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PREFACE
 

Increasingly, attention is being focused on the challenge of pro

ducing enough food in developing nations to meet the needs of their rapidly
 

On a worldwide basis, rice is the most important of
growing 	populations. 

the food crops, constituting the staple food of over lialf of the 

people in 

the world. Pests of rice - invects, organisms causing diseases, rodents, 

birds, etc. - compete directly rth humans for rice crops and exact a 

staggering toll. Weeds compete with the rice plant itself for factors 
If all the
essential to plant growth and in this way take their toll. 


land presently planted to rice in the developing countries of the world
 

of only 	one percent loss in yield as a consequence ofsuffered an average 
the damage caused by pests, it would be tantamount to acknowledging that
 

about 900,000 hectares (approx. 2.2 million acres) had been planted for no
 

other purpose than to feed pests. Unfortunately, the yield losses caused
 

by the complex of rice pests, although not known precisely, are much
 

greater than ten times one percent. The purpose of this report is to pre
of the more important ricesent some representative loss data from some 


growing regions and for some of the more significant pests in the field in
 

order to call attention to the extent to which pests are affecting rice
 

yields in developing countries and thereby to the great need of these
 

countries for effective crop protection schemes.
 

This report consists of selected examples and is not a review of all 

The papers that we have cited should not be construedrelevant literature. 

Other
 as being more appropriate or accurate than those we have not cited. 


equally 	informative studies have been done, and there is no intent to
 

slight the hard work of individuals whose studies are not mentioned.
 

H. H. Cramer sumarized, through about 1966, much of the available liter

ature on rice losses due to pests as part of an extensive study on plant
 

protection 	and world crop production. Interested readers are invited to
 

his paper (Cramer 1967) for much valuable information. For the
consult 
most part, we have taken our examples from literature published since 1966;
 

however, those papers occasionally treat losaes which occurred earlier. 

We noticed some tendency for a rice loss figure, once published, to get 

passed through the years in the literature, becoming an often quoted value 

for want of anything else, when its relevancy to the average annual situ

ation or to current conditions should probably be suspect.
 

The report has been written in language which, though technically 
the non-scientist. As part of languageaccurate, can be readily followed by 

simplification, we have used "rice" to mean the crop in the field rather 

than "paddy," a term comnonly used by agriculturalists in many parts of the
 

world.
 

The Authors
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INTRODUCTION
 

The importance of rice (Oryza sativa) can hardly be overstated.It provides a larger proportion of human food than any other single crop
and is the staple food of over half of the world's four billion people.
The number of people that rely almost solely on rice for food is estimatedto be about 200 million in India alone (FAO 1966). In 1972 nearly 295.4million metric tons of rice were harvested from approximately 131.2 million
hectares of land (FAO 1972a). 
 Asia, the most densely populated region of
the world, accounts for over 90%of the rice produced and consumed (Fig. 1). 

That rice is primarily a subsistence crop is reflected by the fact
that more than half of the world's harvest is consumed on the farms on
ubich it was raised. Less than 5% of the rice produced leaves the country
in which it was grown (FAO 1966), and many countries must import rice to
 
meet their subsistence needs.
 

The amount of rice produced can be increased by planting additionalland to rice or by increasing the yield (amount produced per unit area)from land already under cultivation. Bringing additional land under cultivation has been the primary means of increasing production (total amountproduced) in sparsely settled parts of the world such as Africa and South
America. The increase in production in these regions has not been accompanied by significant increases inyield (Fig. 2). 
 InAsia most of the
land suitable for growirg rice is already planted to that crop and only 

India
 

Indonesia
 

Jspan 

Bangladesh
-People's Republic 

Thaiand-of China 
Brazi-t --

Burma -
South Vietnam--

All Others 

Fig. 1. Share of various countries in world 
rice production, 1972 (based on PAO 
1972a). 
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Fig. 2. Rice production and yields for Africa and South America,
 

1963-1972 (based on FAO 1972a).
 

limited additional land is available upon which to expand cultivation.
 

Therefore, the substantial increases in production required to adequately
 

feed the enormous Asian population must be achieved primarily through
 

higher yields. Ultimately other areas of the world must also look to
 

increased yields as a means of increasing production.
 

The many native rice varieties grown inAsia are, in general, low

yielding, do not give greatly incteased yields when fertilizers are applied,
 
are tall and weak-stemmed and prone to falling over (lodging) before har

vest, have a long growth period, and are sensitive to day-length in their
 

growth pattern. Realizing the opportunity to increase production through
 

remedying such shortcomings of the rice plant itself, plant breeders at
 

the International Rice Research Institute (IRRI) in the Philippines developed
 

new rice varieties which are short-stemned, high-yielding, respond to fer
a relatively short time, and are
tilization with increased yields, mature in 


insensitive to photoperiod so that they can be grown successfully at various
 

latitudes. Since their development in the mid 1960's, the amount of land
 

planted to these dwarf, high-yielding rice varieties has been continually
 

increasing (FAO 1972b). Yet the world rice production, which has been in

creasing at about 2-3. annually, is barely keeping pace with the world pop

ulation which has been increasing at about the same rate. In South Asia
 
Thus, the ricethe population increase is higher than the world average. 


consuming population is increasing so fast that increases in rice production
 

go primarily toward maintaining the population at barely subsistence levels
 

rather than toward increasing the amount of rice produced per person (Fig. 3).
 

The gravity of the situation for India was succinctly expressed in 1970:
 

"Ifevery grain of the world's exportable rice was shipped to India each year,
 
she would still not have quite enough rice for her people." (Anon. 1970).
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Fig. 3. Production and yield of rice and population and production 
per person in the Far East, 1963-1972 (based on FAO 1972a).
 

Clearly, any threat to the rice crop ts a threat to the very 
existence of ar enormous number of people. And there are perpetual 
threats, both abiotic and biotic, which tend to manifest themselves ir
regularly and usually unpredictably in the form of devastating events, 
often followed by famine. The catastrophic effects of an abiotic factor, 
unfavorable weather - storms, too much rain, too little rain - are well 
known. Not so well appreciated, but often no less devastating in their 
effect, are the biotic factors, particularly diseases and insect pests. 
Under favorable conditions insects or disease-causing organisms sometimes 
increase to enormous numbers and cause devastating crop losses over thou
sands of hectares with resultant catastrophic effects for the human popu
lation. A very serious famine occurred in 1943 in what is now Bangladesh 
and inWest Bengal, India, following the failure of much of the 1942 rice 
crop due to an epidemic of a fungus disease called brown leaf spot, or 
helmihithosporium disease (causal organism: Cochliobolus miyabeanus). At 
that time World War II was raging innearby countries, the civil adminis
tration of India was not able to cope with the problems created by the 
rice shortage, and an estimated two million people died of starvation 
(Padmanabhan 1973). Data from the experimental fields at two rice rescarch 
stations where 21 major rice varieties of the area were growing indicate 
the size of the crop loss (Fig. 4). For 1941, a normal rice production 
year, the average yield at the two stations was 2100 kg/ha. For 1942, 
the year of the serious disease epidemic, the average yield fell to about 
640 kg/ha, a reduction of nearly 707. For many of the individual varieties 
the losses were over 80%. Unusual weather conditions in India in 1942 are 
thought to have created circumstances favorable to the development and 
rapid spread of the disease (Padmmnabhan 1973). 
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Fig. 4. Rice yields at two rice research stations in India
 
the year preceding a serious disease epidemic and 
the year of the epidemic (based on Padmanabhan 1973). 

As recently as the 1970's, disastrous weather and a disease epidemic,
although fortunately not followed by serious famine, caused much hardship
and vias an upriet to Philippine economic planning. Traditionally the Philip
pines imported large quantities of rice every year to meet domestic needs.The introduction of high-yielding varieties of rice to Philippine agricul
ture in 1966-67 dramatically increased rice production to the extent that
by 1968-69 the Philippines not only had achieved the desired self-suffi
ciency In production but also -as 
 able to export an unprecedented 36,600
metric tons 
(Denney 1972, FAO 1972c). In 1970 typhoons destroyed an esti
mated 143,000 metric tons of the crop, and rice had to again be imported

(Denney 1972). By 1970-71 high-yielding varieties were grown on approximately 507. of the land under rice cultivation (FAO 1972b), and expectations
were that the 1971-72 rice crop would be large enough to supply Philippine
needs and to build up stocks depleted by the typhoon disasters. But in
1971 a severe outbreak of tungro, a virus disease transmitted from diseasedplants to healthy plants by insects, affected at least 70,000 hectares of
rice (Reddy 1973). The new high-yielding varieties were especially suscep
tible to the disease, and rice yields were drastically reduced. The loss
 
was estimated at 53,400 metric tons of unhulled rice (Reddy 1973). At
least 40,000 hectares of rice were seriously affected by tungro disease in1972, again drastically affecting production. In addition. the rice production in 1971 and 1972 suffered greatly from the effects of bad weather.
 
Over 400 thousand metric tons of rice had to be imported each of the years
(FAO 1972c), and Philippine plans for self-sufficiency in rice production

suffered a serious and unsettling setback (Reddy 1973).
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Spectacular instances of widespread and devastating peat damage,
 
such as the outbreak of brown leaf spot fungus disease which preceded the
 
Bengal famine and the recent epidemic of the insect-transmitted virus
 

disease in the Philippines, only hint at the crop losses caused by pests.
 

More important are losses which range from those due to milder pest out

breaks in which the rice is less severely injured or in which the area
 

affected is much smaller to those resulting from consistent, and often
 

subtle, actions of a pest which cause the yield of the plant to fall
 

below what it would have been had the pest not been present.
 

These losses due to pests are much greater than is generally ap

preciated. Pests are a major factor contributing to the overall low
 

yields of rice in many of Lhe rice-growing areas of the world. For
 

every stage of rice plant growth from the time the seed is put into the
 

ground until the grain is ready to harvest end even in storage after
 

harvest, one or more kinds of pests are capable of seriously damaging or
 

killing the plant. The categories of pests that are most important in
 

rice culture are insects, disease-causing organisms, weeds, and rodents.
 
At times other pests, such as birds and crabs, also may be of importance.
 

The task of deterining overall losses due to rice pests, or to
 

pests of any crop, is difficult. In years when climatic or other con

ditions are favorable, large epidemics of insects or disease-causing
 

organisms may occur and cause extremely severe losses. In other years
 

losses caused by the same pests may be consistent and significant, but
 

less devastating. A serious pest on the rice crop grown during the rainy
 

growing season may do relatively little damage to rice grown during the
 

dry season. A pest which greatly damages rice grown in upland, rainfed
 

type rice culture may do much less damage to rice grown in lowland, flooded
 

conditions. One rice variety under cultivation may be devastated if a pest
 

occurs in large numbers while another variety may have inherent resistance
 

and sustain relatively minor damage. Since the size of the losses may vary
 

with the year, the growing season, the type of culture, the variety being
 
no easy task and
cultivated, and so on, the estimation of overall losses is 


is a science in itself, requiring the best efforts of crop protection spe

cialists, statisticians, and other experts to arrive at reasonably sound
 
figures.
 

Thus, it is not surprising that most developing countries do not 
have the capability to conduct comprehensive surveys designed to assess 
losses due to various types of pests on any reliable and consistent basis, 
let alone on a detailed annual basis. Even in developed countries, crop 
loss figures sometimes lack precision. Information on crop losses in 
developing countries, when available at all, is usually incomplete and 

varied, consisting of estimates of losses occurring in especially bad years 

or in especially affected districts, estimates of losses caused by a par

ticular pest, very general estimates of losses due to all or several pests, 
results of experiments comparing yields of rice protected from pests to 

yields of rice not so protected, and so on. The literature abounds with 

phrases such as '"mostdestructive pest," "serious pest," "heavy crop losses," 
and "major losses annually" rather than precise figures. Even when figures 
are available, often a distinction is not made as to whether the losses 
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given pertain to a particularly bad year or to a more normal year, and often
 

estimates appear to apply only to the area badly affected by the pest with
 
In spite
no accompanying information as to the extent of the affected area. 


of these obvious shortcomings, the information which exists, when taken
 

together, gives a sense of the enormity of losses due to rice pests in
 

developing countries although the magnitude of the enormity may not be
 

known precisely.
 

LOSSES TO INSECTS
 

Over 800 species of insects have been recognized thus far as damaging
 
The majority of them do little
rice in some way (Grist and Lever 1969). 


damage, often only sporadically. However, the relatively few species which
 

cause serious damage are extremely important. In tropical Asia about 15-20
 

insect species are considered to be pests of major importance and regular
 
The rice stem borers, leafoccurrence (Pathak 1970, Pathak and Dyck 1973). 


hoppers and planthoppers, rice bugs, rice gall midge, rice hispa, rice leaf
 

folder, and armyworms and cutworms are among those consistently considered
 
Other destructive groups
the most destructive (Pathak and Dyck 1973). 


inrlude grasshoppers, locusts, mole crickets, leaf rollers, caseworms,
 
whorl maggots, and thrips (Grist and Lever 1969, Pathak 1970).
 

Overall, the rice seem borers (Lepidoptera: Pyralidae and Noctuidae)
 

are probably the most serious insect pests. Twenty-one different species
 

are known worldwide; usually one to four species are important in any given
 
The predominant species in tropical Asia are Chilo suppressalis,
area. 


Tryporyza incertulas, T. innotata, Chilotraea polychrysa, and Sesamia
 

inferens. The adults of these insects are moths; the larvae live and feed
 

inside the stems of the rice plant. Each plant has about 15-25 stems,
 
called tillers. In young plants the feeding stem borer larvae cut off the
 
growing points of tillers causing them to die, a condition commonly called
 

"dead hearts." Young plants can compensate for the loss to some extent
 
by producing new tillers. When the plant is attacked later, during its
 
flowering stage, often no grain at all results. The empty, whitish
looking heads of grain (panicles) are called "white heads" (Pathak 1970).
 
