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FOREWORD 

The Round Table on Plant Pro!ection has just begun to alleviate 
lhe lack of infonnation !hat exists in the Caribbean on Integrated Pes! 
Management (IPM) in rice. The primary objective of lhis event was to 
exchange infonnation on lhe advances achíeved in IPM both in theory 
and practice applíed to rice proouction in Cuba and olher countries 
in Latin America and lhe Caribbean, as we!l as to discuss lhe me­
lhooological advances tor control of red rice. 

This time, topies on Integrated Pest Manageroent were dea1t with, 
analizing the influence excerted by certain agricultural practices 
(nitrogen fertilization, seedíng rate, water Iayer, ele.) on the leve! of 
incidence of certain weeds and lheir assoclation with lhe presence of 
pests and diseases. 

This kind of research with an assocíative or integrated approach 
deserves more atlention, since il constitules a strategic way of facing 
present and future agronomica1 problems wilh lhe idea of minimizing 
cost, taking best advantage of lhe genetic potential 01 the available 
germplasm, promoting lhe action of beneficial insects to achieve an 
equilibrium between lhero and ínsect pests, keeping lhe environment 
deaner by reduclng the application of pestictdes hannful tor human 
hea1lh, and in general, to reach a sustainable growth of national rice 
programs (research, extension and development of proouction) in the 
future, for lhe benetit of consumers, growers and mUlers. 
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8 ROUND TABLE ON PLANT PROTECTION 

We consíder lhat Ihe efforts of CIAT /CRIN and national systems 
of research and developmenl of Ihe Caribbean and Latin América are 
weU advanced. Wilh Ihe support of íts Member Countrles, CRIN will 
continue to develop collaborative research actions Ihrough dtstrlbuting 
more and betler germplasm, supporting Ihe development and 
fabrication of smaU farm machinery and implements, insisting in 
actions 01 trairúng and technology transfer, and organizing regional 
workshops and conferences until Ihe project's maturíly enables its 
Member Countries lo KnOW how to take advantage of Ihe fruits of Ihis 
collaborative coexistence. 

The participation of outstanding Cuban rice scientists as speakers, 
as well as Ihe research staff 01 CIA TRice Program is relevant, since 
Ihe only way to know Ihe problems and to design strategies for Iheir 
solution ís Ihrough communícation and exchange of experiences in 
the field 01 Agricultural Sciences. 

CRIN Coordínation appreciates Ihe interest and support given b,' 
Ihe Ministry of Agrículture 01 Cuba, Ihrough Ihe Unión de Complejos 
Agro-Industriales de Arroz, Instituto de Investigaciones del Arroz and 
Ihe Universidad Central de Las Víllas. Wíthout Ihís support it would 
no have been possible lo carry out thís evenl succesfully. 

Jorge L. Armenta Soto 
CRIN-Coordinador 



INTEGRATED WEED MANAGEMENT: 
ENVIRONMENTAL IMPLICATlONS, 

LOSS FORECAST, AGRONOMY AND PESTS 

ALBERT FISHER' 

lNTRODUCTION 

Weed management should be based on an the early estímate of 
the economic losses that they may cause. This way, the altematives 
to control weed incidence may be evaluated in function of costs and 
benefits. Weedmanagementmustbecompatiblewiththeenvironment. 
and it will be c10sely Unked to the different cultural prectices. Crop 
practices affect both weeds and pests in general. This is the reason 
why the concept of Integrated Pest Management (IPM) is considered 
as a component of Integrated Crop Management (ICM). Within this 
context. aspects related to weed management. crop practices and 
relationsrups with other pests are discussed ahead. 

2. RESISTANCE 

This aspect refers to the development of biotypes resistant to 

l. Agronomíst al ClA T Rice Program. Colombia 
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10 ROUND TABLE ON PLANT PROTECTlON 

certain herbícides in populations of certain species fuat originally 
behaved as susceptible to a specific herbicide, This is an aspect fuat 
results from fue indiscriminated use of chernical control ol weeds, 
The appearance ol resistance occurs wifu fue repeated use ol fue 
same herbicide on fue same field, The repeated use of Propanil in 
certain rice areas in Colombia has resulted in fue development of 
biotypes oí Echinochloa colona, resistant to fuat herbicide, This has 
forced farmers to rnake a greater number oí applications at higher 
dosages each time, which increases costs and accelerates even more 
fue process fuat increases fue resistan ce to fue herbicide in populations 
of E. colana, 

Figure 1 shows the response of seven biotypes oí E. colona to the 
application of different amounts of PropaniL Biotypes 1, 2, and 3 
appear to be susceptible, whereas Ihe remaining, coming from areas 
continuously Ireated with Propanil showed considerable tolerance to 
fue herbicide, 

In ofuer cases it has been found that fue growth of biotypes 
resistant to a certain herbicide (Atrazine, for example) is smaller fuan 
that of fue susceptible ones, as well as fueir capacity to compete wifu 
fuem, In s!udying resistant and susceptible biotypes of E. colana, no 
differences in growth or competitiveness associated wifu fue resis­
tance to Propanil were observed (Figure 2), In fue replacement series 
of Figure 2b, no biotype appears to be the most successful competitor 
reducing growth 01 fue associated biotype (straight diagonals show 
equivalent competitiveness). However, it was possible to observe!hat 
fue greater fue resistance to Propanil quantified by DL6OZ, the less 
was fue total weight of grains produced by studied biotypes of E. 
colana, This may imply an ecological disadvantage for fue resistant 
biotypes to Propanil, as compared to fue mos! prolific susceptible 
biotypes. Fortunately those characteristics result useful in managing 
fue resistance to ?ropaniL If the use 01 herbicide is suspended, fue 
pressure of selectlon toward resistant biotypes 01 Propanil is in­
creased. 

2. Dosage 01 PrOpanll needed to reduce growth in 60%, 
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% oC growth 
1~r-~--------------------------------------~ 

kg aJ. propanillha 

The lowest reproductive efficiency of resistant biolypes will cause 
that once the use of herbicide is suspended, populations of E. colona 
retum gradually to the original status where susceptible biotypes, 
readily controlled by Propanil, used to predominate. Thus therotation 
of herbicides of different chemical families is a primary measure to 
avoid thedevelopment of resistance to herbicides in weed populations. 
No evidences of crossed resistance with other herbicides of common 
use in rice have been obtained in preliminary studies. 

3. LOSS FORECAST 

Studies like the one of Figure 3 allow to forecas! the damage to 
rice crop based on the population density of a weed suro as red rice. 

Weed population should be estimated early (30 days in this case) in 

crop growth to decide best which method is most suitable, in 
economic terms, to control red rice. 
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The combined yields 01 red rice and the commercial rice does no! 
compensate for the decrease in rice yield (Figure 3). Results 01 this 
kind of studies present variations when carned out in different 
growing conditions (geography, varieties, densities, etc.) (Figure 4). 
When lac!ors modifying the responses to competition are known, it 
ís possible, withín certaín Iimits, to make predictions or think 01 
management altematives for different situations or envíronments. So 
it is possible to adjust predictions on yíeld decrease because of red rice 
competition, if planting density of rice is known (Fig. 4b). Similarly, 
alternatives could be planned to manage the competition 01 weeds ior 
different levels 01 lertility, íl the variations oi the interference withín 
detennined ranges of lertility are known. The usefulness 01 critical 
periods 01 competition (Figure 5) íncrease when the behavíor 01 the 
lac!ors modifying them are known. In this example, the critical perlod 
al whích the crop must be free from weeds goes trom emergence until 
approximalely 70 days alter. Crop yield is stabilized through weeding 
until approximalely 70 days alter emergence ("without weed" curve). 
This coincides with the time 01 maximum leal developmenl and 
maximum suppression of weed growth (Figure 5). Knowíng the 
behaviour 01 the parameters weed growth, and crop affected by the 
competítion (Figure 5), may result useful lo design strategíes for weed 
management, and to forecasl results under different conditions. 

In conclusion, competition studies should no! be limited to 
measuring yield decrease only under specific growíng conditions, bul 
in addition it is necessary lo know the varialíons in competitive effects 
for a known range of sítuations (fertilíty levels, sowíng rate, raínlall 
levels, etc.). Only so estimations may be made for more than one 
growing conditíon. Otherwise, the valídity 01 experiments on 
compe!ítion is confíned lo very specific growing conditíons and íts 
usefulness is límíted. 
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al Relative yield 01 paddy rice (%) 

100 

80 

60 

40 
R2=O 75 

20 

OL-~ __ ~ ___ ~ __ LL~ __ ~~ __ ~ __ ~ __ ~ 
O 20 @ ~ ~ ~ 120 140 @ ~ ~ 

Re.d rice no, panicles/m' 

b) Relative yíeld 01 paddy rice (%) 
100 

80 

o ~ __ ,L' __ '--_..L..._--'-_.-J'--- ,~_,-L._"'-' __ "'" 

O 20 40 60 80 100 120 140 160 I~ 200 
Red riC<! no, panícJes/m' 

Figure 4. Effect of sowing rote popuJatíons o/ red rice 
and growing conditions on yield of comercial rice (Pulver, 

1988 and Fischer, 1990.) 



