark brown 
ontennol
base 

/ N 

Leptocoriso oratorlus(Fabrclus) 
Lateral (Aly' idcq)
block ine 

Leptocorisa chnensis (Dallas) 

Body length=17.5rrm 

Leptocorsa ocuto (Thunberg) 

Body length =16mm 

A number of other true 
bugs that damage rice seed 
are not discussed. 

44
 

Nezara vlrldulo(Linnaeus) RiptortusIlnearls(Fbrclus) F bengalenss(Westwood) Stollio ventralls (Westwood) 
(Pentatorrldoe) (Atydidoe) (Pentatomldae) (Pentatomidoe) 
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Pest status 
Yield loss from rice bugs that 
feed on gr.3ins normally is 
minimal because their 
populations are highly 
variable, and damage occurs 
only during a short segment 
of crop growth. Rice bugs are 
found in all rice 
environments, but are more 

... ..... . . .... C 

Polelt al Prevolernce within 
severity favorable habitat 

Abundant most 
+odrate ye irs over large 

prevalent in rainfed wetland 
or upland rice. 

. a*r 

control 

controlled 
Minor 
pests 

... . 

fir~ 

k.Iii/l .n ~i i 
l 

u'f* ' 

Factors that cau~se high
rice bug populations arce 
nearby woodland3, extensive 
weedy areas neat rice fields, 
a d staggered rce. planting.,,. 

~ 

-

. 

'l, "a , 

L),stribufion in Asia LJA A } 1 

'f~8,.EuIOrA 

[ ASTRALLA 
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Development and actual size 

.AcAb0l
S'ze
 

Deve'pnfi&t 

Five nymphial stages ( 

Eggtl lJ 

Young nymph 

o 5 

Adult. Adults are slender, 
have long legs and antennae, 
and brown-green bodies. 

a 

Motureny p 

Oys 

25 

K 
,., 

Adult C]a.maolcy 

120 

Adult 

Rice bugs become active 
when the monsoonal rains 
begin, 

They complete 1-2 

generations on alternative 
grassy weed hosts before 
migrating to rice fields during 
the flowering stage. 

Rice bug genration 

Rice bug generati.n 2 j'l I - C 

Rice bug generation I 
iric,e ',; Flowerin 

stage Mature 
g 

r
cin 

\~ Seedbed 

0 30 . 

Days afterseedirg 

120 
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When disturbed, adults fly 
and give off an ofiensive odor 
from scent glands on their 
abdomens. 

Adults are active in me late 
afternoon and early morning. 
They rest in grassy areas 
during periods of bright 
sunshine. 

During the dry season, 
adults move to wooded areas 
where they remain dormant. 

F 
I 

Sn eS 

"'"... 
_ 

Q _ 

" 
-, 

./.~ 

,// 

They are not readily 
collected in a light trap at 
night. 

Each female may lay se
veral hundred eggs during a 
lifetime of 2-3 montns. 

' - 1, 

Egg. The dark red-brown,
disc-shaped cggs are laid in 
batches of 10-20 in 2 or 3 
straight rows along the 
midrib on the upper surface 
of a leaf. 

During hatching, the upper
half of the egg breaks away, 
leavina a distinct hole. 

, 

""" 

'1 . 
// 

/"i'i.' 
, 

7 
/i 

/ 

-

-

N 

h 

\ T "Nymph. 

I 

The brown-green 
nymphs aggregate on rice 
plants. They blend with the 
foliage and often are 
undetected. 
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Damage 
Nymphs and adults prefer to 
feed on the endosperm of 
rice grains but also suck 
plant sap. 

They have sucking mouth
parts. To feed, they secrete a 
liquid to form a stylet sheath 
that hardens around the 
point of feeding and holds 
the mouthparts in place. 
Stylet sheaths are white and 
can be seen with the naked 
eye. 

" . 

Style t sheath
J .

-

'- -

v.' 
7 

Paiea 

L 
Lemma 

Rice buigs do not bore a 
hole through rice hulls as do 
other rice seed bugs. They 
enter the rice grain through 
the space between the 
lemma and the palea. 

Stylet sheaths left after 
feeding can be found in that 
section of rice grains. 

Lemma 

Both nymphs and adults 
feed on rice grains. They 
prefer rice at milk stage but 
will also feed on soft and 
hard dough rice grains. 
Growing nymphs are more 
actve fcede, t.r",Iin ad.,t:, 
but adults cause more total 
damage because they feed 
over a longer period of time. 
Removal of the liquid milky 
white endosperm results in a 
smaller grain. 

Rice bugs do not directly 
cause unfilled grains because 
they cannot remove all the 
liquid endosperm frorm a 
developing grain. 

When rice bugs feed on 
soft or hard dough endo-
sperm in a solid state, they 
inject enzymes to predigest 

Before milling 

, 

I 

.... ,/ 

Undamaged 

/ _ 

Damaged 

After milling 

Undamaged 

Damaged 

the carbohydrate. In the 
process they contaminate the 
grain with microorganisms 
that cause grain discooration 
or pecky rice. 

Damage from feeding at 
this stage impairs grain 
quality rather than reduces 
grain weight. 

Pecky rice grains are more 
liable to break during milling 
and form broken rice. 

Farmers in most countries 
do not realize monetary loss 
from pecky rice as this 
aspect of grain quality is 
usually not checked when 
the crop is sold. 

Planthosts. Many grasses 
act as alternative hosts, but 
rice and Echinochloa are the 
most important. , 

Rice .. 7" 

Rice Ec/hln'och/oa 
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Management 
Culturalcontrol. Eliminate
 
grassy weeds from the rice - ,
 
field, levees, and surrounding"
 
areas.
 

Avoid staggered planting I IRST CROP SECONDCROP 
of fields in an area. 

Field 1 Field 1 

Field 2 Norice Field 2 
Field 3 Time, - . Field 3 

Resistant varieties. No re- Lernmo 

sistant varieties arePla t. Awn 

commercially available. Plant 
0111anceiAwned varieties are not 

resistant to rice bugs. ___ _L 

'o]leci 

Biological control. Small 
wasps parasitize the eggs. 

A parasitized egg shows a . Emergence hole of nymnph Emnrgence hole of parasite 
distinct hole where the wasp 
has emerged. 

The meadow grasshopper 
preys on rice bug eggs.

Spiders prey on nymphs 

and adults. / / 
FLingi infect both nymphs Gryon nixoni(Masner) Normol egg Porositized egg 

and adults. (Scelionidoe) 

77x 

Conocepholus longlpennis (Haan) Neoscora theisi ('Aolckenar) Argiope cotenulata Dolescholl 

(Tettigoniidae) .(Aroreidue) (Aroneidae ) 

retragnaoto ovano ( Thorell ) Becauveria bosoro (Baulsorno 8 
Tetragnothidoe) Vudenm)( Frctornp,,thorrfceoe) 
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Chemical control.
 
Inseclicide application. The
 xi. 
rice bug is readily .
 

controlled with spray or , 
dust formulations. 4
Granular insecticides are y ' 

* Scouting. Scout the fields 
beginning a week before 
the rnilk stage and continue 
twice weekly until hard[for control 

dough stage. _ 

Ponicle Flowering M ture gr.,.. 
initiation 

Seedling ' t 

Seedbed 

20 40 60 80 100 120 

Days afte r sedling 

Sample early in the 
morning or late in the I 11,1,4
 
afternoon from 20 20 .
 
randomly chosen hills
 
across the field. 
 19
 

IS4 

of Vh Vu(o/
Record~ 0hls nube ~ 
122 

Record ofWg~o/0hlthe nube 

rice bugs per hill and apply ' -

insecticide when the
 
economic threshold is Control necessary
 

reached. 
1ll "t*hn.m, .....,2 r,!' 


NO conhe ne esso y 

5

__ __0 If_ 

Mil Soft Hard 
dough dough dough
 

140 
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RICE PANICLE MITE (ACARINA: TARSONEMIDAE) 

Steneotarsonemus spinlki 
Smiley is a mite that is more
 
closely related to ticks and 
 ,"

spiders than to insects. It has 
four pairs of legs and an -
 '
 
unsegmented body. Mites are .
 
extremely small and only
 
someone with a trained eye ' 
 .
 
can recognizet theeI in the
 
field. Because of thelr size.
 
they ate often ve, I,ik ,dasjs ."-

the Cause Of ste l1e ii(l e.
 

The nost cornimoifly I
 
known f[ esis or' ii(-.e are j
 
the red spider muites As their •,
 
name implies, these rites are
 
red and spiin silk webs They "} 
 .
 
are most coimoeiy
 
encountered irngieenhonlse
 
cultures of rire, but are rarely
 
pests in the field, / '
 

Oigonych. oryzae (Hirst) 
(Tetrorivchidoe ) 

Pest status 'ute. Preolence within 
The panicle mnite cf,]es ,, .r t,.orable hobitot Control
 
unfilled grains and can ies
 
sheath rot fungus. Its igh +'Prely + 
 Minor
population is normally held in .ndrat ictpest
 
check by natural enemies.
 
Control by chemicals is
 
difficult. In fact, the mite's 
 The mite is most abundant
 
emergence as a pest has on the second crop of rice or
 
been associated with heavy on a ratoon. As a pest, it is
 
usage of insecticide, associated with irrigated rice.
 

Asla. The.y" f" -Dilstrbultlon inl 

panicle mite is probably mocie
 
widespread than the records ,, d "
p n ica e te i ro a l mor ' - INI.. 

wiepra 
= 

ta tereod 3 •. .. 

--________ 
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Develpment and actual size 
The lIfe cycle is longer in 
temperate environments. 

Actuo/s,ze 

C(anotIbe seen with naked eye 

One nymphol stoge 

Nympthol resting 
period 

'f 

Egg 

Nymph Adult 

0 3 4 5 6 
Days 

Adult. The tarsonemid 
mites are transparent and 
slightly brownish. The male 
and female distinctly differ in 
body shape, but earh 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. 

Ventral /q,,lg 

Male 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 
eggs in its lifetime of 5 days. 
Nonfertilized eggs become 
male mites. 

/ 

/ 



230 INTEGRATED PEST MANAGEMENT IN RICE 

Egg. The ovoid eggs are 
white or opaque and arei. 
deposited singly in the air 
spaces of leaf sheaths, within 
a colony of mites. 

-

Colony of 
panicle ies 

Nymph. Unlike the adult 
female, the elongate nymph
has only three pairs of legs. Male mite 

Nymphs are transported "A' 
by male adults. 

The nymph enters a one- ,, 
day resting period before 7, 
becoming an adult. 

Nymph 

Nymph 
// 

Male mite carrying a nymph 

Damage 
With their needle-like 
mouthparts, the mites Needle-like 
remove plant sap from within structure N, 

leaf sheaths. The result is j /
elongated dark necrotic 
streaks that can be seen on ,, 
the outer surface. 

Mouthpr ts of panch, mite 

When their numbers are 
high, the mites crawl up to "n 
the panicle and feed on"Fl /<rn"\s 
developing rice sp:'elets, Fle ,n 

thus causing empty grains. , "m 
Panicles with many 

unfilled grains remain erect 
in the field while undamaged -
panicles bend because of r' Damaged Normal 
their weight. \___"____" 

Feeding causes distortion, 
shrinkage, and discoloration 
of filled grains. 
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The panicle mite carries 
the resting stage (conidia) f Conidlo of 
the sheath rot fungus. sheth ro, 

Fungus . .. ( . ' !' 

Management 
Cultural control. Create a 
rice-free period by plowing 

DRY SEASON CROP 

Field 5 
WET SEASON CROP 

down rice stubble betweenF 
crops and planting 
neighboring fields within 3 Field 4 I Field 4 
weeks of each other. 

Field 3 Field 3 
Field 2 _ Field 2 
Field 1 Field 1 
__J L II i 

Feb Mar Apr Moy Jun Jul Aug Sep Oct Nov Dec 

Resistant varieties. No re
sistant varieties are 
commercially available. P1 anRess-'ance 

Biological control. Several 
species of predatory mites 
normally maintain the panicle / 
mite at subeconomic 
numbers. 

Ambysaius sp A Amblyseius sp B 
(Phytoseiidoe) (Phytosoiidoe) 

An internal parasitic 
protozoan also reduces Protozoan parasites 
panicle mite numbers. , 
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Chemical control. 
0 Acaricide application. 

Foliar spraying is the only 
proven method of applying 
acaricides (pesticides that 
kill mites). 

Minimize acaricide usage 
to conserve the number of 
beneficial predatory mites. 

D. 

,;t7,), 
, , , ., 

* Scouting. No economic 
thresholds have been devel
oped for the panicle mite, 
but monitoring leaf sheath 
damage may indicate 
whether a problem is 
developing on the second 
crop or ratoon. 

Seedbed( 
Seedling 

Sin/ 

Ponicle 

initiation

) 

D 

Flowering Mature 9F-In 

0 20 40 60 so 100 120 
Days after seeding 
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Rice Diseases 
A disease is an abnormial 
condition that injures the 
plant or causes itto function 

3. Necrosis or death of the 
tissues (leaf spot, streak, 
scald etc ), 

over time in a crop 
population 

Cultural conditions and 

ease are extremely variable; 
thus, they can shift rapidly 
and shorten the effective life 

improperly. Diseases are 
readily recognized by their 

4. Wilting f ie to interference 
in water movement within 

cultural practices may influ-
ence disease incidence and 

of a resistant cultivar. 
Varietal resistance is essen

symptoms  associated vis-
ible changes in the plant 

Various agents, acting 
either singly or in combina-
throcause diseases. The 
agents can be biotic (living) 
or abrotic (nonliving). Livinct, 
disease-inciting organisms 

the plant. 
5 Unusual development or 

transformation of or(lans 
(false smut, kernel smut. 
etc.). 
A disease is the result Of 

the Interactions between a 
pathogen and a host in a 

severity. Blast disease is 
niore severe in upland than in) 
lowland growing ctnditiois. 
Nitrogen fertilhzer affects 
blast devc opment The 
tgmaier the rate of nitrogen 

application, the more severe 
the disease 

tial as the base of effective 
disease control, but other 
control measures such as 
chermicals are sometimes 
necessary. Varietal resistance 
to bacterial hiight arid grassy 
stunt lasts longer than resist
ance to blast. 

are called patlhogens. 
The pathogens of rice Ois-

eases are bacteria, fungil, 
nematodes, viruses, anld 
mycoplasma-ike orrarrisrr. 

favorable environment. A dis. 
ease generally occurs 
bea.;se the host ctiltivar is 
siiceptible. the pathogen 
stI, 1Is virulent, and the 

The biotic environment 
may Influence disease 
Ttingro iicideir:e and spiead 
Increase with ainincrease if) 
number of its veCtoi, the vi II-

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-

Tiese pathogens CaLISe. 
visible disease symntlons on 
the entire plant, or on iuidivi-
dual plant parits such as 
leaves, sterns, leaf sheaths. 
painicles, or (gra's. 

Hice dsiasesymptoms 
car)rhe rale,)()Ii-zed II teveral 
(IropL)s 
1 Overall dwanfrg I stunt-
ru(lof the plant 

2. Changes in colo, suich as 
yellowing or chlofosis, 

ervonment is favorable Au 
ifiiderstanding of the disease 
trianClJula relahionsh)' hl)S 

control the disease. 

Host 
N 

Pathogen -Er vrrmen 

An epidemic Or serious oiit-
break of a disease occurs 
when a disease increases 

etetnns gtien lhafhopper As 
vectors, the ad ult trisects ate 
three times miore efficient 
than iryMphs The Incidence 
arnd spreadj ,frtio viiLis dis-
eases IIithi trolC; ,ire 
determined by ts i isl. 
rrovemnent, and rihpuom )f 
vitLifeous vector insects 

Host-plant resistance cain 
control plant diseases But 
certain pathogens snch as 
those that cause blast dis

ral practices and chemicals 
ame presently the most irnpor
lant methords for controlling 
those disease.;. 

Diseases that progress 
slowly are generally man
aiqed more easily than those 
that progjress rapidly. The 
irariagemnet of rapid
spreading diseases is difficult 

,,''.t"t"%'. . ' , , ,.S.- #. t , ' - , . . : ,, 
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RICE BLAST 

Rice blast is caused by the 
fungus Pyricularia oryzae. 
It is one of the most de
structive diseases of rce, 
causing as much as 50% crop 
loss in areas where severe 
outbreaks occur. 

. .
, 

@ 

,, 

.-.. 

, 
q-% 

_ -

A.. T A! 

Symptoms 

* The fungus produces spots 
or lesions on leaves, nodes, 
and parts of the panicles 
and grains. The spots are 
elongated and pointed at 
each end. 

" Severely intected leaves are 
killed. 

" The size and shape of the 
spots vary on different rice 
varieties. 

0' 

* Infected nodes turn black
ish and break easily. 

* Any part of the panicle mayalso be infected.-

When the base of the pani
cle is attacked, it turns 
brown and the stem usually
breaks just below the 
panicle. 

, 

\ I/ 

... . 

V\ 
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Disease cycle 

* The spores are released by 
dew or rain and are carried 
in the air to other plarts. Airborne spores called 

" Then the fungus proouces conidia land on rice leaves. 
rmore spores. 

. The spores germinate and 
9 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 severity of rice blast 

" A high amount of quick-
actinil suhate
actinfetilizersuch.a 

N N
N 

N:
N 

iand 
4 a A relative humidity of 90/a

higher. Long periods 
when leaves are covered 

SCoudy skies, frequent rain, 
and drizzles f. N i / 

with dew. 

* Blast spores are present in Severe 
the air throughout the year 
in the tropics, arid the dis- MODERATE 8LAST DAMAGE 
ease develops continuOusly (l)CTUge 

" Seedlings in the tropics are 
often severolv damaged, but 
severe infection after trans
planting is rare. 

" Blast damages dryland rice 
more severely than it does 
wetland rice 

0 20 40 60 80 100 120 

Days offer seeding 

Control 
Resistant varieties Chemical control 
e Planting resistant varieties * Several fungicides will con

is the most practical and ... trol rice blast on leaves and 
economical way 0 control- panicles. For technical and 
ling rice blast. • - economic reasons, ch,2mi

cals are not widely used for 
blast control in the tropics. 

/, f' id, 
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Cultural control 
" Raise seedlings in wetland 

conditions. 
" Avoid excess nitrogen 4 

fertilizer. 
" Split fertilizer applications. 

Avixesnitogen ferilizer
NSplit ferthzer apphcatons 

Panicle 
inolhoion 

0 20 40 60 80 100 120 140 
Days ifler seedin 

SHEATH BLIGHT 

Sheath biight is caused by
the aerial form of the fungus . 

V 
Rhizoictinia solani. It occurs 
both in the tropics and in the S h -_.- ,,C 
temperate areas. Severity of 
the dsease depends on culti-

., 

' 
vaticn, land preparation, var- ., y -
ieties, crop management, etc. . A' 

.........
I
 

Symptoms 

9 Sheath blight causes spots 

. /,4k 	 mostly on the leaf sheath,
but spots may also occur 
or, the leaf blades if codi

tions are favorable. 

I i i l e• Many of the plant's leaves 
:•rInfectionbodies called scle-severe 

rotia form on the spots. 	 infections and yields may 
be reduced 20-25% if the 
disease develops at booting 
stage. 
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Disease cycle 

. The disease spreads side
ways and rr ves up the 
plants. 

* Sclerotia develop on 
and drop to the soil. 

lesions 

,. \ I 

/ * 	The fungus survives in scle
rotia in the soil. The sclero
tia float to the water Surface 
during land preparation.

The fungus grows on the 
plant. • The funthegrfwngus penetrates the

""I 	-The sclerotia germinate and 
... 	.. ":-_./thefun~gus penetrates the 

. _ .- " - plant. 

Factors increasing the severity of sheath bliqht in the field 

" High temperature and '
 
humidity w,~
 

" High levels ot nitrogen ' N N
 

fertilizer V It
 
" Growing of high yielding N 

,N.
 

improved varieties -" ..
4 
Level of disease* The disease Isusually first Hgh ............
 

observed in the field after
 
plants reach the maximum
 
tillering stage. Disease inci
dence increases as the
 
plants grow older.
 

0 20 40 6n H0 io 120 14C 

Doys (fter seeding 



240 INTEGRATED PEST MANAGEMENT IN RICE 

Control 

Resistant varieties 
a 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 isat the maximur1 
tillering stage, and again at 
the booting stage. 

I 'j "/flyiAXw 

0 20 40 60 80 
Doys ofier seeding 

100 120 140 

BAKANAE 

Rakanae iscaused by the 
fungus Gibberella fujikuroi. 
Severe damage from the dis
ease is rare, but c op losses 
up to 20% may occur inout-
break areas. 

t 

-
. 

-
. 

.. , 

01 ,A,
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Symptoms 

e Infected seedlings may die 
during the early tillering 
stage. 

,'1 * Plants infected late in the 
season produce only a few 

t------ tillers and bear empty 
panicles. 

SE~O LATER SEASONJ SYMPTOMS 

0 20 40 60 80 100 120 140 

Days oflet seeding 

* The disease causes an plant, in the seedbed or 
abnormal elongation of the later in the season. 

Disease cycle 

.- a The fungus survives 
a When flowering rice, plants between crops and iscar

are infected, they may pro- ried by infected seeds 
duce infected seeds. 

* The spores are carried to * The fungus infects newly
other plants by wind or germinated seedlings. 
water. .0 

eSmall infection bodies ! 1 /
called spores are produced 0 *"The fungus grows inside 
on diseased and dying the plant and moves to the 
stems. stem. 
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* The development of baka
nae is favored by high 
temperatures and high lev
els of nitrogenous fertilizer. !3,'(: 

________i~ N 
 j 

Contrl 

Resistant varieties 
varieties are more 

susceptible to bakanae than[1 
others. Do not plant a sus
ceptible variety in areas 
where the disease is severeand do not use seeds from . . 

, 

_: ,' , . , 

.Some 

._ 

Fungicide1] 
infected fields. 

j
4 

Chemilcal control 
* The disease can be effec

lively controlled by treating 
the seeds with fungicides 
before planting 

BROWN SPOT 

The brown spot disease of 
rice is caused by the fungus 
Helminthosporium oryzae. 

Tha disease is common in 
soils 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. 

-

6 

-P.E ' 

, 

-

CIF.... ... 
V 

." 

Symptoms 

* The most common symp
toms are spots on the leaf 
and glumes or grains in the 
panicle. A fully developed 
spot has the size and shape 
of a sesame seed. 
in seedlings grown from 

/" 

o 
lop 

, 

" 

,W, 

heavily infected seeds. 
_0 ,_- _ _ 
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Disease cycle 

* The disease is transmitted
by infected seeds. 

e 	Grain becomes infected 
when the disease develops , 
in the panicles. 

Disease spores terminate 
and enter the seedling roots 
or coleoptile. 

* The spores germinate and 
infect the plant's leaves or 
panicles. 

/ 
d 

As the rice grows, spores 
are formed on leaf spots. 
These spores are then 
blown to the leaves and 
panicles of other plants. 

a The condition of the soil is 
important in regulating the 

* PlantL grown in poorly 
drained soils lacking silica, 

ganese, or magnesium are 
easily attacked by the 

severity of brown spot. pota.ssium, nitrogen, man- fungus. 

Type of damage 
" Brown spot may kill up to 

50% of seedlings.
* It lowers grain quality and 

Brown spot 
.-r s 

weight. 

Control 

Resistant variety 
a Planting a resistant variety 

is the most practical way of 
controlling brown spot in f 
areas where the disc ise is 
common and serious. 

. .. . 

k 

7 

__ _,,__ 

.4 cultural control 
. The most effective way of 

controlling brown spot is to 
grow plants in good soil 
and provide adequate 
fertilizer. 
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Chemical control 
eTreatingtheseedswith 

fungicides or hot water will
 
also 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, 7" .. 
but it ISriot Unlcommon for ~
 
10-30%,o of the tillers to be ,
 
infected in fields where the
 
disease Occurs
 

Symptoms 

* Spots develop on the 

uppermost leaf sheaths 
enclosing the panicles. 

. 

'V 

, 

, 

A 

/ 

AI 

'xi 
g rt 

. 

/ 

:! 

The young panicles remain 

in the leaf sheath or emerge 
only partially. Grains remain 
unfilled or are discolored. 
A whitish, powdery fungal 
growth occurs on the pani
cle inside the sheath. 

•Eventually, the panicle may 

rot. 

Disease cycle 

- \t 

" Little is known about the life insects or diseases, particu- * Hot hum*d weather favors 
cycle of the fungus. larly stem borer and viruses, sheath rot development. 

" The disease is usually 
found in plants injured by 
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Control 
9 Little is known about con

trol of the disease, but some 
varieties are more suscepti
ble ihan others. 

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-

, 

, . 

., 

. 

-

Symptoms 

blads.aso Sots ay /flu 
* Symptoms usually appear 

first on the flag leaf during 

later growth stages. 

Flag lecf 

0 20 40 60 80 100 120 140 
Days offer seedsig 
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Disease cycle 

Spores emerge from the 
,, infected plant's stomata and 

* Disease symptoms first are blown by wind to infect 
appear about 3 weeks after nearby plants.the plant isfisifctd 

The fungus grows just 
Fungus spores reach theplant. 

•The fungus enters the leaf 
stomata. 

,,Thespores germinate and 
start to grow. 

Control 

Resistant varieties 
* Plant a variety that is less 

susceptible to the disease. 
No resistant varieties are 
currently available. 

Chemical control 
* Apply fungicides. 

STEM ROT 

Stem rot, which is caused by 
the fungus Helminthosporium 
sigmoideum, Occurs in almost 
every field where rice has 
been grown for many years. 

" . . 

J' 
EA 

~ A 
I . C 
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Symptoms 

" The spots enlarge, the leaf * The stem lodges and rots. If masses of fungi, and small 
sheath rots, and eventually infected stems are split, black infection bodies 
the fungus attacks the stem. they reveal dark gray called sclerotia. 

" The first symptoms usually
 
appear during the later rice
 
growth stages as small
 
black spots on the leaf
 
sheath near the water line.
 

Seedbed 
I I I I II_ 

0 10 20 30 40 50 60 70 80 90 100 110 120 130 

Days after 'edinq 

Disease cycle 

a 	The sclerotia float to the
 
surface of flooded fields
 
during plowing and other
 
field operations. They land .
 
on rice leaf sheaths and
 
cause infection. ,
 

9 The disease survives 
between crops in the sclero
tia, which are on the straw'... ,or 	 in the Upper 5-8 cm of .... i " ' }so. ... il. 

Soil 

Factors causing high levels of Amount ol lt_-ri rot 
stem rot H,-igh

/-1C,'c , cAJD'VG /IGHI 

" The percentage of infection 
is low on normal plants and 
high on plants with wounds 

LF,F"S (..F517VTROT 
High levels of nitroqen 

phosphorus fnrt:hzrr 

nd [ 
from lodging or insect 
attack. 

• High levels of nitrogen and 
phosphorus in the soil also Plant wounding by insects 
increase the severity of 
stem rot. 'd 

* Yields of susceptible varie- Normal pant 
ties are reduced. Usually, 
damage from stem rot 
reaches its peak at harvest. 

Low -_ _ _ __ __ 
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Control 

* Burn straw and stubble 
after harvest or let straw be 
decomposed. 

, '- * Chemical control can be 
efficacious but spray on the 
stem at or before maximum 

* Drain the field after harvest 
and allow the soti to dry
and crack before irrigating 
again. 

-

-. , 
-

"',, 

-

- -

. -,.__ _ _ _ 

-- - 4t.' ..,,,. 

" Avoid excessive nitrogen 
and phosphorus fertilizer. 

" Add potash and sodium sil-
icate to the soil to decrease 
the severity of the disease. 

, } ( 

, 

"" 

. 

, 

I Plant resistant varieties with 
sturdy stein that does not 
lodge and break. 

FALSE SMUT 

False smut is caused by the 
fungus Ustilaginoidea virens. 

The occu rrence of the dis-
ease is believed to indicate a 
good year because weather 
favorable to the development
of false smut also favors good 
crop production. 

The disease usually causes 
severe damage only in small 
areas. 

@ ' 
-. 

. } -, . 
.,,,,,"2'> 

- . 