An experiment done in Malaysia inwhich researchers placed stem borer
 

larvae on potted rice plants of various ages demonstrates the effect on
 
yield these pests may have (Fig. 5). The infestation rate for the experi
ment was one larva per two tillers, the approximate infestation level
 
found in rice fields in an area of North Malaya. The experiment showed
 
that although the size of the lose in yield depended on the age of the
 
plants when infested, infested plants of all ages suffered some loss.
 
The losses were greatest, 31-38., on 50- to 65-day-old plants, the approxi
mate age at which plants growing in the fields comminly became infested
 
(Kok and Varghese 1966).
 

The enormity of the stem borer problem is reflected in loss esti
mates from several rice-producing countries (Table 1). At times stem
 
borers do so much damage in an area that total failure of the rice crop
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Fig. 5. 	 Yield loss of rice experimentally infested at various stages 
of growth with rice stem borers (Chilotraea polychrysa) at 
the rate of one borer larva per two tillers; Malaysia (based 
on Kok and Varghese 1966). 

results. In 1970 in parts of rakistan, for example, fields were harvested
 

for fodder or turned over to grazing animals because there were essentially
 

no filled heads of grain (Koehler 1970). In areas of India where two rice
 
crops can be grown in a year, damage to the first crop may be so great
 

that farmers become reluctant to grow a second (Israel and Abraham 1967).
 

A UC/AID Pest Management Project Multi-disciplinary Study Team which visited
 

various countries of Southeast Asia in 1971 to appraise the nature and
 

scope of pest problems affecting food supply concluded that stem borers
 

(T. incertulas, C. suppressalis, and S. inferens) were among the insect
 

pests of rice needing highest research priority (Glass et al. 1971).
 

Since stem borers are present in most rice-growing areas every year,
 
thus insuring that the crop never achieves its full yield potential, the
 

size of the loss that these pests cause often has not been fully appre

ciated. The magnitude of the loss becomes apparent, however, when plots
 

of rice are experimentally treated with insecticide to protect the crop
 

from stem borers and the yield at harvest compared with that from plots
 

which are left untreated. Such experiments show that when rice is effectively
 

protected from attack by stem borers, the lessening of damage to the crop
 

and the resulting increase in yield are often dramatic (Table 2). In the
 

experiment illustrated, the rice that was not protected had more infested
 

tillers, 	dead hearts, and white heads and fewer grain-bearing panicles 
than the 	protected rice. The yields in the protected plots were 477. 

and 387. greater than that in the unprotected plot, or considered another
 

way, the 	yield increases in the protected plots were 877. and 617. of the
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TABLE I 

Some estimated losses due to rice stem borers
 
from various countries.
 

Country 
Description 

of conditions Estimated loss Authority 

Bangladesh Epidemic year 30-707.; total loss See Alam, Alam, 

in some fields & Abbas (1972) 

Normal year 3-20% Alam (1967) 

India 3-957. 	 Chose, Ghatge, 
& Subrahmanyan 
(1960) 

Indonesia Up to 957. 	 Soenardi (1967) 

Korea 	 Surveys of 884 77. Paik (1967)
 
fields in 8 pro
vinces, 1958-1960
 

Malaysia 
(Sarawak) 1965 Avg. of 4-57. See Dunsmore
 

(1970)
 
(Malaya) Experimental sites 26-70% Wyatt (1957)
 

in North Krian Dis
trict, 1955-56
 

of North Krian District 337.
 

as a whole (24,000
 
ha), 1955-56
 

Pakistan 	 Outbreak, 1970 kharif 30-357.; total loss Haq (1970),
 
crop,* Var. Basmati in some fields Koehler (1970)
 

Philippines 	 Unusually heavy in- At least 487. Cendalna & Calora
 
festation; Calamba, (1967)
 
Laguna, 1953
 

It 	 Survey of fields in At least 6.6% 
various areas, normal 
year
 

United Arab Surveys in major Up to 14.77. El Nahal, Zeazou., 
Republic regions, 1962-64 & Bishara (1971) 

SThe kharif rice crop of India and Pakistan is sowed in Junu-July, at the onset 

of the monsoon rains, and is harvested in November-December. The rabi crop
ping season extends from December-January to April-May. 
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TABLE 2 

Ef.ect of rice stem borer control on rice yield;
 
1963 dry season, The Philippines (after Pathak 1967).
 

Two Mo.after transplanting At harvest 
Insecticide Avg. No. 
treatment Dead Infested Avg. No. White Infested productive 
(sprays at 10- hearts tillers tillers/ heads tillers panicles/ Yield 
day intervals) (7) () hill (7.) (7.) hill (kg/ha) 

0.097. Imidan 2.3 3.8 18.3 0.8 9.5 18.2 7,650
 

0.047. Endrin 2.1 4.6 18.6 2.5 29.6 17.3 6,555
 

Not treated 12.1 21.5 21.3 17.0 65.0 12.7 4,082
 

yield in the unprotected plot. Even regular treatment with insecticide did
 
not completely prevent stem borer attack as evidenced by the existence of
 
dead hearts, white heads, and infested tillers in the insecticide-treated
 
plots.
 

In spite of incompletely preventing stem borer damage, experiments 
of this nature amply demonstrate the adverse effect of stem borers on rice
 
yields and repeatedly show that substantial yield increases result when
 
they are effectively controlled (Table 3). In such studies it is likely
 
that a few insect pests in addition to the prevalent stem borers were
 
present in the experimental plots and also were controlled.
 

Scientists in a number of countries have attempted to correlate
 
the incidence of stem borers with dcrease in yield. A researcher in
 
Malaysia estimated that for each 17. increase in stem borer infestation,
 
the yield decreased approximately 1.29%. Surveys in one area of Malaysia 
showed that about 27. of the tillers were infested in midseason; by the 
preharvest stage, 447. were infested (Wyatt 1957). Researchers at the
 
Central Rice Research Institute in India estimated that every 17 increase
 
in borer infestation in the young plant caused a yield loss of 0.287., and
 
a 1% increase at the heading stage (the growth stage at which the panicle
 
emerges) caused a loss of 0.62%. The incidence of infestation in the 
young plant stage ranged from 0.3%to 49.2% and at the heading stage from 
1.8% to 30.0% (see Israel and Abraham 1967). Scientists at the Inter
national Rice Research Institute in the Philippines estimated that for 
every 1% increase in dead hearts the yield decreased 1.67., and for every

17. increase in white heads the loss was 2.2% (see Israel and Abraham 1967). 
In a sample of rice hills from 16 fields in three areas of the Philippines 
in a normal year for rice borer, 6.67 of the rice heads were '"wite" 
(Cendana and Calora 1967). 
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TABLE 3 

Some demonstrated increases in yield in various countries, 
when rice was protected from stem borers. 

Yield increase 
of insecticide-

Description treated over un
"Country of conditions treated* Authority 

India 1966-67 samba (Aug.- 487. Ramakrishnan 
Jan.) and navari (Jan.- et al. (1972) 
May) seasons, Vars. 
C029, C025, & ASD5 

Laos Dry season, Var. IR- 867. Kotter (1969) 
5-47-2 

Malaysia 1955-56, experimental 2387. Wyatt (1957) 
plot 

1955-56, farmer's field 787. " 

Pakistan Var. Basmati 370 2627. Haq (1970) 

Philippines 1963 wet and dry 1037. Pathak (1967) 
seasons, Var. Mil
for 6 

Sierra Leone 1970-71 wet and dry 507. Morgan (1973) 

seasons, Var. SR26 

South Vietnam 1967 567. Ngoan (1971) 

Sri Lanka 1959-1964 507. Fernando (1967) 
(Ceylon) 

* 	Best increase for all tests conducted is given and is expressed as percent
age of untreated yield. 

The larvae of stalk-eyed flies (Diptera: Diopsidae; Diopsis app.) 
bore into rice stems, causing dead hearts and white heads in rice-growing 
areas of Africa. The diopsid stem borers are unique to Africa; however, 
like all rice-growing regions, Africa also suffers losses from lepidopterous
 
stem borers (particularly aliarpha separatella). Almost no precise figures 
are available for losses caused by diopsid flies, but in some areas of 
Africa they are thought to be more damaging than the lepidopterous stem 
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borers (see Grist and Lever 1969). Ten to thirty percent of the rice stems
 
have been found infested with diopsids in southern Ghana in the dry growing 
season; in the wet season 66. were infested. It has been estimated that 
damage caused by a single diopsid, destroying 3-6 stems, could cause the 
yield of a hill of rice to drop 9% (see Agyen-Sampong 1973).
 

The rice leafhoppers (Homoptera: Cicadellidae) and planthoppers

(Homoptera: Delphacidae) indirectly cause great damage to rice plants by

transmitting virus diseases. In addition, they directly damage rice by

sucking plant juices and by injecting toxins into the plants. These last
 
two activities cause the leaves to become dry and brown, a condition known
 
as hopper burn. 
 It was estimated that an outbreak of rice leafhoppers
 
(primarily Nephotettix impicticeps) in Bangladesh in 1956 caused 20-50.
 
losses to crops at the heading stage and 50-807. losses on crops with
 
unformed heads of grain (Alam 1967). A planthopper (Sogatella furcifera)
 
infestation caused complete failure of an introduced rice variety over wide
 
areas of two states in India in the 1966 kharif growing season (see Patel
 
1971). Thousands of hectares of rice have been destroyed every year by

planthoppers in South Vietnam (Ngoan 1971). 
 The UC/AID Pest Management
 
Project Multi-disciplinary Study Team which appraised pest problems in parts
 
of Southeast Asia ranked green leafhoppers [Nephotettix virescens - (N.

apicalis), N. cincticeps, and N. impicticeps] among insect pests of rice
 
needing highest research priority (Glass et al. 1971). These leafhoppers
 
are major vectors of important rice virus diseases. The extent of losses
 
associated with leafhoppers and planthoppers is discussed further in the
 
section of this report on rice diseases.
 

Rice bugs (Hemiptera) damage the crop by piercing the developing
 
rice grains and sucking out their contents. In the early part of the
 
growing season the bugs first live on seeds of weeds growing around and
 
in the rice fields and then transfer to the rice when the grain begins
 
to ripen (Srivastava and Saxena 1967). Rice bugo (Coreidae; Leptocorisa

acuta) infested an estimated three million hectares in some of the major
 
rice-growing areas of India in 1952. The resulting loss to the crop

averaged about 107. and would have been even greater had not a control pro
gram been quickly organized to combat the bugs before the grain of the
 
medium and late maturing varieties of rice reached the susceptible stage
 
(Pruthi 1953). Losses of 10-40%.due to these pests (Leptocorisa spp.)
 
have been reported from various countries, and in severe infestations
 
there may be complete loss (see Srivastava and Saxena 1967). Grain
 
damaged by bugs may also affect the quality of the product when sold.
 
About 40-7r/ of samples taken at rice mills in Guyana in 1969-70 contained
 
more than 0.5 grain which had been damaged by bugs (Pentatomidae: Oebalus
 
poecilus). 
Such grain was reduced in grade and value for market. Losses
 
in 1970 were an estimated two million U.S. dollars (Rai 1971, 1974).
 

Larvae of the rice gall midge, a fly (Diptera: Cecidomyiidae;

Pachydiplosis oryzae), 
infest the growing points of the tillers. Their
 
activities disrupt normal development of the tiller and a light-colored,
 
elongate, tubular gall, commonly called a "silver shoot," forms. 
Tillers
 
which are galled do not produce panicles (Reddy 1967). Following the
 
advent of high-yielding varieties, the rice gall midge seems to have
 
changed status 'rom what was formerly termed a "sporadic" or "minor" pest
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pest and has been receiving an increasing amount of attention
"major"to a 

!1. 1970, Rao 1970, FAO 1973b). The UCWAID Pest Management(Kulshreshtha It 


Project Multi-disciplinary Study Team which 
visited Southeast Asia in 1971
 

conclu.ded that currently the rice gall 
midge is among the insect pests of
 

Records indi
rice needing highest research priority (Glass 

It al. 1971). 

the rice gall midge was doing a concate that even while a "minor" pest 


siderable amount of damage (Table 4).
 

It has been estimated in India that every 
17. increase in rice gall
 

midge levels is accompanied by a decrease in 
yield of about 0.57. (see Reddy
 

In 1970 in an area of India which had a 
heavy infestation of gall
 

1967). 

midge, the incidence of the pest on six varieties 

of rice growing in experi-


Over 107. of the tillers were galled in three
 mental plots ranged up to 16%. 
 About 107. of
 
of the varieties (Balasubramanian and Purushothaman 

1971). 


the tillers were the non-grain-bearing silver 
shoots in some areas .surveyed
 

(Ceylon), and under certain weather conditions 
up to 407. of the
 

in Sri Lanka 

In areas of Thailand up to 507. of
 tillers were affected (Fernando 1967). 

As in 
the crop may be infested (Kovitvadhi, Leaumsang, and Plumb 1971). 

the case of rice stem borers, when the crop is protected 
from rice gall
 

midge, the increases in yield are substantial and serve to show the extent
 

to which the pest adversely affects yield (Table 
5).
 

armigeral

The rice hispa [Coleoptera: Hispidae; Dicladispa (=issa) 


the larvae and adults of which feed on the leaves 
of the rice
 

is a beetle, 
pest have been reported in Bangladesh.

plant. Losses of 10-657. due to this 

A conservative average loss was estimated to be about 
207. of the 60,000-


It has
 
80,000 hectares of rice severely affected annually (Alam 

1967). 


been estimated that more than 10,000 hectares are attacked 
annually by
 

the rice hispa in the State of Bihar in India, resulting 
in a yield loss
 

Damage due to this beetle has been reported to vary 
from
 

of about 507.. 