INTEGRATED WEED MANAGEMENf 

6 

5 

4 

3 

2 

Crttical Period 01 Competition 
CICA~8 

40 60 SO 100 
Days alter emergence 

*" Wilhout Weeds 

Foliar ama W'lder competltion 
1989& 1990 

"" Folia< 10""" (cm') 

'1~,--~~~~~~~~~~~~-7.~~~m~~~ 
Days \\Mh weMs alter~. 

CICA S 

w..,¡, .. '"'" _ 
1989& 1990 

2OOJ' [hy weeds mattll:r (gi3nYJ 

'·~,--~,,--~:--~:--=~--oo~~w==~==~~ 
o.,. _ ....... .&.r "'"""~ 

OCAS 

17 

'00 140 

Figure 5. Critical periad of competition and Its relationship 
with the crop's foliar orea and growth of weeds. 



18 ROUND TABLE ON PLANT PROTECTION 

4.AGRONOMY 

4.1 Response to Nutrients 

Competltion with weeds generally involves, to a greater or lesser 
degree, competltion for Iíght, water, and nutrients. These aspects are 
c10sely related. Thus, the competition for Iíght, by reducing the leaf 
and root growth, interferes with the absorption ofwater and nutrients. 
This makes it difficult. in field conditions. to identify and isolate the 
different forms of competition, which in general superimpose one 
another. Therefore, by adding more fertilizer lo a weed infested land 
lo supposedly relieve the competition lor nutrients, weed growth will 
be increased and so wiU the competition for light and water. Thus, 
if il is true tha! the avaUability of nutrients has ooen increased, it is also 
true lhat crop yield was reduced as compared lo the one obtained with 
no weeds (Figure 6). Rsure 7 shows haw the presence af grasses, 
legumes, and other specíes 01 apasture associated lo rice interferred 
with the crop' s capacity to use major nutrlents, Nitrogen in this case. 
In Figure 7 a yields of the c1ean and weedy crop draw near as more 
Nitragen is added. Then, it ís possible tha! in thís case the competition 
was mainly for Nitrogen, since the negative effects disappear as the 
nulrient availability ís increased. When responses differ (Figure 7b), 
competition for light and/or water would be predominant and it 
would be intensified at higher levels of fertilíty, which stimulates the 
growth 01 weeds and the competltion they excert. Based on these 
responses, agronomical options of management may be deríved to 
regulate weed competition. 

4.2. Nutrients and Pests 

Increases in Nitrogen fertílization increased the vegetalive 
development of rice and the succulence of plants (Agure 8). Thís was 
assocíated with a grealer incidence of certain insects and diseases 
(blast and others) (Figure 9). Knowing this type of interactions is 
fundamental in implementing sound prograros of integrated crop 
management. Such ín!egration ímplíes the coordinated work 01 more 
lhan one field. 
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5. CONCLUSIONS 

The information presented may help interprel Ihe ICM/lPM 
concept. Trus concept includes Ihe ideas of ecological compatibility 
and sustainibility of agricultural practices. The ralional implementation 
01 a weed management program is supported by an adequate 
definítíon 01 potential yield losses Ihat may be caÚsed. This way, the 
most economically adventageous melhods of pes! management can 
be identilied. Potential yield losses should be delermined wilhin 
variable ranges 01 management conditions. By doing this, the 
lorecasls may be extended beyond local, specificgrowing conditions. 
Finally, the inleraction among agricultura! lactors and their effecl on 
pests shows, once again, Ihe complexity 01 In!egrated erop Manage­
ment. Integrating fields (entomology, palhology, weeds, etc.) is no! 
onl:! a juxtaposition, bul, also involves considering Ihe multiple 
inleractions occurring among them. 



VARIETY MIXTURES. THEIR NEGATIVE 
INFLUENCE IN OBTAINING HIGH YIELDS. 

RESEARCH BEING CARRlED OUT. CONTROL 
MEASURESUSED.RECOMMENDATIONS 

FOR THEIR CONTROL. 

GUIUERMO ANTIGUA PERElROI 

INTRODUCTION 

Oryza sativa L. is the most cultivated rice species. Variety 
mixtures are also commonly called red rice, although not all of them 
show the red color of the caryopsis. The red color of grain is 

detennined by a recessive gene present in the genetic constitution of 
the rice plant. The origin of red rice in our country does not seem to 
be only the result of the recombination of this recessive gene in the 
species Oryza sativa L., since research carned out by Pérez, Martín 
and Herrera, at the Universidad Central de Las Villas, through a cross 
made between species Oryza sativa L and Oryza perennis L. (native 
of our country), showed different fonns of variety mixtures, including 

1. Researcher at fue Rice Research lnstitute, Cuba. 
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long-awned rice with black glumes, typical 01 our rice-growing areas. 
This 10ng-awned rice presented the red color 01 caryopsis. 

2.DAMAGES 

The undesirable ¡eatures 01 red rice líes in that iI reduces both 
agricultural and milling yield 01 the cultivated variety, reducing 
cooking quality through the presence 01 red grains. 

Variety mixtures become a weed to the cultivated variety because 
they compete lar the utilization 01 nutrients, light, vital space and 
water. In general, they are earlier than the cultivated vélriety and, to 
a great extent, they scatter their grains belore harvest, bul unlike other 
weeds, they provide an usable production, although undesirable lor 
human consumptíon. This contribution 01 grains 01 differen! lenglh, 
thickness and color, affeds bolh the miUing and cooking quality 01 the 
cultivated variety. 

In research camed out by Diarra, Smith and Talbert (1985) on the 
interference 01 red rice with the cultivated variety, they determined 
Ihat rates of 5, 108, and 215 plants 01 red rice per m' reduced the 
agricultural yields 01 the commercial variety in 22, 77 and 82%, 
respectively. When they used arate 01 195 plants per m' of Ihe 
commercial variety, the yield component grains per panicle was 
greatly affected. They found that variety Mars, 01 138 days 01 growth 
dmation, was more competitive against red rice than Lebonnel, a 
126-day-growth-duration variety, since red rice yield was lrom 24 to 
33% lower against variety Mars than against Lebonnet. 

A research camed out by García at Sur del Jíbaro Rice CAl under 
lield conditions (T able 1) enables us to know to what extent rice yield 
is reduced in relation to mixture density. This table shows that a 
possible yield 01 7.81 t/ha in the variant wtlhoul variety mixt:lres, Í$ 

reduced lo 0.79 t;ha wtth an average 01 286 panicles 01 variety 
mixtures per m" 
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Table 1. Effect o/ ooriety mixtures on rice yield. 

Range 01 No. Average No. Average No. 
panicles 01 panicles 01 of rice Average Y¡e1d 

mixtures per mixturesper panicle per Y¡eId Loss 

m2 m2 m2 Vha (%) 

Checks O 439 7.81 0.0 

1-20 12 378 7.31 6.4 
21-40 32 347 7.43 4.9 

41-60 52 387 6.82 12.7 
61-80 72 343 6.60 15.5 

81-100 91 367 6.37 18.4 
101-120 115 322 4.67 40.2 
121-140 131 244 3.33 54.3 
141-160 154 290 3.62 53.6 
161-180 171 251 2.91 62.7 
181-200 188 251 3.33 57.4 
201-220 211 228 2.97 62.0 
221-240 229 244 2.86 63.4 
241-260 249 211 2.03 75.0 
261-280 276 139 0.86 89.0 
281-300 286 124 0.79 89.0 

3. CONTROL MEASURESOFHARMFUL \/ARIETY MIXTURES 
USED IN MAJOR COUNTRIES. 

Severa! cultural methods or pradices have been designed in the 
world lor controlling red rice. The foUowing methods are used in the 
USSR in theír struggle against red rice: 

3.1. Sowing of certified seed free fmm red rice. 
3.2. Rotation of rice with perennial and intercalated crops during 
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several years to eliminate the reserve of red rice gralns pre-
• 

sent in the soi!. 
3.3. Cleaning of certified seed trom red rice mixtures using sieves, 

based on the difference between red rice grain structure 
Oength and thickness) and cultivated varieties. 

3.4. Useo! agrotechnical methods. Fallow rice fields are irrigated 
after harvest to stimulate germination of rice and weeds, 
which are then e1iminated through harrowing. Duríng this 
season of the year it is necessary to irrigate at least twice to 
stimulate germination, and plow 3-4 times with harrow. 
In highly infested fields it is necessary to bum the stubble 
afier threshing. Such fields should not be plowed afterwards 
in the fall, since the infIuence of high variations of moisture 
and !emperature kili most of the red rice dropped on the 
soil' s surface, which would not happen if the Iand was 
plowed, because they would be buried in the ground. 
Besides, much 01 the red rice on the soil' s surface would be 
eaten by birds and rals. 
The followíng seasons rice is planted using mínimum soil 
tilling. Fíelds infested wíth red rice should not be plowed with 
implements reaching a depth of lO-12cm to prevent tur­
ning up the seeds again to the superficiallayers 01 soil from 
where they germina!e easily. In this case land preparation 
should be limited to a depth of 6 - 8 cm, in order to eliminate 
the seeds that could have slarted to germinate. 