. 

L 
A.

-

0 

. 

Symptoms 

* The fungus changes single 
grains of the panicle into 
velvety balls, which may 
grow to a diameter of 1 cm 
or more. 

,- . 

Usually, only a few grains in 
a panicle are infected and 
the rest are normal. 

I Y 
, 
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Disease cycle 

Small infection bodies 
called chlamydospores are 
produced on the surface of 

e Eventually the grain or floral the smut balls. 
parts are replaced by asmut ball, 

or . The spores are blown in the 
Tair and inferrthe panicles 

of other plants.detslprin lite tat 

Timing of disease development 

Flowaring 

INJFECT)ONSECON(CARY INFECTION 

Booting 

0 20 40 so 80 00 120 140
 
Duys after seeding
 

Control
 
Usually, no special control measures are necessary.
 

Resistant varieties Chemical control 
o Rice varieties that are less a In areas where the disease fungicide just before flower

susceptible to the disease may cause economic loss, ing will provide some 
can be planted. spraying or dusting with a control. 

, ! AL9I 

0 20 40 60 80 100 120 140 160 
Days after seedrg 
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BACTERIAL BLIGHT 

Bacterial blight is reported to 
have reduced Asia's annual"" U.6 
rice production by as much 
as 60%.. 

Bacterial blight is caused 
by Xanthomonas campest.is 
pv. oryzae, an organism.,, 
closely related to the bacteria f 
causing bacterial leaf streak. 

The bacterium has races 
that differ in their ability to . 
infect different resistant rice 
varieties. 	 -

Symptoms 
The disease has several forms of symptoms. 

Leaf blight symptoms 

* 	Lesions appear first, at a Milky or cloudy dewdrops 
al.,Xt the heading stage, as appear on the surface of 
water-soaked stripes on the young lesions in the 

In the seedbed, bacterial leat marqii morning. 
blight first causes tiny
 
water-soaked spots on the
 
margin of mature lower
 
leaves. The spots enlarge.
 
the leaves turn yellow, and
 
dry and 	wilt. I 


e Bacterial ooze drops Oni 

young lesions 


er 
Sedbedsynroorn 	 eno leaf syrnptom5secoo 

See 1ed 

0 lO 20 30 40 50 60 70 80 90 100 

Days after seeding 

• 	The lesions enlarge, the 
edges become wavy, and 
turn yollow or light brown 

As the disease advances, 
the lesions cover the whole 
leaf blade, and turn greyish 
and later white. 

110 120 

http:campest.is
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Kresek symptoms 
e Kresek symptoms usually * Kresek symptoms some

occur 2-6 weeks after the times resemble rice stem 
seedling stage. 	 borer damnage. 

• Leaves become watpr- * Then the whole plant wilts 
soaked and fold "ind roll Up and dies. 
along the midrib. 

Seedbed I I 

0 10 20 30 40 50 60 70 80 90 100 i C 120 

Days orierseedrng 

Separating kresek damage from stem borer injury 

To distinguish kresek symp
toms from rice stem borer 
damage, ci t off the lower part 
of the plant and squeeze it 
between tne fingers. A yellow-
ish bacterial ooze will appear 
at the cut ends if kresek is 
present" 

! 

", 

;2-

Pale yellow symptoms 
* 	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."l 
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Disease cycle 

After the initial leaf lesions 
Rice plants can become 
infected with bacterial 

appear, bacteria from ooze 
droplets on the leaf surface 

blight from many sources: 
diseased stubble, diseased 

are spread throughout an 
area by wind and rain. 
particularly typhoons or 
irrigation water. 

_--- _

/ 
seeds, paddy water, and 
diseased straw. 

,atcua,tyho sor.?, 

The bacteria enter through 
The bacteria multiply inside the water pores of the 
the plant and enter the hydathodes or wounds of the 
veins of the leaf. Bacteria leaf or root and multiply 
that enter the roots plug the inside the plant. 
water-conducting tissue 
and cause the plant to wilt. 

High temperature and 
humidity during crop 
growth increase the inci- 31oc 
dence of bacterial blight. 

22C
 

Hosts 

The disease can survive in .
 

several species of weeds if....
 
rice is not available.
 

, ' . 

1f'N 
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Control 

In the tropics, planting of re
sistant varieties iscurrently 
the only practical way of con- 
trolling bacteriai blight. 

. 
"' 

A7 
. 

I 

~7 

BACTERIAL LEAF STREAK 

The bacteria causing the dis- " . 
ease Xanthomonas campes- .K 
Iris pv. oryzicola is closely 
related to the bacteria caus- . •,,*,.. 
ing bacterial blight, but it 
infects different species of . 
plants and attacks the rice - . 0 
plant in a different way. . 

Under favorable weather 
conditions, losses from bacte- v 
rial leaf streak may be as 
serious as those from bacte- P 
rial blight. 

Symptoms 

* The first symptoms are • Later, the lesions turn * The whole leaves of sus
transparent, linear lesions brown, become longer, and ceptible varieties may turn 
between the veins. Many cover the larger veins, brown and die during the 
tiny oozes can be observed later stages of disease 
on the lesions. development. At this point 

the disease symptoms look 
the same as those of bacte
rial blight. 
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Disease cycle 

The bacteria enter the leaf 
through injured tissues or 
leaf stomata. 
The bacteria multiply and 
remain in localized tissues 
LJst beneath the surface. 

They do not spread 
throughout the p'ant like 

.r.al.blght 
the bacteria causing bacte-

High temperatures and high 
humidity favor disease 
development. 

Bacterial ooze forms small,
round, yellow beads on new 
leaf lesiolis. 

The bacteria are spread by 
wind, rain, irrigation water, 
and diseased seeds. 

y Ft 

* Bacteria are probably pres-
ent throughout the year in 

the tropics on cultivated and 
wild rice or weeds. 

, BACTERIA PRESENT ALL YEAR 

Jon Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
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Control 
The only practical method for 
controlling bacterial leaf 
streak 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 thousar ds of hec-
tares in many countries. 

Symptoms 
e 	Tungro stunts rice plants 

and turns the leaves to dif-
ferent shades of yellow or 
orange. 

Stunting of rice plants 

infected at different growth 
stages with tungro virus. 

.. 
e _

. 

". 

. . I Yellowing begins at the leaf 

A 
tip and may extend 
the blade. 

lown 

*Infected leaves may also be 
mottled or striped. 

I * Plants infected during theearly stages of growlh are 
more severely damaged 

than those that are attacked 
later. 

Reduction () inheight 
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Yield reduction in rice plants infected at different growth stages with tungro virus. 

Reduction(%)in yield 

70[ 

60 H 
50 

40 

30

20
3o
 

10 	 -II 	 1, I I 
10 20 30 40 50 60 70 80 

Days after sowing when plants were Infected 

Vectors and transmission 

" Tungro virus is transmitted 
by several leafhopper 
species. 

* 	Adults and nymphs are 
about equally effective in 
transmitting the disease. 

" N. vires:",-s is the most / -. 
effective transmitter of the 
virus (see page 204) 

N. virescens N. nigropictus R. doisalis 
" The insects can pick up the only transmit the virus for 

virus by feeding on the 
plant for only a short time NO LATENT PERIOD 

about 5 days. The longest 
period is less than a week. 

(about 30 minutes) and can 
transmit the virus almost 

* Although the virus does not 
persist in the insect, 

immediately after feeding. 
" The virus does not persist in RETENTION PERIOD 

leafhoppers can feed and 
become reinfective many 

the insect's body. After times after acquisition 
each feeding the insect can I I I I feeding. 

0 I 2 3 4 5 
Days 

" Nymphs lose their infectiv
ity after each molt. 

Transmitter 

Nan-transmitter 



RICE DISEASES 257 

Disease cycle 

* The availability of infected 
host plants determines the 

Sources of tungro virus 

severity of tungro because 
the insects must feed 
repeatedly on diseased 
plants to be continuously 
infective. 

" Wild rice, ratooning stubble, 
and grassy weeds may all 
serve as sources of virus 
be'ween rice crops. Ill

,!! 

wild rice ratooning stubble 

grassy weeds j 

Echinochloa crus-galli Cynodon dactylon 

GRASSY STUNT VIRUS 

The grassy stunt virus has 
caused serious damage in 
sporadic outbreaks in limited 
areas, but is generally not a 
widespread problem. , 

, 
. 
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Symptoms 

plants are SDiseased Leaves are short, narrow,
severely stunted. They stiff, yellowish green, and 
develop excessive tillers covered with rusty spots or 
and have a very upright patches. 
growth habit. 

* Infected plants usually sur- s Yield losses are greater 
vive until harvest, but yields when plants are infected
 
may be reduced, early in the season.
 

* Relationship between yield Yield loss(%)
 
loss and time of infection.
 

e No significant yield loss 
60 occurs when plants older 

than 60 days after seeding 
are infected.40 

20 	 U 

0 20 40 60 80 30 120 

Days ofter sowing when plants were Infected 

Vectors and transmIssion 

e 	The disease is transmitted • Insects can pick up the 
by brown planthopper virus by feeding on dis
nymphs and adults. About eased plants for 5-10 min
20-40% of insects are able utes. A higher percentage
 
to transmit the virus. P become infected during
 

longer feeding periods up
 
to 24 hours.
 

" An average of 10 days must Transmission 
elapse after the insects feed 
on an infected plant before 
they can transmit the LATENT PERIOD 
disease. 

" Infected insects can trans
mit the disease until they RETENTION PERIOD IN INSECTS

Rdie. 

LI I I I I I 

0 2 4 6 8 10 12 14 16 18 20 22 24 

Days 

140 

I 
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Nymphs do not lose their 
infectivity after molting. 

Hosts of the virus 

Disease cycle 

* The development -if grassy 
stunt virJs depenGi upon 
both the presence of the 
brown planthopper and the 
availability of infected host 
plants. 

* 	Under favorable conditions, 
the brown planthopper mul
tiplies rapidly and the dis
ease 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 I;ts vector, the, 
brown planthopper. 

* The disease is not transmit
ted through planthopper 
eggs or by the rice seed. 

A*/ ''I. '#" 	 IY 

Cultivated rice 

Many species of wild rices 

* Long-winged adults are 
more important in spread
ing the disease than the 
short-winged forms that 
cannot fly.

/ 

.
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Symptoms 

Symptoms during early 
growth stages 

4/19, 

20 30 40 50 60 
Days after seeding 

Z 

Ragged leaves * Twisted leaves * Swelling along veins * Plants infected during early 
growth stages are often 
severely stunted. 

Symptoms during later 
growth stages 

60 70 so 90 ]Do 110 120 130 
Daysafter seeding 

' /I 

Delayed flowering * Nodal branches Incomplete panicle 
emergence 

a Unfilled grains 

Vectors and transmission 

* Ragged stunt is transmitted-( In areas where the virus 
by brown planthopper 
nymphs and adults. 

,j 

occurs, about 40% of the 
brown planthoppers can 
transmit the disease. 
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" Brown planthopper nymphs 
can still transmit the disease 
after they molt. 

" The virus is not transmitted 
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). 

o After the insects acquire the 
disease, they can retain the 
virus for 3-35 days. The 
a v e rag e rete ntion tim e is 
about 2weeks. 

Hosts of the virus 

YELLOW DWARF 'JISEASE 

The yellow dwarf disease is 
widely distributed in Asia, but 
occurs only occasionally. The 
Japan and Taiwan. It causesdisease is most serious in 

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. 

V 

Acquisition Transmission 
period 

I 
LATENT PERIOD 

RETENTION PERIOD IN INSECT 

0 2 4 6 8 0 1 1 1 1 2
 
0 2 4 6 8 10 12 14 16 18 20 22
 

Days
 

,,
 

Oryza salva Oryza latifolia Oryza nivara 

,
 . , 
- = 

,--, ._" _ .... I.... ... . .. 

1 .
 
,, 

lo 

AUSTRAL- , 
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Symptoms 

" Plants are stunted and i 0* Infected plants usually pro
lowish, and have-in duce either no panicles or
increased number of tillers, unfilled grains.

SStunting Is more severe 	 ,, , Plants affected during the
when plants are infected at ". p.y later growth stages may not
the early growth stage. develop symptoms before 

harvest. 

Differences between symptoms of yellow dwarf and grassy stunt. 

Leaves areYellow dwarf light yellow, Grassy stunta Leaves are narrower and 
soft, and slightly droopy. their green color is darker. 

They may have many rusty 
spots. 

-Yellow dwarf Grassy stunt 

Vectors and transmission 

" A hign percentage 170-95%)'
 
of these leafhoppers are Ill
 
able to transmit the virus
* Leafhoppers transmit
yellow dwarf 	 L " 

N. cInctiCeps N. ;jiopictus N. virescens 
" 	Leafhoppers can become, The insects cannot transmit (latent period). They remain


infected after feeding on a the disease until 20 days 
 infected until they die.
 
djsr,Ised plant. after becoming infected
 

Transmission 

LATENT PERIOD 

RETENTION PERIOD IN LEAFHOPPER 

0 2 , .(t1 1 , 18 2 22 24 26 28 30 32 34 36 38 
Duys 

" Nymphs rernain infective
 
after molts, but the disease 
 'lbf 
is not transmitted through * 
leafhopper eggs. .
 

" The viruS is not transmitted W 
through rice seed.
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Disease cycle 
" The disease overwinters in is ve.y slow because of the the slow development of the 

leafhoppers and in several long latent period, i.e. from disease in tne plant. 
species of wild grasses. acquisition to transmission, 

" The buildup of yellow dwarf in the leafhopper vector and 

Development of the yellow dwarf disease in the rice plant. 

" 	Under conditions of high Dsemc 3mptoms 

temperature disease 
symptoms appear about 30 
days after infection. WAMWATHER Dsaesmtm 

Disease symptoms" 	Under low temperature 
disease symptoms appear 
up to 90 days after COOL WEATHER 
infection. eIn the tropics, ratoon plants 

growing from stubbles may 
_ _ _ _ _ _ __ be diseased and act as virus 

0 30 60 90 sources for later infections. 
Days uftr ir frfecion 

Control of virus diseases 

The development and spread of virus depends upon several factors: 

/ ' '  Number of plant virus 	 Number and activity of
/ / !i: "\ Sou rces 	 insect transm itters "l'' . 

3 ,,, -	 . .. A 

SusceptibIlity Of a rice Va-
The weather V -,, ,, riety to the virus and the 


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 becorming infected after it becomes infected. 

Frnso=m,sr, 

Viu oreVector 	 Infection 

Cure f diseased 
plunts 
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a Virus control programs 
should concentrate on pre
venting disease ,JuriJ the 
early stages of plant 
growth Infection at that 
stage causes the most 
damage. 

CONTROL VIRUS DISEASES 

20 40 

40.. 

RP 
8 1) 

I00 

lO 

120 140 

Control methods 

Resistant vaueteis 
Planting r:sitarit rice vanie-" 
ties is the simplest, cheap-
est. and most etfective way 
of controlling both virus 
diseases and vector insects 

, 

. ,. 

.. 

-
' , 

A variety aay be 
resistant to the feeding and 
development of the insect 
transmitter or 

d resistant to the infection 
and development of a virus 
disease. 

Control of vectors 
9 It is very difficult to control 

virus vector- (leafhoppers 
and planthoppers) with 
insecticides. 

BPH 

5 

t no/tiller ) 

Ho.erurn 

,. 

, t 

." 

.insect 

ive insecticide treatments 

should be applied during 
the early growth stages 
instead of waiting until 

transmitters reach
the economc threshold. 

3 

2 

High pop,,ations of leaf
hoppers and planthoppers 
IniSth.blild up to directly
damage the crop and cause 
hopperln i l. 

0 Sir transmision , .. 
, ,'., 

isct populations can 
( ,rse h ig r;rate s o f v iru s 
Infectiorn 

* Only one insect is enough 
to Infect a plant. High 
populations are not 
necessary to cause high 
tUngro infection rates 

* It is sometimes difficult to 
kill insects q~uick~ly enough) 
to preve.it them from feed
inq on plants and transmit
ting the Virus In areas 
vnere virHs outbreaks have 
recently occurred, protec
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Controllingvectors in areas 
where virus outbreaks have Protective inecticde applicotions 
occurred. 
" Protective insecticide 

apOlications 

0 20 40 60 80 1OO 120 140 
Days after seeding 

* Eliminating sources of virus diseases by eliminating ;ifected 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 

__J 

Control or destroy weeds in ' , , 1. Plow under the rice stubble which is , disease source 
nice I . immediately after harvest to and breeding place forfields, levees, and Sur 


rounding areas. , .prevent 
 ratoori growth, insect transmitters. 

._/.- .:,. ,".,, Lit 
Levee Rice field , 

STEM NEMATODE 

Damage from the stem nema
tode Ditylechus angustus is 
restricted to certain areas 
where the climate and cuLtu-

. 
, . 

, 

ral conditions are suitable for , 
the pest's development. -

Rice crops in infected areas , 
may suffer yield losses rang- , 
ing from 20 to 90%. . . , 



256 INTEGRATED PEST MANAGEMENT IN RICE 

Symptoms 
* The most noticeable symp

toms are Stunting, twisted e Wnen plants are attacked as * Panicles damaged during * Panicles attacked later are 

stems, and damaged seedlings they are stunted early development reinail twisted and deformed and 
panicles and have deformed, twisted enclosed in the leaf sneath. have empty hulls. 

leaves. 

Irmo 

0 20 40 60 80 

Days aftler seedNig 

100 120 140 

Disease cycle 

The nematodes live outside 
the rice plant. Plants are 
first infected when the 
nematodes move from the 
ground to the growing 
points of seedlings several 
days old. 

The nematodes do not 
enter the leaf, but suck sap 
frorn the outer layers. 

When the crop matures, the 
nematodes coil up and 
become inactive. They 
survive between crops in this 
coiled, inactive state on rice 
stubble. 

As the seedlings grow, the 
nematodes move up to the 
new tissues. On older plants 
they are located 
1) On th" stem just above the 

nodes 
2) Inside the rice hulls 
3) At the panicle base 

K. 
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Factors causing serious infestations of the stem nematodes 

1) A distinct wet and dry 
season
 

0 OOo0 3) Large amounts of infested 
remain in the fieldo00000omaterial 

o 000 	 after harvest 

2) High hunirdity 

Control 

Cultural practices help reduce the nemntode populations. 

- .s = t ,, '.
 
44 kA4 It iv 

a Burn stubble and plow the 	 * Then dry the fallow field for 
field after harvest. 	 2 or 3 months before plant

ing another crop. 

WHITE TIP 

White tip isc&Lused by a nemna-..
tode or a small eelworni 
called Aphe;enchoides 
besseyi.
 

Crop losses from white tip 
are variable, ranging from 10 
to 500/o. The disease is usually 
more serious in temperate 	 ." 
regions than in the tropics. 	 , . 
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Symptoms 

-
9 The white tip of leaves is 	 * Diseased plants are stunted " the most noticeable symp- and produce small panicles
tom. Infected leaves are with fewer grains,
 
darker green than the The
 
normal. 
 The hulls and kernels may 

be small and defornlrnd 

F,11-11 ,11M I 	 I 
elongellon 	 \\.\ , " 

IN 

0 20 40 	 60 80 ;OO 120 140 
Days after seeding 

Disease cycle 

The nematode survives 
between crops inside the 

' rice hulls or on the surface 

The population builds up, 
and the nemat3des move to
the panicles. 

~During 	 the early plant 

growth stages nematodes 
are found on the inner sur-As the plants grow, the face of young folded leaves. 

nematodes move on the soil
 
surface or are carried by
 
irrigation water to other
 
plants.
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Control 

Resistant varieties 
* Some varieties are more 

susceptible to white tip than 
others. 

Cultural control 
* Treating seeds with hot 

water will re.diip infi..tion / 

Rice seeds . . . . . . Hot water 
52- 53*C 

for 15 
minutes 

* Planting e,.Iier than usual 
may reduce i,',action in 
areas commonly "ffected 
by the nematode. 

EARLY PLANTING 

Jon Feb 
I 

Mor 
I 

Apr 

I 

May 

I 

Jun 

I 

Jul 

INORMMING 

Aug Sep Oct Nov Dec 



Pre 
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Weed Pests of Rice 
Weeds reduce rice yields by 
competing with the rice 
plants for sunlight, moisture,
and soil nutrients. .Sunigh 

Moisture /~' 

71 / 

S Ilnutrients 

Fertilizer application may not 
increase yields in weedy 
fields because weeds absorb 
nitrogen more effectively than 
the rice plants. 

High 
yield 

Weeded field 
, : 

Weeds are also harmful 
because they may be alter
nate hosts fcr insect and dis-
ease pests of rice, and pro
vide shelter for rats. 

Low 
yield 

, 

- .. 

Unweeded field ~t 

i 
i 
I 

Ri ce 

,. 

1\ 

Soil nitrogen 

V 

Weed 

vF V 

....................... .,"... .", ,, .
 . .... 
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SEVERITY OF WEEDS IN 
DIFFERENT TYPES OF RICE 
CULTURE 

* Weeds are usually most 
serious in drylan I and dry-
seeded rainfed i:e and 
may destroy the entire crop
if they are riot adequately 

WEED 

High 

SEVERITY 

Dryland 

. ...... 

rie 
-' , -jl 

Dry-seeded 
rainfed rice 

_ 

Irrigated 
transplanted rice
17 --... . ....... 

controlled. 
46t 

*Weeds ate usually least 
serious in rrigated trans
planted fields but may stli 
reduce yields, particjilarly 
when large amoUnts of fer
tilizer are applied to modern 
CLIltivars. Low 

' I 

INTEGRATED WEED 
CONTROL . , 

" Weeds are most effectively 
controlled over a long 
period of time by an inte
grated program combining 
different control methods. 

u . 

.' "i' , !' 

* If a single control method is 
used for a long time. weed 
species resistant to that 

method will build up, and 
eventually the control rea
sure will fail 

.ttd LoecCs 

" t - I" - ,, 

CROP I 

•, . 

2 

.. 

3 

V , 

4 
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TYPES OF WEEDS 

Weeds can be divided into 
three general types, based on 
their appearance: N *:long narrL leaves 

Grasses Grasses i• X-I, parallel veins 

General characteristics of 
grasses 

*round hollow stem 

, leaves are aligned up and 
down the stem in 2 rows. 

Young grassy weeds can be 
distinguished from rice plants. 

" Rice has both a ligule and I --- Ligule 

an auricle. ' -. .Auricle 

" Grass, no ligule, no auricle 
or 

* Ligule, no auricle Ligule 

Sedges 
Sedges are similar to grasses 
but: .- -

* leaves are aligned up and 
down the stem in 3 rows; " 

* stems are usually solid and 
triangular. / 

.. <>\L/4 
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Broadleaf weeds
 
Leaves may have various - 
shapes and arrangements of
 
veins.
 
The leaves are usually wider
 
than those of grasses and "
 
sedges. 

Weeds are also sometimes
 
grouped according to the \ !/
 
length of their life cycle:
 
* 	Perennials require more
 

than 1 year to complete
 
their life cycle.

Annuals complete their lifecycle in 1 year o, less. 

I year 

2 years 

IDENTIFICATION AND ECOLOGY OF COMMON WEEDS IN RICE 

COMMELINA BENGHALENSIS L.
 
Countries in which C. benghalensis is most serious Type
 

1~ Broadleaf weed 

-- .... year Annual (temperate areas) 
"- -Tc 	 I year Perennial (tropics) 

Found in:§ 	 .,, dryland rice 

)10. 
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Identification 
Distinguishing characteristics 

dr0n r . ... 

Habitat: dryland rice fields, 

along dikes; field borders; 
roadsides; banks of irrigation
ditchus g 
• 	The plants root il: water-

saturated soils, but can 
survive after the soil dries. e 	C. benghalensisgrows best 

when soils are moist and 
fertile, but can persist in 
sandy 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. 

" Leaves 6-10cm long 

* Blue flower 

.sheath 
Reddish brown hairs on leaf 

Reproduction and 
dissemination 
This weed reprnduces mainly 
by seed. 
Creeping stems, if cut during 
cultivation, root and grow. 

, ,. Y 

. 

4 

, 

__ 

.,
Z"'' 

-___ ..._, 

",'.... 

4. 
i'",." 

N 
___._...._".__"___, 

, 

.. .. ... ..... . 

/ - " "; 

-- . .( 

,.n 
Comme/no 

h--f 
Rice 

. 

,, 
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CYPERUS DiFFOHMIS L.
 
Countries in which C. difformis is most qpnriOus 
 Type 

Found in: 
. Wetland rice 

Identification 
Distinguishing characteristic 
Flowers yellowish, very 
numerous, and crowded in 
ovoid masses. 

.I4'" 

/ 

/ 

Reproduction and 
dissemination 
* C. difformis reproduces 

from seeds. 

Habitat: grassy swamps. 
wetland rice fields, along
rivers or streams, open vet 
areas 
* C. dIfformns grows best i.. 

rich, fertile soils that areo e r v r os,1 " 

-

A41 
"" ° J-

l;,fl . . 

V ,. 

flooded~f orveyMos 

' "" 'q '"......... "",;';=:.::; ......-' ,......Y 
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Ecology 
9 The plant may rapidly cover 

the ground because of its /

short life cycle and abun
rant s'-ed production.
 

?/,-mont 

.50,000
seedspont, 

Ell 

ii lf / . 1 

gross C ' IS gross C dffo i gross 

-Al 

f!' 

C dfforrnls 
Soil Nutrients 

•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. 

Rice
Rice 

•C. diffotmls mal~y beconle 
the dominant weed in r ice 
fields when the herbicides 
used are effective again-t 
grasses but do not kill
sedges. 

Levee I evee 

Shallow water 
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CYPERUS IRIA L.
 
Countries in which C. iria is most serious. 
 Type 

1 year Annual 

Found in: • Dryland and dry-seeded
$ ,..2... ~)-,-* 
 Wetland rice. 	 wetland rice. 

V 'j 

Identification
 
Distinguishing characteristics
 

., 	 Y llowish-red fibrous roots 

"'A2 

a Yellowish open flower 
. -, / * 	The lower loaf below the
 

flower is longer than the
 
flower
 

Reproduction and Habitat: C. iria is found in wet 
dissemnnation open areas and in wetland. 
* C. iri,.reproduces from dryland, and dry-seeded rice 

seeds, Each plant may fields.
 
produce up to 5,000 seeds. 
 -

,J ....d 



WEED PESTS OF RICE 281 

CYPERUS RO TUNDUS L. 
Countries in which C. rotundus is most serious. Type

A5Sege 

,_• . ,,&'.- .. .... 

1year 

Found in: 

Dryland rice 

Perennial 

Identification 
Distinguishing characteristics 

I 
/( 

'/ Red or purplish-brown 
seed head 

. ..... 
*Underground stems and 
tubers 

3--/ 

'3 rows of leaves near the 

2 plant base 

Reproduction and 
dissemination 
" The plant occasionally 

produces seeds. 
"The plant usually 

reproduces from 
underground stems and 
tubers. 1' 
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Habitat: f;elds, ioadsides, 
edges of woods, banks of 
irrigation canals, streams 
* 	The distribulOnl of C, ,_1rotundo.s is 111110d rfly. _, 

by cool tern perat itues. 

* 	The weed grows well in 
almost evety soil type,/ 
elevation, hLuniidity, soil 
m1oisture, and pH. Itis 
toleranlt of high 
teniperature. 

IA'
 
Ecology 	 ,.... ,. , ,,, r 

t
•C.iotutndus is most seriouls I, " .," ,,' +* , 
' 
n d ryla n d fie lds w h ere • ' ' I if t! 

annual weedls are I ,."-t ~ ,
 
controlled efficiently, thus, ,W .,.h,t . ,t ,j. if
 
leaving C. rotindus t ,;" .' .
uncontrolled..
 

Eclogying 
" This weed is highly.....---._

competitive with rice for , X ., . 
both moisture and soil ¢) 

nutrients .... 	 .. ,, Cpeu 

" 	Tubers have a deep root .rotundus 
system and can Survive Moisure 
long periods of drought or 

o ryanice plnt 

Soil nutrienes
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DACTYLOCTENIUM AEG YPTIUM (L.) WILLD.
 