397. to 657. in one of the other states of India and to be as 

high as 507.
 

in Burma (Grist and Lever 1969).
 

Rice leaf folders (Lepidoptera: Pyralidae; Cnaphalocrocis 
medinalis)
 

The larvae of this moth peat form shelters from
 also damage rice leaves. 

In areas of India where infestations
 parts of the leaf and feed within them. 


are severe, yield losses as high as 50% have been reported 
(Balasubramaniam,
 

Saravanabhavandam, and Subramaniam 1973).
 

Armyworms and cutworms (Lepidoptera: Noctuidae) appear sporadically
 

in enormous numbers. Often an impending outbreak goes unnoticed while these 
at night and remain 

pests are small since most of the species usually feed 
After the larvae of these moths grow larger
concealed in the daytime. 


appear in hu-e numbers.
and more visible, they seem as if they suddenly 

At this stage they concume a great deal and may completely destroy 
a field
 

in only one or two nights. The larvae commonly move from field to field
 

they go. Destroyed rice plantings
in great masses, eating all crops as 


(by Spodoptera mauritia) have been described as resembling fields 
grazed by
 

In 1966 an outbreak of armyworms (S.
a herd of cattle (Pathak 1970). 

exempta) devastated about half of the rice fields in the central and 

north

ern sectors of Ghana (Agyen-Sampong 1973). An armyworm (S. mauritia
 

acronyctoides) epidemic seriously affected 10,000 hectares in Malaysia 
in
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TABLE 4
 

Some reported losses due to rice gall midge, 1880-1961 (based on information
 
from various authors, summarized by Reddy 1967).
 

Country 	 Area Year Reported injury
 

India 	 Mongyr, Bihar 1880* Serious injury
 

Mysore 1901-1902* Serious outbreaks
 

" Ranchi, Bihar 1916-1917 More than 30% loss
 

1921 	 When transplanting was delayed,
 
50-757. of the plants were
 
affected
 

1922 	 Every plant in both nursery
 
bed and field was attacked
 

Vietnam Tonkin Province 1922 Great loss; 50-100% damage 
in some areas 

India Northern Kanara 1918, 1919, Years pest was serious; up to 

1922, 1925* 25% damage in 1925 

Thailand Prae & Trat 1933 Serious pest 

Sri Lanka 1933* Unusually heavy prevalence 

India West Bengal 1934 127 loss 

o Raipur, West 1934 
 35% loss 
Bengal 

Northern Kanara 1934 Occurred over 40,000 ha and 
caused loss worth $105,300 

Burma 1934 Considerable damage 

India Mysore 1935 50 damage during worst out
break in 30 years 

Tamil Nadu, 1948 Some damage 
adhya Pradesh, 

& Bombay 

Sri Lanka 1951 Fairly extensive damage 

(continued) 
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TABLE 4
 

(continued)
 

Country Area 	 Year Reported injury 

Tamil Nadu 1954 20. damage
India 


Cameroun Logone Valley 1954* 757. loss
 

India Bangalore, 1954* Loss was more than 607.when
 

Mysore infested rice put out new
 
tillers which also became
 
infested
 

Cuttack, 1959 157. loss 
Orissa 

Orissa 1959 	 Total loss in fields in
 
endemic areas
 

o Mysore 	 1960 Yields reduced considerably
 

Nizamabad, 1960 Avg. loss of 330-540 kg/ha
 
Andhra Pradesh in late-planted crop
 

Thailand Northern part 1961 507. loss on 250,000 ha
 

* 	Years followed by an asterisk are years in which the reported loss 

actually,occurred. The other dates given are the publication dates 
of the papers in which the information originally appeared. In some 
cases the loss reported in such a paper refers in a very general way 

to conditions occurring continuously or sporadically over an unspecified 
period of years rather than to any specific year. 
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TABLE 5
 

Rice gall midge incidence and rice yield in local (Loc.) and high-yielding
 
(H-y) varieties under insecticide-protected and unprotected conditions;
 
kharif season, India (after Rao 1970).
 

Silver shoots (7.) Yield N W/ha) Yield
 
Rice Un- Un- increase
 

Year variety protected Protected protected Protected ()
 

1963 	 GEB24 (Loc.) 49.7 13.6 2157 5626 160.8
 

1964 	 GEB24 57.5 51.9 1115 2582 131.5
 

1965 	 T[NJI (H-y) 19.2 8.0 3956 4755 20.2
 

" GEB24 	 44.2 9.9 2784 4068 
 46.1
 

1966 	 GEB24 17.2 3.4 2938 3623 23.3
 

1967 	 IR8 (Deras) 51.6 29.1 3161 6334 100.3
 

(H-Y)
 

1968 	 IR8 (H-y) 29.4 9.7 1827 2514 37.6
 

t IR8 	 21.7 7.6 2871 4162 45.0
 

1969 	 IR8 54.9 21.2 2042 4842 137.1
 

1967 (Dunsmore 1970). Following a severe infestation of arworms [Mvthimna
 
(-Pseudaletia) separata] in an area in India in 1969, the yield from some
 

experimental plots in rice fields was only 370 kg/ha. The yield from near
by plots in which the armyworms had been killed with insecticide was 1125
 
kg/ha, three times greater (Purohit et al. 1971).
 

Usually a rice field is infested with more than one kind of insect
 
pest. The same may be true of an individual rice plant. Thus, it is very
 
difficult to determine the specific amount of loss caused by each pest, and
 
sometimes very general loss estimates are made which apply to the insect
 
peat complex as a whole. For example, estimates for 1951 for all of
 
Bangladesh were that 67. of the rice crop, or four million tons, was lost
 

to insects (Alam 1961). Average annual losses due to insect pests have
 

been conservatively estimated to be 10-207. of the potential harvest in Sri
 

Lanka (Fernando 1966). Losses caused by insects in the rice fields of Ivory
 
Coast are thought to be about one ton of unhulled rice per hectare (Breniere
 
1973).
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Valuable insight into the magnitude of losses caused by this insect 
pest complex in its entirety is provided by experiments, like those des
cribed for rice stem borers (Tables 2 and 3) and rice gall midge (Table 5),
in which insect control is practiced on some plots and the yield from these 
relatively insect-free plots compared to that from unprotected plots (Table
6). In the experiment illustrated here, the loss from potential yield due 
to insects us at least 40%. 

TABLE 6
 

Effect of control measures on the levels of various insect pests and on
 
rice yields in experimental plots at the International Rice Research In
stitute; 1968-1972 wet and dry seasons. The Philippines (from Pathak and
 
Dyck 1973).
 

Leafhoppers &
 
Stemborers planthoppers
 

Whorl 	 Virus- Mean 
maggot Dead White infected hopper-


No. of damage heart head hills burned 
 Mean yield

Treatment trials rating* () (7.) (.) area(7.) (tons/ha)
 

Carbofuran 14 0.5 0.1 0.1 23 8 6.3
 

T-BHC + NIPC 10 0.5 
 0.3 0.6 16 12 6.3 

Untreated 17 4.0 5.0 2.4 
 24 43 3.6
 

* 	 Based on a scale of 0-5; a larger number means greater damage. Whorl 
maggots (Hydrellia philippina) are fly larvae which feed on the margins 
of the rice leaves.
 

The magnitude of losses that may occur at various growing stages of 
rice becomes apparent when certain stages are protected from insects while
 
others are not (Table 7). The major insect pests present in the plots of 
this experiment were stem borers, rice gall midge, rice leaf folder, leaf
hoppers, and planthoppers (Venkataraman and Abraham 1973). 

Even when insect abundance is considered to be low, the extent to 
which these pests are adversely affecting the crop becomes apparent when
 
post control measures are applied. Tremendous increases in yield can
 
result when insect pest abundance is high (Table 8). 

The overall extent of losses caused by insect pests has probably

been demonstrated most effectively by researchers in the Philippines

(Pathak and Dyck 1973). 
An extensive series of experiments conducted on
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TIBLE 7 

Effect of insect control at various stages of plant growth on rice yield; 
India (from Venkataraman and Abraham 1973). 

Increased yield over untreated 
Treatment (kg/acre) 

No treatment 	 -

Seeds and seedlings 	treated with 285 
insecticide
 

Transplanted crop treated with 197
 
insecticide
 

Seeds, seedlings, and transplanted 459
 
crop treated with insecticide
 

TABLE 8 

Influence of insect pest control measures on the yield of IR8 rice, a 
high-yielding variety, at three different pest levels; 1969 kharif season,
 
India (from Tandon 	 1973). 

Insect pest Yield (ks/ha) Yield 
Location 	 level Protected Unprotected increase (7.) 

Warangal, High 4188 505 729 
Andhra Pradesh 

Cuttack, 	 Medium 4428 3251 36 
Orissa
 

Pant Nagar, Low 7735 7479 
 3 
Uttar Pradesh
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plantings of the International Rice Research Institute showed that plots
 
of rice protected from insects yielded an average of 2.7 tons/ha more than
 
plots that were not protected (Fig. 6). With adequate protection from
 
insects in combination with other advanced agricultural methods practiced
 
on the experimental plantings, average yields were fully 4.3 tons/ha
 
greater than the national average.
 

WITH 
6 INSECTICIDE
 

5 

4 
WITHOUT 

INSECTICIDE 
3 

".4 

; 2 NATIONAL
AVERAGE 

67 experiments, 1964-1971 PHILIPPINES
 
IRRI FARM 

Fig. 6. 	Rice yields with and without insect
 
protection (from Pathak and Dyck 1973).
 

LOSSES TO DISEASES AND NEMATODES
 

The diseases of rice are caused by fungi, bacteria, virusesp
 
and probably by mycoplasma-like bodies (microorganisms with attri
butes resembling those of both viruses and bacteria). Each of the first
 
three categories contains a number of species which damage rice to an ex
tent that is economically significant. In general, the severity of a
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disease depends upon the favorability of conditions, such as temperature,
 
humidity, and winds, for the development and spread of the pathogen and
 
upon the susceptibility of a rice variety to the disease. Thus, an infected
 
plant may have only a few diseased spots on its leaves or it may be killed,
 
and the damage to the crop in terms of yield may vary from slight to almost 
total loss. Overall losses due to diseases appear to be substantial, and 
in the case of widespread epidemics, such as the outbreaks of brown leaf
 
spot and tungro which have already been described, they may be devastating.
 

Blast is a fungus disease (causal organism: Pyricularia oryzee). 
It is usually considered the principal disease of rice because of its wide
 
distribution in 70 countries and because of its ability to spread rapidly
 
and its destructiveness when conditions are favorable (Ou 1972, 1973).
 
The rice plant is susceptible to blast at every stage of its growth. Thus,
 
a crop that has escaped infection for most of the season may suffer de
vastating loss near harvest if climatic and other conditions develop which
 
favor the growth and spread of the disease organism. An infection of the
 
rice leaves (leaf blast) may cause the plant to become stunted, reduce the
 
number of mature panicles, and reduce the weight and quality of the grain.
 
An infection of the nodes of the stem is generally more damaging since the
 
stem may break and all parts above the node die. Large reductions in yield
 
may occur when the stem at the base of the panicle is infected (panicle 
blast or neck rot) (Ou 1972, 1973). Scientists in India have calculated
 
that each 17. increase in incidence of panicle blast reduced yields by 0.4
17.47., depending on conditions (Padmanabhan 1965). Plants with panicle
 
blast usually also have leaf blast, which reduces yields even further.
 
Table 9 shows the results of a study done in India in which the yields of
 
healthy plants and plants infected with blast disease were compared. Even
 
the most resistant rice variety suffered a loss in yield.
 

Despite the great importance of blast disease, there are relatively
 
few express figures on crop losses. In a district in Sri Lanka, 57 of
 
the crop was thought to be infected with the destructive panicle blast
 
in 1965-66; however, a careful survey revealed that at least 28.4 of the
 
panicles were infected in the district as a whole. The percentage of panicles
 
infected ranged from 2.5 to 52.1 in subregions of the district, and fully
 
93.87. were infected in some of the highland areas. The consequent losses
 
in yield for the district were not known (Abeygunawardena 1966). Many
 
thousands of hectares of rice may be infected at varying degrees of severity
 
inany year in the Philippines. In areas where the distease is epidemic,
 
yield losses greater than 507. have occurred on thousands of hectares (Ou
 
1972). The yield loss in some rice varieties was as high as 957. in 1962,
 
and the loss in one variety was 880-2640 kg/ha of unhul~ed rice over a
 
large area inone section of the country in 1963 (Ou and Nuque 1970).
 
The estimated overall loss due to blast disease in 1960-61 in some states
 
in India as 266,000 tons, which amounted to nearly 1% of the total pro
duction. Losses in tmo of the states were almost 107. of their production,
 
and in one state the loss was 57. (Padmanabhan 1965). Yield losses in areas
 
affected with blast in Guyana have been roughly estimated to vary from 30%
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TABLE 9
 

Yielids of healthy and blast-infected rice plants;
 
India (after Rangaswami and Subramanian 1957).
 

Yield from 200 Yield from 200 Yield 
Susceptibility of healthy grain diseased grain reduction 
rice variety heads (oz) heads (oz) (7.) 

Susceptible 15.7 4.4 72.0
 

Moderately resistant 10.7 3.8 64.5
 

Resistant 14.8 14.2 4.1
 

to complete crop failure (see Bisessar 1965). Rice yields were decreased
 
by as much as two-thirds in parts of Brazil in the early 1960's due to
 
blast disease (see Crowder 1967).
 