3.5. Keeping seed-growing fie1ds al a disíance not shorler than 
200 meters trom commerdal fields. 

3.6. Descriptive methods for red rice control in many countries. 
3.6. L United States of America. 

In the USA, in addition lo using the above measures, they also use 
water-seeding. This sowing method enables the cultivated variety to 
avoid red rice infestation. Other effeclive modifications of thís method 
consists of constan! f100díng with a c10se watch of the irriga!ion 
regime. 
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If permanent flooding is to be used, a careful Iand preparation 
must be achieved, With the objective of eliminating aU the exísting 
pIants. For so dOing, a dry Iand preparation is necessary to pulverize 
thesoa. Afterwards, theland isflooded and plowed witha lightharrow 
or a simílar implement. Sowing is then accomplished With dry or 
pregerrninated seed and the field is not drained until harvest. This 
method is seldom used, since it causes a sensible decrease in rice plant 
population. 

When control is based on flooding time, the land is dry-prepared 
until il is pulverized, e1iminating the plants on the surface. Particular 
atlention should be paid to the establishment of an optimum bed to 
receive the rice seed that will be SQWn. Next, the field is flooded and, 
if necessary, a Iand preparation in water can be carned out With a 
leveling implement. Such an impkm1ent compacts the soil, which 
avoids the gennination of red rice seroso 

Afterwards, sowing takes place. If pregerrninated seeds are used, 
the field is drained rapidly; if dry seeds are used, drainage should be 
slow to keep soil moisture longer. In both cases il is pursued that roots 
of germinated rice seeds reach a length of about 2.5 cm. Next, the 
field is f100ded graduallyas rice plants grow. 

Nthough the constant f100ding method guarantees the elimina­
tion of red rice, most farmers use this last variant which, in addition 
to providing an acceptable plant density, guarantees a considerable 
elímination of red rice. 

In the USA, they also use herbicide Molinaje (Ordram) to con­
trol red rice, al arate of 4. 7 kg of a.i./ha incorporated to the soil With 
two passes of a light harrow. 

The use of Molinate, together With the water management 
enables farmers lo effectively avoid the establishment of red rice. Rice 
is SQWn after the incorporation 01 Molínate in the soí! and the 
establishment of the water layer. JI the water layer is removed lo 
accelerale growth of the rice plant, the growth of weeds is stopped 
thanks to the presence of Molinate. The soí! must be constantly 
oversaturated to prevent gennination of red rice plants. The use of 
Molinate, water-seeding of rice, and the rnanagement of water 
enables fatmers to e1íminate red rice in 80-90%. 



28 ROUND TABLE ON PLANT PROTECTION 

3.6.2. Mexíco. 

In Mexíco, at the Centro de Investigaciones Agrícolas de Sinaloa, 
they describe three control methods: 

3.6.2.1. Sowing pure seeds 
3.6.2.2. Hand weeding 
3.6.2.3. Cultural methods 

When it comes to Iands with high infestation levels, the measures 
lo be followed are: 

al With crops in furrows such as maize and sorghum, red rice 
can be eliminated through the use of a cultivator and roguing 
the plants that grow on the furrows. 

b) With winter crops such as wheat, harvest is aeeomplished 
in spring and the 1and Is aIIowed lo rest during the summer, 
with periodical harrowings to eliminate "red rice" plants. 
Harrowings help lo unearth a greal number of seeds in 
dorman! stage, preventing them from establishing in the 
soil. Later they germlnate and are destroyed through 
successive harrowings. They suggest that erop rotatlon 
should be very strict al leasl during 3 or 4 seasons. 

e) Another very practica! comba! system in other rice regions 
of Mexíeo consists of establishing forage crops for cutting or 
grazing in rotation with another regional crop. In Slnaloa, 
crop rotations can be established with alfalfa or forage 
sorghum, alternated with sugarcane. This way red rice 
propagation is prevenled by maS5 cuttlng of forage and the 
remaining plants are destroyed with the sugarcane crop. 

dl A system described by Mexícans that 15 used in 50uthem 
USA where there are heavy infestations of red rice, and that 
can be adapled lo the rice valleys of Sinaloa when they have 
enough water i5 the following: 
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d .1. Dry preparatíon of Iand. 
d.2. Proper Ieveling and layout of contour curves. 
d.3. Establishment of a water layer 01 10-12 cm during one 

week. 
dA At the seventh day seeds are pul to pregenninate by 

submerging them in bíg containers with water during 12 
hours. After this time, sacks are exposed to the wind for 
draining lor other 12 hours. 

d.S. The sameseventh day, if the water !ayer has no! lowered 
because of infillration or evaporatíon, then il must be 
reduced to a maximum height of 3-4 cm. 

d.6. At the eight day sowing performed with an aircraft. 
Since seeds swelI out beCause of water absorptíon, il 
"ventury" is used, it should be made sure that it be well 
open so that the seed comes out easíly and that it does 
no! obstruct the gateo 

d.7 From 4 lo 5 days alter sowing, seeds which will be in lull 
germination will be f1ushed, consisting 01 a Iight irrigation 
to prevent the soil ¡rom drying out and lo make il easier 
for the seedling' s roots to penetrate the soil. 

d.8 Alter the above, two f1ushings similar lo Ihe lirst one 
should be given wilh the same interval 01 4-5 days to 
avoid the germination of other weeds and to hasten the 
rice plant development. 

d.9 After the third flushing, seedlings will be slightly over 15 
cm high and then il there is enough water avaílable, itwill 
be possible to f100d the crop, making sure tha! no small 
rice plants remain below the water leve!. 

Through lrus system, two objec!ives are achieved: 

- Red rice is conlrolled due to asphyxiation 01 the seeds 
established on the soil, and, at th" same time, weed popula­
tion, proper 01 rice fieIds, is considerably reduced. 
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3.6.3. Cuba. 

In Cuba, in the early 70s, our fields started to be highly infested 
with red rice. 

ln some places, especially in Los Palacios, Pinar del Río, the 
mixture leve! was so high that it impeded the planting 01 large areas 
and the average yie!d during the years 1972-75 was only 1.9 ti 
ha.Based on world experience, wedesigned a red rice control method 
that has proven to be effective, consisting of a modífication 01 one 01 
the methods used in the USA and described by Mexican researchers 
whích consists of: 

a) Dry land preparatíon untíl SOll ís ít wel! pulverized and 
leveled. 

b) Maltig levees or contour curves. 
el Performing one or two flushíngs to stimulate germination 

01 variety mixtures, rice 01 the cultívated varíety in the pre­
vious crop, and weeds. 

dI Elimination 01 such germinations through the application 
01 total herbicides (Gramoxone, Surcopur + Carbaryl or 
Dalapon). 

e) Flooding afterwards with a:!: 15 cm high water layer duríng 
5-7 days. 

l) Reducing the water layer to 5 em. 
g) Sowing with pregerminated seed. 
h) Flushing with short intervals of time to prevent the soil 

fTom drying out and splitting, and germinatíon 01 red rice. 

The fundamental conditions lor establíshing this method are the 
lollowings: 

í. Establishment 01 a planting program based on the growth 
duratíon 01 the vaneties to be used, especially by takíng into 
consíderation the lields near the area to be disinfested, lo 
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avoid damages With subsequent applications of total 
herbicides. 

ii. Prevailing Winds. This is Ihe main factor to be consídered. 
Sowing must be carried out in the same direction as the 
prevailing Winds. This avoids damages caused by the 
applications 01 total herbicides in previously sown fields 
lhal have a1ready germinated where this control methoo is 
being used, or in neighboring fields towards which the wind 
is headed. 

iii. Doble-cropping areas must not be located in the 
disinfestation areas, since these can only be planted once 
ayear. Besides, they must be located in flelds opposite to 
theWindis direction, ín respect to the fíelds to be disinfested. 

ív. The areas to be dísínfested must have water and herbícide, 
sínce thís method does no! give satisfactory results Without 
the establishment of a water layer after the total herbicides 
are applied (2-3 applications). 

Other necessary or possible practices to be used for controlling 
red rice are: 

a. Qeaning agricultura! equlpment (combine, implements, 
etc.) before passing from a field infested with variety mix­
tures to a mixture-free one. 

b. Avoid using drainage water from fields ínfested With variety 
mixtures in non-infested fields. 

c. Use of cattle afler harvest. This practice has been used in 
our country With goOO results. 

d. E1imination 01 variety mixtures by hand (negative selection) 
in fields with low infestation levels. This prevents the rein­
festation of fíelds. 

e. Using no tílling and application of total herbicides alter cold­
season harvest. This practice is possibJe by ¡tself or With 
sorne variations, as WiH be described in research completed 
or in study phase. 
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Other rice-growing countries presenting high infestations of red 
rice like Brazil, Colombia and Nicaragua, use control methoos similar 
to the ones described here. 