Countries in which D. aegyptium is most serious. Type
 

Kear 
Found in: 

Dryland rice 

Grass 

Annual 

Identification 
Distinguishing characteristics 

N . Seed head with 2-7 spikes 

Reproduction and 
dissemination 
*Each plant may produce 

up to 60,000 seeds 
* Creeping sterns root at 

lower nodes. 

OkI 
'5' 

' 

" 
, 

A 

"J 
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Habitat 
The weed is common in both 
cultivated land and waste" 
areas. It grows well in sandy 
soils with low moisture 

Ecology 
D. aegyptium flowers all year 
in the tropics. 

,Z 

,J' 

-

" 

, i 

DIGITARIA CILIARIS (RETZ) KOEL 
Countries in which D. ciliarns is most serious. Type 

,,. / Grass 

'. .. .... .. . 1 yea r An n u a l 

Found in: 
9 Dryland rice, 

Identification 

Seed head has 3-13 narrow 
finger-like projections. 

-:21( ! 
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fReproCiuction and 
dissemination 
" Each plant may produce 

thousands of seeds. ,,; ,," 

" The weed sometimes 
spreads by rooting of the 
nodes of stems on the 
ground. 

Ecology 
" D. cilians is tolerant of high 

temperatures and may 
show maximum growth /< 
when other plants are under 
stress due to hot, dry 
weather 

" The weed isvery 
competitive because Itcan 4
root and spread along the 'H 
ground surface A single 
plant may cover 2-3 m'. ). 

" "- i,-)j:) 

ECHINOCHLOA COLONA (L.) LINK 
Countries in which E.colona ismost serious. Type 

. Grass 

1[:...year: , Annual 

NEPm" 

Found in: 
• Dryland rice and wetland rice 

._. 

#A iI ~A 
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Identification 
C',stinguishing characteristics 

Slightly spreading glowth 
habit. Less than 1m.high. 

, ,,*:.:: 

/ 

•Leaf blades relatively 

narrow. 

4k4 
"\, •Seed head 6-12 cm long. 

-.i 
* Spikelets 2-3 mm long,

relatively broad, always 

awnless (see E. crus-galli). 

Reproduction and 
dissemination 
" Each plant may produce 

thousands of seeds. 
" Seeds are transported from 

field to field by irrigation 
water and farm machinery. _ 

___.._..__ 

F-. 

"i * Sterns growing sideways on 
* .•the ground may also root 

and produce new shoots. 

Ecology 
• Young seedlings resemble 

rice plants. By the time they 
can be recognized and 
removed, the crop has 
already been damaged. 

IL _,_.....__ 

Dry season Rainy season 

" 

_,, 

" E. colona grows rapidly 
during the rainy season or 
when irrigation water is 
abundant. 

S I I I I I I 
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"This weed is an excellent 
competitor and may 
completely crowd out a rice 0 
crop if fields are poorly 
managed. Its effects on 
yields are similar to those '\ > 

X,> 
" \, 

described for E. crus-galli. \ ,.:. , 

MtIV. 
'\ 11r , ji 

ECHINOCHLOA CRUS-GALLI (L.) BEAUV.
 
Countries in which E. crus-galli is most serious. Type
 

y-eT Grass 

......................_
)." - .. .,,, I 1 year > Annual 

Found in: 

WWetland rice. 

% .... . .* . . 

-"-- ._ -- .4 . 

Identification 
Distinguishing characteristics 

a Leaf blades relatively wide, 
1-2 cm wide, 40 cm long. 

* Seed head 6-20 cm long. 

i , ,,' p-/ .! [awns. Sometimes sp~ikelets' Spikelets usually have 

*Upright growth habit, 1-3 mawsSoeissieet 
are awnlcss.high. A Spikelets 3-3.5 mm long, 
relatively narrow (see E 
colona). 
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Reproduction and Habitat 
dissemination * E.crus-galli prefers wet 
* E. crus-galii reproduces by soils and will grow when 

seeds. partially submerged. 
_ grows best in heavy*It 

soils with a high nitrogen 
content. 

Ecology 
* E. crus-ga/Ii grows well 

under conditions favorable 
to the growth of rice. 

* The young weed looks like 
a rice seedling and isoften 
transplanted by mistake. 

'Rice yield reductions are 
most serious when the 
weed grows during the first 
60 days after rice
germinates. ,' 

0 

SERIOUS YIELD LOSSE 

20 40 60 

Days ofte seedN 

80 too 120 

ELEUSINE INDICA (L.) GAERTN. 
Countries in which E.indica is most serious. Type 

Grass 

*-* ' ECPES - 1year Annual 

Found in: 
Dryland rice. 

AA. 

IN ESI
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Identification 
Distinguishing characteristic 
* windmill-shapea seed head 

Reproduction and 
dissemination 
* E. indica reproduces from 

seed. Each plant may 
produce as many as 50,000 
seeds. 

Habitat - along irrigation 
canals, cultivated fields and 
damp, marshy areas. 
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Ecology 
e 	E.indica does not grow well 

in the tropics during the dry Dry season 
season or when the soil is 
not moist. Wet season 

* The weed flowers at day 
lengths between 6 and 16 
hours. 

Jon 

I 

Feb Mar Apr 

I 

May 

I 

Jun Jul 

I 

Aug 

I 

Sep Oct 

IL 

Nov Dec 

FLOWERING 

* In the tropics, E.indica 
completes a reproductive 
cycle in about 5 weeks. 

0 

I 

2 

I 

4 

I 

6 

I 

8 
I 

10 12 
Hours of daylight 

I 

14 16 

I 

18 20 

II 

22 24 

Seeds 

5 weeks 
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FIMBRISTYLIS MILIACEA (= LITTORALIS) (L.) VAHL 
Countries in which F.miliacea is most serious. Type 

A ede 

~n s 
d j.I year Perennial 

, , ... . Found in: 
4 *•Weland rice. 

I
i~~v i',. . 'i~ . 

,I","
' ,. .I . 

Identification 
Distinguishing characteristics 

A&,. f* Stiff threadlike leaves
arranged in 2 rows 

/! ,, 

'~' 
' ,,,',,j 

' 
' ,,: Leaf bracts shorter than the 

'.~'flower 

~N.. "L; 

* Three-cornered seeds with 
a warty surface 

Reproduction and 
dissemination 
a F. miliacea reproduces5 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 int,.IN 

damp soil, but may not 
become established in 
submerged areas. "/ 

. N 

A 0 

. 

Ecology 
* F miliacea is becoming

increasingly serious in 
wetland rice throughout 

Herbicide Wood soodilings 

Asia. -A 

" Many seeds germinate 
during the early stages of ' ', ' 
rice growth, but some 
germination Continues 
throughout crop 
development. This 
continuous seed 
germination makes it 
difficult to control the weed 
with a single herbicide .... ' I 

application because 0 20 40 60 80 100 120 140 

seedlings from later Days ufter ..eed;ng 

germinating seeds may 
escape. 

F miliacea is very
competitive for soilnutrients because its roots 

spread more rapidly than 
rice roots do. 

Weed Rice 

Nutrient uptake 
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MONOCHORIA VAGINALIS (BURM. F.) PRESL.
 
Countries in which M vaginalis is most serious. Type
 

PEOPLE(S4EPU&,CO INA 

flC,.riiyear , Annual 

Found in:,,* Wetand rice. 

* ' -I '' I% V i I , f 

Identification 

Shiny heart-shaped leaves 

* Blue flower on the opposite
side of the stem from thej,.leaf. 

* Curved stigma. 

Reproduction and 
dissemination 
•M. vaginalis reproduces 

from seeds. 
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Habitat - freshwater pools, 
mud flats in rivers, flooded 
rice fields, along canals and 
ditches
 
*The plant roots in mud and x _ _
 

its upper portion grows _________ N' 

above the water. 

A; A 

AY", 

Ecology 
e M. vaginahs often prodUces 

higher fresh-weight yields 
in rice fields than any other 
weed species, 

* However. it is relative;y 
short and shallow rooted, 
and may not compete as 
successfully for sunlight 
and soil nutrients as some 
other weeds 

-

. f, ,/ 
" " i / 

-

. 

/ .. 

Nutrients 
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PASPALUM DISTICHUM L.
 
Countries in which P. distichum is most serious. Type
 

Gross 

, ,_,. 	 lyear Perennial 

.~~. 	 Found i ric 
v Wetland rice. 

Identification 
Distinguishing characteristic 

Ii 	 *Seed heads have 2 

, ~ , 	 Se haswith avbranchesspikelets on 
, 	 only 1 side. 

Reproduction and 
dissemination .x 
* P. distichum reoroduces 
from pieces of creeping 
underground stems. 
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Habitat 
* 	Flooded fields 
*Open fields 

* Along irrigation ditches 

/ 	 7 

Ecology 	 * The plants produce a thick 
* 	P. distichum can survive ii \, mat of roots just below the 

flooded fields, poorly surface, which may limit the 
drained soils, and even in flow of irrigation water 
well-drained fields. when the weeds grow 

beside irrigation canals. 

PORTULACA OLERACEA L.
 
Countries in which P oleracca is most serioLis Type
 

Broadleaf weed 

.. .year.Annual 

Found in: 
* Dryland rice 

., 'li 
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Identification 
Distinguishing characteristics 

" .be 
. Red fleshy stems that may 

flat on the ground. 

. Leaves, broadly rounded at 

...--. ., Seed capsule that splits 

open in the middle. 

Reproduction and 
dissemination 
" Seeds are spread by water. 
" Pieces of te stem may be 

spread by tools or 
cultivation. These stem 
pieces root on contacting 
the soil. 

-

- " Water 

Habitat cultivated fields, 

eroded slopes and cliffs 
P. oleracea grows well in 
open areas and prefers rich, 
mo ist soil. -

., . 

0 . 

.. ,• 

, 11.,ji,I I 

a:
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Ecology 
* A reproductive cycle is 

completed every month in 
the tropics. 

* The weed grows well in a 
wide temperature range. 

SeedsSeeds 

35c 

Mat ie oionl 151C 

SCIRPUS MARITIMUS L. 
Countries in which S. mantimu'; iFmost senous Type 

K~ 7 LASeW 

lyear F~rnioI 

Found in: 
* Wetland fi , 

.A,',,, ,.,,. 

Identification 
Distinguishing characleristics 

-----

k 
"The leaves are narrow and 

often as long as the stems. 

. 

The spikelets are grouped 
in a dense cluster. 
A narrow leaf (bract) 10-25 
cm long is found ji-,t below 
the seed head. 
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Reprodiction and 
dissemination 
" S. maritimus reproduces 

mainly from tubers and 
rhizomes (underground 
sterns). 

" Tubers in the soil produce 
new stems when the top 
growth is killed or pulled by 

hand. 

i 

'I 
" / 

I 
I 

Tuber, 

Rhizm 

Habitat 
swamps 

along riverbanks, 
_" 

Ecology 
" S. maritimus grows over a 

wide range of temperatures 
and photoperiods. 

* The weed's stems grow 
rapidly (several centimeters 
a day) during early rice 
growth, and may severely 
shade sernidwarf rice F COMETrn 
cultivars during the first 40 FOR NITROGEN 
day- after seeding or 
transplanting. 

" The weed also competes 4" 
Mi 

effectively with rice for - _ 

nitrogen LIp to 60 days after 0 20 40 60 60 100 120 
seeding. Doys o fter seeding 
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* Most herbicides effecti-,e 
against annuals do riot 

control S. maritimus. Herbicides 

Annuals 

year 

4WEN 

Scirpus marlimus Morochor/a vaginGA/s Sphenoclea zeylonica 

SPHENOCLEA ZEYLANICA GAERTN 
Countries in which S. zeylanica is most serious 

. . . 

Type 

. i" 

_year 

Broadleaf 

Annual 

. . 
i ""Found in: 

Wetland rice. 

...... 
I • 

• _f~ l 

- • p 

e.'~ l\ : 

,*. 

- Z.'!I 

I 
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Identification 
Distinguishing characteristics 

4i,." Cord-like roots 

Reproduction and 
dissemination 
* S. zeylanica reproduces

F. , Hollow stem from seeds. 

White, spike-like flower 

Habitat - Prolonged flooded 
wetland rice fields and 
swamps. ___7
" S. zeylanica grows in 

almost any kind of wei 
ground at low altitudes. 

" It is most common and ,. 

serious in wetland rice 
fields, and may occasional- -VSi" 
ly be a problem in other-
crops such as taro.
 

-.............
 
14 Vt' 
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Methods of weed control 

WEEDING 
Advantages of hand weeding 

Hand weeding 
Hand weeding isthe oldest, 
simplest, and most direct way 
of controlling weeds in rice _ 	 41 

W________________________fields. 

, Effective against young 
-- -,' weeds 

* Weeds growing within hills 
and between rows of rice 
can be removed without 
damaging th- rice plants. 

Disadvantages of hand weeding 

e It is laborious and 	 •Young weed seedlings 
time-consuming 	 cannot be distinguished 

from rice plants early i;i the 
season, when hand 
weeding is most effective. 

Timi hand weeding 
* 	Hand weeding should be 

done early in crop growth. 
The exact time depends on 
the rice culture. 

I 	 ,__2-r 
0 20 40 60 80 I00 20 

Days after seeding 



WEED PESTS OF RICE 303 

Techniques 
e 	Perennial weeds, which 

regrow from underground 
structures and are difficult 
to control by a single hand 
weeding, can be controlled
by repeated hand weedings. 

* 	Young weeds are difficult to 
grasp and can be uprooted... 
by stirring the soil with the 
fingers held apart. 

" L3rger weeds should be 
pulled and removed from 
the field, or buried in the 
mud in wetland rice, or left 
between rows of dryland 
rice to d ry . 

" Hand tools increase the 
efficiency of hand weeding 
in drier upland soil. 

Ruasuns for weeding during early crop growth 

b More labor is required to e Competition between
 
hand weed as the crop weeds and the rice plants
 
develops, increases and yield losses
 

increase the longer weeds 
remain in the field. 

High 	 H~i 

_ Lo_ . . .
 

LoLow
 

20 40 60 	 20 40 60 

Timing of hand weeding Timing of hand weeding 
(days after transplanting) (days after transplonting) 

.. - .- 4 - A 

-- " 
I/ 

. ,.. 	 , 

Pile of weeds outside field 	 Man stepping on weed to Pile of weeds between rows 
bury it of dryland rice 
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Mechanical weeding 
The push-type rotary weeder 
isthe 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 must be soft and 
saturated. 

//0 
/ 

Path of 
weeder 

--

-

0-
0 

0 
a * 
a a 

0o0a 
a 0 

0 

20cm 
o j o- -
20cm 

Pth of eeder 

*Ifsoil ibtoo dry, the weeder 
rolls over the soil surface 
and the weeds. 

* The weeder cannot work 
weeds into the soil in 
flooded fields. Weeds float 
to the water surface and 
may grow again. 

* A rotary weeder cannot 
pass close enough to the 
rice plants to remove all 
weeds, so some additional 
hand weeding may be 
necessary. 

WA' ER MANAGEMENT 

Control of weeds by flooding 
* Flooding is an important 

management practice in 
controlling weeds. 

* Rice grows and yields just 
as well in saturated soil as 
in standing water. 

. 

,.. . , 
,. , 

-

*A major benefit from 

standing water is better 
weed control. 
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Problems in controlling 
weeds by flooding 
Flooding will not control 
weeds if: 
" The water level drops too 

low. 
" The field is not level and 

son e areas dry out. 

" The field occasionally dries 
out, allowing weed seeds to 
germinate. 

Effect of water depth on 
weeds 
" With 1-2 crn water, grasses 

are reduced but some 
broadleaf weeds and 
sedges remain. 

" With 5-10 cm water. orasses 
are almost eliminated but a 
few broadleaf weeds and 
sedges may rem ain. 

Time of flooding 
" Transplanted rice should be 

flooded 3-4 days after 
transplanting. As the plants 
grow the water level can be 
raisedutp to 5-10 cm. 

* Direct-seeded rice can be 

flooded after the seeds 
germinate and the crop 
becomes established. 
Flooding is not completely 
effective Nith this planting 
system because some 
weeds become established 
with the young rice plants. 

,,\/. 'I.
 

,- /.'
 

,' ".,'trw
 

k, 

' 1-2cm 5-10cm 

ransplanting \ 'fir 
I //. 

I 
 l'"/ 1-2cm 4" 

- I 

. 

'? li . 
Seeding k.i , 

f Iweek ; 
JH.JL.L.. 2 r 
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HERBICIDES 

Definition 
A herbicide is a chemical 
(pesticide) used to kill or 
prevent the growth of weeds. / " 
Herbicdes are most effective 
when used in combination Herbicide 1* 
"ith other control methods. ' 

Advantages of herbicides 

,,- *Applying herbcides saves , , . 
labor. 

"Herb icides can be used in -" 

all rice environments. .. 

" epr- , .-

Disadvantage of herbicides 
* The continued use of the 

same herbicide leads to a 
buildup of weeds. 
particularly perennials, 
which are difficult to control 
with herbicides. 

L . p.2 j rop 3 
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To prevent this buildup: 

. ." , .,.Rotate .r 

' *Ie *-' i{ k " '¢u I .-l 2,,,i 

Rice Mungbean Rice 

Herbicide A jM* Herbicide B M Herbicide C a# Change herbicides 

Crop 1 Cro [ Crop 3 

-

Use several control methods 
together. 

, 4,0... 
-' .' -" "" 

The best way of preventing
the buildup of weeds tolerant 
of herbicides is to periodically 
remove them by hand or by 
mechanical weeding. 

Timing herbicide applications 

* Preplanting (before the 0 Preemergence (before * Postemergence (after 
crop is planted) weeos and rice emerge weeds and rice emerge

from the soil) from the soil) 
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Methods of herbicide action 

Contacthett cides Effectiveness of contact 
herbicides 

9 man/llnus P d's:tc/,m 

- * Contact herbicides are gen
, erally most effective against 

broadleaf weeds and seed-

Contact herbicides kill only 
lings of perennials. 

* They will riot kill e"ltablished 
the plant parts that are perennmal weeds. 
sprayed. 

Systemic or translocatedherbicides 

Herbicide granules applied 
to the soil. 

Systemic herbicides move * Systemic herh,:'les cin be 
within the plant to kill por- sprayed on the foliacre or 
tions that were not treated. applied to tie soil and 

absorbed by the plant's 
roots 
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Selective and nonselective herbicides 

/ 1 \i 

* Selective herbicides kill 
some plant species, but do 
not damage others. 

* Nonselective herbicides will 
kill all plants. 

Herbicide injury to rice 

i Ipro IC hw)Ia (ifir t 
f LI'i ',ce plant", 

w 

r/1, 9???i 

* Usiny ihe wrong herbicide * Applying too m1uch herbi
(nonselective herbicide) cide high rate 

Weed dead Rice alive /,,e. .e~: Rice dead 
Young plants Ojer ;fints 

* 	Applying herbicide at the 
wrong time 
postemergence herbicide 
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Symptoms of herbicide Injury 
to rice 
Herbicide damage to rice may 
be confused in.iry 
caused by insects or 
diseases, 

. 
.ith 

,, 

a 	 Leaf spots caused by herbi- o Herbicide may cause rice to 
cides are more circular than produce onion-like leaves. 
those caused by diseases. 

e Herbicides may also cause 

stunting 	 plants with spread tillers 

MANAGEMENT OF WEEDS
 
IN DIFFERENT TYPES OF
 
RICE CULTURE
 

Preventive weed control
 
Preventive weed control mea
sures should be used on all
 
types of rice culture to pre
vent the introduction and
 
spread of weeds. - ,
 
This will increase the effec- I i '
 

tiveness of all direct control
 
methods. o Use weed-free rice seed. o Keep levees and irrigation
 

canals free of weeds. 

. Keep animals out of fields,
,. 	 as much as possible. 

e Keep tools and machinery 
clean. 

*Do not allow weeds to pro
lduce seed or reproduce

vegetatively. 
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MANAGEMENT OF WEEDS 
IN TRANSPLANTED RICE 

Weed crntrol is less diffiriilt 
in transplanted rice because 
the normal cropping practices 
reduce the number of weeds 

Land preparation-

Transplanting 
Ci/uvtr s tio 
* A tallei ciltivar producing a 

lare numbor of tillers will 
compete better with weeds 
than a shoiler (semidwarf) 
cultivar with fewer tillers. 

Plant spacing 
Closer sIccd plants 
compete more effectively 
against weeds. Spacing 
transplanted rice hills 15 
15 cm apart should 
minimize weed competition. 

, 

I- . - - - - - - - __ _ __ __ __ 

..... 	 1P
 

-LA 

0 	 Plow the field to * Pkjdic t'h osil. ,in( hirnrow
 
incorporate weeds left flrL 1 irnies to (lest r(
2-4 weeds 
the previous crop oi fallow w t killed by plowin 
period into the soil. 

Level the field so that 
uniforni floodinq and water 

depth can be maintained 

\ /;"0,10 

\ 'j/, / / 
/ 

." 
, 


, -

I ____..._.
 

' 

: r 	 25cm 

15cm 	 25 cm 
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Flooding 
Flood the fields 2-3 days 
after transpla Iting. 
Maintain 5-1( cm of 
standing wat,?r 
continuoUsly throughout 
the season. 

1-2cm 5-10cm 

In areas where weed
problerns "iresevere or lard , , -
 Weed the crop once bypreparation and the water 

q j !e handU,,, ly 1r.nd ,- _ .. hand.oror withw ith amecha.icala m echanical
supply are inad'ute .. , , weeder about 21 days after 

- tra nsplantin g oradenditio na l w e.ed c ontro l nay "4" ' tra nsp tin gorb ecess ,-y Ir,i'If';1,:4 'la n 

/4* If labor isscarce or 
expensive, apply a 

" 'e,bicide before weeds!. fi It
' !'. .:'', l;] eme-rge.
 

Hebbdcide
 

Weed seeds 

Fertilizer application 
Intransplanted rice. control then
weeds Jefore topdressinrl CONTROL WEEDS [ APPLY 
fertilizer so that the fertilizer /FERTILIZE 
will benefit the crop, and 
not stimulate weed growth 

MANAGEMENT OF WEEDS 
* Leveling of the field is veryIN PREGERMINATFD RICE I important for direct-seededSOWN ON PUDDLED) SOIL 

Land preparation 
Landprepraton . f 

Excess we-tf 
E~s ct ., 

rice because the developing 
seedlings can be killed crtheir growth can be slowed 

•Operations for land prepa- when water accumulates in 
ration are almost the same cw:--en water aelow areas. 
as those desc, bed for 
transplanted rice (see 6 
page 311) 
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Planting 
e 	Sowing pregerminated seed
 

alluws rice to become
 
establ'shed befc,'e weed
 
seeds germinate.
 

" Increased seed rates also .___4 

reduce weed competition V , 

• 	Planting seed in rows rather 
than broadcasting makes
 
weeding easier during crop ' 
J 

growth. f~i,,l/#II I /l/. l ' ',. " ,,' 

Flooding 
* 	Direct-seeded rice cannot 

be flooded until the seed
lings are established. 

* 	Some weed seeds will 
germinate ano the weeds 
will bccome e'tablished 6-8 days Vj\J 

along with the' rice before
 
they can he controlled by
 
standing waoler 

Weeding 
* 	Broadcast drect-seeded 

rice cannot easily be 
weeded by hand because 
young plants are damaged 
in the weeding operations -

Weeding nce Sowa in rows 
If rice is sown in rows, 1-2 
weedings should be 
adequate. 

TIMING HANDWEEDING 

o 10 20 30 40 
Days of ter seeding 
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Application of fertilizer and herbicide 

Do not incorporate nitrogen * It is often necessary to * Topdressing with nitrogen 
into tnie soil before planting apply a herbicide before after weeds are controlled 
unless a herbicide is used weed seeds germinate will irnprove fertilize,- eff i
to control early rjeniimating because of the difficulty of ciency and minimize weed 
weed seeds so that they are weeding in fields in which growth. 
not favored by tho; fertilizer, the seed is broadcast 

~~lip 
!t"": ,,- '.l- < " " ..... " 

K~ - j -3t ~ -- j74 

MANAGEMENT OF WEEDS 
IN DRY-SEEDED WETLAND.-' planted in dry soil than on 
RICE 'iddled s "il. 

' , ..- - ,.. ', Weeds and rico qerminate 

Weeds are an.sr-mote at hot the same time, 
probler.- iII dry-seected rice ' - f -. ' therefore, competition 
than in weitlnd rice i . hetween them increases. ". 

itre su ~ i~ ~1 
*More weecfc; arid d~lterertI ~ 
spe r,oc ir vihell iC 3 

Land preparation 
* If possible arid shouid he 

plowed irniedlately after 
the previous crop is har
vested and the fallow land I 
kept weed-free by tillage , 
duLing the dry seasoni 

e Clods should be broken . ' . The seedbed should not be 
down by harrowing so that ll~ tIM too fine because a smooth 

they do riot interfere with surface is favorable for 
seeding or the emergence , - weed growth. 
of the crop. 
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Planting 
" Broadcasting is the most 

common method of plant- . ",... 
ing dry-seeded rice 

" Planting in rows makes the 
crop easier to weed Y 

. 'a ' , , 

"r,, " UL4IAJ't ' 

Flooding 
a Often not enough water is * r, t4 

available to control weeds 
in dry-seeded rice ny flood-
ng early in the season. 

I" 
/I 

" 
, ., 

• The weeds beco!a estab
ishod and ,_,ompcie with the 
cmp~ fur the limnited aniouirt 
of water when rlce ISmost 

j k 
sisceptibl( tO yi(ld 
reductions 

Weeding 
* 2-3 weedings may be 

needeu during the first 8 
weeks of growth , '1 I 

0 20 40 C(0 80 100 120 140 
Days ofter seedJg 

Herbicides Amount of rain 
* Herbicides are very impor- High 

tant in controlling weeds in 
dry-seeded rice becauise 
weeds are usually abundant 

] 
and other control nrirthods 
are not very effective or are" 
very laharious .i-1 

T~tm g heb/cd Df.hc~t~flt ..... Rainfall 

Tining herbicide ap/icabi 
iri dirY-seeded rice 
* Do not apply the herhicide 

to dry soil immediately after 
seeding becau-se the mate
rial may break down be;fore 
;t is activated and moved 
into the soil by subsequent 
rains. 

* Apply the herbicide after 
rains have moistened the 
soil and before weed seeds 
ger inate. 

' 
, 

-
) 

' 

L I I 

."" - '-A-

I 

I 

I I 
0 10 20 30 40 50 60 70 80 

Days after seeding 
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e The rice stand may be 
reduced if heavy rains r 
catse water ponding on the 
field for several days right , . . 
after the herbicides are " 
applied. 

MANAGEMENT OF WEEDS 
IN DRYLAND RICE 

Weed control is one of the 
most serious problerns limit-
ing dyland ri.e prduction. 

, 

' 
-, 

, 
q 

/ 

'' 

' 2. 
1 

/J/ \ 

, 

, 
',,, 

, 

, 

,, 

It 
, 

, 

, 

' 

In severe cases the entire 
crop may be de',troyed by 
weeds. 

, 
j 

' 

Land preparation 
" Land pieparation is similar 

to that described for dry-
seeded wetland rice see 
page 314). 

" The seedbed does not neTd 
to he leveled necause the 
fields are riot flooded 

[ A rough seedbed is desira
ble to reduce weed seed 
germination and prevent 
soil erosion from heavy 
rainfall. 

Planting 
" The traditional nre cultivars 

usually planted in upland 
fields are taller and more 
coupettive aqainst weeds 
than many improved 
cultlVars 

* The ,ice snoujid bn planted 
in rows to make weedirig 
easierI 

" The rows shoLud be spaced 
so that interrw cultivation 
can be carried out 

I 
,,.. 

, 

' 

/ 

/ 

Traditional cultivor Improvod cultivnr 
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Flooding 
Standing water to control 
weeds is not available in ',' , . 

dryland fields. / .11 . 

Weeding 
" Up to 3 weedings may be 

necessary in dryland rice. 
* Weeds between rows can 

be i'emoved mechanically,but to obtain maximium
yields, weeds within rows 

. ._, -

must be removed by hand. 