Even when rice is treated with fungicides to control blast, losses
 
may be considerable (Table 10). In Japan, a developed rice-producing
 
country where blast has long been recognized as an important disease and
 
yearly loss figures are maintained, losses continue to be appreciable in
 
spite of technologically advanced agricultural practices, including the
 
extensive use of fungicides. The estimated loss in 1960 was 273,000 metric
 
tons. Annual losses from 1953-1960 varied from 1.47. to 7.3% of the total
 
production. The average annual loss during that period was about 3%.
 
Leaf blast occurred on 865,000 hectares in 1962, of which 847,000 had been
 
sprayed with chemicals. Panicle blast developed on 721,000 of 909,000
 
hectares that had been sprayed (Goto 1965, Ou 1972).
 

As already mentioned, the severity of a disease depends partly upon
 
the susceptibility of a rice variety to the disease. Resistant varieties
 
suffer comparatively smaller losses. It must be remembered, however, that
 
most disease-causing organisms exist as a number of different strains (races)
 
of varying pathogenicities and that new strains may develop to attack for
merly resistant varieties of rice. In 1950 in Japan a hybrid rice variety

that had been resistant to blast for about 10 years suddenly became very
 
susceptible, apparently because a more pathogenic strain of the disease
 
organism had developed (Ou 1972). The resistance of several improved rice
 
varieties in Sr± Lanka diminished with repeated cultivation in the late 
1950's and early 1960's, with one variety that was initially highly re
sistant becoming highly susceptible (Abeygunawardena 1966). The blast
 
fungus is unusual in that it is exceptionally inclined toward the develop
ment of races. Scientists have identified about 200 in the Philippines
 
alone, and a multitude of additional races occur in other countries (Ou
 
1972, 1973). The existence of so many races with varying pathogenicities
 
and the potential for new races make a reduction of losses from blast
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TABLE 10 

Estimated losses caused by rice blast in experimental plots at the Central
 
Rice Research Institute, India (modified from Padmanabhan 1965).
 

Best-yielding 
Untreated plot fungicide-treated plot Estimated Estimated 

Year 

Neck 
infection 

() 
Yield 

(lb/acre) 

Neck 
infection 

(7) 
Yield 

(lb/acre) 

yield if 
no infection 
(lb/acre) 

reduction 
in yield 

() 

1951 36.9 879 18.1 1365 1833 52
 

1953 31.5 555 20.4 965 1618 66
 

1953 32.7 897 21.9 1089 1479 39
 

1954 29.6 1026 7.8 1536 1717 40
 

1954 32.1 1175 12.2 1828 2232 47
 

1954 29.6 1470 4.3 1897 1543 5
 

1955 21.6 893 6.3 1091 1173 24
 

1958 30.8 622 9.2 1112 1321 53
 

1958 72.7 154 28.7 680 1023 85
 

1959 5.1 1326 0.0 1456 1456 9
 

through breeding resistant varieties of rice a particularly difficult task.
 
A highly resistant rice variety must be resistant to hundreds of races of
 
the blast disease organism. For this reason and because blast is so wide
spread and losses from it so extensive. scientists recognized the importance

of a cooperative effort of international scope to screen rice varieties
 
for resistance to blast. Through this program, called the International
 
Uniform Blast Nurseries program, resistant varieties have been identified
 
in a number of countries. All nations can then benefit by using these
 
varieties to interbreed with varieties having locally desirable qualities

of high yield, good taste, etc. As will become apparent in the discussion
 
which follows, many other rice diseases also cause substantial losses and
 
cross national and continental boundaries. Since growing resistant rice
 
varieties isone of the most promising means of reducing losses, there
 
is a great need in developing countries for cooperative plant breeding pro
grams of international scope to further research on varieties resistant to
 
various diseases.
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Stem rot, another fungus disease (causal organisms: Leptosphaeria 
salvinii and Helminthosporium sinwideum var. irregculare),has been reported 
to occur in most rice-growing countries. In Southeast Asia, it is found in 
almost every field where rice has been grown for many years. In advanced 
stages of infection part of the stem rots to the extent that the plant 
lodges, and losses may be considerable (Gu 1972, 1973). Losses in normal 
years in some regions of India are estimated to be 5-107., and in years 
of an epidemic yields may be reduced by as much as 707 (Chauhan, Verma, 
and Bajpai 1968). Approximately 1850 hectares were devastated in a single 
growing season in the 1960's in a district in Sri Lanka due to a stem rot 
epidemic (Abeygunawardena 1966). 

Sheath blight [causal organism: Thanatephorus cucumeris (=Corticum
 
sasakii)] also occurs in most rice-producing countries. This fungus disease 
causes spots on the part of the leaf which envelops the stem (the sheath) 
with death of the entire leaf often the result. The sheath blight organism 
usually invades the rice plant at about water level. Japanese researchers 
have estimated that the yield is reduced 20-257. if the disease spreads 
as far upward as the highest leaf on the plant (see Ou 1972). The disease 
infects about 120,000-190,000 hectares annually in Japan with a resultant
 
loss of 24,000-38,000 metric tons of rice (see Ou 1972). Since sheath
 
blight appears to be particularly destructive when conditions are very 
humid and warm, losses in the tropics are considered to be larger than
 
those in Japan, but few loss estimates are available (Ou 1972. 1973). In 
a district in Sri Lanka. 9.67. of the rice tillers were infected, resulting
 
inan estimated crop loss of nearly 10,000 metric tons in 1965-66 (Abey
gunawardena 1966). The UC/AID Pest Management Project Multi-disciplinary 
Study Team which visited variouo countries in Southeast Asia ranked sheath
 
blight as one of the rice diseases needing highest research priority (Glass
 
et al. 1971).
 

Brown leaf spot [causal organism: Cochliobolus miyabeanus (-=Helminth
osporium orvzae)] is another widely distributed disease which causes serious 
losses. When seeds infected with brown leaf spot fungus are sown, the 
disease may cause blight of the seedlings. In general. the disease weakens 
plants. When the grain is infected, its weight and quality are lowered. 
The loss in grain weight from brown leaf spot infection has been reported 
to be 5-29% (see Ou 1972). Yield losses of 14-417. in a high-yielding rice 
variety were reported from a major rice-growing district in India where
 
the disease was in outbreak proportions (Vidhyasekaran and Ramadoss 1973).
 
The role of this disease in precipitating the 1942 Bengal famine in India
 
has already been described, but in general the magnitude of losses due to
 
brown leaf spot have not been recorded. Part of the reason may be that
 
this disease seems to be associated only with soils that are nutritionally

deficient in some way, and often its symptoms are inseparable from those of 
an abiotically-caused physiological disorder called "akiochi." Brown leaf
 
spot is thought to add to the physiological damage caused by poor soil.
 
Chemical seed treatment and spraying rice plants to control the disease
 
have been widely tried although the usefulness of leaf spray is considered
 
doubtful (Ou 1972. 1973).
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Narrow brown leaf spot [causal organism: Sphaerulina oryzina (aCer
cospora orvzae)], another widespread fungus disease which forms lesions on 
the rice leaves, usually causes damage only to very susceptible rice
 
varieties. A 40% loss due to the disease was reported from Guyana (Surinam)
 
in 1953-54 (see Ou 1972, 1973).
 

Bakanae disease (causal organism: Gibberella moniliforme) upsets the
 
balance of growth hormones that the plant produces, which results either in
 
abnormal elongation or stunting of the plant. Infected seedlings often die.
 
Elongated plants that survive to maturity bear no grain (Ou 1972, 1973).
 
This fungus disease is widely distributed, but the level of infection is
 
generally low. Although severe damage is not common, losses of 4-157. have
 
been reported in parts of Thailand, and losses of 157. have occurred in Uttar
 
Pradesh, one of the states of India (see Ou 1972, 1973). Since this disease
 
is seed-borne, it can be controlled by treatment of the seed with chemicals
 
(Ou 1972, 1973), a practice which is not routine in many rice-growing areas.
 

Bacterial blight (causal organism: Xanthomonas oryzae) is the most
 
damaging disease of rice caused by bacteria and is one of the most impor
tant rice diseases in Asia. The disease is also believed to be present in
 
Africa, but it has not yet been recorded from the rice-growing areas of
 
South America (Ou 1973). Bacterial blight may kill young plants. On
 
mature plants the disease causes grains to be underdeveloped and broken
 
and reduces their weight (Ou 1972, 1973). The common practice of cutting
 
off the tips of the leaves when rice seedlings are transplanted from
 
nurseries to fields provides an easy means for the bacterium to gain entry 
to the plant. 

About 300,000-500,000 hectares are affected annually by bacterial 
blight in Japan. Reductions in yield of 20-307 have occurred due to a 
moderate infection and of over 30% when the infection was severe (see 
MizukamL and Wakimoto 1969). In Japan the disease tends to infect the leaves 
of the plant and to be less severe than in the rice-growing countries of the 
tropics where the entire plant, particularly young plants, may wilt and die.
 
Although few actual figures are available, losses in other countries are
 
thought to be uch higher than those in Japan. The disease is so severe
 
in some tropical areas that almost complete crop failures have resulted
 
(Mizukami and Wakimoto 1969). When potted rice plants in the Philippines
 
were experimentally inoculated with the disease-causing bacterium, a 
moderately resistant variety suffered yield losses of about 47% and a
 
susceptible variety losses of 75% (IRRI 1967). The UC/AID Pest Management
 
Project Multi-disciplinary Study Team to Southeast Asia considered bacterial
 
blight to be one of the rice diseases needing highest priority for research
 
(Glass et al. 1971).
 

The bacterial blight situation in India is illustrative of the way 
in which a disease once considered of relatively minor importance may 
become very widespread and significant. Bacterial blight was first noticed 
in India in 1951 in the State of Maharashtra where it was widespread and 
destructive. The estimated damage on a three-year basis in that 
State was 22.7% (Srivastava 1967). The disease was ccnsidered to be local
ized to Maharashtra until it broke out as an epidemic and caused serious 
damage in part of the State of Bihar in 1963. Following 1963, the pre
valence and severity of the disease increased. A promising high-yielding 
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rice variety developed in Taiwan was planted in trial plots in farmers'
 
fields in several locations in India in 1965. Most of these plots were,
 
severely infected by the disease, and losses of 6-60% were reported. In
 
1966 this high-yielding, but disease-susceptible, variety was cultivated
 
over larger areas in several states and was again severely infected
 
(Srivastava 1967, 1972). Millions of hectares in India are now believed
 
to be infected by the disease (Ou 1972, 1973). D. N. Srivastava, in
 
his presidential address to the Indian Phytopathological Society in 1972, 
summed -tp the current situation as follows: "Thus, with the introduction 
of one susceptible variety a disease which was unknown in all but two 
States earlier, became pandemic within two years. At present bacterial
 
blight is a major hurdle in stepping up rice yields." (Srivastava 1972).
 

An unfortunate incident in the bacterial blight story in India
 
serves to illustrate the inadequacies that may beset a developing country
 
in attempting to cope with a plant protection problem. The causal agent
 
of the disease, a bacterium, had been discovered by Japanese scientists
 
in 1922 and was well known. However, in 1963 there was much confusion
 
among Indian specialists as to the diagnosis of the disease which had broken
 
out suddenly in Bihar, even though just a few years previously Indian scien
tists working in Maharashtra had found that the disease which had appeared
 
there was caused by a bacterium. For a time the disease in Bihar was attri
buted to a number of causes, none of which was a bacterium, and inappropriate
 
remedies were suggested. The disease was properly diagnosed as bacterial
 
blight by a visiting Japanese scientist (Srivastava 1972). Srivastava points
 
out that such a state of confusion was probably due to an uneven development 
of plant pathology in India where emphasis had been placed on fungus diseases. 

In 1972 the Sierra Leone delegate to the Fourteenth Session of the
 
International Rice Commission Working Party on Rice Production and Pro
tection (FAO) reported that bacterial blight was suspected in his country
 
but that the disease could not be positively identified due to lack of
 
adequate diagnostic facilities (FAO 1973a).
 

Bacterial leaf streak (causal organism: Xanthomonas translucens
 
f. sp. orvzicola)is another bacterial disease which is common in the tro
pical parts of Asia. It has not yet been reported from other rice-producing
 
areas of the world. When conditions are favorable, the disease may cause as
 
much damage to the leaves of rice plants as bacterial blight but, again,
 
few estimates of losses are available (Ou 1972, 1973).
 

The fungal and bacterial disease organisms of rice usually are
 
spread by abiotic agents, such as wind or rain or sometimes in irrigation
 
waters. Upon reaching a healthy plant, most of these pathogens are them
selves able to gain entry to the plant through evolved mechanisms or, often
times readily, through wounds which the plant may have incurred from storms
 
or from the feeding activities of certain insect pests. Rice virus diseases,
 
on the other hand, are dependent upon a biotic agent, insects, both for
 
their spread to healthy plants and for their entry into the plant. When a
 
leafhopper or planthopper insect vector feeds upon a diseased plant, it
 
pierces the plant and ingests the virus along with the plant juices. The
 
virus is then spread to a healthy plant when the insect moves on for further
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Thus, spread of a virus disease is largely dependent upon the
feeding. 

number of insect vectors present which can transmit the virus. When
 

populations of the insects are low, the incidence of disease in the plant
 
insects are abundant, a disease may be widespreadpopulation is low; when the 

and severe. The situation is complex, and in devising ways to prevent losses
 

from virus diseases, consideration must be given to the insect vector of the
 

disease as well as to the disease itself.
 

An understanding of the effect a virus disease has on rice can be
 
study in which various features ofgained by examining some data from a 

plants diseased with tungro (degenerated growth) virus (transmitted by: 

Nephotettix virescens, N. nigropictus, N. parvus, E. malayanus, and 

Recilia dorsalis) were compared with those of healthy plants (Table 11).
 

The infected rice plants were shorter, had fewer and shorter panicles,
 
more unfilled grains, and a lighter grain weight than the healthy plants.
 