4. MAJOR RESEARCH CARRIED OUT OR IN SruDY PHASE 

In field experiments carried out by Diarra et al (1985) searching 
for red rice control methoos, they used the cornmerclal rice variety 
Mars, either mixed or not with Caldum Peroxide 40% and a 
protectant R-33865 (O,O-díethyl-O- phenyl-phosphorothiate) at 0.5 
and 1.0%. After pre-sowing incorporation of 6.7 kg/ha of Molinate, 
plots were flooded at a depth of 2.5-5.0 cm, and 50wn with 100 kg/ 
ha of seed of variety Mars, at 2.5 cm deep. 

With or without Calcium Peroxide, Molinate increased rice yíeld 
in 50% and increased the population density fíve times. Pre-sowing 
incorporation of Molinate controUed 96% of red rice. Rice seed 
treated with Calcíum Peroxide or with Caldum Peroxide + 0.5% oi 
R-33865, combined with Molínate incorporated prior to sowing, 
yíelded 5.7 and 6.0 t/ha respectively. The highest yíelds associated 
with red rice control were attributed to Molinate and a goOO plan! 
population as a result of the oxigen provided by Calcium Peroxide. 
R-33865 applied at 1 % reduced plant density in 41 %. 

The use 01 seed protectants through Oximes was researched on 
sorghum againsl Metalachlor. Fhurazole - (Z-chl0-4-tri-fluoromethyl) 
-5 thiazolecarboxilic add (phenilmethyl ester) was the most effective, 
showing a1s0 a protective effect to rice crop. 

In field research in Crowley (USA) carried out by Baker et al 
(1984) on red rice control, variety Mars was sown in plots with a water 
layer previously treated with 4.5 kg a. i./ha of Thiobencarb. Next, 
flooding was continued in one treatrnent aOO the other was drained 
al 3-13 days. The plant population 01 variety Mars and red rice was 
increased from 2 to 20 times as drainage was increased from O to 13 
days. Thiobencarb increased the number 01 panides per square 1001 

and lhe nwnber of grain per panicle and, subsequenlly, the yield 01 
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variety Mars was increased from 3.3 to 4.9 t/ha ami red rice yield was 
reduced from 4.5 to 2.6 t/ha. 

Under heavy infestation of red rice in variety Leach, one application 
of 6.7 - 9.0 kg aj./ha oi Thiobencarb, 4.5 kg aj./ha of Molinate, 
a10ne or mixed with 0.75 kg/ha of R-33865, caused a significant 
decrease in red rice population. 

In field research against red rice, Griffin et al (1984), state that 
applications of 4.5 kg aj./ha of active ingredient of Molinate in 
irrigation water did not cause any yield increases of the cultivated 
variety, but increased grain quality and reduced red rice infestation. 
In continuous rice planting, when the land was not plowed after the 
previous harvest and the fields were drained during the winter, the 
number of seeds of red rice was reduced both in the soil and at harvest 
time. 

Baker et al (1986) state that through the incorporation of 5.05 kg 
a.i./ha of Molinate before flooding, and draining the field 5 days later, 
a betler control of red rice was achieved in water-seeding without a 
significant decrease in rice populations. Continuos flooding reduced 
red rice population but it a1s0 reduced significantly the population of 
cultivated rice. 

In a experiment on red rice control through the use of soybean 
as an intercalated crop carried out by Griffin and Harger (1984), they 
found thatall of the herbicides used reduced red rice biomassand seed 
production. Herbicide Quizalofop a1lowed the lowest production of 
red riceseeds per square meter: 140, as compared to 3757 seeds per 
m2 of the check with no control. 

In experimental plots Barrentine et al (1984) evaluated 5 variants 
with herbicides for red rice control in soybean. The mixture of 
Mefluidide with Bentazone, 0.14 + 0.84 kg a.i./ha respectively, was 
the most effective for red rice control in one-to-two-Jeaf stage. Also 
double applications of Haloxyfop-methyl or Quizalofop were effec­
tive. Ruazifop-buthyl was the least effective. At 5-to-6-leaf stage of 
rice, Quizalofop at 0.56 kg aj./ha was the most effedive treatrnent. 

At present, an experiment uilder field conditions is being carried 
out in our country with good perspectives at Sur del Jíbaro, consisting 



Scheme 1. Traditional method of red rice control. 

1989 1989-1990 
Jan-Feb Jun..JuI Jun-Dec Dec-Apr May-Jun May..JuI 
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Scheme 2. New method 01 red rice control, under study 

1990 1990-1991 
Jan-Feb Jun-JuJ Jun-Aug Nov-Jan 

Dry-seeding Harvest of Chopping, Harvest 
fields with buming, 
red rice. irrigation, total 

herbicide, 
f100ding and 
water-seeding. 

1991 
May-JuI Oct-Dec 
Water-seeding Harves! 

Summary 01 the aboue: 
1.5 years: 2 chemical desinfestations 

2 mechanical desinfestation 
2 harvests 
------ -_._--

1991 
Nov-Apr May-Jun 

Cattle or Chemical 
harrowings, deslnfestation 
dry tilling 
with harrows 
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of: After cold-season halVest (months from June-July), the stubbles 
are cut, the halVest resídues remainíng uníformly dístributed on the 
soil sur/ace are bumed (destroyíng thus most of the graíns of varief:!,r 
mixtures, cuJtivated rice and weeds that are lound on the soíl sur/ace), 
the field is f1ushed and then (± 10-15 days alter) a total herbicíde 
having no residual effect is applíed. A water layer ís established, 
sowíng is done wíth pregerminated seed and high sowíng rate (200 
kg/ha). Next, f1ushings are carned out with intervals 01 time as shor: 
as possible (4-5 days) until the permanent water layer is establíshed. 

5. RECOMMENDATIONS FOR RED RICE CONTROL 

5.1. To continue the use 01 our traditional disínfestatíon method 
(Scheme 1), with the possibility of incorporatíng the new 
method tha! is being researched al Sur del Jibaro (&heme 2). 

5.2. To intensify preventive methods tor red rice control: use 01 red­
rice-free certified seed, c1eaning of equipment and ímplements 
when passing from infested to red-rice-!ree fields, and avoidíng 
the use 01 water comíng from infested fields in those Iree from 
red rice. 

5.3. To implement negative selection (roguing red rice plants) as a 
method to prevent reinlestation of fields wíth red rice in areas 
wíth low Ievels of inlestation. 

5.4. Use of cattle alter harvest, preventing lhat panicle ratoon yield 
grains. 

5.5. Use ol crop rotation or intercalated crops. 
5.6. To undertake a research plan on red rice control based on the 

mos! advanced research lha! is being carned out in the USA, 
Brazil and Mexico. 
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INFLUENCE OF CUL1URAL 
PRACTICES ON THE INCIDENCE 
AND MANAGEMENT OF INSECTS 

SUMMARY 

ALBERTO PANTOJA 1 

cÉSAR A. GARclA 2 

JUAN G. VElÁSQUEZ 2 

Examples of the effect of cultural practices in the management of 
iosee! pest of rice are presented. The examples shown in this paper 
are not applied to a11 situations and are presented as illustrations of 
the pest management concept, no! as recommendations. It is 
important to consider and combine the effeet 01 lactors such as water 
management, fertilizer, land preparation, plant age, and other 
cultural practices in the development 01 programs on Integrated Pest 
Management and Integrated Crop Management 

INfRODUCCION 

Integrated pest management pretends to minimize pest damage 

l. Entomologlst al ClAT Rice Program, Colombla 
2. Research Assoclales, Entomology Division CIA T Rice 

Program, Colombla. 
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to lhe crop, but, at lhe same time to provide sustainable altematives 
wilh long-term effect wilh lhe least a1teration 01 lhe environment. [n 
lhis work we present examples 01 crop management practices !hat 
affeet lhe inddence or damage to lhe crop by insects. It is important 
to point out that lhe e.xamples presented here should be integrated 
wilh agronomical and phytosanitary concepts in lhe development 01 
Integraled Crop Managemenl programs, bul not as individual and/ 
or specific recommendations. This information was extracted trom 
works developed al CIA T, lherelore no relerence are given. For more 
information we suggest lhal you consult the aulhors. 

2. EFFECTS OF PLANTING SEASON AND PLANT AGE. 

The physical and chemical charaderistics 01 plants affect the 
selection 01 Ihe inseds to use them as lood, shelter or as a place lor 
oviposition. Other important laclors affecting lhe selection 01 hosts 
by the ¡nseet are Ihe availabilíty 01 water in lhe soU, temperature, solar 
radiation and olhers. Knowing lhe effect 01 lhese lactors in the 
incidence 01 insects, we can manage sorne pests that respond lo 
cultural or crop management practices. 