,4 1 J- t I 

0 20 40 60 80 100 120 140 160 
Dos ofter seeding 

Herbicides 
* Herbicides cannot be used 
profitably to control weeds 
in dry.arid rice unless labor 
and cultivation costs are 

. 
0 

- ---

• If it is culturally and eco
nomically feasible to use 
herbicides, they should be 
applied as previously de-
scribed for dry-seeded 

high. wetland rice (see page 314). 
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Biology and Management of Riceland Rats in Southeast Asia
 
Rats occur in almost all rice Other species of rats
fields in Southeast Asia and present in South Asia and
frequently cause estimated ,.parts of Southeast Asia are
yield losses fanging fior 5 Bauico a beoStalenss ard 
to 60%.. B ,ndca.

The most common and These species differ from 
serious species in Southeast riceland rats in biology.
Asia are Rattus argen- habits, and the crop damage
tiventer, Rattus r. they cause. Management
mindanensis. and Ra. 	 .s techniques foi control of 
exulans. these two .pucres are still

These three rat species are being developed.
called "riceland rats.' The 	 The following sections on
habits, damage, and control "-
 .t 	 biology and control apply
techniques are similar and so only to riceland rat species.
it is not necessary to Distribution of 
separately identify thum. Riceland Rots 

in Southeast Asa  * 

PIOLOGY OF RICELAND 
RATS Death Q 

General life cycle 	 21Joys 
*Rats can live for one year /,s 

or longer. 
" Females may reproduce up 

to 4 times a year, averaging 
6 rats/litter. 

Molher 'al 

9 months 
3rmonths 

Sexuai 
maturity 

Reproductive potential 
" The potential number of 

offspring produced and 
weaned by one female rat 
in one year is 24 

* 	The potential number of 
rais produced by one pair 
and their offspring in one 
year is more than 500. Month 4 Subtotal Accumulated total 

•Disease, predation,
competition, and I 3 + 3 0'0 6 6
 
availability of food and
 
water limit the actual 4 120 + 12 04 24 30
 
number of offspring that 	 t 
reach maturity. The net 7 48 Q1 + 48Q 96 126
 
reproductive potential is
 
therefore much less. 
 3 

3 768 + 768 1536 2046 

..............................
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Relationship to damage Reproduction 
* The reproductive cycle of High 

riceland rats and the 
relative amount of damage Areas with one annual wet 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 neak while grain is . ........ 

matui ing 
2. Are greathr during the 

wet season than during 
the dry 

Low 
JnMay 

M 

Dry season 

Jun Jul Aug Sep Oct 
Wet season 

Nov Dec 

More food, water, and 
shelter provide optimal 
breeding conditions. 

Fallow Seedbed Transplant Vegetative 
stage 

Maturity Harvest 

Reproduction 
High 

Irrigated areas with two crops grown annually 

Jan, 	 Fe a p a u u u e c c ocX. 
IiDry season ,--=Wet season 

Jo 	 Fe Iva a u u u e c c ape 

Seedbed 	 Trans- Vegetative Maturity !;arvest Seedbed Transplant Vegetative Maturity Harvest 
plant stage stage 

Damage
 
Damage in the seedbed can ,,,
 
be due to rats consuming \ ,l
 
seedsdirectly or pulling up ' 0 0 \ 0 0 ,
 
germinating seeds later on. , 0 o O 'Y 0 "
 

* Rats cut or pull up recently f 0 0 0 0 
transplanted seedlings. The f f "i \t \ '' \ t 

result is missing hills. 
• The rats cut or bend older 0 0 t , 

tillers to reach the 
developing panicles. The 

eaten or chewed area on
 
the stem may resemble
 
insect damage.
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* As the crop matures, rats 
cut or bend tillers to eat the 
ripening grain. 

* 	Damaged tillers are cut 
near the base at a 450 
angle. 

* The rate or number of Relative tiller 
tillers cut per rat per night cutting rates 
is dependent on the season 
and crop stage. Generally it 

Season, stage per rat 
per night 

is high in the wet season Higher Lower 
and the vegetative stagc, Wet season X 
lower in the dry season and Dry season x 
ripening stage. Vegetative stage X 

Ripening stage X 

* Damage is usually low Cumulative cut ti!!ers(no.) 
during the vegetative stage, High 
increasing rapidly after the 
flowering stage. The 
increased damage results 
from the greater number ot 
rats due to increased cover 
(rice plants, weeds, etc.) 
and food (rice). 

Low 
0 8 

Weeks after transplanting 

• A low or moderate 
population of rats will cut 04,4 . . ., 
tillers randomly throughout 
a field. Damage will not be 
visible from a distance until 
more than 15% of the tillers 
are cut.. I' \; ,. . :" 

* When high rat populations 	 - Rats feed at night. 
occur, damage may be r 
concentrated near the 
center of the paddy. Fr.m 
a distance the damage will , . 
be visible. Retillering of cut 
stems will produce a 
younger stage area that is 
surrounded by more 
mature rice. 
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MANAGEMENT IN SOUTHEAST ASIA 

It is not always helpful to 
monitor rat populations or 
activity when crop protection 
is the primary objective 
Whether rat act vity is high or 

Monitoring
Riceland rats spend the 
daytime in vegetation, 
weeds, or maturincl rice 
fields. They are not readily 

Active bLunrw 

Using tracking tiles 
* 	A more exact way of 

measLiring rat activity is the 
use of tracking tiles to 
record footprints 

* 	Tracking tiles are 15- • 15-
cm square of white 

low will not change the 
following recommended 
management techniques 
However, monitoring may be 
desirable to provide 

seen, only their runways 
and footprints in muddy 
areas are visible, 

, The general level of rat 

* Footprints in munLId. 

inoiceun or vinyl, one-half 
coated with printers ink 

e 	During the dry season a 
small amount of vegetable 
oil is added to the ink to 
prevent drying. 

• If a tracking tile is not 

Arrannement of tracking ti'es in the field 

.......... _ _ 

FEF 

--711~~~~~Ei	 .. 

* 	Tiles may be placed on or 
against the edge of levees 
in flooded paddies and 
spaced 15 m apart. 

• Tiles along the edges of 
levees can be placed on 
top of a pile of mud to raise 
them above the water level. 

additional information in 
special situations such as for 
research or for a 
demonstration of 
management techniques. 

activity in a rice field can 
be observed by inspecting 
the area for signs of 
activity. 

• Runways in grassy areas 

available, the paddy mud 
can be raised immediately 
adjacent to the dikes to 
form platforms with 
smooth tops capable of 
recording footprints. 

I LI.... 11 ..II1.L... 91 6 

* 	In a dry field, space tiles 
evenly at the rate of 50/ha. 
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eExamine the tiles each 
morning and record the 
number of those with rat 
footprints. Clean the non-
inked half with acetone and 

Uses of tracking tiles 

To compare rat activity 
indifferent fields 

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 arid the 
results would not reflect 
damage at harvest. 

Sampling method. The 
percentage of cut tillers in a 
paddy can give an estimate 
of crop damage due to rats. 
This information can be used 
to determine if rat control 
was adequate during crcp 

g ro t h .R 

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 tille.3 and the number of 
u.lcut tillers, 
Calculate: 

total cst tillers 
0/ cut tillers%cttles total tillers examined 

recoat the inked side witt total riles marked
 
fresh ink before the tiles Rat activity. % positve tiles . ..............
t 	 100 
are returned to the field. 

* Set the tiles out for 3 10,i,' or less low rat actity
 
consecutive nights. 30% or more higth rat ictivity
 

* Othrer visible signs such 
v-	 - To determine success of control programs O h signs sc 

as runways, burrows, or 
0 tiles with tracks damaged tillers will 
High 7 Sually confimi tracking 

tile results. 

PooY Good
 

Control
 

best 
samplin 
period 

Seedbed 

0 20 40 60 80 10 120 140 
Days aftcr seeding 

* * * *. • • 

•
6 • * •
 

• * •,.
* .

•• 	 0 0 @0 


-_• __ • •
 
ndo m~lyse ect 

0row ino typcol
 
-- __ _ - fd atoit 02 ho
 

*. *• e• .•0. 


* • • o . • 

Wee 

The, sample 10rondc-my
 
elected hils ineoh ofthei
• 100 slected rahs . 
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Control 
The effectiveness of a rat }--.. ." 
control program is ;udgec, 
the amount of crop darna., 

," .2.j , 

caused by rats as .,bservea 
at harvest. 

The number of dead rats ,4 
4 W,\I 

observed is riot important. . _ 

-7 

to Reinivasiuii or mnmigtogI 
of rats can occLr quickly f 

When rats are graduially 
controlled over the entire 

therefore, a contiorIun s o, 
sustained haitiig pNogra ,. 

cropping season, large 
nimherr of dead rats are 

is necessary !,s not seen. However, this 
method is more effective 
than other control 
strategies in preventing 

/-""',-k.--.."*,"crop damage. 

4 

Timing control p, ugrars 
* Rat control efforts intist 

begin within 2 weeks after 
transpl-rnti- and (continue 
until the gran matures. 

" Do not wait Until the grain 
nlaiures to begin control 
By then the rat population 
could already be high and 
difficult to control, with Seedbed 

severe crop ciamage 
occurring.

" Rat control !s most L... ... .. .__.... .___ __.. 

effecti.e when all farms 0 20 40 60 80 100 120 140 
u.S- sLIs~ained baiting and Wys iter seeding 
cultural control practices. 

Cultural coni,3' practices
Rat control caii hest be Sheiter Food etr 

achieved by being aware of Vee d, 
oodtherats'basinee s hBurdsis "ro 

food arid shelter arid thoun' 
lirniting those factors which 1Y"" 
favor rats There are several Rice Weeds Flood Drought 

cultural practices that can be 
used to limit rat population 
growth. 

It is difficult to control all 
these factors in aIrice
growing area. 
o With some cultura! control Rot 

measures, however, we can /, "
limit food and shelter. 
which are the most 
important ractors that ( 

Diseose Predoc 
.,eA. tCompetition 

determine rat population 
levels. 
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* Cut down or remove weeds 
on dikes and surrounding 
areas- Thiswill reduce 
shelter or daytime resting 

* areas. 
" Aweed-free rice field will 

provide less shelter and 
therefore a less favored rat 
habitat, 

" Completely 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 
burrowing sites and places 
for weeds to grow. 

9 	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. 

* In areas where planting is 
staggered, rats may 
concentrate and severely 
damage early and late 
planted fields during the 
ripening stage. 

.. ..-. ........ 

,, . 

-; 

, 


.Because 

f 

/ 

.-


A/ A'_ 


DRY SEASON CROP 

Field 5 

Field 4 
Field 3 
Field 2 

Field 1 

Feb Mar Apr May 

' IJ_ 
[ 

. Paddies flooded to just 
• - below dike level will fill rat 

burrows* Withwater and 
eliminate nesting sites. 

rats are excellent 
swimmers, temporary 
flooding will not destroy 

'V 'them, but will force them to 
higher ground. 

_ _ _ _ _ _ _ _ 

Field with wide dikes Field with norrow dikes 

WET SEASON CROP 

Field 5 

i Field 4 
Field 3 

I Field 2 

Field 1 
I I I I 

Jun Jul Au Sep Oct Nov Dec 

Early planted fileld 
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and effectiveness increased. 
Large-scale programs can 

/ja 
 ,, rapidly increase yields and 
. .	 extend management 

techniques over a wide area. 

* 	Rats in harvested fields 
move to the remaining 
unharvested fields because 
food and shelter ae 
abundant. 
In many cases a farmers
 

rice field ISsurrounded by
 
others In wvhich rats are rlot 

controlled Under these
 
circumstances, the rice
 
farmer LJSng these

recommendations can till 
protect hs crop fronm hi'ili 
rat damage. 

When all farmiers tin a given 
area control rats the 
indivicdual costs are iqd 

Chemical control 
Cultural control often will lot 
adequately control rats It 
these cultural pii(cuces r(, 
Used in coru biiatinri with 
chemical h;iltnirj. t ti
tiveness af artnte!;iati(j t~ 
control protruiii will I)-
increased 

Many kinds of1 hont;c~iuts 
are available They can be 

7-

Bait 
Chronic rat poisori holder 

Compared with traditional 
acute rodenticides the 
chronic antucoagilant rodeonticides are less hazirdou s to 

humans and beneficial 
anlinulIs 

Traditional aciuti rodrt;-
cldes become less effective 
with time becmie iniany rats 
survive after eatinq small 
alrlOLirts Of bait. arid learn to 
associate their ilness with the 
bait (bait shyness), 

1~ 

'Tu
 
",
 

,-' 

Lute plcinted field 

suparated Into two hasic 
qroIps aIcut( (lck kill) an( 
chronic (slow kill) The ailer 
er traditi nal aci te rodeintl-
ci(de"s are, cheaper arnd iore 
nadily ;lvlliable hit are riot 
rfer ied for rat control In 

i Tho chI r1c or alnt,-
Co,iillarit rl.entiucides aw 
effective only with several 

Cultural 

feedings IThis Is bec ause they 
cause internal bleeding which 
r)CLrS Ovelseveial days 
Somie lrlicoirjlI;1rlts low 
heiiql irod(iucis re(uiltc only 
a siric.le feedioul. ht they are 
ilot a.;yet fa(iliv' available to 
the, small fainluit 

control = "," ul '"b/ "d:/ 

Effectve ralcOtro! 

Toxicity to humans and animals 	 Effectiveness 
High 

_ 

______________________Chronic 

-%
 
poison
 

bait shyness
 
Traditional acute poisons n
 

% 
Tr aita achyneT a s 

boit shyneses on 
%
 

Chronic 
s
 

Low 	 High 

Low 

Time 

http:siric.le
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Materia,'s used Im a b lb(i 

program. Chronic anticoagu
ant baiting programs reqitie 

a rorlenticide, a bait material 
readily accepted by rats, a 
suitable bait holder, and ire
qLJent visits to the field 

When chronic anticoagu
!ant rodenticides are used. 
rats must feed two or three 
times betore death will occuti 

After 3 days rats stop feed
ing and become sick Six to 
10 days after initial feeding 
they die. 

* Since chronic poisons kill 
slowly, rats may die in bLir-
rows or in other areas 
where dead bodies are not" 
visible 

General procedures for sus-
tained baiting 
e 	Read the directions on the 

container carefully before 
mixing the poison with the 
bait material, 

* 	Any low-cost available 
material such as low-grade 

Trcrsplanf 

Seedbed 


0 20 40 

+ 

i
 
e,1 

+ 	 or 

- Bait ,Chronic ratpoison material 	 Bait containers 

A. 	 - U. i[-

L2t 	 4 . -j 

2 	 4 
Days ct feeding 

".
 
.	 1 

"[1 

milled nice or broken ii,:e transplntili and contiiI n 
can he used aIsbail How- throijgh thiripening stage 
ever. rats mitist like t * Establish five baiting points 

* 	 Local materials such as i each hectare 
bamboo. oil cans. or coco- * Check baiting points twice 
nut husks can be used as a week. 
bait holdels 

a Be(i baitilg(';oon after 

Baiting period 

Harvpst 

" 	' " '
 

60 80 100 120 140 
Days atter seeding 
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Density anld sp)acill.i of ba,t
1/19 pOInts (locaton of bait 

'

holders) Kr) 

* Use five batitmi poIlts for 
*
each hectaIC of rico fluid A ..
 

" Baitios points slould )ie 1 i
 
about 50 ) illit 50 rn 

• The best location for the
 
baiting point is within the 
 _ 

paddy, at least one meter 
_ _
 

front the dike, f
 

-0 n Il 

* Put 6 tablespoons of poi
sorted bait in each holder.
 

"Check holder after jdays

* If ono-half of the bait i, 0 0i4 ,
 

gone at any hd i 501 (tr, T *40%
 
2 more hioldets; 1 in fri)n J ii
 
the fist in ;aculster e
 

* Put poisolied bait nteach ) fholder idJ _ i.. 

Days 

Maintaining bait holders during the season 

" Check holders at the 5 bait-fig points twice a week * Remove and replace wet or n ioldy bait
 
throuighout the season aid 
 * If latsdo not eat any bait atadd bait holders and bait any point. reduce thewhein necessaiy ;V t)(-rof !1eldeis

" Always add en1ou1gh bait 20 Check holders No bat coiuimr, * Always leav( itleast orne 
that holders never, becomehe~ tar coiqirnal baitingI Ibait holder at each of the 5 

"till activity.
em.)y 

-£, sii turiat pont t 

0 1 2 3 4 5 6 7 B~ili:onsup.Iltn f )iO-)r 

Jt i) i $ 1xi oD oy s m oIr ou a! TW 
e~d(Jllornl ll,,addthoh~~sldo 

Pattern of bait consumption irrnijr* of bait eaten
during the crop season High F.. . .--


More bait as rats is eaten Store bat is eatern frorn
 
love il 
 the held and con a(acent areas are citclte 

stir i bait from the added 
holders 

When rice heads nature. 
less bait is eaten beCaLlse .',hen rice hears moture, less bait is eaten 
most rats have already been because must rats hav been killed 
killed, bait holders have been 
rrdtiiced. rd any renmaining 
ra:S would plFefer to feed on 
the rI(e. rather than the po-
Si n)r(d L__hail 

0 20 40 6(. 80 100 120 140 
Days otfer seeding 
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m
200 

2 

When a farmer uses sustained baiting,; its from 
surrounning areas will oe attracted to the bait 
holders 

-, 0 -200 m- Although this will benefit adjacent farms it will 
not fully protect them unless they also bait. 

Your farm, hovever, will be fully piotected. 

2Z4 

21()Omn 

Advantages of cooperative rat a I1 'A A 
control x; 

Vv'rl oil( falrl2, 11505 SLJS- i'~ - If 
millei.t batirg the prOte Ci " . i r" 
heliefits ritily oxAt~ e '" ."01J idl] 

ftlj'f~iiil for 200 r' lill I \ '\~~ Ys\ 

iRr it iis riiII1 
tivt if It fi er l 'd ailtof ho, " I 
rtiihhoi ? In i- u.ean area si 1 
fMird h;lltirii; a A L IlT1(lClkfiral 


l it 

SUMMARY 

lion of bait increased.
These recommend Ations have local conditions in other idiacent areas 

22Planting tme was too 5. Rodenticide was not
been developed, tested, and countes 

mixed according to label
shown to be effect e ,n 'the When these recommenda- early or too late not in 

tiens are followed and rat synchrony with m st of directions ,
Ph ipp ies The y/w ere 

the other fields i the 6. Bait material used was not 
desicgned for the individual damage still occurs, the tea-


sma ll fa rm e r, w t th e (11U .- a ea. acc epted by ra ts.
o n can ally be tra ced to a 
3 Bait holders were ot 7 Tradi ional acute rodenti

a issum p ion that adjacent a u e to foll w all the s eps 
checked tw ce a week cide Was used and bait

farms nay not control ras For example 
shyness evelopeJ.were allowed to 4 Bat holders were notThese rcommendations may 1 Weeds c:'eased when consump

irow all on d kes and 
be iodified to account for 
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Cultural Control 
Cultural control of rice pests 
covers crop production PRY SE-1ON CROP WET SEASON 
methods --used consciously 
or unconsciously by farmers Field 5 Field 

t.
that improve yield by 
reducing pest r,umbers. Field 4 Field 

The term cultural is 
derived from croDculture, Field 3 
meaning the technology of Field__F 

growing -i crop. The term
clItLlre also fits the Field 2 Field 
anthropolngical definition of 
patterns of behavior (crop Field 1 Field 
production practices) that are 
passed from farmer to son ______L____ I I'I 

and have achieved greatest Feb Apr May Jur Jui Aug OcA,, Sep 

yield stibiititv over tirme 

Cultural cortrol is --	 _A '_"_ , 
* 	 th(e use of crop husbarndry 

practices, 
* patcrns of behavior 

transferred from generation 
to generation. 

* farmer-based technology . 
with little dependence on . . . .. _" 

outside resources, and 
* 	reapplication of resources 

not originally intended for It is often difficult to 
pest control. 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 -% - i,__ 
cultural practices are best for - - _. 
each location. 

Examples of decisions to 
make are 
" The choice to direct-seed 

or transplant in a wetland 
envirorinen t. 
-. Transplanting controls -j 

most weeds. 
-Direct seeding controls , 

kresek and whorlI 
maggots. 

" The choice to use nitrogen 
fertilizer or not: 
-	 Nitrogen increases not 

only yield but also most - . _ . 
pest populations. 

NP tiPKP 

CROP 

5 
4
 

2
 
1
 

I 

, Nov Dec 

-


/ 

_..... ..... .... 
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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 to 
be effective. 

Sing e fo in 

Mu tfo~ 

Practices effective at the farm level 
Cultural control practices____-____ 
include farmer-developed
indigenous methods: 

salt,~.keoee oil sand 

;"[) 

C'~~( 

* Local plants with pesticide 
oroperties 

,,-. , : ,.;,,, 
,L- f, <-., -

u sl ree isad--
ashes, sugar, or baits 

¢.- ' - . 
",j',,..."X , " 1' [! 

putractr ood ofracins ? 

* Traditional beliefs
planting by phases of the level 

moon (possibly to avoid 
insect pests such as stem 
borers)oMagical or superstitioUes 

ashes, sugar or baits, 
.... 

I. 
, 

. 

/ 
, 
, 1 ._ 

, ,.- . , 

to rats in return for sparingfoam-
the standing crop, unluckydaysor operations, 
bad omens, or hex signsd,, to 

repel pests and protect the 
croo oferngL' 

" 
- -7- - -/ 

" "-'"" 

-

i 
i ',,/-I,....' -

";f'" ? 
, 

. 

'. 
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Conventional crop husbandry consists of the following practices: 

Puddling the soil probably " . 
evolved as a weed control 
practice. Most weed seeds , •',, I 
or rhizomes cannot 
germinate or grow without , 
air several centimeters ~ ~ \A 

under the surface ef ,, , 

puddled soil. . 

*Repeated tillage in dryland, 
rice fields exposes weed 
rhizornes to high 4 Y 

temperatures and buries -. I, V. j .4 

weed seeds deep in the soil " o I 

where they cannot ,' . .. . , . 

germinate. 

* Plantifrr in rows allows 
labor-saving irterrow weed 
CL;Itivat ion. " 

" Direct seeding reduces . "_. ., 
kresek disease that enters 
thlough root wounds made A. 
when seedlings a.e pulled . 
front seedhes it' /P) ir 

A, . 7° 

* Use of a seedbed confines 
the crop to a small area 
where weeds and insects .,.. 

can be rermoved by hand -. , 

Seedbeds can also be 7 
covered with plastic or . 
cloth to provernl vector .. "'
insects, birds, and rats lrorn 
reaching the crop 

" A dry seedbed does not 
attract rice caseworor 
whorl magqo,.or some ' 
cirliJatic sr kner 

" ra ns p la ntin/ lder - . .. . . . .4 

seedlings shortens field . - - " ' " ' .:"'" ' ". -- , " 

tintie and therefore " " - :' " -" 

population buildup from I 
pests that attack only . I 

durng the vegetative stage. 
Older seedlings E:re more 
comlpetitivye with weeds,.4 
however, yields are lower \ . 
when older seedlings are .' . 

planted '. 
Leveling a wetland field , . -. " 

betore planting resuilts in -.-  ,-. 
niore efficient weed control """.., 

with standing water. 



338 INTEGRATED PEST MANAGEMENT IN RICE 

" Dense plantings give a high cover to shade out 
tiller number per unit area weeds, and 
and 3. give higher yields.
1. protect rice from whorl However, they increase - 

maggots, which use light brown planthopper -
reflection from a water oviposition sites and lead to 
surface in locating rice higher populations and •plants, 	 greater damage. .I1VY... , 

2. provide better canopye.terdama 

" Maintaining standing water 
in the paddy controls most 
weeds and minimizes rice '. / 
encourages whorl maggot, ,.'.blast incidence, but 

caseworm, and brown 
pianthopper. Floodd Normal water level Drained 

" Flooding the fields to chemicals. Flooding does meter below the water in a Periodic draining of ricehigher than normal depths not drown insect eggs or deepwater rice where it is a fields reduces browndrives planthoppers and stem borer larvae within the major pest. Deeper flooding planthopper, whorl maggot,
other insects higher on the plants. The yellow stem also controls weeds more and casewo.in, butrice plants where they are borer can survive one effectively, encourages weed growth. 
more readily controlled by 

* 	Early-maturing varieties insect abundance 
minimize the number of Hicgh '/ymofu,,,€ ore/y 
pest generations per crop,
thereby lowering pest I /

damage. Such varieties are 
highly effective against
insects that have short life 
cycles and attack all stages ole mo u,,, vGo,,y
of rice growth. Insect 
abundance increases 
exponentially rather than 

t l r m e carithmetically in time. Seedbed rons- 5lering Panicle A.,.ih tiExponential 	 MaturintHarvest 

population increase populoion increase 

Low 	 I ...............L .
 

0 0 60 90 120 '150 

Da'ys otter seedvng 

* In areas where there are Pest abundance 

seasons without rice, fields Hrgn 
planted at the beginning of 
the growing season are 
usually less severely 
damaged by insects and[ 
diseases, but infestation of Lote planting 
birds and rodents may be 
great unless most farmers 
plant early. p 

Low 

Time 

http:casewo.in


CULTURAL CONTROL 339 

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 \ 7 
:)f fungal and bacteriai 
aiseases by increasing 
tissue susceptibility and 
tiller density that favors 1I 
dew formation, and 0 10 20 30 40 50 60 70 

Days from seeding 

3. encourage the insects grow larger, generations per crop on Reduced nitrogen rates 
multiplication of brown cause more damage, plants treated with high and split applications
planthopper and produce more offspring, levels of nitrogen). minimize pest problems and 
leaffolder (in general and complete more increase profit. 

Pract;ces effective at the community level 

a 	Crop rotation - rotating buildup. This method is * Weeding - cutting weeds j.
rice with a nonhost crop effective against pests for from areas bordering 
will remove a pest's food which rice is the prefrred paddies and removing
and reverse its population host. weeds from rice fields 

reduce nesting sites and 
Pest abundance shelter for rats and 
High alternative hosts of insects. 

pest:, 	 Pe 

.	 Stubble management - at 
harvest, cutting the cropRice Legum e Rice close to the gro und a n d .'k 't ,-' 

Low . . 
Crop rotaon 	 spreading ihe plants to 

expose them to the sun kill 
High 
 stem borers inside the 

stems............
 

B.urning straw -- stem 
borers that could emergeand infest neighboring .
pest fields are killed. But 

burning stubble left in the 
field has little effect on pest 

Rice Rice 
Low 

Monoculture 

r
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Pest abundance a Synchronous planting 
H, h insects, diseases, and rats 

STACGERFF PL-ANTING 
~TAGF FOLANIGFiel 

_ __ 

4 
readily dispeise from field 
tn field. Thney carl maintain 

Ai -C 

"I _ id 3 )hifpoplulation levels ard 
:wSe great yield losses iii 

Cultivatnn - plowing 
u n d e t h n c e .'::t u b l e 

-
f t e 

-fiin conimur ities where 
ig borigthMs r 

neghbo r i ng holds are 
tinder the rice Stubble after 
harvest to preven" a 
Volunteer r"odn crop and 
subsequent weed buildup 
is particularly importar,tto" 
curbing the spread of virus 
diseases in the community 
and in removing food and 
shelter for most pests, 

Lc, 
SFild 

i 

d 

Field 

Fi.i... 

4 

I 
-

I "e --

:YNCH~-:o::i.A:. 

. 

, 

staggered beyond an 
interval of 3 to 4 weeks (the 
generatiori time of most 
Pests) Syich onoLIs 
planting and the creation of 
a rice-free period of at least 
o e eweeone nionth between 
successive rice crops 
greatly reduce pest 

abundance. 
Because synchronOLIs 

S'rNCHRONOUS PLANriNG BY ZONES 
planting is impractical for 
fields in a large rice
growing area, the whole 
area can be divided into 
blocks, each 3 to 5 
kilometers in diameter 
(beyond tine effective 

Lolerol canal dispersal range of most 
pasts). Adjacent blocks 

should be Out of phase with 
each other by no more than 
3 to 4 weeks. 