In the same study approximately one outThe reduction in yield was 87%. 

of every 25 rice plants was found to be diseased in samples taken in fields
 

in four districts of West Bengal, India (Mukhopadhyay and Chowdhury 1970).
 

Large yield reductions also were found in experiments in Thailand with
 

rice plants grown in pots. Infection of these plants with a virus disease 

called yellow-orange leaf, but thought to be the same disease as tungro,
 
reduced the yield of one rice variety by 407. and of another by 60-707. (see 

Wathanakul and Weerapat 1969).
 

TABLE 11
 

Effect of tungro virus disease on 1R8 rice, a high-yielding variety; Aug.-


Oct., 1969, West Bengal, India (from Mukhopadhyay and Chowdhury 1970).
 

No. 

Condition 
of plants 

Plant 
height 
(cm) 

No. 
panicles/ 
plant 

Panicle 
length 
(cm) 

No. filled 
grains/ 
panicle 

unfilled 
grains/ 
panicle 

Grain Wt. 
(Avg. of 
100 in gm) 

Healthy 83.0 8.6 19.7 91.4 6.0 3.2 

34.8 0.4Diseased 61.7 6.2 16.2 24.6 

Tungro was first clearly recognized as due to a virus as recently 
This disease is now known to be widespread in as 1963 in the Philippines. 

tropical Asia and is currently considered one of the most destructive rice 

diseases (Ou 1973). Increasing knowledge about virus diseases in Southeast 

Asia led to the discovery that many of the disorders of rice which had long 

been attributed to an abiotic factor, nutritionally deficient soils, or to 

unknown causes are actually virus diseases. Mentek (midget) disease, known 
In Indonesia since 1859, and penyakit marsh (red disease), known in Malaysia
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since 1938, were considered to be physiological disorders resulting from
 
poor soils but are now believed to be tungro. The same situation is true 
for the yellow-orange leaf disease of Thailand, for the leaf yellowing'
disease of India, and is probably true for other countries where diseased 
rice has similar symptoms (Ling 1972; Ou 1972, 1973). 

The recent outbreaks of tungro in the Philippines and in Indonesia
 
usually have been associated with the high-yielding varieties of rice. 
The current belief, however, is that virus diseases have caused considerable
 
losses in these countries even before the introduction of the high-yielding

varieties and that the combination of highly susceptible rice varieties,

fertilizer, improved management practices, and weather have simply triggered
unprecedented outbreaks of diseases (and also of insect pests) which had
 
been doing lesser, but often serious damage all along (Reddy 1973). For
 
example, in the early 1940's the loss in the Philippines due to a disease
 
now believed to have been tungro was 307. of the production, or 1.4 million 
metric tons, annually. And from 1934-1936 in Java, 30,000-50,000 hectares
 
of rice were very seriously affected by the mentek disease (see Ou 1972,
 
1973; Reddy 1973).
 

The serious losses in the Philippines in the 1970's which caused
 
a set-back to self-sufficiency in rice production have already been des
cribed. In Indonesia in 1969-1971, approximately 21,000 hectares of rice
 
were completely destroyed by tungro at an estimated loss of US$ 3.15 million
 
(Reddy 1973). Tungro caused a total loss on 5,000 hectares in central Java
 
in 1972 ( Reddy 1973). In Malaysia tungro has affected thousands of hec
tares year after year. The losses were about 40% in one district in years

in which the disease was considered a serious problem. Losses in some 
localities were thought to average about 10%; individual fields were 
totally destroyed (see Singh 1969). Tungro was first observed in Thailand 
in 1964. By 1966 the disepoe had spread to the extent that about 660,000

hectares in one region of the country were affected at least moderately;

about half of this areA was severely affected. Rice yields were estimated 
to have decreased by about 50% in the areas which were severely infected 
(see Wathanakul an,] Weerapat 1969, Wathanakul et al. 1971). Tungro is 
currently one of the two most important rice diseases in Bangladesh and
 
is also severe in oortheastern India. In areas of Bangladesh where the 
disease is epidemic, estimated losses are 40-60% (Reddy 1973). The UC/AID
Pest Management Project Multei-disciplinary Study Team to Southeast Asia 
fully recognized the seriouzuess of virus diseases in general and ranked
 
them among the diseases currently needing highest research priority (Glass
et al. 1971). Tungro is the most important of the diseases caused by viruses. 

Stripe virus disease (transmitted by: Laodelphax striatellus, 
Unkanodes sapporonus, and Ribautodelphax albifascia) greatly reduced yields
in South Korea in the mid 1960's. Throughout that country from 1964-1966 the 
percentage of rice hills infected with the disease ranged from 11 to 39, but 
no loss data are available (see Lee 1969). 

Transitory yellowing virus disease (transmitted by: Nephotettix

nigroictus, N. cincticeps, and Recilia dorsalis) was first noticed in
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southern Taiwan in 1960 when there was a severe outbreak. The following 
year approximately 2,000 hectares in central Taiwan were devastated and 
about 16,000 hectares suffered noticeable losses. During the years 1962
1966 areas ranging in extent from 2,000 to 26,000 hectares suffered damage
 
(see Su 1969) and although losses must have been considerable, figures are
 
not available. At present transitory yellowing is known only from Taiwan
 
(Ou 1972).
 

Hoja blanca (white leaf) (transmitted by: Sosatodes oryzicola and
 
S. cubanus) is a serious rice virus disease in many of the rice-producing
 
countries of the Western Hemisphere. In some fields in Colombia losses
 
occasionally have been 1007. (Galvez 1969). A loss of 50% was estimated
 
for all of Venezuela and 257. for Cuba in 1956. The reduction in yield
 
in some fields was as much as 75%. The damage was sometimes so great,
 
the fields were not harvested (Atkins and Adair 1957, Galvez 1969).
 

Japanese scientists believe that yellow dwarf (transmitted by:
 
Nephottetix virescens, E. cincticeps, and N. nigropictus) may be caused
 
by a mycoplasma-like organism (Ou 1972, 1973). This disease occurs at low
 
levels throughout tropical Asia but appears to cause severe losses only
 
in countries with a temperate climate. Yellow dwarf has been known to
 
occur in Taiwan, a temperate country, since at least 1932 but has become
 
a serious problem there only recently. The change in severity of the
 
disease is thought to have been triggered by changes in cropping pattern
 
(Ou 1973). Yellow dwarf is best known from Japan. In a local epidemic 
of the disease in that country, 70-80% of the rice hills were infected
 
with a resulting yield loss of 50%. Such local epidemics are thought to
 
occur fairly often in Taiwan (Hashioka 1964).
 

Many diseases of rice in addition to those discussed here damage 
the crop in various ways and cause losses in yield (see Ou 1972, 1973). 

Nematodes are small worm-like organisms. A number of species are 
parasitic on rice plants (Taylor 1969, Ichinohe 1972, Ou 1972). The rice 
white tip nematode (Aphelenchoides besseyi) and the rice stem nematode 
(Ditylenchus angustus) infest parts of the rice plant above ground. Since 
the affected plants develop definite symptoms, infestations of these nema
todes are commonly called diseases (white tip disease and stem nematode, or 
ufra, disease). Other species of nematodes infest the roots of the plant. 
There often may be no specific symptom on the parts of the plant above 
ground except for a gradual retardation of growth. Because of this, in
festations of rice root nematodes often go undetected, and the magnitude 
of the losses they cause is largely unknown. Increased rice yields have 
resulted when nematicides were applied to soils containing these pests 
(see Taylor 1969, Ichinohe 1972, Ou 1972). Various species of nematodes 
that attack rice roots probably occur throughout the world, but in general 
they are poorly known and many pest species have not yet been discovered. 

Stem nematode has been reported from several countries in Asia and
 
from Malagasy Republic (Madagascar). Characteristically, parts of infested
 
plants become twisted and grains are often shrivelled or empty (Ou 1972,
 
1973). Damage in some areas of India has been reported to vary usually from
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5% to 25.,and to be as much as 507. in badly infested fields (Singh 1953).
 
Losses of 20-50% in an area. in Thailand have been reported (Hashioka 1963).
 

The white tip nematode occurs in many rice-growing countries in Asia,
 
Africa, and Latin America. The leaves of infested plants turn white at the
 
tips. In addition, the rice is stunted and produces small panicles. The
 
grain may be small, distorted, or sterile (Ou 1972, 1973). Losses in yield
 
of plants infested with this nematode have been estimated at 29-46% among
 
10 rice varieties in Taiwan (see Ou 1972). Experiments in Japan and the
 
United States have shown that infested plants may yield up to 54% less
 
than healthy planti; (see Ichinohe 1972).
 

LOSSES TO WEEDS
 

Weeds are one of the most important factors in rice culture. In 
fact, much of the world's rice is grown under flooded conditions primarily 
to control weeds (Kasasian 1971). Weeds compete with the rice plant for 
nutrients, space, light, and sometimes water. Those which grow faster 
than the rice plant or which get a head start may completely overgrow and 
choke out the rice if left uncontrolled. Usually, the competitive effect 
of weeds is much more subtle in reducing rice growth and yields. The 
losses are often taken for granted since the damage is not so striking as 
that done by other pests. Unless herbicides are used, weeds are generally 
a more serious problem in the type of rice culture in which seeds are sown 
directly in or on the soil than in the type in which the rice is grown to 
seedling size in nurseries and then transplanted to the fields. In trans
planted fields the ground is carefully prepared to rid it of weeds, and 
the seedling rice has a head start, whereas in direct-seeded fields the 
weeds and rice germinate at the same time with resultant intense compe
tition for light, space, nutrients and water. Regardless of the type of
 
culture, in well-tended fields far more hours of labor are expended on
 
activities related to weed control than on other aspects of plant protection
 
(Table 12). Even so, weeds are considered to be one of the major causes
 
of low rice yields in the Philippines (Vega and Paller 1970) and probably
 
in most other rice-growing countries as well. In some areas of the world
 
weed problems are so serious rice cannot profitably be grown. The UC/AID
 
Pest Management Project Multi-disciplinary Study Team which visited certain
 
South American countries in 1972 noted in their report that large areas of rice
 
lands in Brazil are no longer planted in rice due to the serious infestation
 
of red rice (Echandi et al. 1972). Red rice is a general term used for rice
 
types which have an undesirable red seed coat. These weeds and the domestic
 
rice types are indistinguishable during most of their growth stages.
 

Little information is available concerntng how well farmers of
 
developing countries control weeds in their fields. In some areas they
 
apparently pay almost no attention to them. This is especially true in
 
the direct-seeded type culture which is often practiced in areas where the
 
supply of labor is not plentiful for such time-consuming manual operations
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TABLE 12 

Human labor expended on direct-seeded (D.S.) and transplanted (T.) types

of rice culture;. India (after Chowdhury et al. 1970).
 

Man-days/ha required for rice varieties:
 
Rice-production IR 8 
 Tainan 3 China 4
 

operations 
 D.S. T. D.S. T. D.S. T.
 

Fertilizer application 
 8 8 8 8 8 8
 

Raising seedlings - 14 - 14 - 14 

Sowing/transplanting 25 25
40 40 25 40
 

Plant protection 9 
 9 9 9 9 9
 

Irrigation 15 12 
 15 12 15 12
 

Weeding 100 100 100
50 50 50
 

Harvesting 45 34 25
40 30 26
 

Threshing and winnowing 
 82 80 62 60 51 53
 

Total 284 253 253 223 247 212 

as transplanting and weeding. In West Africa, a USDA/USAID team of
 
economists and agronomists found that weeding was not practiced by most
 
rice farmers in some of the areas they visited (USDA/USAID 1968). Even
 
in parts of India, much of the rice is direct-seeded and then neglected,

with a poor harvest the result (Chowdhury et al. 1970). Scientists in

Sri Lanka estimated in the 1960's that only about 307. of the cultivated
 
land in that country was weeded (Jayasekera and Velmurugu 1966).
 

Although weeds seriously reduce rice yields in many countries,
 
little data are available on the actual extent of losses. However, some
 
insight into the magnitude of the problem can be gained by examining the
 
results of experiments conducted by research stations. Generally one group

of experimental plots is weeded by hand and another group is left unweeded.
 
When the grain is harvested, the yield from the unweeded plots is compared

with that from the plots which were weeded. The difference in yield is
 
due to the adverse effects of weeds. Usually such experiments are done as
 
part of herbicide screening programs inwhich various herbicides are tested
 
on yet other plots and the yields from these plots compared with those of
 
the handweeded to determine the effectiveness of the herbicide.
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The data from an experiment with weeded and unweeded fields are 
shown in Table 13. The presence of weeds reduced the number of rice plants,
and weeds were more efficient than rice at taking up nitrogen from the soil. 
As a result, the rice yield was decreased by 74%. There were 19 different 
species of weeds in the plots (Mukhopadhyay, Ehara, and Ghosh 1972). Simi
lar yield reductions due to the adverse effects of weeds have been reported 
from many countries in various seasons with various types of rice culture 
and rice varieties (Table 14).
 

TABLE 13 

Comparison of plant density, nitrogen uptake, and rice yields in weeded and
 
unweeded fields of direct-seeded upland IR8 rice, a high-yielding variety;
 
1968 kharif season, India (after Mukhopadhyay, Khara, and Ghosh 1972).
 