Trials carried out in Colombia have shown tha! through 
transplanting, oviposition 01 Hydrellía sp. can be reduced in 70%, 
and 51 % lor pupae, as compared lo broadcast (Figure 1). T ransplant 
is not feasible in great extensions 01 Jand, bul it's an acceptable 
a1temative lor small farmers and in aTeas where labor is cheap. 
Besides, the managemenl 01 Hydrel/ia can be combined with other 
strategies, such as water management. Figure 2 shows the effect 01 
weekly irrigations and permanent water layer on oviposition 01 
Hyd rellía and the survival 01 larvae and pupae. Rlty-nine per cent 
(59"..iJ) less eggs are seen on plants subjected to weekly írrigatíons as 
compared to plants wilh constant water layer. Ukewise, fields with 
weekly írrigations have 38% less larvae and 66% less pupae than 
flooded fíelds. 
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Figure 2. Effect of water {ayer on Hydrellia sp. 
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In another research (F'lgure 3) it was proved that populations of 
Hydre/lia can be reduced through inereasing sowing rateo If sowing 
rate is inereased from 100 to 300 kg/ha, the number of pupae per 
plant is drasticaUy reduced. 

These cultural practices offer non-chemical alternatives for the 
managemen! of Hydre/lia in rice. However, it is converuent 10 
mention some importan! facíors that could affect other erop manage­
ment practices. For example, increasing sowing rate reduces the 
incidence of insects on the erop, and can help in the competition 
agains! weeds. On !he other hand, in areas where rice blast is a 
problem, increases in sowing rate could trlgger epídernics of the 
disease. The practice of flushing every week, in spíte of being effective 
in the management of Hydrellia, accelerates the loss of Nitrogen on 
the son, and affects the effect of pre-emergent herbicides. This effect 
on herbicides could result in a weed problem. 

Then, an adequate balance is necessary 10 apply the most 
effective control strategy without interfering with other management 
practices. Understanding the in!eraction among cultural practices 
rnakes it neeessary to develop multidisciplinary groups that see the 
phytosanitary problem as a set of practices and not as individual fields. 

Another example of cultural practices that could affect pest 
incidence is the effect of Jand preparation on the ant Acromyrmex 
landa/ti. Through an early land preparation it is possible to destroy 
90% of the anthills of A. landa/ti (F'lgure 4). In this speclfic case it is 
importan! no! only the mechanical effect of the preparation, but the 
time of preparing the land. If land preparation is done prior to nuptial 
ftights, the probabílities of the establishment of new anthills are 
reduced. This effect of mechanical control 01 pes! can be observed in 
other soil insects. 

On the other hand, it is convenient to point out that land 
preparation (with its secondary effects of better weed control, 
incorporation of organie matter, etc.) can, in addition, affect other 
pests oocurring later during the erop. For example, Sogatodes 
oryzieo/a is more abundant in upland rice in early land preparation 
(Figure 5). On the other hand, insects such as Macis sp. and Epitrix 
sp. are more abundant in rice planted in land with late preparation 
(F"lgUfe 5). 
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Figure 4. Effect of Iand preparation on Agromyrmex landolti. 
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Fertilizatíon is another important factor of pest incidence on 
plants. Figure 6 shows the·effect of fertilizatíon (NPK) on Spodoptera 
frugiperda in upland rice. Increases in the rate oi Nitrogen and 
Phosphorus per hectare cause increases in the incidence 01 S. 
frugiperda. On the other hand, increases in the rate 01 Potesium 
cause a tendency to reduce the incidence oí S. frugiperda. It is known 
that Nitrogen and Phosphorus increase plant succulence, whereas 
Potassium stimulaíes plant suberízation and hardening, making it less 
palatable for the insect. 



STUDIES ON BIOLOGY, DAMAGE AND 
VARIETY RESISTANCE TO 

Spodoptera frugiperda IN RICE. 

ALBERTO PANTOJN 

SUMMARY 

There are lew works related lo the management 01 S. frugiperda 
affecting rice crop. There are inlormations available on biology 
(pantoja et al 1987), ovipositíon (Pantoja et al 1986 C), natural 
enemies ( Pantoja el al 1985; Pantoja ancl Fuxa 1990; Simmons el 
al 1990), clamage (Navas 1967, 1974; Panloja el al 1986A; Rice el 
a11982) and variety resislance (Panloja el al 1986B) Ihal can be used 
in developing management programs 01 Ihis rice pest. Additional 
research is necessary lo determine lhe effect 01 natural enemies that 
are also affected by edaphic factors, as well as incorporating the 
resistance lo improved varieties and vallda!e currently available 
inlonnatioll in the difterent regiolls where !he pes! occurs. 

1. Enlomologist al CIAT Rice Program, Colombia 
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INTRODUCTlON 

Rice is atlacked by about 100 insect species. Among the insects 
01 economic importance, the fallarmyworm, Spodoptera frugíperda 
(J. E. Smith), is consideredas a sporadic pest of rice, bul highly 
damaging. S. frugíperda is considered as the lepidopteran of major 
economic importance of rice in the world. Besides, this insect is a pesl 
oí economic importance for many other crops, especially those 
belonging lo the Gramineae family. 

Uttle is known on the clamage 01 S. frugiperda and its effect on 
rice yíeld. Most of the works reported are based on the effects of 
simulaled damage on rice yield or refer lo other different genera of 
Spodoptera. Ukely, there is few information on the natural enemies 
of S. frugíperda attacking rice plants, variety response tothe damage 
and the development of the pest on rice plants. 

1bisworkdiscusses importantaspectson biology, varietyresisíance 
and natural enemies 01 S. frugiperda affecting rice plants. 

2. DAMAGE - YIELD REIATIONSHIP 

The effect of S. frugiperda was studied under field condítions. 
Increases in larval density resulted in an increase in defoliation and 
decreases in plant population and yield (Table 1). Studies of yield 
components show!hat yield decrease is the effect of the decrease in 
plan! population and therefore, a minar number of panicles per 
square meter (Table 2). The weight of 500 grains and the percenlage 
of filled grains were no! affected by defoliation caused by S. frugí perda 
in early slages of crap. The relationsrup of the clamage or defoliation 
is linearly relaled lo larval density (pantoja el al 1986 Al. 

The results show!hal populations of 215larvae per square meler 
are required lo cause significant losses in rice yield. However, 26.9 
larvae per square meter are capable of affecting yield. The population 
of 215 Iarvae/m2 is lower than natural popuJations reported for 
upland rice in Panamá (Navas 1974). Another genus, Pseuda/etía 
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Table 1. Defoliation and yield oi rice affected by larvae 01 
Spodoptera frugiperda 

Biomass Index Yield 
Larvae/m2 (mg/m)* (kg/ha)** 

O 996.6 a· .... 10,267 a .. •• 
26.9 417.6 b 9,922 a 
53.8 556.6 b 10,003 a 
80.7 454.3 b 9,551 ab 

107.6 621.1 b 9,885 a 
215.1 329.7 b 8,511 b 

* Biomass index = Weíght in gram 01 plants on lhe ground/area. 
** Yield adjusted at 12% of moisture contento 
*** Averages wilh lhe same letter do not differ significantly al 5% 

probability according to Duncan's test. 

Table 2. Effeds oi the darnage 01 Spodoptera lrugiperda 
on sorne cornponents 01 rice yield. 

% density decrease 
500 grain weight 

Larvae/m' Plants/m' PanícIes/m' (g) 

O Oa O a 10.6a 
17.5 39 b 16 a 12.0 a 
35.1 58 b 30a 11.9 a 
52.6 85 c 76 b lO.8a 
70.2 100 c 100 b • 
87.7 100 e 100 b .. 

.. AIl plants were dead; no rice was colleded 
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unipuncta (Haworth), causes up to 50% decrease in yield with a 
defoliation range of 25-30% (Rice et al 1982). 

It ís convenient to point out that the senousness of damage is a 
function of plant age, the development stage of the larva, the variety, 
and environmental factors that could affect the insect' s feeding 
activity, as well as plant recovery. That's why precaution is recom­
mended in applying these results to conditionsdifferent from the ones 
reported here. The thresholds presented here can sure be used as a 
guide in the taking 01 decisions. 

3. VARIETY RESISTANCE 

Variely resistance is an important componen! in the development 
cf packages On integrated pes! management. Variely resistance is 
used for the management of S. frugiperda in various crops such as 
com, sorghum, and paslures, but nol in rice (Pantoja et al 1986B). 

In studies carried out during 1983-1985 by Pantoja el al (1986B) 
a methodology was reported to identify sources of resistance against 
S. frugiperda in rice. The technique consists of submitting seedlings 
to the attack 01 newly bom larvae of S. frugiperda under greenhouse 
conditions, which proved lo be efficient. Varíous levels 01 resistance 
or susceptibility to the ¡nsee! attack were detected. 

Five thousand (5,000) genolypes were evaluated. It was found 
lha! several genotypes showed low prelerence and possibly antibiosis 
in other genotypes, with a high number 01 larvae in Ihe preferencial 
test, but with low defoliatíon index in ¡oreed feeding tests rr able 3). 
Additional works are requíred lo study the mechanisms of resistance 
in detaH as well as to incorporale such resislance to improved 
varielies. 