Planting area 5 Advantages of cultural 

.---- control practices 
Pests have not shown that 

-- - - they can overcome the 
. 

Planring area 4 
Wees 1o-i" 

/ 
suppressive effect of 
cultural control practices 
through the development of 
biotypes. 

*Most practices c
inexpensive or u.,,ze 

Plntn 3vdbet 
* 0, resources available to 

farmers such as labor or 
resorce 

indigenous materials. 

* Most practices are 
compatible with other 
control tactics. 

Weeks 4-6 Disadvantages of cultural 
PLonrrnl aena2 control practices 

* Most methods reduce some 
pests but increase others. 

* Some practices decrease 
pests but also decrease 
yield. 

Plant ng 0reaC 
• Communitywide practices 

reqtiring organization of 
farmers and institutions 
may be difficult to achieve. 

K.lo efers 

! 5 I,, 
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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 
insects and diseases than 
other varieties. Recently rice 

Definition of a iesistant variety 
The term resistance has been 
defined in many ways. For 
practical purposes a variety is 
considered resistant if it pro-
duces a larger amount of a 
good quality crop than other 
varieties grown under theI, 
same conditions and exposed 
to simi!ar populations of 
insects and diseases. 

Resistant varieties are one 
important part of an inte-
grated pest management 
program for rice for everal 
reasons: 

" They do not increase 
farmers' costs. 

" They require less pesticide 
than susceptible varieties 
do.
 

breeding programs were 
initiated in many countries to 
select and develop good 
quality, high yielding rice 
varieties that are resistant to 
insects and disea.sas. 

, 

Resistance is an inherited 
characteristic that is due to 
one or many different genes. 

,. 
' k 

Damag 
High 

Susceplible voriety 
Reistant variety 

-

60 4 , , 
They limit damage at all 
levels of pest population 
throughout the season. 

Low 	 Pest populotion - High 

Amount of pesticides 
High 

:::;::. 	 Resistant varieties
 

Susceptible varieties
 

Low 

.... ........ " ... . j
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They can be integrated
 
effectively with other con
trol methods in a pest man
agement program.
 

Resistant varieties are particu
larly well suited for use in a
 
rice pest management pro-,'
 
gram in Asia because the 
 " '. A3value of production per hec- 1 " " ...tare is lower for rice than for .r , . _ i
 
other crops, farms are .small, .-. 1
 

knowledge to properly 1pply Z 
pesticides. 

VARIETAL RESISTANCE OF 
RICE TO INSECT PESTS TOLERANCE NONPREFERENCE 

hinsects ta be dividedf . .t\.,:\t . .! l /, .- ' i!::i i':can rietinto ,, .[i:it 

plant can survive heavy Iinfestations without a sig-patcl 

nificant yield loss. Pest I. .- - 
numbers on a tolerant vari
ety are equal to those on a
 
susceptible variety.
VARIETA \ 

i, 
/.


2. NonpreferenceRESISTNCEOF- insects su ____________--___ 
do not feed upon, o , oositin, or use a resistant var- , 
ety for shelter.

3. Antibiosis - insects do 

not grow, survive. or reproduce well on the host
 
plant. 
 ANTIBIOSIS 

DO NOT INSECT 1 ORys 

\"---,-REDUCE 

pdult Eggslncasuiehev 
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It is sometimes difficult to 
identify the type of resistance 
of a give:i rice variety to an, 
insect pest. Some varieties 
may have only one type of 
resistance, but others may 
have a cornmbiriation of the 
three kinds. 
For example, rice varietal 
resrstance to the yellow 
stern borer is primarily L 

, 
' 

------

Larva 

Larva 

antibiosis. Larvae feeding 
on the resistant rice are 
smaller and survival is 
reduced. 

However. resistance to the 
striped stern borer is due to 
both nonpreference and 
antlbiosis. 

, 

. ~Larva 
-

. -- Larv 

Nonpreftrerice 

Moths deposit fewer egg 
masses on resistant 
vat ietis 

( 

' 

/ 4,' 
' 

,-._ 

Larva 

Antibiosis 

Larvae are small and 

survival is reduced. 

The level of resistance to dif-
greatly among varieties Even - -

-," 

highly resistant varieties may 
be damaged by a heavy 

e"I 
-

i,1, 
,,.

• " 
..

' 
4 

0"".. 
" ,."" 

I 
":"*' 

Varieties that are highly res-
istant to the brown plant-

Varieties with only moder
ate levels of stem borer res

hopper have been istance have been 
developed. developed. 

RICE VARIETAL 
RESISTANCE TO DISEASES 

The reactions of rice varieties 
to plant diseases can be 
divided into three categories: 

Immunity 
The rice plant is not 
attacked by a disease under 

Z* 
Hypersensitivity 
9 Invaded cells are killed so 

that the disease 
any conditions. arey 

Rice varieties are rarely 
immune to rice diseases. 

_ remains localized and can
not spread throughout the 
plant Often the disease is 

Usually if a disease has dif-
ferent races, a resistant var-
iety is immune to some 
races but is attacked by 
others. 

"larely 
"lreyudmg

Immunity Hypersensitivity 

pomnletey suppressed as 
part eofthe"hypesensitive" 
reaction. Infected plants are 

undamaged. 
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Tolerance 
" Tolerance isthe most 

common kind of disease Yield 
resistance. The rice variety
infected by the disease may 

High 

Levelop symptoms, but the 
crop yield is greater than 
that of susceptible varieties. 
Intolerant varieties, the 
appearance, amount and 
type of symptoms, and the 
severity of the disease vary 
greatly. Tolerant varieties Low _ n 
still serve as sources of 
inoculum which can infect 

Tolerance Resistant 
variety 

Susceptible
variety 

susceptible varieties 
nearby. 

" Symptoms of rice blast on 
varieties with different levels \ f1 \ 
of tolerance: resistant, 

moderately resistant,
susceptible. 

\\ij\\
V 

1/ 

DISEASE RACES AND 
INSECT BIOTYPES 

Definltion of "race" and . : ,,Race R 1 

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. 

S_BIOTYPE I = CO-25 TN 1 Shin 2 KTH-17 

Race 2 

.... -- BIOTYPE 2 -C-25 TN 1 Shin 2 KTH-17 

Reaction of rice varieties to Reaction of rice varieties to 
different biotypes of the two races of rice blast. 
brown planthopper. IR26, 
IR28, IR29, and IR30 are res
istant to biotype 1but suscep
tible to biotype 2. 
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* 	Several important rice 
insect pest species, particu-
larly the leafhoppers and 
planthoppers, have different 
biotypes; disease agents are 
even more variable. Most 

On the basis of their reaction 
to pest races or biotypesres-
istant 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 all of the pests 
will die. During successive 
generations, the sur,ivors 
produce offspring that 
gradually become capable 
of surviving, damaging, and 
reproducing on the for-
merly resistant variety. 

3. 	Eventually, a new pest race 
or biotype that can over-
come the varietal resist
ance isselected. 

important rice diseases 
have many different races 
and the capability to form 
new races in a relatively 
sihort period of time. 

1 Horizontal resistance is 
general resistance usually 
controlled by many genes.

Varieties with horizontal
resistance have low or 
moderate level of 
resistance to all or many 
biotypes or races of a 
given species. 

Damage 

High 
HornzonlalResistance 

2. Vertical resistance is spe-
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
ceptibe to others. 

Low tH 
1 

Damage 

High 

2 3 4 
Races or biotypes 

ver?,Ca/ 
,Ves's/once 

5 
j 

Low 
1 2 3 4 

Races or biotypes 

5 

Sur val(/) 

1oo Selection of a new biotype of 
brown planthopper on a res
istant variety. 

80 

40; 

20W1" 

P2 3 

BPH get-~. atlons 
4at- -n 
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Factors influencing the 
chances and rate of develop- 
ment of new bicitypes and 
races 
1. The genetic makeup of the 

insect or disease pest.
Within a population of pests 

a minority of individuals are 
unaffected by a resistant var-
iety. These individuals are 
selected to survive in the 
presence of the resistant var
iety and in time become the 

,v,,r 


3. The genetic makeup of the 
resistant variety. 

"Ras 

5. The hectarage planted to a 
resistant variety, 

It is difficult to preoct when, 
or if, the resistance of a var-
iety will break down in thqe 
field because of all the varia-
bles affecting the develop-

ment of races and biotypes. 

that resistance will fail. aore 
varieties, not just the resistant 
on e s, should a i t e h e observaedrd t o a 


Ta 
show signs of horizontal
resistance that co f a usd 

-Q yj -9 
majority form in the pest 
population. When a variety 

( "breaks down" it is the pest 
'.-y' population - not the variety 

Blast spores 
- that has changed.
2.Pesticide applications may 

j . - destroy insect natural 

I 
enemies and allow faster 
population growth of the 
newly selected biotype. 

Bacterial leaf blight 

Damage Damage 

High High 
Horlz'onl/ Reslstance 

Races or biotypes 	 Races ar biotypes 

4.The type and level of resistance to the pest. 

Ilts spaes
 
icieRae o Rice
 

- Jl e a M ~ng uiS fNvg Bacterial leaf blight Environrnertf 

6. 	Cropping patterns in an area. 7. Weather and other factors influencing 
population levels of pests in the field. 

-j -, ! g,..,, in national programs. Any 
:.-i,.,, ,i. , l' severe damage should be 
!" l,,, ,*\,:'; reported to the proper 
";.:" organization or'research 
. ' " .gvenmnt utorty 

"'" "-i.'Scientists 	 can determine ifcae te sbte 	 the resistance has been 

,,. -!l -. .. "' a new resistant variety or 
, ' ' i-" '
._' 4",) "- i "i " r ' . 7 : d e velo p a pp ropriate 

Bacteriamanagement recommenda
tionsto protect older varieties.

be	 severe d sould 

Happerburn caused by a new biatype 
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Natural Enemies of Rice Insect Pests 
All Insect pests of rice arc: 7 
affected by natural controls " 
that limit their reproduction 
and poplation bildip 
" Diseases and pathogens 
" Amount of fed and shelter Of 
* Weather 
" Predators Diseases and patlhogens Weather 

" Parasil-:s 

Food, 

I IT, 

Arrindritof foo, ,mndsheller Pnrosites Predators 

Effects of beneficials on Insects (no 
insect pests High 
" Parasites and precators are Insect pest populntions without beneficials 

called benefcials because 
they help conirol insect ........ Insect pest populations affected by beneficiols 

pests Economic injury 
" Benelicials alone will not 

quency o outbreaks 
bSomeinsect pests are 

"" more effectively controlled 
by benofticials than are 
othe s. 

Low 
Time 

Charcteristics of parasites 

* Parasites attack only one 0. 

prey species or a few 
c;osely related species. 

* Only the larvae are para
sitic Each parasite usually
 
feeds on only a single host 
 417
and gradually destroys it. :SIN. •I,__, 



352 INTEGRATED PEST MANAGEMENT IN RICE 

* Parasites of rice pests are * Adults are free living, feed
other insects, commonly ing on nectar, honeydew,
flies or wasps or host body fluids. 

Characteristics of predators 
*Most common predators of
 
rice insect pests are other
 
insects and spiders.
 

* A predator may feed on 

many different species uf 

insects. 

" A single predator may 
attack a number of insect 
prey. 

" Predators kill their prey 
quickly by eating them or 
sucking their body fluids. 

"Usually both the immature 
and adult stages attack 
prey. . 

* Predators develop separ
ately from their prey but 
live in the same area. 
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PARASITES 

Parasites of leafhoppers and 
planthuppers 
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 
- Remove a piece of the 

leaf sheath containing 
an egg mass. 

- Place egg masses in a 
closed container on fil
ter paper moistened with 
an antifulngal agent.

-Hopper nymphs emerge 
first. 

- Adult egg parasites 
emerge several days 
after unparasitized eggs 
hatch. 

., 
\" 

",.. 

. 

, 

./'/ 

,-. , 

, 

no.of 

" 

To estimate egg parasitization 

. _no 

'/.,..% egg 

parasitizatlon -

no.of parasite adults 

no of hopper nymphs + 
of parasite adults 

10 

X 100 

Count 
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General life cycle of parasites 
of hopper eggs 
" The adult female parasite 

lays most of its eggs the 
first day after it emerges 4 
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 I I I I I 
hopper egg. 0 I 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Days 

* 	The Anagrus, Oligosita, Hosts 
and Gonaocers spp. are 
the common parasites of 
hopper eggs. 

Adult parasite 

Brown planthopper Whitebacked Green leafhopper 

planthopperAnagrus species 

Each female may para- / "/ 
sitize 20 hopper eggs. (. ' 

Eggs parasitized by 
Normal hopper eggs 	 Anagrus 

Hosts 

Oligosif a species 
-. Brown planthopper Green leafhopper 

Each female may para
sitize 10 hopper eggs. / 

Normal hopper eggs 
Eggs parasitized by
Ofigosita 
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Hosts 

Gonatocerus species 

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 eggs. 

* Estimating parasitization of 
nymphs and adults 
- Cage hoppers collected 

from the field on rice 
plants insmall cages. 

-- Collect the emerging 
adult parasites. 

To estimate % parasitization 

Record the hoppers 
placed in the cage. 

Nepllotetlix N. rigroplcf us N.virescens 
~ cincticeps 

Each female may parasi- (/ ./y .\ 
tize 15 leafhopper eggs. L 3) 

Normal leafhopper Eggs parasitized by 
Gonatoceruseggs 

.4 

..., 

Leafhopper Planthopper 

ZW4 

rno o! emerqedCount the adult para-
sites which emerge from 0. parasi- parasiteIaISdu1ts 

the caged hoppers. / iiif n o of hoppers 
placed ii cage 
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The dryinids. snepsipte-
rans, and pipuLnculids par-
asitize hopper nymphs andadults. 

. 

. " ,,1
" 

-

" ":". 

/ i ___, __ 

F 
? 

, 

*Life stages 
A gloup of 5 wasp SI)ecies 
of the Dryinidae family are 
common parasites of 
hopper nymphs and adults. 

~'-

Adult male Adult female 

-

Larva Pupa 

IJd 

* General life cycle 

0 

Egg 

2 
I 

4 

Lurvo 

I 

6 8 

PupC 

* . . 

12 14 
I 

16 
I 

18 20 22 

dult 

24 

* Biology of adults 
-- Adults have front legs 

adapted for grasping
hopper nymphs and 
adults, 

- Each dryinid may eat
several leafhoppets a 

day. 
- Females lay eggs inside 

hopper nymphs,( 

tize up to 10 
--Each female may parasi-

nrym phs/day .. . 

j------
" 

. . .... . 

Bilg of larvae 
The larvae 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 cocouri 
on a rice leaf. _ 

-

. 

_ _t 

-
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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. 	 e 

Stepsiptera * The triungulins crawl to a
 
" Insects of the order Strep-
 hopper ryrnph or adult and 

siptera also parasitize leaf- 1 7 bore inside. 
hoppers and planthoppers. * They do not sur',ive for 

" Each adult female bears f) i Z more than several hours 
thousands of living larvae -IUnless they locate a host.
 
called triungulins.
 

Adult female 	 Triungulin 

* Development of larvae. 

* 	The female larva develops • The male larva also devel- 0 Adult males with wings
and pupates inside the host ops inside the host, but the emerge fiom the pupa,
and is visible only as a dark pupa sticks out of the mate with females nd die. 
spot on the abdornen of the hopper's abdomen and is 
host. seen as a hump on the 

abdomen. 

Characteristics of hoppers •Strep .ipterans always dis
parasitized by Strepsiptera '.porse through parasitized
" Parasitized hoppers may hoppers. 

,;urviv, for a long time Strepsipterans usually par
before they die. i . 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 Pipuncnlidae parasi
tize only green leafhoppern 
nymphs arid adults. 

* The adult females lay their 
eggs inside the body of a 
leafhopper nymph 

* Parasitized nympi s devel.-
op normally for awhile. but 
are killed when the mature 
parasite larvae emerge 
from the hosts body. 

I1 he larvae pupate in the 
soil or near the base of the 
rice tillers. 

. Pipunculids are the most 
important parasites of 
green leafhoppers, often 
attacking 25% of the 
nymphs and the adults in 
the field. 

Parasites of stem borers 
Parasites of eggs 
" Eggs of the stem borer are 

more heavily parasitized 
than other life stages, pro
baby 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 
* It is difficult to visually 

determine in the field if 
stem borer eggs are 
parasitized. 

N. ( . . .. --

A Z --

, J i fsJ 

Remove aportion of the 
rice leaf containing the 
egg mass 

' 

Place the egg masses on 
moist filter paper in a 
closed container, 

, 

Adult parasites will 
emerge from parasitized 
eggs In a few days 
inside the container. 
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" About 17 insect species 
parasitize rice stem borer 
eggs in Asia. 

* The most common and 
widely distributed groups 
are Tchogramma. Tole-
riotouS, and Tetrastichus. 

Trichogramma species 
" General characteristics 
- short antennae
small body 

hairs on wings 
3-segmented tarsi 

" Life cycle 
- Trichograrnrra reprodu

ces best at temperatures 
of20'-25 Cwihan 
average relative rumid
ity greater than 70%. 

- Adults live 7 days. 

Telenoniu, species 
*General ctracteristics 
- 11 to 12 segmented 

antenna 
pointed abdomen 
thin 3rd abdominal 
segment 

Hosts 

I 1 
I 

I 
I I 

- i I ' 

[i
 
I_ I,"--


Yellow stem borer Striped stemeggs borerL eggs 

Each female may l,,,y40
 
eggs.
 

I 

7/ 

I Adults live 
7days

Eggs 
______ __ ___L .... I I 1W11__] IL
 

1 2 3 4 6 8 0 12 14 16 18 20 21
 

Hosts 

- f 

r 

Yellow stem borer Striped stem borer 
eggs eggs
 

Each female may lay 140 
eggs.
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Life cycle 
-- Adults survive for 14 

days. 
-Telenomuts may be more 

effective than Tfich)
g]raoutia as a parasite of 
stem borer eggs be
cause the adults live 
longer arid females have 
a greater reproductive
capacity. 

_ __ _ _ _ _ _ 

0 2 4 

I 

6 

I 

8 

I 

10 

E14 

IL 

12 14 

Days 
6 

Adults survive 
days 

[ L 1 ___ ___ J__ 

2 20 22 24 26 28 

Tetrasfichus species 
" Tetrastichus species are 

primarily parasites of eggs 
of the yellow stem borer. 

" They occasionally attack 
eggs of the striped stern 
borer 

" Tetrastichua species -. 
sometimes considered 
more effective than Tete
nioeus - attack all eggs in 
a mass as well as hatching 
stem borer larvae., 

, 

Parasites of stem borer larvae 
and pupae 
* Many insect species para-

sitize rice stem borer larvae 
and pupae, but the per- J! 
centage of parasitization is Larva 
usually low, about 5-10% 

" These larvae and putpae are 
somewhat protected fron 
natural enemies because 
they develop mainly inside 
rice stems. ! 1 

" Parasitized stem borer lar-
vae and pupae cannot be 
distinguished from normal 
ones at the early stages of Pupa 
parasitization. Parasitized 
pupae eventually turn dark. 
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Estimating parasitization of 
stem borer larvae and pupae 
" 	Remove a portion of the 

stern containing a larva or 
pupa and place iII a closed. 
transparent vial. 

"Somne parasite larvae such 
as Apanteles emerge and 
pupate in silver cocoons 
outside the host. 
Other parasite species dev
elop in the, host lar-vae and 
parasite adults emerge 
from the host pupae. 

Apanteles, Tropobracon 
schoenobli, Sturmiopsis 
nferetns are common para
sites of stem borer larvae. 

General characteristics of 

/ ___I 

..
 I
 
, ,"
 

Hosts 

EZZ2 :).7 732I . OLarva 

Striped stem borer 

* 	Adult females deposit 10- * The mature larvae emerge 
15 eggs just inside the 	 and spin silken cocoons. 
body wall of stem borer The adult wasp emerges
larvae. Each female may * Several parasite larvae can from the cocoon. 
lay up to G0 eggs. develop inside one host. Adults live 7-10 days. 

Egg 15-20 days 	 Adult 
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General characteristics of 
Tropobracon schoenobii 

Hosts- The level 'arval para
s it iz a t io n b y T. -, Z __--- . , Larva e 
schoenobii varies widely Larvae

-from 0 to 90%." 

f t 	 Yellow stem Striped stem Pink stem 
borer borer borer 

* The parasite larvae attach 
" Each female adult lays up themselves to the host's 

to 20 eggs. body and feed on the body 
" The female inserts its ovi- contents. 

positor into the rice stem T * The adult wasp emergesThe larvae then spin a whit-
and deposits one egg in ish cocoon and pupate from the cocoon. 
each larva, inside it. * Adults live 7-10 days. 

Egg 15-20days 	 Adult 

• General characteristics of 
Sturmiopsis inferens 

Hosts 
- S. inferens is one of the 

more effective parasites, Larvae
 
sometimes attacking up
 
to 80% of the stem borer
 
larvae.
 

SDark-headed 	 Pink stern 
stem borer borer 

" The adult flies bear living 
young and deposit them on 
or near stem borer larvae. 

" The parasite larvae burrow 
into the host to complete 
their development. * The adults live up to 45 

" Usually only one parasite * The mature parasite larva days.
larva survives to maturity in emerges from the host a Each female may bear 
each host. larva to pupate. about 250 larvae. 

L8d 

Larva 18-26days 	 Adult 
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Other parasites of larvae 
* Only one parasite emerges 

from each host parasitized 
by Bracon chinensis. 

, 
/ 

Adults of Stenobracon 
ncevillei have very long 
ovipositors. 

Parasites of stem borer 
pupae 
* Parasites of stem borer 

pupae include Itoplectis 
and Xanthopimpla. 

* General characteristics of 
Itoplectis 

The adults may survive 
for 4-6 weeks 
Females may lay 300 
eggs over a long periodof e 
Of time. 

... 

'4< 
} 

I 
/ 

_ 

/ 

The adult females 
search with their anten
nae for borer pupae 
inside the rice stem 
A female may deposit 
sevAeale ma epohseveral eggs in each 
pupa, butL usually only 
one larva survlves to 
-MLarity 

General characteristics of 
Xatithopimpla 

Females survive for 4-9 
weeks, each may lay 5-,, 
14 eggs 

9 Life cycle 
F__ 

, 

J 

, . 

The female searches 
with its antennae for 
stem borcr pupae in rice 
stems. 
Then with its ovipositor, 
the female penetrates 
the stem and lays a sin
gle egg in each pupa. 

---The parasite larva com
pletes its development 
and pupates inside the 
host pULpal case. The 
adult parasite emerges
from the stem borer 
pupal case 

Ego Larva 
Adult 

.... 1 . 

) 2 
. 

4 6 
I 

8 
I 

K) 
Days 

I .- -. . 

12 14 6 
I-_ 

18 20 

Parasites of other rice insect 
pests 
Parasites of rice insect pests 
other than stem horers and 

hoppers are less well known, 
although they are also 
important in reducing pest 
population levels. 

Rice bug 
SEgg; of the ricf! hiig (Lep
toc. ,_eri)are attacked by a 
parh of the genus 
GRyon.ice 

____________________ 

g 

.._ 

Rice bug Gryon Rice bug eggs 
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Whorl nraggot 

o Larvae of the whorl magqot 
(Hvdrelha)are parasitized 
by a small wasp. OomIJs 
ernerggO florim the rost
P1 ,pae 

N 
-_,_ 

/ 

/, 

__ 

f 

.. _\ 

> 

,
..-:j 

_. 

Whorl maggot Opius adult Whorl maggot larva 

Gall nidge I 

* Platygastot oivzae is the 
most mportant and widely 
distributed parasite of theI 
gall mnidge. 

-. 

-} 

e.4jXU1a? 

Gall midge Piatygaster adult Gall midge larva 

Each female may 
lay 600 eggs. 

• The female adUlt wasp lays 
eggs inside newly hatched 
gall midge larvae 

OZER) ,mal 

* Parasitized larvae are filled 
with parasite cocoons and 
are much larger than nor

larvae 

Normal larva Parasitized larva 

SLife cycle of P/atygaster 
ot vzae 
The level of parasitization 
from P. oryzae sometimes 
reaches 80t This parasite 
may suppress gall midge 
popLflations if parasitization 
reaches 50o before the 
pear, of gall ruidge damage 
occurs. 

Egg 

0 

-__ 

2 
I 

4 
i I 

6 
I 
8 10 

I 

12 
I 

14 

Larva 

I 

16 
Days 

_ 

Pupa 

18 
I 

20 
I 

22 
I 

24 
I 

26 

= 

28 

-

Adult 

30 32 34 

Rice hispa 
* 	A Bracon sp. of wasp is \ // 

the most common parasite 
of hispa" 

" Usually. larval parasitiza- _ _ _ S
tion is less than 101)o. 

Rice hispa Bracon sp 	 Hispa larva 
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Leaffolders 
"Female parasites of the 
genus Pentalitomastix lay 
their eggs inside the leaf
folder larvae. Numerou:i 
parasite larvae develop 
from a single egg and 
pupate inside the host 
larvae. 

" Leaffolder larvae Lre 
attacked by the parasites 
Macrocentrus and 
Temelucha. 

" The Trichomma wasp also1 
parasitizes leaffolder larvae. 
-- The female lays eggs in 

the !eaffolder larva. 
e parasite adult 

emerges from the leaf
folder pupa. 

" Brachyrneriaparasitizes
 
leaffolder pupae.
 

" Distinguishing
 
characteristics
 
- black 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. 

777 -

_.._______ 

-

/ __ 

. With their long ovipositors, 
Temelucha females can 
penetrate the leaf to find a 
laiva. 

" 

" -IT-" 

. 

/ 
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To observe and measure 
predation: 
" Cage together a known 

number of predators and _______
 

prey on an insect-free rice
 
plant in the field or
greenhouse. 	 /

Count the remaining pre-,'1 

dators and prey daily. 

Spiders 
Lycosa
 

Lenqth of lifeLife cycle 
" Newly hatched spiderlings 

remain attached to the 
mother for several days. 

* During its lifetime, each ". 
female may produce sev 4+ 
eral egg sacs, each con
taining 60 eggs. 	 .A L L _ J I I 

0 10 20 30 40 0 eO 0 O )O 00 HO 120 I3o 

Days 

Identificatiowi of sexes 
* 	Distinguishing , *•Lycosaspiders are proba

characteristics _, bly the most important 
- Male has large - predators in rice fields. 

pedipalpi. , - ",. - These spiders do not 
- Female carries an egg / make webs, but hunt 

sac. /1 their prey. 

Habits and prey - leaf
hopper, planthopper I 

" Adults are commonly I,, 
found near the base of rice N. ., .
 
plants. , _ Major prey
 

* The diet of Lycosa/ -/ - .. _, 

depends upon the types of 
Xinsects available, but leaf-


hoppers and planthoppers " "
 
are the major prey. Lycosa "
 
eat both nymphs and ", k

adults. 	 I 

" Spiders also eat each other 
at high population 
densities. 

" Other hunting spiders I 

common in rice fields / 

Callitrichia Oxyopes 
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Argiope and Tetragnatha are 
web-spinning spiders. They 
are probably not major pre
dators of rice insects, - . C. 
although some flying pests 
are trapped in theii web -

Microvelia 
Life stages 

...... , .. 

,.i. (:..... 

,- . 

1'C:;J 

Adult Eggs Nymph 

Life cycle 

* Adults live about 30 days. 
Females may lay 4-5 1 
eggs/day.--. 

(1I, 0 .4 !6 18 2c. 2 4 
Dfilys 

Habits 
" Nymphs and adults live on 

tle water suirface, attacking , \ 

insects that tall into the 
water,. 