Condition No. plants/m2 N uptake (ks/ha) Rice yield 
of fields Weeds Rice Weeds Rice (kg/ha)
 

Weeded 18 109 5 86 4320
 

Unweeded 65 49 30 16 1150
 

Such experiments reflect the extremes of the situation. Most far
mers probably weed their fields to some extent and thus would not have
 
yields as low as those in unweeded experimental plantings (for testing
 
herbicides, researchers sometimes sow weed seeds in the plots). On the
 
other hand, since farmers probably do not weed their fields as carefully
 
as research fields are weeded, they would not obtain as high a yield as
 
that which is possible with thorough weeding done at optimally appropriate

times. Experiments in the Philippines done under farmers' field conditions 
in the 1972 wet season on transplanted rice, some of which was weeded by
 
hand twice and some left unweeded, showed that the adverse effects of weeds
 
caused a 137. reduction in yield of IR24 rice variety at one location and 
a 217. loss in 1R20 rice at another location (De Datta and Lacsina 1974). 
Brazilian scientists told a visiting UC/AID Pest Management Project Multi
disciplinary Study Team that rice losses in their country due to weeds are 
probably about 307. (Echandi et al. 1972).
 

Competition with the rice plant for factors essential to good growth

is a direct means by which weeds reduce rice production. Weeds also ad
versely affect rice production in a number of indirect ways. For example,
 
weods often provide cover for pests such as insects and rats which then may
 
invade the rice. Some weeds have the same diseases as rice and are fed on
 
by the same insects that feed on rice. Thus, these pests can survive in the
 
weeds during unfavorable times, such as after the rice isharvested. Or if
 



TABLE 14 

Reduction in rice yield due to weeds in research fields in various countries. 

Couhtry 
Rice variety & 
type of culture Season 

Type of 
comparison 

Reduction 
in yield (7.) Authority 

FAR EAST 
Bangladesh 

o 

Var. IR8 

Var. Meher 

Boro 
(spring) 

Unweeded vs. 
handweeded 

32 

14 

Mian & Gaffer (1971) 

i 

India Direct-seeded, 
upland, rainfed, 
Var. IR8 

1968 
kharif 

Unweeded vs. 
handweeded 
3 times 

74 Mukhopadhyay, Khara, 
& Ghosh (1972) 

I 

1969 
kharif 

98 

Indonesia 

" 

" 

Upland March-Aug. 
1969 

1969-70 

wet 

Unweeded vs. 
handweeded 

Unweeded vs. 

handweeded once 

Unweeded vs. 
handweeded twice 

91 

63 

71 

Soetidjo & Sjarifullah 
(1971) 

Mangunsoekardjo & Kadnan 
(1971) 

Philippines Lowland 1966 dry Unweeded vs. 
handweeded 

52 Vega & Paller (1970) 

1966 wet of 34 is 

(continued) 



TABLE 14 
(Continued) 

Country 
Rice variety & 
type of culture Season 

Type of 
comparison 

Reduction 
in yield () Authority 

FAR EAST (cont.) 
Philippines Lo-land 1967 dry Unweeded vs. 

handweeded 
17 Vega & Paller (1970) 

to it 1967 wet " 76 

" " 1968 dry " 60 

. ,t 1968 wet f63 

Transplanted, 1972 wet Unweeded vs. 69 De Datta & Lacsina.-(1974) 
Var. 1R24 handweeded twice 

Transplanted, 1973 dry " 38 
Var. R20 

Taiwan Transplanted 1971 spring Unweeded vs. 
handweeded 

31 Chang.& DeDatta (1972) 

NEAR EAST 

Iran Var. Taichmug 65 9 Chang & Yang (1971) 

n Var. Maher 14 it 

Paktan 1969 Unweeded vs. 65 Haq (1970) 
herbicide-treated 

AFRICk 
Liberia Irrigated, Jan.-My Unweeded vs. 44 Carpenter (1973) 

Var. IR5 1971 handweeded once 

(continued) 



TABLE 14 
(Continued) 

Country 
Rice variety & 
type of culture Season 

Type of 
comparison 

Reduction 
in yield (7.) Authority 

AFRICA (Cont.)
L-beria Irrigated, Jan.-My Unweeded vs. 51 Carpenter (1973) 

Var. IR5 1971 handweeded clean 

of Upland, Var. June-Oct. Unweeded vs. 22 " 
1AC23 1972 handweeded once 

t t o Unweeded vs. 39 I 
handweeded clean 

Niger Unweeded vs. 81 USDA/USAID (1968) 
handweeded 

Nigeria Transplanted, 
Var. IR8 

1969-1972 
et 

Unweeded vs. 
herbicide-treated 

56 Williams (1973) 

soum AMERICA 
Guyana Direct-seeded, 

dry 
1971-72 

spring 
Unweeded vs. 

herbicide-treated 
21 Kennard (1973) 

t Direct-seeded, it 16 
wet 

Peru Transplanted 1960-61 Unweeded vs. 3A See French & Gay (1963) 
handweeded 

Direct-seeded " " 58 " 
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pest control measures are applied to the rice fields, insects and disease
causing organisms may survive in weed patches around fields and later again
infest the rice from these reservoir areas.
 

Weeds also indirectly affect rice-growing by contaminating the
 
grain, thereby reducing its quality. The effect is compounded since in
 
some areas, weed seeds mixed inwith the rice seeds at planting are a
 
major source of the weeds inrice fields. The problem of contamination
 
with wild red rice is very important in many South American countries.
 
The high incidence of red rice in the rice fields of Guyana, for example,

seriously affects the quality of the product. 
Eighty to ninety percent of
 
samples taken at mills in the two major rice-growing areas of Guyana in
 
the spring and autumn of 1970 contained more than 2% red rice. These
 
samples were given lower grades and were worth less money than uncontamin
ated rice. Thirty-four to forty-four percent of the samples contained more 
than 10% red rice and 2-3% were more than 40. contaminated, which gives 
some indication of the severity of the problem. The financial loss was an
 
estimated 0.5 million U.S. dollars for the spring 1970 crop and 1.5 million
 
for the autumn crop (Rai 1973, 1974).
 

Weeds further have an indirect effect on rice production by growing

inand sometimes plugging the irrigation and drainage canals essential to
 
much of rice culture. This greatly increases the labor that goes into
 
maintaining the water systems, thereby increasing the cost of producing

the rice or, where labor is scarce, reducing the amount of labor available 
for pulling weeds in the fields.
 

LOSSES TO RODENTS 

Rodents, particularly rats, are considered to be as economically

important as the major insect pests (Fernando, Kawamoto, and Perera 1967).

Rodents damage rice at all its growing stages and also feed on the har
vested crop in storage (Grist and Lever 1969, Alfonso and Sumangil 1970).

In parts of various countries the damage to rice in fields may be continually 
severe and sometimes catastrophic (see Wood 1971). Only the nature and ex
tent of damage to rice in fields before harvest will be discussed here.
 
However, it should be noted that losses to rice in storage may be even
 
greater than those in the fields.
 

A number of different species rif rodents may attack rice in the 
fields. In Thailand, for example, 10 species were found damaging the 
crop (Shuyler and Ratanaworabhan 1970). InMalaysia, and probably in 
most other areas, the most destructive rodent species are rats which live 
in burrows in unplanted land near the rice fields and in the bunds, the 
levees for water control which run through the fields (Wood 1971). The 
rats then forage into the fields, usually at night, from these habitats 
and also from other sheltered places, such as straw piles and threshing

debris left from the previous crop. They appear to move fairly long dis
tances in their foraging activities, often being drawn from beyond the
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boundaries of one farm and readily moving into a relatively rat-free
 
area from surrounding, more densely populated areas. In a study done in
 
India an electric fence was put around tuo small plots of rice to kill
 
the invading rodents and protect the crop. At one of the sites 1120
 
rodents were killed in a 21-day period (Table 15). They were determined
 
to be coming mainly from hay stacks and mango planting about 30-60 meters
 
from the fenced area (Srinivasalu, Velayutham, and Subramaniam 1971). 

TABLE 15 

Rodent catches with electric fence; India (modified from Srinivasalu,
 
Velayutham, and Subramaniam 1971)
 

Size of No. of days No. of rodents Avg. No. of
 
fenced area fence in killed (total rodents killed/


Year (ha) operation of 3 species)* day/ha
 

1969 0.72 46 352 11
 

1970 1.08 21 1120 49
 

* Bandicota bengalensis, Millardia meltada, and Mus booduga. 

Rats commonly gnaw off tillers or entire rice plants at the base. 
This type of damage is especially prevalent during the early stages of plant
growth and causes the most serious losses. Later, the rats feed on the 
ripening grain. At planting time sowed grain may be eaten both before and 
after it has germinated. Scientists in Thailand estimated that as much as 
107. of the seedbed could be lost due to rats. In areas where seed was 
sowed by broadcasting it in the field, rat damage was sometimes so severe
 
that reseeding was necessary (Shuyler and Ratanaworabhan 1970). Such
 
reseeding is costly in terms of the input required to obtain a crop.
 

In addition to directly eating newly planted seed, cutting and eating
 
tillers, and eating ripening grain, many rodent species store grain in their 
burrows. Nearly 3 kg of unhulled rice was found in the burrows of a single
family of rats (Gunomys gracilis) in Sri Lanka (Fernando, Kawamoto, and 
Perera 1967). Some rodent species (Bandicota spp.) in India may hoard up
 
to 5.9 kg in a burrow (Srivastava 1968). At the 1972 rate of Indian pro
duction of 0.287 kg of rice per person per day (FAO 1972a), this is equi
valent to the rice production for one person for nearly 21 days.
 

A series of outbreaks of rats in the Philippines in the 1950's was
 
so damaging to the rice crops that a widespread food shortage resulted (see
 
Taylor 1972). The losses in 1958 were estimated to be 220 kg of unhulled
 
rice per hectare over 600,000 infested hectares (Alfonso and Sumangil 1970).
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The current national estimate for the Philippines of 3.57. damage due to
 
rats is considered by some to be an underestimate of the actual yield
losses. In surveys made of over 1500 Philippine rice fields. 90%of the
fields were found to have suffered some damage (FAO 1973c). The maximum 
rat damage to rice in India has been estimated to be 5.7-9.47., with the 
resulting loss inyield usually varying from 1.1 
 to 3.7%. In some in
stances, however, losses are as much as 307 (Srivastava 1968). Researchers
making a rat damage survey in Thailand in 1969-70 observed several small 
patches of rice that were completely destroyed. The largest was 3.2 ha,
which exceeds the size of many Thai farms (Shuyler and Ratanaworabhan 1970).
In Indonesia, 60-80% of the rice was destroyed in badly affected areas 
during the period 1960-1964. Over 25% of the rice crop in Guyana (Surinam) 
was lost in one season due to an outbreak of rats (see Taylor 1972). In
 
Liberia, where rats are considered one of the most important causes of
 
rice losses, it has been estimated that damage is rarely less than 15%
 
and often exceeds 30% (Carpenter 1973).
 

When rats can be killed in one area and permitted to live in 
another, the extent of the yield loss resulting from their damaging
activities readily becomes apparent. In such an experimental study done 
in Malaysia, rats (primarily Rattus rattus argentiventer) were controlled 
with poisoned baits in two large areas and were left uncontrolled 1-i two

similar areas (Wood 1971). The resulting yields in the areas uhere the
 
rats were controlled were two to three times greater than those in 
 the 
untreated, rat-infested areas (Table 16). 
 The yields from the untreated
 
areas were considered typical of the localities in which they were situated
 
and also of a large proportion of Malaysian rice fields in general. In
 
both localities rats were recognized as a problem but were not considered
 
exceptionally serious by Malaysian standards (Wood 1971).
 

TABLE 16 

Effect of rat control on rice yield; Malaysia (adapted from Wood 1971).
 

Yield of Estimated reduction
 
unhulled rice in yield due to rats
Treatment (lb/acre) ()
 

Location 1 
Poison bait on 110 acres 4404 
Untreated 1536 65
 

Location 2
 
Poison bait on 40 acres 4019
 
Untreated 
 1255 69
 

http:5.7-9.47
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In some of the rice-growing areas of West Africa, a very large rodent
 
(Thrvonomys swinderianus), a cane rat commonly known by the name "Cutting
grass, often seriously damages rice. Cutting-grass is about the size of
 
the American woodchuck, is considered good tasting, and is commonly hunted
 
for food, serving as a major source of animal protein in some areas (Rose
year 1969). As the name implies, this animal damages rice by severing
 
the tillers and feeding on them. Cutting-grass is at times so destructive
 
that it is considered the most serious rice pest in some regions (Carpenter
 
1973). In parts of Ghana farms have been nearly destroyed by the activi
ties of Cutting-grass, and there are reports of farmers abandoning rice
growing land in Sierra Leone after Cutting-grass infestations (Dadey 1973). 
The animal is thought to be even more destructive in parts of Liberia than 
in Sierra Leone and fencing farms to exclude it is conoidered essential but
 
is costly. To adequately fence a 1.2 hectare farm requires 30-40 days
 
and such a fence, although fairly effective at excluding Cutting-grass, does
 
not keep out the much smaller field rats which, as already mentioned, damage 
an estimated 15-30% of the crop (Carpenter 1973).
 

Many rodents indirectly affect rice production through their burrowing 
activities in the bunds and in the sides of ditches. Burrowing decreases 
the efficiency of the irrigation systems and increases the labor required 
to maintain them. 

LOSSES TO MISCELLANEOUS PESTS
 

In addition to the major pests of rice- insects, disease-causing 
organisms, weeds, and rodents - a number of other pests damage the crop, 
but usually less often or less severely. Among these minor pests are 
invertebrates, such as crabs and snails; large mammals, such as monkeys, 
deer, hippopotami, elephants, and wild pigs; and birds (Rekddy 1968, USDA/ 
USAID 1968, Grist and Lever 1969Y Dunsmore 1970, FAO 1973c). Although
 
these pests are known to damage rice. losses have rarely been quantified. 

Snails harm the crop by feeding on newly-emerged growth from seeds
 
or on young seedlings (Grist and Lever 1969). Commonly, the shoots of
 
seedlings are cut off below the mter level. Snails (Pomaces liueata and
 
]!. glauca) may be the most costly rice pests in Guyana where they have
 
destroyed young seedlings over large areas (Grist 1965). In parts of
 
India approximately 10-15% of the seedlings are lost to snails (Viviparus
 
variatus is most co mon species) in some years (Reddy 1968).
 