4. NATURAL ENEMIES 

There are several revisions on nalural enemies of S. frugiperda; 
however, there are very few reports on natural enemies 01 S. 
frugiperda atlacking rice. In 1985 Pantoja et al reported, for Ihe first 
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time, parasitoids and entomopathogens identified and/or recovered 
of larvae 01 S. Irugiperda coUected in commercial rice fields in Puerto 
Rico. Later, Pantoja and Fuxa (1990) and Simmons et al (1990) 
reported additional studies on natural enemies of this pest. 

Table 3. Deloliation and prelerence 01 laroae 01 Spodoptera 
frugiperda on several rice genotypes. 

Genotype Origin Defoliation Prelerence 

2869 China 4.3 a 22.9 ab 
H-62-15-1 Argentina 4.3a 63.6 c 

H-74-14-1 Argentina 5.0ab 65.0 e 
H-65-22-2 Argentina 5.8ab 10.0 a 
H-61-10-1 Argentina 5.8ab 37.4 abe 
H-64-11-1 Argentina 6.7 abe 36.0 abe 
Chien China 6.8 abe 24.1 ab 
Saturno USA 6.8 abe 26.0ab 
H-75-5-1 Argentina 7.0 abe 14.7 a 
La Plata Argentina 7.3 be 12.4a 
Mars USA 7.8 e 
Yu-hsuan China 9.0 e 54.6 be 

Among the parasitoids, seven genera beJonging lo two order and 
three families have been reported (Table 4). However, eombined 
parasitism 01 all genera affect only 14.7% of the larval population 01 
S. Irugiperda. Parasitoids 01 major incidence are, in deseending 
order: Chelonus insularis. Euplectrus fum/us and Cotesia 
marginiuentris (pantoja and Fuxa, 1990). 

Another natural enemy of S. frugiperda is the nematode 
Noctuidonema sp. that affects maje adults (Simmons et al 1990). 
Studies in many countries show a large geographical distribution of 
thenematode, as well as a high incidence or percentage 01 parasitismo 
However, since adults are eollected with pheromone traps, the place 
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of origin of adults, or the crop on which they fed at larval stage are 
unknown, Additional research is required lor studying the incidence 
of this nematode in rice fields, 

Due to the condition of high moisture and/or f100ding in which 
rice is grown, entomopathogens related to larvae ol S. frugiperda in 
upland and flooded rice may be different The virus Nomuraea ri/eyi, 
polyhedrosis virus and a microsporidian (Pantoja and Fuxa 1990) 
have been identified in irrigated rice in Puerto Rico, N rileyi is the 
entomopathogen 01 major incidence.affecting 10% of specimens, 
followed byan unidentified microsporidian, and polyhedrosis virus, 
The totallarvae affeded by those three pathogens reach only 17.6%, 
and varies according to the sampling date. 

Table 4, Parasitoids 01 laruae 01 Spodoptera frugiperda 
colleded in rice lields in Puerto Rico. 

Order/Family/Genus 

Diptera 
Tachinidae 

Archytas marmoratus (Towsend) 
Lespesia sp. 

Hymlnoptera 
Braconidae 

Che/onus insularis (Cresson) 
Cotesia marginiuentris (Cresson) 
Rogas laphygmae (Viereck) 

Eulopidae 
Euplectrus lurnius (Walker) 
Euplectrus platyphypenae (Howard) 

TOTAL 

% of Paratitism (N) 

0.1 (2) 
1.2 (23) 

5.5 (106) 
3,1 (59) 
0.1 (2) 

3.6 (69) 
1.2 (23) 