"wgae laid on the plarnt L 

nemi the water surface 

Feeding
" Microvelha prey pfirflaIly 

I tic bhugs paralyze their 
prey by injecting a toxic 

on small hopper nymphs" One microveliid will attack . ." I sflution wil the1,1t-"otithpattis d 

a very small insect that falls 71 ,rutips of these predators 
into the water and groups ,will congregate around rice 
of the bugs attack larger I hills heavily infested with 
prey. planthoppers 

" Microveh can survive for 
long periods without food, 

F. 4k , 

but rice fields must be' . 
flooded or saturated for the '>-. ' 

bugs to survive 
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Cyrtorhlnus 
Life stages 

Adult 	 Eggs Nymph 

Life cycle 	 Large nymph \ / Adult 
* 	Each female may lay 10-13 N\ 

eggs. _._j_ 
 _ 

Eggs _________-

Small nymph 

-	 , I I 1II I I I I 1 

0 2 4 , 8 10 12 	 14 6 18 20 22 24 26 28 
Days 

Prey * The adult Cyrtorhinus also 
Both nymphs and adults of attack hopper nymphs and 
Cyrtorhinus are important ___ adults. 
predators of hopper eggs. 

Habits 
* 	Nymphs and adults are 

found on rice leaves and 
near the base of tillers 
where hoppers are 
abundant 

* The eggs are laid singly or 
in groups in the leaf  k.4 l 
sheath 

* Cyrtorhinus nymphs and 
adults insert their mouth
parts into hopper eggs and Daaged jgs 
suck out the liquid, causing 
the eggs to collapse. 

Normal eggs 
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Other predators 
Coccinellidae 
* Adults and larvae of cocci

nellid (or ladybird beetles) 
attack several rice pests 
including leafhoppers and " 
planthoppers. 

Predator Prey 

Beetles 
* Ground beetles and rove 

beetles prey on rice pests ~j 
in some areas. 

Ophionea ground beetle Paederus rove beetla 

Damselflies 
n Damselflies of the genus 

Ayriocnemis hunt inside og 
the rice canopy and may . .L-Qzii -- , 
eat hoppers. midges, and 
other insects. 

Predator Prey 

Management and conserva-
tion of parasites and 

- ,. *"Importing beneficials from 
other countries and estab

predators 
Approach.. to increase the 
effectiveness of parasites 
and predators in rice fields: 

"-- - ,, lishing them to help sup
plement native parasites 
and predators. 
This method has not been 

, Mass rearing of parasites in successful for control of 
the laboratory and 
releasing mass-reared 
parasites in the field. 
This approach, such as the 

' -

, 

rice pests in the past. More 
effort is needed to improve 
the chances of establishing 
imported beneficials in rice 

mass rearing of Tricho- fields. 
gramma for leaff ,Ider con
trol, has been useful in .,,I ,, " ' . 
some countries, such as , • -. '. " 
China, but is not currently 
economically feasible on a 
large scale throughout 
Asia. 

* Conserving nu,,ve parasites Number of beneficials 
and predators. Hi h 
Currently the most practi- Native parasites and 
cal method of obtaining predators 
maximum benefits from 
bereficials is to conserve 
native species of parasites 
and predators and create 
favorable conditions so 
their populations will 
increase. 

Low 
Time 
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* Reducing the harmful 
effects of chemicals on 
beneficials. 
Pesticides. particularly 
insecticides, may kiI maIIy 
parasites arid predators In 
rice fields 1o r(?duce the 
harmful effects oi these 
chemicals on bnefcials: 
1. If possible, app!y a selec

tive insecticide 
Some Insecticides ate 
more poisorrus to para
sites and predators than 
others 
Apply the rrrirrrroti ii dos
age of an .i-secticidethat 
is toxic to the pest ari 
least harinfrl to 
beneficials 

2. Apply 	isecticides only 
when i ocessary 
Do no apply insecti-
cides on a regular. 
calendar-based 
schedule 
Apply rIrsecticides only 
when pest populatioisns. 
reach the ec onomuric 
threshold This will 
ensUre that some pey 

are available to stimulate 
increases of parasites 
and predators 

3. Use selective for m~la
tions and application 
methods 
If possible, use a formu-
lation and application 
technique that is least 
harmful to beneficials 
Forexanip;e.eithe, ap-
plying graniles or incor-

porating r,:;ecticides into 
the soil is LisIally tess 
harmful to beneficials 
than foliar sprays. 

Pesticide toxicity 
High 

8PH Stem boe, 

Spider Microvelio Trthogommo 

Low ...... 

insects (no) 
High -

Pesticide application 

---.-----

0 
'0 

-

--
insect pest 
Beneftciils 

%Econo 
V__. 

wcthreshold 

-- -

. . 

, 

. . 

.... 

,, 

.. t
7 

. -

" 
, 

, i . 
fr. 

_ ___.______ 

*..: 
. 

" 

I 

V1' 

_ _-_ 

. 

_ 

[iWr . I 
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Pesticides 
A pesticide is any chemical 
used to control pests. 

Types of pesticides used in 
growing rice 

Insecticides - control 

Herbicides 

control 
Rodenticides 

Fungicides 
control 

-
",/ 

k-

Formulations 
A pesticide is nSLally not ap
plied in ii p re forinIt must 3 
be dilated with water, oil, or 
an inactive solid so it is less 
toxic to humians and can he . 

spread ewefly rver a l lre(I 
area. Tne finial pr oduct is3
called a pesticide 4 
ftrintila ton 

.......................
"... ." .i!
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Types of formulations 

Dusts 
a finely ground 

Dusts pesticide dry particle such 
as clay, talc, or 

volcanic ash 

" 	Advantage Advantage 
Dusts require no mixing 
and can be applied directly 
to the rice plant 

Pile of dust 	 /Rice plant 

" Disadvantage Disadvantage 
Dusts may drift long dis
tances from where they 
were applied and contami- " 
nate areas where humans - ,. 
aod livestock are present. 

Granules 

Granules .pesticide 
dry particles ofclayor sand which arelarger than those 

used in a dust 

Advantages prsAdvantages 	 Disadvantage * DisadvantageGranules as purchased can ,.,..i-*Grnlscnobeud 

be aplie wih sipleGranules cannot be used 
be applied with simple 0., to treat foliage because
 
equipment and require no I• (y , they will not stick to it.
 
additional mixing . \ . . K' . "'
 
Granules ate relatively non- "
 
toxic to applicators and d .)- ' 0 0
 

.not drift from the target 	 j: )I._' 	 _ _ 

area.	 
_ 



PESTICIDES 375 

Liquid formulations 
Liquid formulations, called 
emulsifiable concentrates, 
are mixed with water andsprayed. 

sprayed.( 


e 	Advantages 
Liquid formulations contain 
a high concentration of 
pesticide so the price per 
unit of pesticide is low. 
They are easy to transporl 
and store. 
They are effective for treat-
ing foliage, 
They require little agitation 
in the tank to keep them 
mixed. 

Flowables 
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 liquid formulations, 

Wettable powders 
Wettable powders have the 
same materials as ernulsifia 
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-

les settle out if not agitated. 

- , .I 
t 

A liquid formulation may
cnta l or someio fconlain all or some of thethe 

agents listed below : 

. 

• 

-

'] ' 

I il (;lcdeI lllt:l(JiiI °lMIamic 
t iIlJsillfIf 

Ibr l, '11 1" i w ticde 

,pre ader s and 
,fickers (to helpp)esticid(e cover 

Mil" 'oh 

,_t._itt 

e l 
i , 

i wiih 
:water 

and slick to tar
(t it(lO be ler) 

e Disadvantages 
It is easy to underdose or 
overdose if they are not 
carefully mixed 
They are dangerous to 
humans because of their 
liquid form, which allows 
the pesticide to be 
absorbed through the skin. 

.2 

* 	Advantage 
They do not clog nozzles 

finely ground sohd and require only moderate 
Flowables paricles of pesticide a liquid agitation. 

• 	Disadvantages 
Similar to those for liquid 
formulations. 

weling agent 
Wetable pesiicide (increases spreading
 
powders 1 powder , of droplets and helps
 

foriril pesticide cover
frre hir. beeri 

Advantages a Disadvantages
 
Wettable powder is rela- They may be toxic to the
 
lively cheap per unit. applicator if he inhales the
 
Wettable powders are easy 	 concentrated dust during
 

to carry and store. - mixing.

They are easily mneasured , They must be agitated
 
and Mixed are riot / "nd periodically in the spray
 
absorbed easily through tank or they will settle out.
 
the skin.
 
They car be iuased ,;fec- , 
lively to treat foliage. 
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Soluble powders * Advantages * Disadvantage
Soluble powders have the The same as for wettable They may be toxic to the 
same materials as wettable powders. In addition, solu- applicator if he inhales the 
powders but dissolve in ble powders need not be concentrated powder dur
water to form solutions agitated in the spray tank ing mixing. 
Thus, they do not settle out as they will not settle out 
like wettable powders 

Poisonous baits * Advantages * Disadvantages
A poisonous bait is food orI Baits are useful for pests Baits are often attractive 
other substances mixed with such as rats and birds that and dangerous to children 
a pesticide. Baits are eaten range over a large area. and livestock 
by pests and cause their,, , Witt baits, low amounts of Baits may be ineffective 
death. pesticide are used in small when the pest prefers the 

,-- -- , areas and environmental crop rathor than the baits.__E .LI- Pollutiorn isminimizeal 

Factors affeciing the choice * Cost
 
of a pesicde fornitlatioN
 
* Dust or powde t 

" G ranulI(s .. .. -.. 

" Type of pests and their habits 

* Danger from drift and runoff •Application equipment * Advantaqes 

71 -7 

i 

,A.V "JA " 

Y 

,___ j'__,_h,; j. 
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Pesticide toxicity 
Most pesticides control the 
pest by poisoning it. Many 
pesticides are also poison
ous to humans. Some may 
kill or seriously injure peo
pie, and others can irritate 
the skin, eyes, nose, or 
Mouth, 

Ways in which pesticides enter the body 

, Oral 
Pesticide may enter the 
body through the mouth 

Smoing 
Smoking 

- Storage in food 
containers 

. -

"Ir_ 
. (

/: -,jing 

Dermal 
Pesticide can also be taken 
in through the skin. 
Wearing clothes that are 
wet from a pesticide sol... 
tion, or letting pesticide 
liquids or powders and 
dusts touch your skin dur

mixing or applicatioii of 
the materials is dangerous. 

!t ., " 

, 1. : Areas of the body where 
pesticides are absorbed 
most easily are the 

/ 

44 .. neck 

armpits 

aInhalation 
You can breathe in pest-
c idestoo 
Pesticide dusts. fumes. or 
spray mists can be~ inhaled, 
This route of entry is most 
important when dusts, wet
table powders, or granules 
are applied. 

$-
V 1 

.. 

7 

,.-

' 

back of hands 
and wrists 

soles of feet 

Which methods of entry are 
most important? 
" Inhalation 
* Dermal 

Oral 
The dermal and inhalation 
routes of pesticide entry 
are more important to the 
applicator than the oral 
route. 

/" 

. 

-. 
/ 

.,you 
-' 

, 

I. 

-.. 

.. , 
r" 

. I 
p 

' 

, 

\ 

may breathe in pesti
cides or splash them on the 
body during applications, 
but you do not purposely 
eat or drink the chemicals 

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 or toxicity - Acute toxicity measured in LDo amounts 
Toxicity rneans "how poi- Acute toxicity is the poison- ranging from 0 up. LD means 
sonous." The toxicity of a ous effect of a pesticide on lethal dose (deadly amount)
pesticide may be measured animals or humans after a required to kill 50% of test 
in more than one way. single exposure. animals in a given time 

Acute toxicity may be meas- period. Usually LD90 values 
ured in terms of oral, dermal, are measured in milligrams of 

Acute toxicity and inhalation toxicity. insecticide per kilogram bodyIweight of humans (1 mg/kg 
lexposure Measuring acute toxicity- s 1 part/million).

Oral and dermal toxicity are 

KN 

.; ,,o.PAYS 1 , 

0 1 2 3 4 5 b 
Time 

Oral toxicity • Inhalation toxicity e Dermal toxicity 

e Pesticides with low LD5o 
values are more toxic than 
pesticides with high LD5o t INCREASING TOXICITY Pesticides with low LD 5 0 values are more toxic 
values. I than 
For example, a pesticide 
with an LD50 of 10 mg/kg is DECREASING TOXICITY Pesticides with high LD 50 values. 
more toxic than one with 
an LD50oOf 100 mg/kg. I I I1 

0 10 20 30 40 50 60 70 80 90 l00 
LD50 (mg/kg) 

Acute inhalation toxicity is 
measured by LC 50 . LC 
means lethal concentration. INCREASING TOXICITY Pesticides with low LC50 values are 
LC 50 values are measured in more toxic 
milligrams per liter. 
e Pesticides with low LC 50  

values are more toxic than 
DECREASING TOXICITY 

K than
) Pesticides with high LC50 values. 

pesticides with high LC50 
values. 0 20 40 60 80 100 120 

LC50 (mg/liter) 

Acute toxicity is the basis for Pesticide abei warnings tor ditterent categories ot acte toxicity 
the warning statements on Pe-_t__-e a-__warnn_._fo_ drnc-r o---
the pesticide label (see Acute toxicity

Signail .. .. . . .... . Probable oralpage 379). Category LD_,e Iwords (rng/kg) 
_111t;- - lier lethal dose toron label Oral Dermal - Iuiu,...... a70-kg man 

Highly Danger 0-50 0-200 i-20) Ax.few drops to 1 
toxic poison teaspoon 

6 

Moderately Warning 51 1o500 201 2,001 Over one teaspoon
toxic to 2.000 to 20,000 to 30 g 

Slightly Cation 501 2001 Over 31 g
toxic to 5.000 to 20,000 to 480 g 

Relatively None More than More than More than 480 g
nontoxic 5,000 20.000 
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Chronic toxicity If you are often exposed to 
Chronic toxicity is the poi-
sonous effect of a pesticide 

Chronic toxcity
\.> 

these pesticides, they may 
build up in your body. You 

on animal or man after small, 
repeated doses over a period 

can be poisoned even with
out getting a large dose of 

of time. Ma ex o pesticide. 
Chronic toxicity is important 
because some pesticides can \ \ 
remain in the body for a long 
time. WEEKS 

- U W.1 i I I I I I 
0 I 2 3 4 5 6 7 8 9 10 II 12 

Information on a pesticide label 

Type of pesticide: * Trade names 	 0 Net contents * Directions for use: 
insecticide, herbicide, etc. 	 A single pesticide is some- What pests are controlled 

times sold by different What crops it can he used 
chemical companies under on 
different trade names. How much should be 

applied 
Other ideas and 
suggestions 

NET CONTENTS1 quart 

CAUTION: l(ilem 
Harrmfirl if s¢#aiiovse.d 

sprayi Avo:d idINSIC 

wlh skin Washinthorougjh

ly afler handhng Wash 
t:ontarriihated Clothilg 'DIRECTIONS FOR USE 
before re-use Avoid con ...................................... 
tarht,ratI of frid aod Crops Pe is Rate 5-gal 

T ICE: Rice lefhoppers, plarhtoppers. 2-4 tatle-
NOTICE: (; tClbugs. spoonsful or,lr lleaffolders, 


...,r.i ifr r iiii-t I armyworus 650 grams
 
rrirrl os -'h,-s 	 to t kifo, hfa 

l 'Ih' l(:l ""' % 	 Veg CtableCU mLro bettle5 flea 24 table

1131ity 
tl-lici haidlirngf wontis,squash hugs anny to 3/4 kilo ha 

isO ir .rpl~aioriwornis. stink bogs 
Cotn Corribortes.,!arwornis. 2-4 table

s lkbeetles ai ids spoonsfwl or 1 2 
to 4 kilo ha 

oiih i dsllha!'k 	 be-etles,leathoppC-s, friot spooNsful ot 12 

' 

Active fngredierth 
2-1sopropylpheny-lN-

inertingredients Ir/n^0 	 Keep Out of Reach 
agent, ttt r c t 	 oif Children !.......... 


M k th M ar:la, Phlplirfs 

* The common name or 	 * Name and address of the e Hazard statement: Pesti
chemical 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 formulation. words on the label. 
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Reading the pesticide labpl 

Read the label before you 
buy the chemical to 
determine: 
" If this is the chemical you 

need for the job. 
" If the material is too toxic 

to use under your 
conditions. 

" The concentration of active 
ingredient. 

* 	If the formulation is suita
ble for your equipment and 
conditions. 

" ' :'
 
- . ,/ . . 

"
 

/ 	 d'C 

.,
 

1_0 _4_i 
Read the label before storing
 
and disposing of pesticides
 
or pesticide containers to
 
determine:
 
* 	Where and how to store the
 n aterial.
 
e 	How to decontaminate and
 

dispose of the container or
 
leftover pesticides.
 

Improper use or overuse of
 
pesticides may cause unde
sirable side effects:
 

* insecticide - susceptible planthopper 

Several species of rice insect 
pests have already become 
resistant to certain 
insecticides. 

V If in the future more pesti
-cides are used on rice in 

.Asia. resistance problems 
willprobablyincrease.

" , To reduce the likelihood ofthe development of pesticide 

resistance, apply chemicals 
4 , , only when pest levels reach 

the economic threshold, and 
use the minimum effective 

----------- ra te. 

Generation 3 

Problems caused by pesti-
cide misuse 
Pesticides are a useful and 
necessary part of integrated 

Pesticide resistance 

* 	 resistant 

S , 

, 


" 77'7'
 
. .
 

- i 

-


Y I 
-. 


,. 


. 

Ac i , 

_ _ __m 

Read the label before you 
mix and apply the chemical 
to determine: 
" Warnings and antidotes if 

necessary. 
" Protective equipment. 

necessary for application. 
" How much to use. 
* When and how to apply. 

pest management in rice, but 
they must be applied prop- 
erly and used only when 
necessary. 

,..,,,,, , J',,
If' 


S'// 
"\ ,. ., 

#t1, 	 1 4,.4T 

Generation 1 Gen:ation 2 

planthopper 

4 
.
 

,/ r 
.
 



PESTICIDES 381 

Environmental pollution long-lasting harmful effect 
" Non-accumulative on the environment. 

pesticides 
Some pesticides break 
down quickly into harmless , 
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 long pen- , 
ods. These materials are 
riot necessarily harmtul 
unless they are taken ip .. 

IME 
E. 

and accumulate in living 
organisms. 

* Accumulative pesticides 
Some pesticides may be 
taken tip from the envir-

a pesticide. This type of 
pesticide is very harmful in 
the environment and 

onment and accumulate in 
animals and plants. Wildlife 
and people that eat animals 

causes long-lasting 
damage. 

contaminated with pesti
cide may be poisoned -" 
without directly contacting. 

Phytotoxiclty , Common symptoms of phyto-
The active ingredient or 
materials in pesticide formu-
lations may damage crop 
plants. Phytotoxicity, or tox-
icity to plants, may be 

, 

. 
/ 

(? 

I 

..,' 

.. -

toxicity are 
spots on leaves 

• stunting 
twisting of leaves 

*tillers spread out 
caused by: 
a. using the wrong pesticide. 
b. applying an improper pest

icide mixture, 
c. incorrect timing of 

application, 
d. using too much pesticide, 
e. selecting the wrong pesti

cide fcrmulation. ___- --

Damage to nontarget . . 
organisms through: .. ..- ,, . , 
" wind 
" irrigation water 

If pesticides are carried by 
wind, water, or other Y. &I"1Itio oi, Lt, At L .I, 
means from the area where . 
they were applied, they 
may be harmful to humans, , 
livestock, wildlife, and 
other crops. _ ____

4LN [ I 14 
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Precautions in handling pesticides 

Before application: 
* 	Read the label to determine: 

a. rates, 
b. timing, 
c. 	need for protective cloth-

ing and equipment, 
d. antidotes and other pre-

cautionary measures, 
e. field reentry intervals 

after treatment, and 
f. other safety measures. 

During application 
* 	Wear protective clothing 

when applying highly toxic 
pesticides. 

" Avoid exposure. 
* Do not eat, drink, smoke, or 

blow clogged nozzles with 
your mouth while applying 
pesticides. 

Check the sprayer 
a. Fill the tank with plain 

water and test the 
sprayer to be sure there 
are no leaks or loose 
connections and the 
equipment is working 
properly. 

b. 	Repair or replace any 
worn or faulty parts. 

.r. 


Mixing and filling 
Extra cauLtion is necessary 
when mixing and filling 
sprayers because the pesti-
cide is concentrated: 
a. Wear protective clothing, 
b. 	Open pesticide containers 

carefully to avoid 
splashes, spills, or drift, 

c. Stand upwind when 
adding material to the 
sprayer to avoid drift of 
pesticide fumes or 
particles. 

Hot 

Face mask 

- Long-sleeved shirt 

Rubber gloves 

Long trousers 

Rubber boats 

- ..
 

. .' --",- , t' 

d. Keep your head away 
from the opening of the 
sprayer 

e. 	If concenirated pesticide 
is spilled on clothing, 
wash and change clothes 
immediately. 

f. Do not mix pesticides with 
your hand or allow the 
concentrated materials to 
touch bare skin. 

Goggles 

Respirator 

L 
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* Spray with the wind to 
avoid contact with pesti- 

cide drift. 

IT. 

" Avoid contamination of 
nonta,,jet areas. 

• Do not spray during high 
Js to prevent drift. 

" Do not spray near or in 
ponds, lakes, or streams. 

. 

. 

// 
D 

-, k 

.... ,-"' o 

* Spray areas ncar homes in 
early morning or evening 
when humans, pets, and 
livestock are less likely to 
be exposed. 

[-1 -
/ , 

After application 
" Make sure the sprayer is 

empty. If necessary, spray 
remaining material on 
another field. Clean and 
rinse the inside and outside 
of sprayer and return to 
storage area. 

" Dispose of empty pesticide 
containers properly. 

" Store remaining pesticide 
properly. _ _ _ _ 

.f 

_ _ __ 

... 

, 

_ 

.. 

_ 

. 
, 

, 

_ 

\" 

_ _ _ _ _ 

* Bathe and change clothing. 
" 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. 

_ 

- -,, 
I 

. 

. . 
% 

"" 
J 

1 

.. 

r ~ 
. 

.. 
; 

' 

, 

" ' 

V. J 
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Symptoms of pesticide poisoning 

The symptoms of pesticide those of other iypes 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 
becomes ill after using or( ) -being around pesticides is 

, "not proof that he is 
,i4' % poisoned. 

Kinds of poisoning 

" 	Acute poisoning 
AcuJte poisoning occurs Acute toxicity 
after exposure to a single 
dose of pesticide .II xp osure 
Symptoms may occur im
mediately or be slightl),)
 

[T  delayedr].	 ( ' 

0 2 3 4 5 6 
Time 

Chronic poisoning Chronic toxiciy
Chronic poisoning occurs Acute ticy 

after repeated exposures
 
over long time periods.
Symptoms include ier- SI ur rI : 

0 I 4 ;,. 5'. 6 

vou~sness, slowed reflexes, ... ,'
 
irritability, and a general . .. , ?
decline of health 

afteropateexous 

G eneral symptoms• Mild poisoning or earlytxiity 

irrtailtyad,..neal\ 	 \ 
symptoms of acutepoisoning ing occurs 

irritation of eyes, nose, ,') ',? 	 " 

o fatiiue periods,
 
vder rhea r
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* 	Moderate poisoning or 
early symptoms of acute 
poisoning. 
- upset stomach 

blurred vision 
extreme weakness .-.
 

- excessive perspiration
 
- muscle twitches
 
- rapid heartbeat
 

* Snvere or acute poisoning 
vomiting and convulsions --pinpoint pupils - difficulty in breathing - unconsciousness 

normal pupil 	 pinpoint pupil 

First aid for pesticide poisoning 

Call a doctor or get the If the patient nas poison in 
patient to a hospital. Always ' the eye wash the eye as 
save the pesticide and the quickly and genty as 
label for the doctor. possible. 

".. * 	Hold eyelids open and 
wash eyes with a gentle 
stream of running water for 

tohespalaplyhe I, 15 or more minutes. 
. Do not use chemicals in , 	 ' L I} the wash water. 

While waiting for medical te
 
help or transportingthe vic 
_ 
tim to the hospital. apply the ' 

following first aid measures: If the patient has inhaled 
.. .poison, 	 immediately moveL 

Ifthe patient has poison on - " j him to freshi air.
 
the skin, the faster it is Loosen all tight clothing.
 
washed off, the ess the 9 Prevent chilling.
 
inji!, y will be. L •Apply artificial respiration if
I 

" R,.rlove clothing. I 	 breathing has stopped or is 
* Drench skin and body with 	 irregular. 

water from a hose, faucet, Do not give alcohol in any 
"Dry patient, and wrap in a W. .o 

clean blanket. 
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Selection of a pesticide 

Before choosing and apply
ing any pesticide several fac
tors must be considered: \. ," 
* Identify the pest 	 . 

- Carefully 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. 

// (~I / ice blast ditseuse 

" Determine if control is Pest r latin c r ocmiqctF 

necessary 	 Hgh ..... 
- Use the sampling tech- ,Lconornc injury level - Make sure that the pest

niques and economic is in the proper stage of 
threshold levels de- "ON development to be con
scribed in this manual to Conomic threshold trolled by pesticides,
decide if pest popul,-	 and that it is not tooearly or late in croplions or damage is large 

enough tc require 
 growth for control to be 
control. Low 	 economically beneficial. 

Time 

Alternative pest control methods 

* 	Consider other control methods do not reduce 
methods "or maintain the pest 

- The integration of var population below the
 
ious types of nonchemi- economic threshold.
 
cal control measures . ,. -• -- After you have identified
 

thi,: 	 ) the pest, determined ifhas been discussedmostricfor pess i V W. he"p
 
most rice pests in this 1control is necessary,
manual. beneficials cultural control and considered other
 

- Pesticides should be 
 control measures, a pest
applied only when these 
 icide application may be
 
alternative control 
 the most practical contrcl 

method. 

resistant varietius 
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* Choose a pesticide that: 

- Is effective against the 
target pest. 

- Has directions on the 
abel for the intended 
use.. 

- Will not cause iniury 
(phytotoxicity) to the 
crop. 

- Will cause the least 
damage to beneficial 
organisms (birds, para
sites, and predators' 

Spray equipment 
Knapsack sprayers 
Kr ipsack sprayers are the 
most common and widely 
used sprayers for rice 
throughout Asia. They have, 
a capacity of 8-20 liters, are 
carried on the operator's 
back, and are operated by 
c o ntinuo u s h a n d p ump ing . 

Knapsack sprayers are oper-
ated by continuous hand 
pumping. The ptmp inside 
the tank, which, operated 
by moving an outside lever, 
may be either a plunger type 
or a diaphragm 'rimp with 
an air chamber. 
Some sprayers also have an 
agitator inside the tank to 
keep spray solutions tho-
roughly mixed. If the sprayer 
does not have an agitator, 
the operator may have to 
periodically stop and slosh 

-Will not move off the 
. , _-J -"-treated area, to persist in 

, .. the environment to harm 
-" humans, livestock, or 

' fish 

,, , 

.I / -Is the right formulation 
'" r ./ to work in the equip

ment the applicator will 
use. 

F,_--._....
 

Shoulder straps 
/ 

Operating lever 
Filler cap 

Airc-m e 
Airchme 

Agitulor f/ / [ , Tank 

Aorag t a n Cuto f fva lve 

- Cuove 

, 
Pump Extension tube 

Nozzle 

Part, of a Knapsack sprayer 

around the tank contents to 
keep sprays from settling 
(par icularly wettable 
powde's). 
The cut-off valve controls the 
flow of spray to the nozzle. 
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Cleaning the sprayer 

1. Empty the tank of remain-IngT petcieEither dtain 
ing pesticidfe. Either drai 
the tank on wasteland 
where the pesticide will 
not contaminate i;rigation,-spraying 
canals, streams, or 
cropland 
or the remaining 
spray the reinauimng pesti-

cide on a crop for which 
the pesticide is-4 
appropriate. , .4. .' 

"2. 
. 

"tion. 

5 
,,4 ..' 

,r
" , 

. 

.. 
,detergent 

. 

. 

. 
. 

I' 

: 

Fill the tank 1/3 full with. ilth a k .3fulwt 

solution, shake 
vigorously, then operate 
the pump 10 times whilethe rinse soli-

Pour out the remain-
Inig rinse solution. 

3. Repeat step 2 two times
using clean water. 

Drain the sprayer. 