Crabs affect rice production by feeding on seedlings or by bur
rowing into the bunds. They attack the rice both in seed beds and in
 
fields, cutting the plants near the ground. Iz Asia these pests are
 
commonly dealt with by trapping them in earthe:mware pots which are baited
 
and submerged to about water level in the rice fields (Reddy 1968J Grist 
and Lever 1969). A beneficial side effect of use of pesticides for insect 
control in rice is that crabs also are often killed by the chemicals: 
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have readily developed resistance.however, in some cases they appear to 
When endrin was first used for rice insect control in Sri Lanka, a crab' 

was extremely susceptible to even trace levels of the insecticide.species 
After it had been used for several years, the crab pest was not killed 

even when dipped in high concentrations of endrin (Fernando 1967). 

Crabs (primarily Sesarma huzerdi) completely destroyed 1.2 hectares 

at the West African Rice Research Station in Sierra Leone in 1951 and 
That year 17,000
caused very serious damage over a much larger area. 


crabs were caught by hand or in traps and destroyed. A similar number
 

inre killed in 1952, and 32,000 were destroyed in 1953 without a notice

able reduction in the crab population. Ultimately, routine spraying
 

with peaticide was adopted to protect newly planted seedlings so that
 

the experimentnl work of the research station could continue (Jordan 1957).
 

After rodents, birds cause far greater losses to rice tha, do other
 

vertebrate pests. This is particularly true in some areas of Africa
 

where birds cause such extensive, though largely unmeasured, losses that
 

they are considered major pests of the rice crop. The grain-eating
 

birds of Africa cause even more serious losses to the far more exten

sively grown millets and sorghum than to rice. The priticipal African
 

bird pest is Quelea cuelea, a sparrow-sized weaver bird which is thought
 

to be the most abundant and destructive bird species in the world (Crook
 

and Ward 1968). _Quela is highly social, gregarious, and nomadic. Large
 

flocks may contain millions of birds; five to six thousand of its woven
 

nests may be found in a single tree. Typically, a flock takes up a
 

temporary roosting site in a protected situation, such as a grove of
 

trees. The birds then leave the roosting area at periods during the
 

day and fly distances as great as 16 kilometers to a feeding area, such
 

as rice fields (Crook and Ward 1968, Park 1973). When an enormous flock
 

of Q descends on an area, the crop may be almost completely destroyed.
 

In 1954-55, for example, Quelea destroyed 80% of the rice in one region
 

in Senegal (Park 1973). In general, the damage in West Africa seems to 

be greatest on the early-maturing varieties of rice. Damage has been esti
mated at US$400-$480 per hectare (Dadey 1973).
 

Quelea is a particularly difficult pest to control because of the
 
enormous number of birds involved, the vast areas of sparsely populated 
land the species inhabits, and its nomadic behavior (Crook and Ward 1968).
 

Except for a short breeding period, the birds may move considerable dis
tances, usually occupying a roosting area for a few weeks, then moving 
on to a new roosting site and new feeding grounds.
 

7ypical modern control efforts consist of locating roosting or
 

nesting sites, often a very difficult task, and destroying the birds by
 

means such as pesticides, explosives, or flame-throwers (Crook and Ward
 

1968). 3ixty-eight roosting sites were destroyed with explosives, and
 

an estimated 80 million Quelea were killed in a five-month period in one
 
such control project in the Senegal River Valley, a rice-growing area.
 
What proportion of the total population of birds in the area this repre

sented is not known (Crook and Ward 1968). The destruction of large
 

numbers of Quelea in the Senegal River Valley is considered economically
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sound for protection of the rice crop. Despite the enormous numbers of 
birds killed, however, control must be repeated annually since the birds 
are readily replaced by invasion from the tremendous reservoir of Quelea 
from other parts of the vast area occupied by this species. For this 
reason experts believe that over most of Africa there may be little 
point in the mass destruction of this pest, the birds killed constituting 
only a small part of the approximately 50% of the Quelea population that 
would die each year from natural causes anyway (Crook and Ward 1968). 
The UC/AID Pest Management Project MUlti-disciplinary Study Team which 
visited certain African countries in 1972 noted in their report that 
the control of birds with chemicals, the most widely practiced modern 
method, is not only costly but also environmentally questionable and 
stated that in most cases it was not making a major impact on the bird 
population (Sasser et al. 1972). Development of crop protection schemes 
against guelea is greatly hampered by a lack of basic knowledge concerning 
its population size, the natural fluctuations in its numbers, and its 
nomadic movements. 

Throughout Africa the traditional means of attempting to cope
 
with the Quelea problem has involved frightening the birds away from
 
the ripening grain. Although relatively few precise figures are avail
able for losses due to Quelea, the severity of the problem is abundantly
 
reflected in the bird-frightening efforts of the African farmer. In
 
some areas all rice fields require continuous bird-scaring activity for
 
weeks, from the time the rice flowers until it is harvested (Carpenter 
1973). Members of the farmer's family shake noise-makers and manipulate 
visually frightening devices to keep the birds on the move. As many as 
two to five operators per hectare may be necessary for adequate protection,
 
a tremendous labor input which is feasible only on very small holdings and 
which often involves keeping children out of school. Such scaring can 
be reasonably effective only if there are other sources of food, such as 
the preferred small seeds of wild grasses, available to the birds. Other
wise, the hungry birds persistently defy the operators. Most commonly, 
losses do occur in spite of the efforts of the operators. The philo
sophy of the farmer appears to be that if his family attempts to keep 
birds on the move, then his crop will not bear a disproportionate share 
of the losses in the community or area (Crook and Ward 1968, Park 1973). 
When a rice crop matures out of season from the major part of the crop, 
as happen with the early-maturing varieties, it may be severely damaged 
(Carpenter 1973, Dadey 1973).
 

Whereas Quelea and some other bird pests are nomadic species, 
often severely damaging crops in one area while those in a nearby area 
may go unharmed, other species of birds in Africa, and also other 
countries, are relatively sedentary. Z1ese birds are resiaent in the 
rice-growing areas throughout the ye.ar. Although less spectacular, the 
Jamage caused by the resident species in West Africa is more consistent 
and often may be as serious as that caused by nomadic flocks (Park 1973). 

Most of the grain-eating birds perch on the rice panicle to feed.
 
As a result, quantities of rice arL )ften shaken to the ground, causing
 
the loss to be much greater than the amount the birds actually consume
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at the time (Park 1973). After harvest they may feed on the rice on the 
ground. When rice is direct-seeded by the broadcast method, it also is 
subject to attack by these birds. A USDA/USID team of agronomists and 
economists that visited rice-growing areas of West Africa noted that in 
The Gambia, where most of the rice is sowed by broadcasting, children 
-scare the birds away until the rice has begun to grow (USDA/USAID 1968). 

Birds may be influencing the extent to which rice is grown in 
some parts of Africa. In Uganda, for example, it is thought that more 
farmers would grow rice, a cash crop, were it not so severely damaged by 
these pests (Ingram 1958).
 

Although Africa isbetter known for its bird pests than any other
 
region, other countries are not without bird problems in rice. In some
 
parts of South America seed-eating migratory birds cause serious losses
 
(Efferson 1952). These birds feed in the rice fields and other areas of 
the United States during the summer months. With the approach of winter 
they migrate south, moving through the rice fields of Mexico and Central 
America and terminating their migration in South America. From February 
to May they may be very abundant in some of the rice-growing areas of 
Venezuela, Colombia, and Ecuador, sometimes completely destroying the 
crop. Although climatic conditions are most favorable for rice to mature 
during the period when the birds are present, they are so damaging that
 
farmers in Venezuela and Colombia are forced to delay planting so that
 
the rice will mature after most of the birds have left. As in Africa, 
farmers commonly attempt to cope with the problem by using various audi
tory and visual bird-scaring devices, often operated by children (Efferson 
1952).
 

Seed-eating birds are also a threat to the rice crop in parts of
 
Asia (Grist and Lever 1959, Harrison 1960). Again, the seriousness of 
the problem is reflected more in the enormous amount of labor expended 
to frighten away the birds and in the intricacy and ingenuity of the 
scaring devices than in actual yield loss figures. 

Ducks and other aquatic birds damage rice in many countries.
 
These pests feed on newly planted seed and seedlings and often trample 
young rice plants. Aquatic species appear to be particularly troublesome 
in parts of South America and West Africa (see Grist and Lever 1969,
 
Park 1973).
 

One additional group of pests greatly influence rice production in
 
parts of West Africa, but in an indirect manner. These are pests, such
 
as flukes and mosquitoes, which are associated with water and which cause 
serious human diseases, such as malaria, onchocerciasis (river blindness),
 
and schistosomiasis (liver fluke disease). A USDA/USAID-sponsored team
 
of experts examining factors limiting rice production in West Africa found
 
that large areas in Upper Volta which are suitable for rice-growing are
 
uninhabited due to river blindness. This disease is caused by a nematode
 
which spends part of its life cycle inblackflies which breed in water.
 
People move out of areas where the disease is common (USDA/US&ID 1968).
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Before rice production can be greatly expanded in Ivory Coast,

the effect that this expansion may have on the prevalence of schistoso
miasis must be taken into consideration. Schistosomiasis is caused by
 
a fluke that spends part of its life cycle in snails. The snails are
 
present over most of the area in which rice potentially could be grown

under irrigation. If rice production were expanded to these areas, the
 
disease could become very widespread and serious (USDA/USAID 1968).

Thus, in some parts of West Africa the expansion of rice-growing to new 
areas  currently the primary means of increasing rice production 
depends partly upon the successful treatment or prevention of human
 
disease. This may involve control measures against the invertebrates,

such as mosquitoes, blackflies, and snails, in which the disease-causing

organisms must spend part of their life cycle.
 

OVERVIEW OF LOSSES
 

Due to the great methodological difficulties of accurately sampling

and measuring the levels of pests (insects, plant pathogens, weeds, ro
dents, etc.) and correlating these with losses in yield, no detailed,
 
statistical studies have been made which consider the collective impor
tance of all rice pests over sizable areas. A group of scientists in
 
India estimated that the loss inyield due to insects, diseases, and
 
rodents in three districts ranged from 4% to 14%, depending on the dis
trict, the growing season, and the growth duration of the rice varieties 
(Singh, Sardana, and Khosla 1972). 
A few studies made by Indian scientists
 
apply only to losses due to diseases and insect pests. For example, re
searchers made an annual survey throughout a rice-growing district for a
 
period of four years, carefully assessing the levels of important diseases
 
and insects (Table 17) and the consequent losses in yield. The major

diseases in the district were brown leaf spot, blast, and bunt (afungus

disease, sometimes called kernel smut [causal organism: Tilletia bar
clayana (=Neovossia horrida)]. which affects the rice grain). The major

insect pests were a stem borer (T.incertulas) and rice gall midge. For
 
the four-year period, mean annual losses due to the average levels of the
 
major diseases and insect pests were estimated to be approximately 117.
 
for rice grown during the kharif season and 14% for that grown during the
 
rabi season (Seth, Sardana, and Khosla 1970). 

More commonly, rather imprecise estimates based on the appearance
of the rice crop are made for large areas. One estimate for all of India 
is that about 20% of the crop is lost to pests and diseases annually
(Reddy 1968). Losses of the 1967 kharif crop in India to pests and
 
diseases have been estimated at 44% and of the 1968-69 rabi crop, at 217.
 
(see Tandon 1973). In Thailand an estimated 15% of the rice is destroyed

by diseases and insect pests each year. Weeds, rats, birds, and crabs
 
cause additional losses such that the total rice loss in Thailand is
 
estimated to be of the order of nearly a million tons annually (Wongairi

and Kovitvadhi 1967).
 



-45-


TABLE 17 

Levels of 'majordiseases and insect pests in rice-growing areas of West
 
Godavari District, Andhra Pradesh, India, 1963-1967 (after Seth, Sardana, 
and IOosla 1970).
 

Avg. % incidence
 
on rice grown in the
 

Insect or disease Kharif season Rabi season
 

White heads due to stem borer 4.7 5.0
 

Grain heads partially attacked by stem borer 0.7 0.7
 

White heads due to other causes 0.8 0.7
 

Grain heads infected with brown leaf spot 13.5 15.7
 

Grain heads infected at base with blast 1.7 2.3
 

Grain heads infected with bunt 1.4 0.6
 

Dead hearts, a month before harvest, due to 1.6 1.9
 
stem borer
 

Tillers showing brown leaf spot a month before 22.2 32.3
 
harvest (measure of prevalence)
 

Score per plant of brown leaf spot (measure 1.3 1.6 
of intensity)
 

H. H. Cramer undertook the enormous and difficult task of compiling
 
and assessing the available information on losses in each of the principal 
crops for each of the major regions of the world. He took the variety,
 
inconsistency, incompleteness, and other such shortcomings of the infor
mation into consideration and by compensating and extrapolating as best 
possible when information was wanting, formulated conservative estimates 
of annual losses due to insects, diseases, and weeds (Cramer 1967).
 

Cramer's estimates for rice present an astonishing and sobering
 
picture of the influence of rice pests on rice production (Fig. 7). For
 
Asia (excluding Japan and the People's Republic of China), he estimated
 
that more rice is lost to insects, diseases, and weeds thin is harvested.
 
The estimated potential production which could be obtained if these pests 
could be eliminated, and without any other production-increasing inputs, 
such as increased fertilization or use of higher yielding varieties, is
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JAPAN NORTH & 
SOUTH CENTRAL 

AERICA AHERICA 
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ASIA 
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86.4% Japan & 
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66.3% 

PRODUCTION 
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44.9% 

1.67 I 3.5% 
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Fig. 7. Estimated percentage potential rice production actually harvested and per
centage lost to insects, diseases, and weeds in various areas (based on
 
Cramer 1967). 
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more than twice the current actual production. Cramer's estimates do not
 
include yet additional losses due to the damaging effects of rodents and 
various other pests, nor do they include the sizable losses which occur 
after the harvested rice is placed in storage. 