14.7 (284) 
~~~- ...... ~~.~.-
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RESULTS OF STUDIES CARRIED OUT IN CUBA 
FORTHEMANAGEMENTOF 

Sogatodes oryzicola (Muir), Oebalus insularis (Stal), 
Lissorhoptrus brevirostris (Solf) ANO Hydrellia sp. 

INRICECROP 

RAFAEL MENESES CARBONEI.1} 
ALFREDO GUTIÉRREZ YANIS1 

EDUARDO ARIAS RUIZI 
ARTURO HERNÁNDEZ AGUILARI 
ALVARO GARCIA RUBlAL1 

MAGALY AMADOR GENEI 

l. SOGATA: Sogatooes orvzicola (Muir) 

INTRODUCTION 

S. or¡¡zicola, is !he major vector 01 !he causal agent of Hoja 
Blanca disease in rice, occupies a relevant positlon among insect 
pests causing damages to rice crop in Cuba. 

In !he 1950's rice areas were increased considerably in almost aH 

1. Researchers al !he Rice Research Instítute, Cuba. 
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of the rice-growing countries in Latín-América, establishing the year­
round cropping system in significant magnitude. This, together with 
varletal characteristics, favored the conditions for the development of 
S. oryzicola, and a1s0 increased the dissemination of Hoja Blanca 
disease, which caused severe losses in yields of cultivated rice. 

With the objective of obtaining an optimum pest management, in 
early 1970 several bio-ecological studies of this insect were started in 
Cuba, in order to use these knowledges to control this serious rice 
pest which, together with the different control methods applied, has 
given as a result a considerable decrease in the damages caused to rice 
by S. oryzicola in OUf country. 

2. BIOLOGY OF S. orizicola. 

Males of S. oryzicola have an approxímate length of 2.0 mm, 
they are smaller than females and from dark-brown to black in color. 
Females measure from 3.33 to 3.35 mm, amber-colored and lighter 
in color than males. The torax's back is paje up to the side keel, and 
this color extends up to the tip of the head. 

A1though females are generaUy amber-colored, they can show 
male-like darker forms. On the other hand, females can be winged or 
brachipterous even in the same generation. 

Fema1es lay their eggs in the midrib of leaves, inside a hole they 
make with their oviposítor. They show remarkable preference to lay 
their eggs in the middle section 01 leaves 01 the rice plant, in relation 
to apical and basal sections. Besídes, 95% 01 fue eggs have been 
found in the upper lace of the leal blade. 

The number of eggs per cluster is variable; the eggs are curved 
with one of the extremes pointed and the other rounded. Its average 
size is of 0.679 mm long and 0.196 mm wide. 

The incubation period of eggs of S. oryzicola varies in the 
different months of the years, infIuenced by the temperature 01 these 
seasons, varying between 7 and 10 days in the summer and up to 20 
days in the winter. 

The nymph of S. oryzicola passes through five instars to reach 
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adulthood. In the first instar it has a whitish color and small size (0.65 
to 0.90 mm long and 0.2 to 0.3 mm widel, but as it grows, the 
cleamess ol the brown parallel streaks on its back increases. The size 
of the !ast instar is from 2.8 to 3.0 mm long, and 1.2 mm wide. 

The üfe cycle of S. oryzicola has been studied by different 
researchers, with sorne differences being obtained among them 
('rabie 1). 

3. ECOLOGY OF S. oryzicola. 

3.1. Plant-insect relationship 

Even though this pest may be found on the rice plant in different 
growing stages, specifically during the stages in which major population 
levels are recorded, they have a1s0 been found frequently feeding on 
young rice plants (from germination to active tiUering) possibly, 
among other reasons, becausetheirtíssues areyounger and therefore 
suitable lor their fedding. 

In this development stage 01 rice plant, an average of 104 eggs, 
80 nymphs, and 280 adults were collected during threeyears through 
counting in such phenological stage. When plants were in panide 
initiation stage, the average per collection was of 80 eggs, 12 
nymphs, and 28 adults, which shows fue high degree of preference 
of S. oryzicola for young rice plants. 

This specie has sedentary habits, accentuated during the dry 
season with fresh temperature. 

4. MAJOR HOST WEEDS 

In addition lo rice, which is its main host, S. oryzicola has other 
weeds on which it can leed duling ceriain seasons 01 the year, among 
fuero: Echinochloo colona, to which it has been possible to transmit 
Hoja Blanca virus; Panicum muticum (;: Brachiaria mutica); E. 



Toble 1. Biology 01 Sogatodes oryzicola. ~ 

Researcher Year Stage of the inseet Duration (days) 

Acuña et al 1959 Females-Males 30-15 
Reinteria 1960 Females-Males 43.9-13.8 
Rey and Garcia 1980 Females-Males 27.8-24.1 ~ 
Gómezand ~ !\amara 1980 Females-Males 31.1-14.6 
Acuña et al 1959 Incubation of eggs 7.4-(27.6°q 

tí 

~ 19.2-(16.9°q 
Rey and Garcia 1980 lncubation of eggs 10.5-(21.6°q ¡;:; 

7.2-(25.8 0q 
@ Acuña et al 1959 LalVal instars 14.0-(26.3°q 

21.3-(20.6 0q ~ Rey and Garda 1980 Ufe cycIe 

~ 
Males 25.8-(21.5 0q ~ Females 23.3-(21.5 0q O 
Males 20.7-(25.5°q § Females 22.1-(25.5°q 

~ 
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crus-galli. Also Rottboellia exaltata, Paspalum plicatulum and 
Leersia hexandra are mentioned as possible hosts. 

5. POPULATION DYNAMIC OF S. oryzicola. 

The most favorable conditions for increasing population densi1y 
of S. oryzicola are an average temperature belween 25 and 27°C, 
whereas it shows susceptibili1y to a temperature of 350C or higher. 

Temperatures below 25OC, as well as great thennic variations, 
have a negative influence on the growth and development of this 
insecto 

Peaks in the population densi1y of S. oryzicola are found within 
the months frem April to November. This perlod covers the months 
of hotte.;t temperature in Cuba. From December to March the 
population of this delphacid decreases under the influence of fresh 
temperature (average temperature below 25°C) and scarce rainfalls. 

A remarkable drop in the population of S. oryzicola is observed 
within the months frem June to September, when higher tempera­
tures prevail, as well as rainfalls aboye 100 mm. During this perlod, 
natural enemies show a remarkable activi1y. 

Other factors which, together with temperature, influence the 
population dynamic of S. oryzicola are natural enemies, both 
parasites and predators. Among these, the most important ones are: 
Paranagrus perforator, and Tytthus parviceps , parasite and 
predator of the insect's eggs, respectively. 

In respect to flying activi1y of S. oryzicola measured through a 
modified Minnesota-type light trap, as welJ as with the sweep net, a 
considerable decrease was observed in the pest' s activi1y during 
winter or drought periods, in which average temperatures reached 
lower values than belween April and November. This activi1y in­
creases to a maximum when temperature reaches the oplimum 
range, belween 25 and 27OC. 

When the range correlation analysis belween the population rate 
andtemperaturewascomputed, thecoefficientobtaínedwasr-O.884, 
highly significant. 
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In relation to lhe sex of S. oryzicola, a larger amounl of males 
!han lhat of lemales are caught lhrough light traps. The opposite 
occurs wilh lhe net method. 

For scouting lhe increase in population levels of S. oryzicola in 
Cuba, lhe monlh of March is essential, especiaUy during fue second 
hall, when temperatures begin lo rise. 

6. ECONOMIC IMPORTANCE OFS. oryzicola IN CUBA 

The insect begins to atlaek rice plants a fewdaysafter germination. 
Severe atlacks produce a well delined yeUowing on leaves, which 
progressively becomes light-brown in color. Anolher symptom 01 fue 
attack is lhe development 01 lumagina on lhe leaves. 

The altacks are observed in lhe field as spots which spread 
progressively Ihroughout lhe field, il the insect is no! controUed. 

Rice plants subject to individual action of virus-Iree S. oryzicola 
during lhree days suffered a rernarkable delay in growih and elongation 
01 leal shealh (Acuña e! al 1959). 

Duling 1960, 300 or more rice planlhoppers were coUected in 
fue rice zone ol Sancti Spiritus in 10 single passes 01 net, which 
represents a high population 01 lhe insecto In lhe years Irom 1971 to 
1973, a population increase of lhe inseet was observed in lhe same 
zone, standing out lhe first six monlhs of 1972, when 23,652 insecls 
were collected in population dynamic plots, between nymphs and 
adults, wilh weekly samples in an area of 75 m2• 

Conceming rice Hoja blanca disease in both decades (1960 and 
1970), heavy inlestation5 were detected in lhe former decade on 
varieties Century Patna, and Blue Bonnet 50; and IR-8 and IR-160 
in lhe ¡alter (705). 

In lhe years 1972 and 1973, 10.3 and 6.53 insecticide applica­
tions per area were made against S. oryzlcola in Sur del Jlbaro, wilh 
an aTea planted 01 approximately 30 lhousand hectares. But begin­
ning in 1975, wilh lhe introduction of resistant varieties, planting 
seasons, and belter cultural practices, lhis number was reduced to less 
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than 0.5 applications, in 1987, and ever since no applications have 
been made to control this insecto 

7. MANAGEMENT 

7.1. Sampling method and action thresholds jor S. oryzicola. 

The sampliog method recommended for scouting the pest ls done 
through the sweep net, although the light trap can be used as a 
complementary method for determíning the beglnning of population 
increases 01 this pest in Its invasion activity to young rice fíelds. 

Samplings al e carried out according to the established schedule, 
beginning 5 days after rice germination and with weekly intervals until 
the plants have reached panicle initiation stage. Besides, il an 
insecticide application is made, the technical effectiveness 01 such 
product should be evaluated afterwards. 

In sampling using the sweep net, the first poin! should be taken 
at a distance of 20 m from !he írrigation canal, making 10 sweeps al 
!his polnt. Ten net sweeps should also be made at !he remaining 9 
points following !he field's diagonals and trying to cover the whole 
length 01 such field. 

In addition to this sampling, leaves are taken from 100 rice plants 
spread randomly in the fíeld, wi!h !he objective of determiniog 
oviposition 01 S. oryzicola and T. paruiceps, and parasitlsm caused 
by P. perjorator, in order lo take !he oecessary measures lrom the 
first momen! of pest incidence. 

A1so a high oumber 01 S. oryzicola (+ 100) is collected 00 

representative fields of !he sampled area wi!h !he preseoce of !his 
insecto They are put in a cage wi!h rice plants ¡rom !he same Ileld, to 
evaluate vec!oriog capacity 01 such insects !hrough !he me!hod ol 
sampling 00 small plants (2-3Ieaves). The EUSA test me!hod can also 
be used. 

This evaluation will enable us to de!ect any focus 01 appearance 
oi Hoja Blanca disease and to be able to take the necessary measures 
in lhat respect. 
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As pointed out in the chapter on population dynamic of the 
insect, in Cuba it is extremely important to take special care in 
sampling and scouting S. oryzicola beginning in March, season in 
which temperature nonnaUy begins to me, reaching the optimum 
ecological temperature of the insecto lbese previsions must be taken 
with great care in those fields havíng plants of only a few days after 
germination, which is their most susceptible stage. 

Since all commercial rice varieties in Cuba are resistant to S. 
oryzicola, ít is recornmended to apply chemical control when the 
total of insects has surpassed the action threshold (Table 2). 

Table 2. Recommendations lor the Control 01 
Sogatodes oryzícola. 

Crop stage 

A. 10-25 days alter germination 
B. 2540 days alter germination 
C. 55-70 days after germination 
D. 75-90 days alter germination 

Number of insects 
per planta 

0.95 
2.99 
3.83 
6.88 

When more than 3% of virulence is found in the insect sampling, 
decisíon-making lor controlling the insect is reduced to 20% with the 
objective of rapidly controlling any srnaU focus of the vector insecto 

7.2. Sampling 01 Rice Hoja Blanca disease. 