Spray nozzles 
The spray nozzle breaks up 
liquids into droplets and dis-
perses these droplets in a 

Types of sprayer noz"!es 

particular pattern Different 
types of nozzles produce dif
ferent droplet patterns. 

a Fan nozzles 
Fan nozzles are used 
mainly for applying herbi-
cides They may also be 
used for directed insecti--
cide applications. 

ioit-fan 
'ozzle 

-I 

Tapered edge 
spray pattern 

Even-fan
nozzle Even-fen 

pattern 

.... . .. 

Orifice" \Tapered edge 

* Cone nozzles 
Cone nozzles give goou 
coverage of p!ant leaf and 
stem surfaces for control of 
insects and diseases. 

Cone nozzles 

ill 
.. . 

y.. 

1 

'A-" 
/ 

Hollow 
cone 

Solid 
cone 
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Calibration of knapsack sprayers 

1 	Check the sprayer to make swath distance
1.hecktheraer o ake Area sprayed established (m) traveled (m)
Sure there are no leaks,(a)ooo
the nozzle is clear, and the . v(a). .1p0,000
 

parts are in good Applicaion late ....
 
condition. 
 area sprayed 

2. Stake out a test area in the 
field. 	 Example:
 

spray swath 4 m
 
distance traveled = 40 m
 
volume sprayed = 5.0 liters 

Area 4 40 in
3. 	Place a known amount of.sprayed -ooor - 0016 ha 

water into the sprayer Applcaton 50 hiecs 
tank. ' rate 0016 - 313 les,ha 

p 4L -8. Next calculate the amount 
of the formulated pesticide 

•needed 	 in each 
sprayerload. 

"7, Example: 
You have a 10-liter sprayer 
and you want to apply 313 
liters of spray sClution/ha.

4.Establish the spray swath. 
 You want to apply 0.5 kgE 	 l t r wai of pesticide/ha and the 

5 formulated pesticide is 25 
EC (25% ai emulsifiable 
concentrate). 
a. First, calculate no. of 

sprayerloads/ha: 
liters ofspray solution ha 313 

31
 
sprayer capacity in liters 10 

b. 	Next, calculate the 
amount of commercial5. Enter the test area and formulation to be
 

make the test run, spray- applied/ha:
 
ing the area at the recom- _
 
mended pressure and 	 liiein qill hir (I 5 

- , -: ,, 20
 
speed. " " tr,l,.,irriiiilat,ioir 025
 

c.Divide the amount of/ 	 commercial formulation 
to be applied/ha by the 
no. of sprayerloads/ha: 

, 	", . ' 0 065 koo the cornrmrecial 
peShciid,fnrrrmilatior
.31 


Proper calibration of6. After spraying the test sprayers will ensure that
 
area measure the length of pesticides are uniformly

the test area sprayed, distributed and the crop is
 

coverec ;rdeqUately. This will 
improve pest control and 

7. Calculate the application save money.
 
rate in liters/ha:
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Pesticide storage and 
disposal 
Storage 
Store pesticides in original 	 DANGER 

PF'3 TICIDEcontainers in a safe, dry, STORAGE
 

locked, and well-ventilated
 
area.
 
They should be sealed,
 
correctly labeled, and kept

out of the reach of animals
 

and children.
 

Disposal of pesticide 
containers 

r-,
I - ,,\ , 

. 

" 
Rinse all empt't containers 31 
times with ciean water, and " , .. 

/ ,' 

durnp rinse water into the , 
sprayer, , , 
Separate the used containers 
that will burn and thc_ that"
will not. 

Where burning is not unlaw-	 Crushrushandburyand nonf~l.smal amuntsof crd-. 4 
ful. small am-ounts of card- ' ,, burnable containers in a land 
board or paper containers area where humans, live
may he burned in areas far stock, and groundwater will 
from humans and livestock. not be contaminated, 
Bury the leftover ashes. Containers should be buried 
Do not burn empty -" at least 0.5 m beneath the 
containers that contained 'soil. 
mercury, lead, cadmium, 
arsenic, or inorganic 
pesticides. . .. . . 

Pesticide calculations 

Simple conversion factors Volume: 1 liter = 1,000 milli- To convert g/liter to % divide 
Area: 	 1 hectare (ha) v liters (ml) by 10 

10000 square 1gallon (gal) . 3.8 To convert Ib/US gallon to % 
meters (M 2 ) liters multiply by 12 

Weight: 	 1 kilogram (kg) :- 1 tablespoon 10 To convert lb/Imperial gallon 
1,000 grams (g) ml to % multiply by 10 

Foliar sprays 
It is important to apply the 
correct volume of spray per Pasticie 

hectare when treating a field. 
If the spray volume is too 6 6 
low, the rice plants are not _ 0 6 
properly covered. 
If too much spray is applied. 6 

the insecticides will run off 0 Poor coverage Pesticide runs off 
the foliage and be wasted. 
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To provide adequate 
coverage, a knapsack 
sprayer should be calibrated 
(see page 389) 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 field (ha) 
c. number of sprayerloads 

liters of - size ofsprayer (liters) \ no. of loads 
spray/ha area of field (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: 

liter o f 10 liters (size o f sprayer) . 6 loads 60 
spray/ha 0.2 ha 0.2Adblbep 

To determine how many 
sprayerloads are necessary 
to achieve a certain spray 
volume (liters/ha), use the 
equation: 

No. of -. desired spray volume (liters/ha) .- area of field (ha)
loads s.z of sprayer (liters)-b.

loads ~~~sizeof sprayer (liters) 

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 .1 04 ha 

No of volume in liters/na) (area of field)
loads 	 -irsosy
10 liters (size of sprayer% 

250, 04 

10 
10 loads 

To calculate dosages needed 
for foliar sprays, convert rate 
recommendations to: 
1. percent concentration in 

the solution 
2. kg ai/ha 

Calculations of 0/. 
concentration 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. 

voIurrIV (a1l 0 v.Xght (ql 0oactiveI 
'0 of recr-.imiernded formilatiun ingredient 

concentration re..cornimernded h ime (mil) 

orwealhiofwater (91 

Example: 

Concentra-
Product Label recommendation Calcu!ation lion o the 

Solit
olio 
20 ml 50,6 

50% EC Add 20 ml of producti20 . .... 05 
liters of water 20 litersml/liter1,000 

50% wP product,5 gallons of water 5 gal ",3.800g/gal 0Add 15 grams of 15g - 50% 04 
tal espoons 

30.2 	h Add 3 tablespoons to5 10 g/tbsp 30% 
.........301 EC 	 - - . . 05 

gallons of water 5gal 3.800 g/gal 

Caiculation of rate when % 
concentration is known 
Necessary information: 
a. 	recommended rate (% 

concentration ai)
volume (liters of spray
desired/treated area)eie/rae ra 

c. % ai in commercial 
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 0.0 4 %. 
How many liters of the com
mercial formulation arerequired for the treatment? 

Solution: 

Spray volurrie needed 320 liters 0 5 ha 160 liters 
for the treated area 

volume of o recommended 
Liters or spray required spray ccrncent ration

2. commercial
formulation % active ingredient in formulation 

--o.... 10. ()It:' htel, 
.15
 

liters of 
Amount of commercial capaciy of
 

commercial formulation sprayer (liters)
 
3. 	material per .... ....
 

sprayerload amount spray required (liters)
 

If you have an 8-liter sprayer: 

Amount of material 0 142 - 8 

per sprayerload jK9) i60 

007 
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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 
c. area (ha) to 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 kilograms
of the commercial formula-
tion are required to treat the 
0.5-ha area? 

Solution: 
recommended rate .. area to be 

Commercial 
1. formulation 

fkg) 

(kg ai/ha) treated (ha) 
. ....... ....... . ....

% ai in commercial formulation 

10_06 
100 

0,75"X 0.5 
-- -- < 100 = 0.536 

70 

2. Volume of spray needed 320 iters/ha> 05 hafor the treated area 

luoJ liters 

kg of commercial ,. capacity of sprayer 
Amount of formulation (liters) 

3. 	materials/sprayerload = 
(kg) amount of spray required (liters) 

If you have an 8-liter sprayer: 

.536 x 8 

160 

027 kg = 27 g/sprayerload 

Use the same equation for 
liquid formulations. Amounts 
will be in liters and milliliters 
ind not kg and g. 

Applying pesticide granules 
Necessary information: 
a. recommended rate (kg 

ai/ha) 
b. area to be treated (ha) 
c. percent ai in the granular 

formulation 

Example: 
You wish to apply pesticide 
granules at a rate of 0.6 kg 
ai/ha to a 2-ha field. The 
granules contain 3% ai. How 
many kilograms of commer
cial formulation are needed 
to treat this area? 

Solution: 
r,.mmnded rate area to be 

Commpmal (kg ai/ha) treated (ha) 
formulation- X 10 

(kg) % ai in commercial formulation 

- -,2 100 40
3 
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Integration of Control Measures for All Rice Pests 
In this manual, the different 
rfce pests - insects, weeds, 
diseases, and rats - are dis
cussed separately and the 
biology and management of 
each pest presented Sunight 
individually. 

In the field, the different 
pests, the weather, agricul
tural practices, and the rice 
plant are interdependent and 
are all linked together in a 
unit called the 
agroecosystem. 

Tempertolure Rainfall 

t 
0o 0o 

Humidity 

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 Population possible while seeking maxi
other pests. unchanged mum prolt, although this 

For an effective pest man- , may cause some minor pests 
agement program for rice, the/ to become more abundant. 
effects of individual control t The following information 
and management practices Population 4_ Other pests . Population about some oi the general 
un the entire pest complex dcrees relationships among man
must be considered and inte-/ agement practices and differ
grated so that as many pests ent groups of pests and bio
as possible are maintained at Control control agents (predators and 
nondamaging levels. practice parasites of insects) as de-

Sometimes complete inte- I scribed in the table will help
gration of agronomic practi- in designing more effective 
ces and control measures for Population integrated management 
all individual pest species is decreases 4- Target pest programs. 
not possible. The farmer must 

*,',, ,.. € , . .. . :.' ... ,. .• 
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General relationship among management practices, pest population, and biological agents." 

Bacterial Fungal Virus Leafhoppers Biocontrol 
Management practice Rats We diseases diseases diseass Nematodes and Stem borers agents

planthoppers 

Cultivars
 
Short duration - ? N N - N N
 
Insect resistance ? - .. N - - -


Disease resistance ? - ... + + N
 
Pesticides
 

Rodenticides - - N N N N N N N
 
Insecticides . ...... ± - -


Fungicides N - N - N N ± N -


Herbicides . . ... N N N -


Nematicides N + N N N - N N -


Fertilizer
 
High N + + + + + + + + +
 
High P and K + + - N N ? ? N N
 
Split N application - -- N - N N - - N
 

Water management
 
Periodic draining + + N N - N - N N
 
Upland cultivation - + - + - + - N N
 
Flooded - - + - + - + N N
 

Planting method
 
Transplanting - - N N N N N N N
 
Direct seeding + + N N + N + N N
 
Close spacing + - + N + N + N N
 

Planting time
 
Early planting + N -..... N
 
Late planting + N 4- + + + + A N
 
Wet season f 4- + - + N 4- +
 

Cropping pattern

Staggered planting 4 N - + + N + + +
 
Synchronous planting - N - - - N - - -


Multiple rice crops J f- +- + + + - -


Crop residue management
 
Plowing stubbles .. . ... N - - N
 
Burning straw - N - - N N N -- N
 

Weeding . . ... N N N 

4 = increases pest populations cr damage, or both. - .- decreases pest populations or damage, or both. N - no effect on pest populations or 
damage, or both. ?--- feffect unknown. -pests may increase or decrease, 

CULTIVARS resistant varieties. Resistant borer-infected plants, to lations if they control fun
varieties control the leaf- which rats are attracted, gal pathogens attacking 

" Short-duration cultivars hopper and planthopper Control of insects allows hoppers. 
decrease rat and plant- vectors of rice viruses, plants to grow better and * Herbicides reduce rat popu
hopper populations. The Because of fewer prey, bio- be more competitive with lations that are attracted to 
planthoppers are unable to control agents decrease, weeds. Any management weedy fields. Herbicide use 
complete as many genera- but the ratio of insect pests option which increases reduces disease incidence 
tions on short-duration cul- to predator is lower, and crop growth decreases Lecause weeds are alter
tivars as on long-duration thus more favorable, on re- weeds. Bacterial and fungal nate hosts for some dis

, 	cultivars; thus populations sistant than on susceptible diseases are less because eases. A decrease in weeds 
may not reach damaging cultivars. pathogens invade insect- decreases species diversity 
levels. Weed damage is * Disease resistance damaged tissue. and populations of insect 
more severe because of the decreases weeds because Virus vectors - the predators and parasites. 
shorter time for crop recov- healthy plants are more hoppers - are generally * Nematicides may increase 
ery after weeds senesce. competitive. But healthy controlled by insecticides, or decrease weeds. They 

" Insect resistance has a and lush growing plants are However, certain insecti- kill nematodes that attack 
negative effect on pests also more attractive to cides, if improperly applied, weeds. On the other hand, 
and biocontrol agents. colonization by insects, will cause increases of control of nematodes that 
When insect populations planthoppers, a condition attack rice results in a bet
are low, the crop grows PESTICIDES referred to as resurgence. ter rice crop that is more 
faster. The canopy closes Fungicides increase crop competitive with weeds. 
sooner and thus shades the * Weeds grow where rats growth and thus decrease Nematodes which para
weeds. Bacterial and fungal damage rice. Rodenticides weeds. Because some fun- sitize insect pests may be 
diseases decrease because help rice to compete with gicides have antifeedant partially controlled with 
feeding damage on the weeds. action and ovicidal effects, nematicides but other bio
leaves and stems, which * Insecticides reduce all the they may decrease control agents would prob
allows entrance of patho- pests. Rat damage is less hoppers. However, they ably not be affected. 
gens, is less in insect- because there are few stem may increase hopper popu
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FERTILIZER 

" High nitrogen rates gener-
ally favor rice pests, and as 
the population increases 
the bioconfrol agents also 
increase Rats prefer to 
attack lush growing plants, 
and insects and diseases 
grow well on healthy, lush 
growing plants. 

" High phosphorus and pot-
assium make plants grow 
well and attractive 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 weed 
growth because the 
majority of the amount 
applied is used by the rice 
crop; very little or n.ne is 
left for the weeds The crop 
should be weeded before 
nitrogen is topdressed. 
Fungal diseases and 
insects are decreased 
because rice vegetative 
growth is less rapid with 

populations and exposes 
rat burrowing space on the 
levees, 

9 Upland fields have higher 
populations of weeds, 
nematodes, and a higher 
degree of fungal disease 
infection, especially blast, 
Blast is favored by upland 
conditions because *here is 
much dew on the plants. 
Bacterial disease incidence 
is low because moisture to 
disperse the pathogen from 
one plant to another is 
insufficient Hopper poipula-
tions are low because of 
the dry ecological condi-
tions and thus virus carried 
by hoppers is also low. 

• Flooding helps to control 
rats, weeds, fungal dis-
eases, and soil-inhabitirg 
nematodes Bacterial dis-
eases increase because the 
pathogen disperses rapidly 
oy water and enters the 
plant where it is in contact 
with water Vectors of vir-
uses, the hoppers, increase 

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 because of the 
competition fro: i rice 
plants. 

PLANTING TIME 

Early planting Is a cultural 
method that effectively con-
trols most pests. But when 
a farmer plants earlier than 
his neighbors, 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 

cially in the latest planted 
fields. Pests which build up 
in one field move to 
younger adjacent fields 
when they mature. 

v Synchronous planting has 
the opposite effect of stag
gored planting and is an 
effective cultural control 
method. 
Multiple rice cropping 
increases the incidence of 
all pests and the popula
tions of biocontrol agents. 
Proper pesticide manage
ment practices must be fol
lowed to conserve the bio
control agents necessary 
for the increased pest pop
tulation when 2-3 crops a 
year are grown. 

STUBBLE MANAGEMENT 

* Plowing is an excellent 
management practice that 
controls most pests 
because it removes the 
stibbles which serv - as 
their habitat 

split applications at trans-
planting and panicle initia-
tion. Highly fertilized, 
rapidly growing plants are 
more susceptible to fungal 
diseases and are highly 
nutritious to insects. 
Moreover, the closed can-
opy provides environmental 
conditions suitable for 
hoppers 

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 

tnsect populations. 
Late planting increases 
most pests. Rats increase 
because they move from 
the harvested neighboring 
fields to the te planted 
field which still provides a 
source of food and cover, 
Wet season planting favors 
most pests because of the 
large area planted to rice 

* Burning straw also 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 

WATER MANAGEMENT 
seedlings which are almost 
a month old by the time 

and the abundance of 
alternate hosts. 

* Weeding destroys habitat in 
which rats hide and de

* Periodic draini~ig of fields 
increases rat and weed 
problems but decreases 
virus vectors and, conse-
quently, virus disease infec-
tion. Rats increase because 
draining increases weed 

weed seeds germinate. 
* Direct seeding increases 

weed populations because 
it makes hand weeding dif-
ficult. Moreover, there are 
no herbicides that are 
highly effective against uit 
various weed species. The 

CROPPING PATTERN 

* Staggered planting of 
neighboring fields favors all 
pest, 3xcept weeds and 
nematodes. It also favors 
biocontrol agents, espe-

stroys alternate hosts of 
pathogens and insects. 
Biocontrol agents are most 
abundant in weedy fields 
and species diversity is 
greater. Thus weeding has 
a negative effect on biocon
trol agents. 
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Implementation of Integrated Pest Management Strategies 
Implementation of integrated 
pest management strategies' 
design begins with farmers in 
their communities. It is 
community development . 

because through the process, 
farmers learn to recognize 
and deal with their ownf 3 4 
problems. By designing their 
own strategies, farmers learn 
how to gather information, 
make decisions, and execute / 
them. / 1., 

i1he same time, those ntensity of interactions 
who are implementors learn 4-i ," dec! ne with time. 
how to listen, obtain Cnca technology for a 
information from outside region has been 
sources, and communicate approx-mated, integrated 
that information to farmers in pest rmanagenwcnt 
a usable form. irnplementation can jump to 

This process requires a the extension phase in 
continuous commitment, I nearby villages without 
beginning with an applied W duplicating the applied 
research phase of about 2-3 * research phase. 
years' duration followed by a 
perpetual extension phase 
only the frequency and 

APPLIED RESEARCH PHASE 

Site selection 
Integrated pest management 
reverses the concept of 
developing national u 
recommendations derived 
from research results in a 
limited 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 should ....

be selected because farmers -
there will be more receptive. < 

Focusing on one or several . :'
villages allows concentration . ,, 
on the social processes of , 
strategy building, not on the 
recommended tactics 
themselves. Farmers must 
own and control the 
technology if they are to feel 
comfortable using it. 

I.P 
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Team formation 
Teams to be formed at tie D,;rs can be an econormist gathering and interacts with possible to the target villages. 
regional and national levels and an agronromist. farmers. One person is The site coordinator serves 
should involve research, The regional team is selected as a coordinator as a conmUnication bridge 
surveillance, extension directly involved in data who shoald live as close as between the various agencies 
organizations, arid farmiers and personnel working at the 

The national team acts , site anc makes decisions 
a coornilnatinq body arid r ' involving use of shared 
supports the regional tearns - resources. 
financially. logistically. arid ; ; i.J 

At least ore formial 

meeting ShOLdId heldhold".each 
year, where thereciiorial . Kn7 '..*'_ 
tear;rs report their resuilts to 

the national tearrv 
The regional tearn sireuld ____,____: \' 

atn

ait the riiiriii~i have str euq 
pest control researclh. ' 

surveillance, and exteniori 
components Fhe extenlon \ i 

SerVICe shouLld have a hitrof working with the farmer.s <7
 
inthe site area Nor pest-"
 
control oese'tc h team ilr1i

. 
fu~nned, a nieting should be . , 
held in each of the vilaqles ton 
describe the purpose of the 

.
 

Once the re lonal team is . * _ ,,-. 

progran to the farmers ind,
their leaders. If tiheIarrnis(,Z:...' . 

are receptive, several of their 
leaders should becom at . 

of the regional tOan If th ,y 
do riot voice support h.r the 
progran, select another sito. :4 

Site description 
Information on the biological. 
physical, socioloccal, and 
economic aspects of the 
target arca wil' he neederd to 
develop pest strategies 

Extension workers and 

* The econornist .rruul" 
peform a baseline sutrvey 
to determine farrs'crop 
production practices 

__ 

tenure status, labor 
ar rangements. varieties 
used, cost cf credit, labor, 
and agrochemical usage to 

calculate costs and retLrns 
from rice troduction This 
information helps 
researchers to decide what 
technology to test in field 
trials arid gives them price 

,esearchers wl 'ohave 
worked at the site and ' •. 

struictures with which to 
evaluate technology 

farmers should be " i - performance. 
consulted aIbout soil., 
weather, and agrorionin: -, ' r :- S. 

features as well as pest \:-' " 
problems It is important . 

that the tearr learn how to :. __.._, 

grow rice crops that B 
achieve the agronon ic ".• 

potential for the site Au i 
agronormist tearn merrbe -
can provide this " 

un etk on-site." .... ,''T l il 

agronornic trials to confiri, 

the technology. u',r*t ," _ _ _ 
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Through interviews, 	 o.,.1 
-, / _ . . "%
,''.J,.,,,.'L:lli .
researchers in each: 	 , " .,.," .. 

'j .
discipline should determine 

the keV pests as perceived . I"
 

by farmers and the control 
 .. .,"1
 

measures used. Farmers' , . .. .
 

pest control methods . '
 

should be evaluated foi . "p
 
their suitability along with -.
 
newer technology. "" t .
 

, * Prices for agrochemicals 
' 
- \should be obtained from 

4 .local outlets. 

* 	Trials conducted at the site 
should quantify yield losses 
and identify the key pests 
responsible for those losses - -" 

so that control strategies . . 
can focus of' actual . . 
problems "... 

Research for design of pest 7 . . . 

management strategies 
The basic philosophy is to 
start with an understarding. 
of the farmers' crop '
 

production and pest control
 
practices Field trials, far mer
 
surveys, and other oi-site
 
data gathering activities will
 
pinpoint key posts arid
 

quantify economnic iss/A. 
=. ..
combating the key pests 	 .

should he assnssedL 

Features of tlie farmers' . WET SEPION CROP
 

production and pest control
 
practiccis that might . Field 5 Field 5
 
economically be changed to
 

p:oduce profitable and stable F Field 4
Field
 
yields should be determined. 


Cultur-l control methods
 
shoul be assessed. Can any Field 3 Field 3
 

_-,_______be fitted into the fFrmerss".___,"_'___.___ 
sys!ei Q. SUch ideas should Field 2 Field 2
 
be (tscLssed in farmer
 

meetings. Such meetings
 
may lead to a field trial to test Field 1 Field 1
 
potential practices or to 

i[ __ . _ L ._L.........
commUnityw cle adoption of [ .... 
Sep Ilo'; MUy JuI Aug 0c1 Dec 

synchronous planting. Feb n' A)r Jun 
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Any pest-res~stant varieties 
not being grown can be 
discussed with the farmers as 
they may have very good ..
 
reasons for not growintg 
them. A field trial designed to 
test the yield of arid pest 
reaction to resistant varieties 
may be undertaken. 

The efficacy andMea.ures to conserve 
of pesticidesnatural enemies of pests -"profitability 

(fricurcides. herbicides,shouild also be assessed with t . 
- r i.t!cides. insecticides) 

- should be verified at the site.
farmers, for example, c 

pointing out that certain 
- Ecoriomic threshold valuespesticides cause pest 

for insect pests should be resurgence arid indiscri-
refined and verified by orminate use of pesticides nay 
site field trialscause more harm than good. 

measure yield loss and testVerification trials such as the growth stage and refine 

Testing '.,... .. ' - , 

Separate trials should be .
carried out by weed.discase. . "\ " , . ,,. f 

insect, and vertebrate pest 
control disciplines The 

',.. 

.. 

. 

.,,,, .- 4.J 
- jr,,, ,o, ,. 

results, however, will be , 'ri .. 

examined and analyzed with ......... 

researchers from other 
disciphnes.The farmersdiscplies.control
should agree to help with the ' 

trials Land should not be 
,trl 

iWeednsect 
control

trial 

.. 
-

, 2 

, _ 

rented, but the cost of inputs . ,,ld 2 

for groving the crop can be 
given to farmer cooperators .'. . F eld - _ 

who, in turn, will grow and Fe 1 

maintain the crop. excopt for - ' 

operations iviOvini the pest 
discipline Ihe farrr IL,tarsS 

F r ". 
Diseas e. 

" 

" 

the yield and bears tr,,ri,;ks, 
from crop darmage fri)r 
sources outside of the / 

'--S 
,trial. 

trial 

I 

n , "l- Ratto 

management of the trial. e g. 
stray livestock, drought, andfloods. 

Treatments are replicated 

[ 

..., 
". 

, ,1.R, 
.I'mf 

,..,f& Joooo, 

on different farms to expose .d •'. 

the technology to the realistic . . ,-- - ., 

range of variation existing 
among farms. 

The trials are conducted at 
the tine the crop is grown by technology is tested. measure yield loss at each e weed control trial to 

the farmers. The farmer 
weed control practices

cooperators shoUld plant the following are conducted: and verify economic 
• rodent control trial to

trials over the existing range e va: iety trial to evaluate pest thresholds. Information on 
yield loss helps in the measure population levels

of planting dates at the site resistance (particularly 
interpretation of treatments and test the suitability of

Verification trials differ diseases) and yield 
that will establish r.ionomic baits and bait holders and

from experiment station trials potential: 
other control practices

in that only proven e insect control trial to threshold values, 

I 
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Evaluation 
Each of the trials should be 
conducted over at least 2 
years for each season until 
the research team :z satisfied 

Economic analyses of the 
pest control technology 
should Include costs-and-
returns and beneft-cost 

EXTENSION PHASE 

After the regional and 
national integrated pest 

acute pests, monitor the 
development of tiotypes and 
races resulting from new 
pest-resistant van. ties, 

that the technology is
suitable 

ratiosReturns piofit) should 
managtement tearls have
tested and formulated an 

participate in the introduction 
(ofexotic natural enemes into 

exceed the levels farmers integrated pest manage,,ent the ,.ountry. handle mass 
receive from their current strategy, the information is rearing and release of 

~Rs 
Rs,,5. 

pest control practices 
The benefit-cost ratios for 

materal inputs shild be 
higher than two. rn,1an g 

extended to farmers 
throughout the target area 

The farmers themselves 
nust be given technological 

indigenous natural enemies, 
and monitor the development 
of pesticide-resistant pest 
populations. 

[,'" that there should be at least a information to be able to 
I two-to-one rate of return diagnose field problems and 

from investment costs miake management decisions. 

B 
The econornist niember of 

the team can evaluate the 
The funCtiOnS of a national 
pest surveillance network are 

technology t(. ,nredict epjidemcs from 

TaKa 

Farmers' classes 
The first step is to hold 
weekly farmers' classes in 

units in more populated. , - . ,"., " \. y 4' . " " 

location s) for an entire crop , "'-

season The technical 
information is explained in 

. 
i " 

the weekly subject matterI 
sessions lasting one to two k. 

OLrS each Each session • [ 
involves a short lectuire, with IN 
demonstrations if pos.sbbl.. . 
followead by cjiestiorr a3 
answer periods and then a 
field exercise 

Before classes begin, the 
regiona:, trarn should invite 
all farmers i. the village to a 
general meeting to explar, 
the purpose of the classes 
The farmers then decide 
where and when the classes 
will be held and what 
subjects to cover first The 
subjects should include all 
aspects of crop production 
as the extension officers 

nanagement. After this 
meeting the research 
rmlnmbers of the tearn no 
loru(.en are directly involved at 
t(ue ite other than to 
diagnose problerns and 
prescribe soIlutiors to teid 
problems that trouble the 
extension officer. However. 
researchers aie accountanle 
for the pertormance of the 
technology and must 

The eAtension officer will 
organize each weekly class 
arid present the information 
to the farners The attitude of 
the extension officer toward 
the farrneis and the manner 
in which the classes are 
conducted are critical to the 
success of the 
implementation process 

Classes are only an initial 
step in the farmers learning 

expost Ii)tnew knoiwledge 
that c(uli tv K Ittieir 
c rlisity t elreite InItheimrri a 
desire to attend weekly 
rncetings over succeutinr~g 
crop seasons to learn more 
If tanners attendance at 
meetings declines, the 
extension officer must visit 
tfie farmers in their homes 
more frequently to establish 
social bonds with thum. 

responsibilities are broader 
than simply pest 

respond if the technology 
fails in any way. 

process. Through the classes 
the farmers should become 
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the classes should haveFarmers will not be able to 
assimilate sufficient sufficient social and technical 

skills to develop a solidinformation over a period of 
only one crop season no rapport with farmers and gain 

their respect.matter how well the 
The farmers' opinions aridinformation is presented. 

ideas should always beTherefore, there is no need 
respected, and tne extensionfor elaborate training aids 

such as movies, colorslides. officer should have no air of 

or handouts. A blackbuard is / superiority The officerto classhelful hoevr .- -e. should always come
helpful, however. Written , ,I y 

time. comfreqent
quizzes o,examinations ,on 
where farmers ar-.e ted .absences will lower farmer 

attendance at meetings.should be avoided The 

extension officer conducting '... .
 