Preharvest rice losses in Africa and South America are believed to 
be lower than inAsia (Fig. 7). Far less information on which to base
 
estimates was available to Cramer for these two areas than for Asia, and
 
his figures, although probably correctly lower than for Asia, may well be
 
too conservative, especially for South America. For example, 1972 rice
 
losses due to weeds in Brazil, the major rice-producing country of South
 
America, were estimated to be 30% (Echandi et al. 1972), which is much
 
greater than Cramer's cautious 11%. Losses in South America due to
 
insects are very likely greater than 3.57 and those to diseases greater
 
than 6.07. considering the fact that the loss estimates for the United
 
States, which practices advanced and intensive crop protection measures
 
against insects and diseases, are 3.47 for insects and 6.4% for diseases,
 
figures which are probably fairly accurate. Another authority has esti
mated annual losses in the American tropics due to rice diseases to be 35
507. (Wellman 1967), which may be an overestimate. Cramer's estimate for 
Africa does not include the serious losses in that continent due to birds.
 

When Cramer's percentage loss estimates are applied to 1972 rice
 
production figures, the enormity of the estimated loss in the developing 
countries becomes even more apparent (Table 18). The 1972 estimated loss
 
of 189,500,000 metric tons for South America, Africa, and Asia (except
 
Japan and P. R. of China) is more than three times the 1972 rice pro
duction for India, the world's second largest rice producer.
 

TABLE 18
 

Actual 1972 rice production and estimated potential production lost to
 
insects, diseases; and weeds in various areas (based on Cramer 1967 and
 
PAO 1972a).
 

Estimated potential pro
duction lost to insects, 

Actual production diseases, & weeds (1000 
Region or country (1000 metric tons) metric tons) 

Asia (except Japan & 149,200 183,100 
P. R. of China) 

Africa 7,420 3,770
 

South America 10,200 2,630 

Japan 15,480 2,440 

North & Central America 5,250 1,400 
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Japan differs markedly from the rest of Asia (excluding P. R.
 
of China) with respect to the estimated losses due to pests (Fig. 7,
 
Table 18). In that country only an estimated 13.6% of the potential

production is lost to insects, diseases, and weeds, whereas losses for
 
the rest of Asia are estimated to be a startling 55.1%, four times
 
greater than in Japan. Part of this difference is due to the fact that
 
insect and disease problems in temperate Japan probably never have been
 
as great as those in tropical Asia. At their worst, losses in Japan may

have been two to three times less than those inAsia are at present.
 
However, losses in Japan before the 1950's are about three times greater

than current losses there (Fig. 8). The great decrease in losses in Japan,

and thus part of the difference between losses in that country and other
 
countries, is due to the intensive methods of crop protection, mainly

chemical pest control, practiced in Japan (Cramer 1967, Jung and Scheinp
flug 1970). The use of synthetic organic insecticides and fungicides for
 
control of rice diseases and insect pests became established as routine
 
procedure in Japan about 1953. Protection of the rice was followed by
 
a decrease of approximately two-thirds in losses due to diseases and
 
insects (Fig. 8). The pattern of reduced losses and higher yields has
 
continued ever since (Figs. 8 and 9). At present, only an estimated 5%
 
of Japanese rice is lost to insects and diseases (Figs. 7 and 8).
 

Pesticides for control of rice pests are now used more intensively
 
in Japan than anywhere else in the world. In 1968, 3.2 million hectares
 
of Japanese land were planted to rice. That year 8.7 million hectares
 
were treated with insecticides, 5.3 million with fungicides, and 3.1
 
million with herbicides. This means that, on the average, every rice
 
field was treated at least five times with various pesticides (Jung and
 
Scheinpflug 1970). Whether such intensive use of pesticides is ultimately
 
the best way to protect rice from pests is subject to serious question.
 
However, the Japanese experience can be viewed as a nation-sized exper
iment clearly illustrating that if the rice crop can be adequately pro
tected from pests by some means, substantial yield gains result. Addi
tional increases in yield have been obtained through increased use of
 
chemical fertilizers, increased use of high-yielding varieties with short 
growth periods, better water control, and other improved methods of rice 
culture (Haeske and Kato 1969). Adequate protection of the rice tends to 
insure that other methods used to increase production will actually result 
in increased yields. 

In addition to intensive use of pesticides, Japan's system of crop

protection consists of sophisticated methods for forecasting outbreaks of
 
rice diseases and insect pests and of comprehensive extension programs to
 
reach the farmers. It has been estimated that in 1968, Japan had a college
trained agricultural expert for every 600 farmers. In contrast, Indonesia
 
had only one such expert per every 100,000 farmers (Randal 1968). 

In Japan, adequate crop protection has meant that the once sizable
 
fluctuations in rice production due to outbreaks of diseases and insect
 
pests, often in conjunction with periods of bad weather, have largely

ceased (Fig. 9) and, yields and production have become relatively predictable
(Haeske and Kato 1969, Jung and Scheinpflug 1970). Similar decreases in 
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losses of approximately two-thirds and similar stability and predictability
 
of production in other rice-growing countries would not only alleviate
 
their perennial food shortages, but would also be an enormous asset to
 
their economic planning and development. 

PLANT PROTECTION AND HIGH-YIELDING VARIETIES 

The relatively recent introduction of high-yielding varieties of
 
rice to developing countries is an extremely important agricultural
 
advance. These new varieties provide an unprecedented potential for
 
increasing rice production since under optimal growing conditions they
 
usually yield far more than traditional varieties also grown under optimal 
conditions. Cultivation of the new varieties is causing significant 
changes in agriculture since they must be provided with a number of
 
modern inputs, including fertilizer and good water control, before their
 
true yield potential can be realized.
 

As experience with the high-yielding varieties has grown, agri
culturalists in developing countries have become increasingly aware
 
that pest problems are no less intense, and are often more intense, in
 
the changed agricultural systems than in the traditional ones. Some
 
serious epidemics of diseases and insect pests have occurred partly
 
because the first varieties distributed had been bred primarily for their
 
yield qualities with little attention to their relative resistance or
 
susceptibility to various diseases and insect pests. Many of the gene
tically based deficiencies of the plants have since been improved by
 
additional breeding to incorporate resistance qualities, and continued
 
improvement is expected (Jennings 1974, Wade 1974a). However, since news
 
more virulent strains of pests may evolve, breeding for resistance must
 
be a continuing activity (Wade 1974b).
 

There are additional reasons why pest problems are of particular 
concern in the new varieties. The replacement, over vast areas, of the 
heterogeneity of numerous low-yielding local rice varieties with one or a 
few high-yielding varieties with little genetic variability between in
dividual plants enhances the vulnerability of the crop to pest attack. 
Should the variety become susceptible to a disease or insect pest, de
vastating losses could occur over the entire planted area. 

The shorter period of time required for the high-yielding varieties 
to grow to maturity and their relative insensitivity to day length often 
allow two to three crops per year where only one crop of the local varie
ties could be raised. Such multiple cropping is desirable in terms of 
increasing production, yet it promotes the build-up of pest populations
 
since periods of off-season unfavorability for the pests have been eli
minated. 

Some of the inputs and cultural methods that are essential to the
 
enhancement of yield in the new varieties unavoidably create conditions 
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that increase the probability that the crop may be seriously damaged by

pests. The high-yielding varieties are usually planted closer together

than local varieties; they are shorter and have more tillers; high fer
tilization causes 
lush growth of foliage. Thus, a low, dense, succulent
 
plant layer with high humidity among the plants is created. Such an

environment is favorable to the survival and development of many pests.
With the creation of new micro-environments in rice fields, the composition

of the pest complex may also change, and pests once considered minor may

thrive to the extent that they cause serious losses. For example, the

rice gall midge usually reaches epidemic proportions in local varieties
 
only once every three to five years, but where these varieties have

been replaced by the high-yielding rice, it is abundant every year (FAO
1973b). Leafhoppers and planthoppers have also greatly increased in 
importance following the introduction of the new varieties. Bacterial

leaf blight and sheath blight are examples of diseases that appear to
 
be on the increase. 
On the other hand, the levels of a few diseases and
 
insect pests have decreased somewhat in the new varieties.
 

Historically, as agriculture inany country has become intensified,

pest problems have become more serious. Too often in developing countries
 
high-yielding rice varieties and practices designed to enhance their yield

have been introduced without adequate attention to plant protection as an
 
important component of the program. Characteristically, crop protection

research has not received high priority in developing countries. In India
 
greater research emphasis has been placed on rice (23% of all experiments
from 1948 to 1964, 27% from 1965 to 1970) than on any othcr crop (Singh

et al. 1971, Khosla et al. 1973). The percentage of experiments dealing

with specific factors, such as fertilization or plant protection, is not
available for rice but is known for the total of all crops in India. 
During the period 1948-1964, fertilizers or manures were tested in about
 
60% of the 28,932 experiments conducted on all crops. Tillage practices
 
were tested in about 307. of the experiments, but aspects of insect,

disease, and weed control were researched in only 9% (Singh et al. 1971).

In the period 1965-1970, manures or fertilizers were tested in 637.of
 
5,672 experiments on all crops and tillage methods in 27%. 
Only 137 of
 
the experiments dealt with(pesticide)aspects of crop protection (Khosla
 
et al. 1973). 

A consequence of inadequacy of plant protection in rice has been
 
that the gains from high-yielding varieties have often been less than 
expected. Inputs, such as fertilization or irrigation, may not exhibit 
their potential impact on yield if pests are left unchecked. In the 
case of weeds, the addition of fertilizers to the soil often enhances 
the growth of weeds more than the growth of rice, with unfavorable conse
quences for rice yields. When insect pests are controlled, the yields

of the new varieties are much greater than the yields of local varieties 
similarly protected. However, when pests are not controlled, the damage
 
to high-yielding varieties is sometimes so serious that they yield less
 
than local varieties growing in the same area (Pradhan 1971). 
 In such
 
cases the impact of inputs of improved seed, proper fertilization, etc., is
 
completely nullified by the increased activity of pests. 
 Including an
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investment in plant protection as a component input to the management of 
high-yielding varieties tends to insure that the investment in other
 
inputs will not be lost to pests. When all inputs are brought together

effectively, the varieties yield abundantly, and the return on the increased
 
investment is profitable.
 

Researchers in India who compared the economics of cultivation of a
 
high-yielding rice variety to that of a local variety found that although

the cost of cultivating the high-yielding variety was 58% more than the
 
local variety, the difference in yield (39.3 bags vs. 22.4 bags/acre)
 
was such that farmers growing the former realized a profit 90% greater

than those growing the latter (Table 19). 
 The greatest monetary difference
 
in investment between the two varieties was for manures and fertilizer;

however, the largest percentage difference in investment was for plant

protection (Subramanian, Ramamoorthy, and Varadarajan 1973).
 

TABLE 19
 

Economics of cultivation of a high-yielding and a local rice variety;
 
India (modified from Subramanian, Ramamoorthy, and Varadarajan 1973)
 

Cost (rupees*/acre) Increased
 
Input Local High-yielding cost ()
 

Seeds 24.20 21.70 (-10)
 

Bullock labor 67.95 72.90 
 7
 

Human labor 227.70 285.90 29
 

Manures and fertilizer 138.70 323.70 
 133
 

Plant protection 4.62 30.80 567
 

Total cost of cultivation 463.47 734.10 58
 

Gross income 987.20 
 1728.47 75
 

Profit 523.73 
 994.37 90
 

* 1 Indian rupee -US$ 0.13. 

Certainly, the plant protection problems that have arisen in the new

agricultural systems are not an argument against the development and dis
tribution of the new varieties of rice and other grains but rather an
 
argument for the development of sound plant protection schemes to secure
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the.gains that have been achieved and those than can be expected in the
 
future(Smith 1972, Reddy 1973).
 

The fact that rice, as compared to wheat, has such an abundance
 
of pests is thought to be a major reason for the failure to obtain a
 
breakthrough in rice production similar to that which occurred in wheat
 
following the introduction of high-yielding varieties of both of these
 
crops to developing countries (Pradhan 1971, Tandon 1973). During the
 
period 1961-1969 in India, wheat, with its comparatively low incidence
 
of diseases and insect pests, underwent an increase in yield of approxi
mately 37. and an increase in production of about 56%. During the same 
period similar efforts to increase production in rice resulted in an
 
overall yield increase of about 5% and an increase in production of
 
approximately 11% (Pradhan 1971).
 

There is no doubt that pest problems in rice have long been
 
serious in traditional systems of cultivation and continue to be serious
 
in the new systems. The UC/AID Pest Management Project Multi-disciplinary
 
Study Team to Southeast Asia note in their report, "The major efforts
 
in crop protection research in the countries visited are being directed
 
towards rice insects yet even here new problcms are arising faster than
 
solutions can be found." (Glass et al. 1971). S. Pradhan, writing in
 
the Indian Journal of Entomology, states, "The inadequate attention to
 
pest control research is delaying the rice revolution." He further
 
states, in regard to the agricultural situation in general, "Thus,
 
India's agriculture seems to have been brought to a stage where insect
 
pests have begun to determine the amount of success the country is likely

to achieve in its efforts to increase production in any particular crop."
 
(Pradhap 1971).
 

Clearly, the long-standing need in developing countries for an
 
adequate crop protection capability to reduce the enormous losses to
 
rice pests is becoming even more critical as these pests become a con
straint to increasing production in the new production schemes based on
 
high-yielding varieties.
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