Follow-up meetings 
Farmers learn to diagnose f lt f l it I 
pest problems and make 
control decisions through 
experiences where they ive 
not told what In,do hitlhe 
have to think on foci ow fU W 
Because theexternio, gffl(Ali 
cannot mecet ithi each W1WU' 

farm er in the villa gerr k / . ... . . .... .... .. .. .. . . 

f-its mportant t,: t s r jA 

wrefarmerorgrirshe 
utilized Organizations sicn 
as irrigation associations 
where fairmer groupiriq- Hr.ue . 

based on field location are 
deal 

Al er the farmer classes 
are over, the extension officer 
should met with farmer 
leaders during succeeding 
crop seasons Each farmer 
leader should represent no 
more ,han 20 farmers. These 
follow-Lip meetings, again 
held weekly at a 
predesignated tirne, could 

rotate among the hoie of 

the farmer leaders.# # # 

WO##L#f###j
_Wit 
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the problems are shown toGroup decision mak;ig is 
an important espect of the ]"the extension officer who 

confirms or rejects thelearning process. Before 
farmers diagnos andeach weekly meeting each -. 

. * i solutions. During the fieldfarmer leader needs to meet 
- tour the extension officer canwith his members either in 

" '. \, point out problemsgroups or indivicually and • overlooked by the 1irmers. 
II scout their t t'ar ' le.. rsntogether they w 

The farmers cfields to diagnose proolems 
little more from theand arrive at solutions 	 'I IHowarrvethfrmswlot,

Howeve,the f,arners wllnrot .. - , -,, "'" " - /	 discussion in the field. TheHowever t.he' tit i h 
carry out any field operations . , ' 	 problems brought outinthesuch~ s .0 i pplicatonriasp~ ,,? %.:,j, follow-up meetings may deal 
Sunt at 

Ic tst e jct oir' 
' , '. . ff 	 p ro ct np o le suntil after the we kl v follow-' "" ;" ',' • 4cr 	 not only with pests, bat all 

crop production problems.up meeting with th, /* 
These small lessens learnedex'enson officer 
e1ach week. however, mustEach follow-upIm-oetrn.i 

may latst one ito two nors Ifocs eonproblnms as they 
iiat Thi ly 'le I I thle fieldHalf of tfe frm e is spent ,ln

discnssrorrs at tWe honic ot T 'ii 410(111 i)ffic.r 
shor 1>INr ii onlyone of tre iirfiw r leaders ind 
for techn d ,y Directtie othor half i a short 
involveirit iii a ciecitveriif ition tour iri the field 
prg li il lestrii his or herTao,: farimer r inp leaders am 

repurt to the e t,,nsior. officer ,'Titi e ,5 
Tieth , fl(l wl they ,1ia ,,osed 

arid tiw wt!or tihat tirey " 	 rn-f> thi, tr t thf e 
r" rd atiolh ih( - , i lt no taken ITa 

n i if i iotleir:r-prhieiis andt ttie 
lfibut dieV at- teihrroloqrcis 

nct make a decision until 
arm.,:!ey ire in the fields. There 

. . . .. . . . . . . ... . .. . . [ - . .. . . . . . . . . . . . 

As the farmers' capabilities - I 

in problem diagnosis arrd ,. . , .x P ; 

decisin makinq progress " .,- ,.-,. 

over scveral crop seasons. " , , . . 
the frequency of follow-up 
meetingsmnay be reduced to L.. 

- r ' i - '--,... 

twice a month an... 
eventually, to only two or ,. i .. 

three meetings per crop 
season. , 

. 
", 

. 
. ..."-* i, ,-

Farmers not only can -, I" 

begin to monitor field -,, 
problems for themselves but - ----

also can extend these skills 
to other farmers F--4. 

Because pest proble-is 
and solutions change wih. 
time, there will be a continual 1 ,,A Z 
need for the extension officer ' - - " -. 

to maintain scheduled visits . 

to each village. Each exteii- -_" 

sion officer can readily cover 
6 to 10 villages or village
units.-' . 

- -. 
"'"" '" '". 

, 
.= . .. 

. 

.L ,.,: -. ; 4_.", ;-& . 

I A~ ___ 



408 INTEGRATED PEST MANAGEMENT IN RICE 

Arthropod Identification Service 

Guidelines for preparing specimens 
" Immature (soft-bodied) specimens _ _ 

- Kill by immersing in hot (not boiling) water for 
10 minutes 

- Transfer to 1 ) vials containing a rrixtUre of 80 
parts 850o alcohol 5 parts glacial acetic acid, 5 

parts glycerine, and 10 parts clean water, or 2) 
vials containing 80% alcohol 

- Fill each vial to overflowing (no air bubbles) 
before capping. 
Dip the cppped end of the vial in moltein ,

candle wax or paraffin to sve;il~' 
" Adult (hard-bodied) specimens 

Specimens latger thiui5 min 

Pin or wrap In soft tissue paper (do te wrap 

in cotton which is very difficult to untangle 
from specimens) 
Dry specirnenls after piniri irid before 
wrapping 
Specimens srrmlle thi 'i"iim 
Preserve in vials filled to overflowing with 80"o 
alcohol 
Dip the capped end of the ,ial III molten 

candle wax oi Iaialfi t(,seal //Cotton 

" Infornation ahu! fore!(ih sprlwc ir . either 

pinrned wrapped or reveroi inIII i(Ohl shouild 

containCardboard 
- Type of rice culture afid Iivioriint ... .... Cadboard 

Stage of the host eg. larvt pupa. or adult Pinhead 

-- if specimen is a paraste -Pin hed 
-Name of collection area ,riddistance to 
nearest town that can 

road map, and 
te fb(nt oi a pipiilar 

Pinning bottom 

-- Collection date and ritn e of collector 
• Prepare 5 male and 5 feinale, and 10 umniattre 

specimens of each athfropod to be dentified. 
Shippin; specimens 

" Pinned or wrapped speciirnens 
Remove all preservative crystals from boxes of 
dried, pinned, or wrcr:,ped speciniens before 

shipping 
Pin specimens in a strong box that is provided 
with a strong pinnaig bottoni such as cork to 
hold pins (Fig. 1). 
Place additional pins on each side of every 
pinned insect to prevent movement ,-- --- " 

Place a layer of cardboard on top of the pins. ---...... .-

- To hold specimens snugly, place a layer of Box of 

cotton between the cardboard and the top of T specimens 

the box. 7 

" Specimens in liquid 
- Wrap with cotton each vial containing 

specimens preserved in liquid 
" Packing for shipment 

-- Pack vials or tire pinning box in a larger 
containr (Fig 2) At least 5cm space 

- f you are shipping specimens in vials and with packing material 

specimens in a pinn!ng box, keep the two 
containers separate from each other in the 
large shipping container - Enclose in the box copies of any letters sent 

- The shipping container should be large separately 

enough to permit surrounding the specimen - Send specimens to. 

boxes with at least 5 cm of packing material 
on all sides and on the top and bottom. Entomology Department 

-- Include your name and address in the IRRI, P 0 Box 933 
shipping box. Manila, Philippines 
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plant.Defoliation. Removal of leaves or portions of leaves from aAccumulative pesticide. A pesticide which tends to build up in the 

tissues of animals, plants, or the envi,onnient Dermal toxicity. How poisonous a pesticide is to man or animal when 

Acute toxicity. How poisonous a pesticide is to an animal or mlan absorbed through the skin. 
Dew. Moisture condensed from the atmosphere which forms small

after a .angle exposure 
Adult. The mature stage of an insect which occurs after the nymphal dro[ -, on the surface of plants. Hot days and cold nights nroduce 

Adults hive rature Sexual organs and LisLially concensation.or pupal stage-. 
Direct damage. Plant damage caused by the feeding of an insect

have wings 
through the removal of plant sap or plant parts as compared with

Adult activity. Ahiirdanis of adiit inse(:ts is iidicatfrd hy light trap 
indirect damage caused by a disease transmitted by an insect

catches 

Irl which causes delayed symptoms.
Alternate host. On. of tire tvo or rue kirnds of plants on vhich 

insoct nr diseas. rimy coirplto its life cycle Direct seeding. A rice planting system in which seeds (either 

Annual. A plaint which ciirijletns it-; lhi' cycle ,n oriyana r (-ss The pregerinated or or ) are sown directly in the field. 

Disease. A condition in .'hich use or structure of any part of thelf ( '.alttaf i, ltiro elii; or nitiirity 
o living organisnI is riot normal.Antibiosis. A Iyp. of vametll iter,lnct: In which i tsfu ut gro W 

thle plant 	 )lift. Movement by the wind or air currents of a pesticide in small
ib ont,r rp(fdoof dl 

as dust patticles fron the target area to an area not
Anticoagulant. A i liniicl uiiod for osdro t control vhitiii wnern eaten droplets or 

ire'.rrit. nloiid t rittrnl t,, n 'i tiini It c:insrsnt'rf, -im lt K 	 intended to be treated. 

the irit to bleed toi fIti. Drizzle. A light rair falling in small drops. 

Antidote. A ernwdv to (-i, r'.,ict tlh tx ic Ifects of a pesti:iij -;Ich Dryland (syn., upland). Level areas without levees and sloping areas 

as atopine silfalr fo ciir) r:ratt- and pniphate poisonqn which are riot terraced where rice is grown during the rainy 

(oi by fiirili in aI sii-lkO body called seasoui without retaining water in the fieldAscospore. The sport, Pr' 
Dust. A finely ground (try mixture continiig a small amount of

the ascus 
psticide and a carrier such its clay, talc. or volcanic ash The

Awn (syn.: arista, beard). A to ctle like exteiisiirn of varying leliltir 
.iJt is carried to the lice plllrrts by the windoriginating fron the lerriia of 1hrt rici crairr 

study if the effect of cliratic. soil,
Bacterium (pl., bacteria). Prmitive on :rled rmicrorciipic orrpr- Ecology. Inl weed science it is tfi 

irisnrs which reprodicir by fission ,)niie ,t lnd tpjographic. and biotic. factors urn weed pOpulalionSbiuirir infct iri :i 
Economic injury level. The pest population density where the lossprodiice disease syriptorrms 

Bait. A feod stistanco. rmixed with a Irtii'iit n. .-:,Ihih :ittri(: s a lwust caused by the pest is greater than the cost to control the pest 

The pest density at which artificial control rneasures are econo
to eat the Pestiide 


Bait shyness. Occirs whren rats learn to uresociate their illess wt Ircally justified
 

nave fed and stop fNredirg on it Economic threshold. The pest density at which artificial control
poison hait ipon whch they 
vi;ch kill insect pests arid thtre- measures should be applied to prevent an increasing pest

Beneficials. Parasite, arid piedators 
fore help redice insect pest pupilatins population from reaching the economic injury level. It is a control 

Biological control. Fit, rrur-dirtr:tt control of insect pests by action threshold which tells the farmer when he mUst take action 

or to prevent a pest outbreak.rmzployirg natural rirars i , pitdators parasites 
Egg. In insects, the reproductiv hody in which the embryo developspathogens 

and from which the nymph or larva hatchestp of siurvivin 

damaging varieties thlat aresitant t,, "ti populations of the Egg mass. A group r:f eggs deposited by the feriale insect which are 

adjacent to each other as in the rice bug or overlapping such as in 

Biotype. A popuilation (,f ir sects mat ihieati on and 

sarne insect speci. , 

the yellow stern borer as opposed to eggs laid singly
BPH. Abbreviation for brorwr planthrjpr 

adult insect leaving the pupal case or
Bract. A leaf from tni. ax ,f wrrichi a flower aisi Emergence (insect). Act of arr 


Broadcast application. To spreiad pesticide gIrariils hV r
hiirt fast nymphal skin 
Emigrate. Movement of animals such as irsects or rats away from a

rachline randomly ouer I sLiface area 
particular area 

Emulsifiable concentrate. A pesticide formulation with a large
Chlamydospore. A t.ck-walled. resting fungal spore also used for 

smut spores 

rnarn amount of active ingredient dissolved ,n a liquid, plus an


Chronic toxicity. How poisornous a pesticide' is to an animal or 

after small, repeated doses over a period of time emulsifying agent When water is added an emulsion or opaque 

Clod. A onass or LiMnp of aggregated soil. utsually clay soil liquid is formed 
as

Cocoon. A silken case made by the larva arid Inside which an Insect 	 Eyespots. Eyes of ar insect embryo within an egg which appear 

spots through the egg shell 

Coleoptile. Appearing at seed gerrination, the cylimder-like. prolec-	 Fallow. Land that is ordinarily used for crops but allowed to lie idle. 

Flag leaf. The uppermost rice leaf originating just below the panicle 

pupa develops 

five covering that encloses the young pluIrrtile 

Common name. A oniversally accepted name given a pesticide Oy an base 
Flowable. A liquid chemical formulation in which finely ground, solid

appropriate professional organization 

Condensation. The reduction of water vapor to a liquid on 
the leaf particles of pesticide are suspended in a small amount of liquid. 

Foolprint. An impression of an animal's (such as a rat) foot in a soft
surface 

Conidium (pl.. conidia). Ai / aisexiual fhinqal spore except sporangio- or wet soil or on a tracking tile. 
Formulation. The form in which a pesticide is sold for use, e.g. dust, 

granule, wettable powder, emulsifiable concentrate, etc.
spore or chlamyclospore 

Contact herbicide. A herbicide which affects only those plant parts 
Fungus (pl., fungi). An organism with no chlorophyll, reproducing by

with which it comes in contact 

Cultural control. The rise of agronomic practices such as soil tillage. sexual or asexual spores, usually with mycelium with well marked 

varying planting time, fertility levels saritation. water manage- nuclei 
Gall. An abnormal plant growth, swelling, or tumor induced by

Ment and short-duration cultivars to reduce pest populations 

as an insect
Damage (plant). Destructrn Injury, or loss in value caused by the another organism such 


feeding activity of ir.cects and rats or by disease infection or by Generation. The time between birth and reproduction of an
 

individual
weed rrfestation 

GLH. Abbreviation for green leafhopper.
Deadheart. Dead rice tiller caused by a stern borer which girdles its 


base
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Granule. Pesticide impregnated on dry particles, larger than those 
used as a dust which allows it to be spread by hand. 

Growing point. Mass of meristematic tissue at the stem tip where 
growth in length of the stern occurs. 

Habitat. In weed science, a location or site where a weed commonly 

grows, as in ricefields, levees, arid irrigation canals 
Hatching. The emergence of a nymph or larval insect from the egg 

Herbicide. Chemical used to kill or prevent growth of weeds. 

Hibernation. A period of arrested development usually due to cold 

temperatures. 
Hill. A group of rice plants directly adjacent to each otlier hecause 

the seeds or seedlings were planted together A hill may also 

consist of only one plant 
Hopperburn. Drying rp eli ice prlants ciised by the feeding of leaf 

and planthoppers wurce remove plani sap 

Horizontal resistance. A rieneral rtsratance, controlled by rnany 

miror geiies which piovidesres stance (isrially nioderate) to all 

disease races, or isect hiotypus of a qiven species 
Host. The orgariism -in ; it parasite hive. he plant on which a 

pest feeds 
Host plant. A plant 1IC~r5 which -nivw s as a ,roirc( at food, shelter, 

or as an ovipn);nti,,n ;it,, for vsirr()t OTqaiiisins 

Humidity. The arniotint t watei capor in the air 
Hypersusceptibility. A tI,,oe at resistancnr to a disease in which 

rivadid cells are killed 'o quickly that tan( disease rnains local-

tzed and caniriot spread throighotit the plant 

Immigrate. IMvovemnent ot aninals sich as insects or rats ito a parti-

cular alta 
Immunity. A type of esistance to disease in which the rice plant i 

riot attacked tinder an coinditions Rice cultnvars are rarely 

Iriiintirie to rjCir iseoss 
Inhalation toxicity. Howi oii ri ,Si a poesrlcide is to inall o f arlinlal 

whiil it 1; b aitho if) 
insect. [triher, if )(ta i loiled legs"*with tiriu-liphyluim /ctnror 

hiiiictunrstcs it sx lgs. d vlsiuon )t the hody into lirte dnt inct 

body regitons read. thoirax. and abdonen), and wings 

Integrated rice pest management. Mainagerirent of rice pests riFcliid-
ri diseases. innr~lects weeds and rodents at populations below 

the econrmi c inpiry level throutgh the rise of combinations of two 

or iore control inrthods stich as biological and chernical control 

Label. Inforrnation attached to the pesticide container which shotild 

include the narne uf the pesticide. nrianUfactureis nane. ret con-

tent, ingredicnt stritenrent warrig statemrrent. directions for- ise 

and antidotes for aiccidental porsoiruig 
Larva. An irunlature stage of an unsecrt occLrtring betweeri Ihe (e.g 

arid pLipal stage in insects haviin complete inetariorphosis 

Latent period. Incuhation period ofa'itairus in an insect The time 

between acquisition Of rhe virus and the tnle when the rslect 

becomes infective 
LC (lethal concentration). t C. refors to th concentration required 

to kill 5000 of test anirnals ir a given fir re period. LC valtes are 

expressed in rug pesticide liter of air or liquid. 

LD (lethal dose). LD., refers to the done of pesticide required to kill 

500o of test animals in a given time period LD, vaulnes are usually 

expressed in pg pesti ide g or mg pesticide kq body weight of th 

test animal 
Leafhopper. Insect of the order I iomoptera, family Cicadellidae, 

which feeds by removing sap from veins in leaves of the rie 
plant Mare slender and qi.ick moving than planthoppers 

Leaf sheath. the lower part .f the leaf originating from a node and 

enclosing the stern ct;m) ,,hove the node 

Leaf veins. V.'scular bu-les of the leaf seen. externally in monocoty-

ledonous plants suL as rice, as longitudinal ridges 
Lemma (syn., outer glu ne). The hardened 5-nerved bract of the floret 

partly enclosing the ralea 

Lesion. Loc3lized spot of diseased tusure on a plant part 

Levee. Dike made of soil to retain water in rice fields 
Life 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, consisting 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 concentrates ano flowable 
formulations. 

Lodging. To fall down. Characteristic of rice cultivars with weak stemss 
to fall over when Linder the influence of strong winds. Lodging 

most common near harvest when the upper portion of the plant is 

heavy because of the weight of the grain. High nitrogen, high 

plant populations, and weed competition contribute to lodging 

Management (pest). Management of pest populations through the 

use of monitorirg methods arid the enrploymeit of controi nrea

:,ures based on econormc thresholds 
Midrib. Central vein of the leaf. 
Milk stage. Stage occurring durng the ripening phase oT rice growth 

and development when the nside of the grain is at first watery but 

later turns milky in consisten:y. 
Mine. A cavity between the upper and lower surface of a leaf caused 

by the reiroval of plant tissue by the feeding of an insect larva. 

Modern varieties. Dwarf, stiff-sterinmed, fhili-tillering, nitrogen
responsive, plihtoperod-isensitive high yielding varieties in con

trast to traditional varieties (callivars) 

Molt. In insects, tile process of shredding the skin 
Monitor. To make reglilar obse/vations to detemiIine! tii (resIty or 

feeding activity of a pest popilaticiin 

Multiple crops. Two or more crops in toe sane field in a year 

Mycoplasma. Virus-like agents 
Natural enemies. Pathogens. parasites, ;nd predators whizih regulatt, 

populations tt itisect posts 
Node. The solid portion of the jonted ;,ten Leaves, titeis, and 

advetifrorn; rants amsi fwie ii l -,l ii the stefii 

Nonprelerence. A typn of risl,;tin:i ri wich ecti:, itonlr teed 
u o i)Vip (Sl Il r e 'I iti t fniti hIlt. 

Nontarget organisms. Ornturniin, ,n;i(i i, tte finitlCriirn ect, inliist 

mvniici pesticides are rot dinchid 
Nymph. In i:rtiilr insects the stage of d vlopnernt iririiediall' i 

afttr hal ni , ,reseinmhhic:tite adult tnt laikiirg itlly develo ped 

wings Inst sxuirI orgins 

Oral toxicity. [ixrcity of a pesticide witrh enters the body thiOIrgh 
the MOrth 

Outbreak. A s ;ddjn nci,ase ii a pest poptilatiuin rtniltiug III eco

noric dainlage to the ico crop 

Oviposition. Ther act ,if liyiri or depositirig eggs 

Palea. The hardered nerved hr.rct of the floret which fits closely to 

tIhe leinm a It is nai rowur than the lenma 

Panicle. The terminal shout ot the rice plant that produces grain 

Parasite. An insect .coirioniy a wasp or fiv) whose larvae develop 

within the body of its host and utsurally fiod on a single host and 

destroy it 

Perennial. Plants which require more than one year to complete their 

life cycle 
Perithecium (pl., perithecia). In fungi, a globular to flask-shaped body 

having a hole through which ascospores are released. 
Persistent pesticides. Pesticides which remain unchanged in the 

environment for long periods They are not readily broken down 

into single components by microorgnisnis, enzymes, heat, or 

ultraviolet light 
Pest. An unwanted organism which competes with people for food 

and shelter, or threatens their health, comfort, or welfare 

Pesticide. Any substance used to control pests including insecticide, 

herbicide, fungicide, bactericide, rodenticide, or netnatucide 

Photoperiod-sensitive cultivars. Cultivars which will not flower unless 

exposed to certain day lengths 
Phylotoxicity. Plant injury caused by chemicals or some other agent. 

Common symptoms are spotting wilting, stunting, tiller spread

ing, and twisting of leaves 
Planthopper. Insect of the order Hornoptera, family Delphacidae. 

which feeds by removing sap from leaf veins along the lower por

tion of the rice plant Usually more stout and slow moving than 

leafhoppers. 
Predator. An animal 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 adult stages of insect development 
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Race. Population of a disease organism that is capable of surviving Stem (syn., culm). For rice, a round, smooth surfaced, upright per
on arid damaging cultivars (varieties) that are resistant to other tion of the plant consisting of hollow internodes joined by solid 
populations of the same pest species. Same as biotype in insects. nodes. 

Rate. The amount of active ingredient of a pesticide applied to a unit Stomata. A small opening, controlled by the guard cells, in the epi
area. dermis of the leaf or other plant parts. 

Ratoon. New tillers which grow from the stubble of harvested plants. Stubble. The lower portion of the stern remaining in the field after the 
These new tillers constitute the rat.on crop. rice has been harvested 

Rats. Rodents of the genus Rattus and other allied genera distin- Sustained baiting. A type of rat control in which poisoned bait is con
guished fromrmice by their larger size arid difference in teeth and tinucisly available in bait holders from shortly after transplanting 
other i tructures. until 2 weeks befoie harvest or until bait consumption stops 

Reproductive stage. From panicle initiation to flowering; a stage Sweep net. A device for collecting insects from plants, consisting of a 
when the plant matures sexually cone-shaped net attached to a handle that is moved in a 1800 

Resistance to pesticides. The ability of populations of pests to survive sweeping motion across plants. 
doses of a pesticide which are normally lethal. Systemic pesticide. A pesticide that is absorbed through the roots or 

Resistant variety. A variety which produces a larger amount of a upper plant parts and is trarislocated within the plant. 
good quality crop than other .'.,irties when growin under the Tapping hills. To strike hills of rice with the hand to dislodge insects. 
same conditions and exposed to similar populations of insects or Target pest. Pest against which control measures are directed. 
diseases. Tiller. A stern and its leaves. 

Resurgence. Signiticantly more damage or more insects in an Tolerance. A tolerant rice variety is infested by insects and diseases 
rrsecticide-tteated crop after insecticide application than in ain and rmiy show damage or develop symptoms, but the crop yield 
untreated crop is greater than that of susceptible varieties. 

Retention period. In insect disease transmission. the period after Toxicity. How poisonous a pesticide is to e living organism. 
acqiisition feeding during which an insect is able to transmit a Tracking tile. White linoleurn or vinyl flooring square, one-half coated 
virus disease with printer's ink, and used to detect rat activity by recording their 

Ripening stage. Froir floverirg to reproductive riatuirity footprints 
Root dip. Placing the roots of rice plants in a solution of insecticide Trade name (proprietary or brand name). Name given a pesticide by 

for a period of less than 12 hours After that it becories a root its marufacturer or formulator. One pesticide may have many 
soak trade names. 

Rotate. To plant a different crop species eaich season, such as rice in Traditional cultivars. Tall. weak-stenmed, low-yelding culfivars 
the wet season arid cowpea in the dry season grown by farmers for many years arid which lodge under high fer-

Runway. Area regularly walked on hy rodents resulting in atpath tilizer rates, in contrast to modern cultuvars (varietiis). 
SBPH. . bbreviation for :unall bro~wn plarithopper Transplant. To remove seedings from the nursery (seedbed) and 
Scleiotium (pl., sclerotia). Resting irass of funilus tiue often more plant in the field either by hand or mechanically 

or less spherical, normally having ni spores Tuber. Enlarged, fleshy, underground stem. 
Secondary pests. Pests which because of natural control agents Vector. An insect whicr transmits a disease. 

normally have low pODulations and do not require chenical Vegetative stage. From gerrniration to panicle initiation. 
applications. Vertical resistance. Varieties with this type of resistance, which is 

Seedbed. The bed on which rice seeds are sown consisting of soil controlled by one or a few major genes, are usually highly resist
(wet-bed method) or banana leaves arid plastic sheets ("dapotg ant to one or several disease races or insect biotypes of a given 
rnethod"i species bt are susceptible to others 

Seedling. From rice ;e,,d qermination to lilering during which the Viruliferous. Virus-carrying: an insect that has been given access to a 
plants grow no th. fi,,-leat stage virus source 

Selective pesticide. A 1li-ticide that kills a certain pest or group of Virus. A submicroscopic ,nfectious agent consisting of particles 
pests but not naturMIaflruires made Up of DNA or RNtA which are usually covered by protein 

Soil incorporation. Mixing r working a broadcast gruanular irisecti- and reproduce only in liwng cells 
cide into the top sever al centimeters of the soil before Virus transmission. Transrmission of a virus to a plant by insect 
trinspian ng vectors 

Soluble powder. A linely ground. riohd pesticide that will dissolve in WBPH. Abbreviation for whitebacked planthopper. 
water lo form a solution Weed. Any unwanted plant that is injurious to th3 rice crop. 

Spikelet. A unit on the rice panic e consisting of one or more flowers Wetland (syn., lowland). Leel areas with levees prepared wet or dry 
and their bracts that are flooded by water from either irrigation (irrigated) or rain-

Spore. A single- to many-celled reproducitva body in the fungi. fall (rainfed). 
Spray. To apply Minute particles of liquids containing a pesticide. Wettable powder. A pesticide formulation in the form of a powder 
Staggered planting. Planting different fielgs in a community or a farm that is mixed with water to be applied. It does not dissolve in 

over a period of several weeks incontrast to simultaneous plant- water, but forms a suspension.
 
rng where planting of all fields is done over a period of a week or Whitehead. White. empty panicle resulting from the attack of a stem
 
less. borer which cuts the lower portion of the stem.
 

Stamen. Male part of the flower consisting of the pollen-bearing Wild rice. Species of Oryza other than 0. sativa; usually a nonculti
anther and the filament. vated species. 