al If an infestation below 5% 01 plants is vísually observed with 
Hoja Blanca symptoms, five field samples should be taken. 

b) Wíth higherpercentages, anareaofO.5mx o. 5 m (0.25 m2
) 

dístributed at random in the field (10 sites), should be used lor 
each sample to CQunt the affected plants. 
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e) When the above evaluation ís carried out in fields in stage A 
from gennination to active tillering), total plants affected by 
the dísease and the healthy ones are counted. In stages B and 
C, clamage is quantified by counting the healthy stems and 
those affected by the virus. 

d) The percentage of field damage ís calcuJated to determine the 
level of action to be foUowed. 

8. CONTROL METHODS QF S. oryzicola AND HOJA 
BLANCA DISEASE (H.B. V.) 

8.1. Controlo/H.B.V. 

In addition to the control executed against its vector insect, the 
most recommended method for controUing the disease is the use of 
resistant varieties. 

From the inlormation obtained through field sampling, decision 
wiU then be made in relation to the control 01 the disease. If they are 
found befare panicle initiation in 20% or more 01 the evaluated plants 
with symptomatology 01 H.BV., it is necessary to anaIyze the 
following aspects: 

- Population 01 S. oryzicola. 
- Rate of virulence 01 the insecto 
- Location of the affected areas, in relation to unaffected young 

rice lields. 
- Fields yield estímate. 
- Actual possibilities to reduce the populatíon of S. 

oryzicola to established levels. 

If after analyzing these aspects a decision is made to elíminate the 
infested fields, the lollowing methodology should be used: 

Puddling to e!iminate rice plants and weeds. 
In sorne fields, particularly depending on the age and soil 
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moisture, a total herbicide can be applied to accelerate plant 
e1imination. 

Furthermore, ifthe incidence of H.B.V. is found very rapidly and 
located in small areas of the field with a high yield estímate, such area 
can be eliminated through a confined puddling with a tractor provided 
with cage wheels and rotary tiller. 

In this particular case it is necessary to increase samplings of S. 
oryzicola and Rice Hoja Blanca. 

It is important to crltically accomplish this decision-making 
process with the objective of e1iminating possible focuses of H.B.V. 
that may endanger the rest of the rice fields. 

8.2. Control oi S. oryzicola. 

8.2.1. Cultural measures 

The use of cultural measures is exceedingly important to achieve 
the best control of S. oryzicola, aimed at reducing damages and 
production costs, and increasing crop yields. 

Arnong these measures the use of resistant varieties should be 
induded [fable 3). 

Obtaining resistant varieties constitutes an effective combat 
method against this rice pest, sínce it plays an important role as 
primary factor in reducing the population of S. oryzicola, because 
insects have less possibilities to feed on the resistant varieties, which 
gives as a resuIt indiViduals with less vigor and shorter lífetime. 

Another measure of cultural control is the use of weU defined 
planting seasons, so that the most susceptible stages of plant (from 
gennination to active tillering) do not coincide with the seasons of 
greater pest incidence. 

Instudies carned out during threeyears in Sur del Jibaro ricezone, 
beginning in 1974, total application of insecticldes against S. oryzicola 
were reduced in approximately 78% when variety CICA4 was 
planted and two weU-defined planting seasons were established: cold 
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Table 3. Characterístics 01 commercial rice varíeties 
planted in Cuba. 

67 

Yíeld (!/ha) Growth duration (da~) 

Resistance lo CoId Spring Cold Spring 

Varlety S. oryzicola Season Season 

J..104 I 8.6 5.6 146 121 
(4024) IlAC 14 R 8.7 5.7 142 118 
(4024) llAe 15 R 8.7 6.1 143 119 
Perla R 6.9 5.3 127 112 
Amistad 82 R 6.7 5.2 127 112 
ECIA-24 R 6.6 5.3 127 112 

and spring. The ronner goes from December to February, and the 
latter from April to July. A similar perfonnance was observed in 
Granma rice areas, very affected by H.B.v. in 1973. 

In addition to the aboye, the following measures play an impor-
tan! role in reduclng the insect's population: . 

- Control of weeds on levees and canals. 
- Destroying stubbJe and weeds in harvested tields. 
- Crop rota!ion. 

8.3. Bio/ogícal control 

Within the complex of ecologicaI factors acting on S. oryzicola 
in rice agroecosys!ems and causing remarkable depressions in their 
population levels in certain seasons of the year, there are different 
specles of parasites and predators that act as natural enemies of such 
pest ífable 4). 

Considering how difficult it is to achieve a gooo control of S. 
oryzicola, and that the use of chemical ínsecticides against such insect 
as the only control measure is practicaJly ineffective, requiring the 
in!eraction of other methods to improve the results, natural enemies 
play a fundamental role in pest management. 



Table 4. Major parasites and predators ofSogatodes oryz!cola (Muir)! 
~ 

Susce2tlble stage of S. oryz!cola 
Order Family Specles Parasite Predator Egg Nymph Adult 

Hymenoptera Mymaridae Paranegrus X X 
perforator 
(Perkins) 

Hemiptera Mlridae Tytthus paruiceps X X X el 
~ (Reuter) 

Strepsiptera Elenchidae Elenchus sp. X X X ~ 
Hymenoptera Dryinldae Gonatopus sp. X X X ~ 

~ 
Coleoptera CoccinelJidae Coleomegil/a X X X 

~ cubensls (Csy.) 

~ 
Arachnida Tetragnathidae Tetragnatha X X X 

~ pallescens (kenn.) O 

1. Gómez J., R. Meneses and H. Grillo, 1979. Principales enemigos naturales de Sogatodes oryz!cola ~ (Muir) (Homoptera: Delphacidae) en la zona arrocera de Sanctl Spiritus, Cuba. Revista Centro Agricola 6 O 
(3): 3-13, 1979. Z 
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Among natural enemies, the ones of major importance are egg 

parasite P. perforator and predator T. parlliceps. Up to 34.6% of 
total parasitism has been reeorded from the former in field observa­
tion, being higher in rice fields between germination and active 
tiDering. 

80th natural enemies remain active during all the favorable time 
for the development of S. oryzicola (April - November), hut the 
pepulation of T. paroiceps is higher during \he fil'l1t increase oE the 
pest's population (May-June), whereas the percentage of parasitism 
of P. perforator is more intense during the' second pepulation 
increase of the vector in the months from October to November. 

The increase of parasitism by P. perforatorat the end oE the year, 
and the drop of temperatures beginning in December, cause a 
considerable decrease in the population levels of S. oryzicola. 

Other natural enemies favor and he!p to keep the leve! of S. 
oryzicola relatively low in certain seasons of the year, standing out 
among thern T. pa lIescens, since there is a relationship between this 
imect' s levels and the pest. 

Such action of bioregulators of S. oryzicola was proved in a 3~ 
year-study carried out in Granma rice wne, where the performance 
of resistant varieties was evaluated under field conditions (Hernández 
et al 1989), being observed how variety resistance, together with the 
action of natural enernies, made possible a reduction in applications 
of inseeticides without affecting yie!ds, with subsequent savings in 
production eosts. 

8.3.1. Interrelation inseet - resistant oorieties 

Reperts of Garda et al (1973) in Cuba show that losses were 
reduced considerably beginning in that year with the introduction of 
resistant varieties. However, isolated reperts of research workers 
have shown that the inseet S. oryzicola can again reaeh a pest status 
in the crop, since some contradictions have been observed in the 
resistance oE cornmerciaJ varieties to the insect where colonies from 
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different rice zones have shown different behavior. This suggests the 
possibility of a physiologicaI specialization of this pest. 

In studies started by Orellana et al (1982) on insect colonies from 
different rice zones, they found variability in pathogenicity among 
such colonies. This served as the beginning for later studies in which 
the feeding activity and aggressiveness were evaluated, fundamentally 
on insect colonies coming from Los Palacios, Pinar del Rio, and Sur 
del Vara, Granma, on varieties with different degrees of resistance. 
In both, the colony coming from Sur del Vara presented a higher 
feeding activity on all varieties, and surpassed that of Los Palacios in 
aggressiveness as well (Arias et al 1990 a, b) (Table 5, f"lgure 1). 

!..ater on, in coordination with IRRI, morphometrical and cytoge­
neticaI studies were carried out in both colonies, showing variations 
in the insect's morphology. From a total of 101 morphologicaI 
variables studied, 28 were different in the case of females, and 19 for 
males. In cytogeneticaI studies, when evaluating the dimensions of 
primary spermatocytes during meiosis, a variation was found in 
lenght and width of the celluJar division in leptotene, paehytene, 
diplotene and diakinesis stages, as well as different variations for the 
meiotie index in both colonies (Arias et al 1990 e). 

The differences in morphology, cytogenesis and feeding behavior 
in the colony of S. oryzicola coming from Sur del Vara allow us to 
affirm that a new biotype of this insect has developed in that zone, 
capable of developing in the future on varieties with some resistance 
to such pesto Jt is recommended, therefore, the establishment of trials 
on resistance to mechanical clamage of Sogatodes orJIzicola with 
colonies from such zone until this study is applied to the rest of the 
rice zones, wilh the objective of delimitating the zones where Ihe 
insect might have variations in iis behavior. A1though, apparently, the 
conditions of the zone of Granrna, where rice fields have been 
exploited for about 50 years with two harvests per year, have 
provided optimum conditions for such changes in Ihe insecto 

8.4. Chemical control 

It has been established to apply chemicaI insecticides only when 
Ihe number 01 S. oryzicola collected in fleld samplings reach or 



SlVDIES CARRIED OUT IN CUBA 71 

surpass theactíon threshold established for such purpose (T able 2), 
mee the indiscriminated use of chemical insedicides can cause 
negative effects such as the destruction of beneficia! parasites and 
predators, with the subsequent resurgence oí the pest; possible 
appearance of resistance that would cause an increase in dase or a 
shift te a stronger insediclde that, in general, is more expensive. AlI 
fuese together give as a result an increase in production costs, 
besides causing pollution to the environment. 

The insecticides fundamentally recommended are organo­
phosphorates and carbamates. Among them: 

• Methyl Parathion 
• Methamidophos 
'Carbaryl 

at 
at 
at 

1.00 kg a.i./ha . 
0.60 kg a.i./ha. 
2.21 kg a.i./ha. 

When applying these insedicldes, their incompatibility with 
Propanil should be taken into consideration. 

Table 5. Feeding behauior 01 two c%nies 01 S. oryzicola on a 

resistant and susceptible ooriety. 

Colony 

Los Palacios 
Vara 

Spotted aTea (mm2) 

Variety Blue Bonnet 

192.4 a 

301.6 a 

Variety J-104 

37.0 a 

145.2 b ' 
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Figure 1. Average 01 aggressiveness 01 two colonies 01 S. 
oryzicola on different rice varieties (1986-1988). 
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11. RICE BUG: Oeba/us insu/aris (Sta/) 

INTRODUCTION 

The "Rice Bug", O. insu/aris Stal, is considered as one 01 the 
three major pests of rice crop in Cuba. This specie al50 affects rice 
in other countlies like Mexico, Colombia, Brazil, Nicaragua, El 
Salvador, etc. The damage is caused by the insect by feedíng on the 
developing grain. A descrlption 01 the same symptoms wa5 made by 
Frohlich and Rodewald (1970). In such a descrlptíon it ís pointed that 
empty panic1es and huJ1s can be seen in rice fields in milk or mature 
grain 5tage, where a more detailed obsetVation will reveal a number 
of sueldng places on the damaged plants. When "bugs" feed on 
grains, they can cause partíal or total 1055 01 grain weighí. Partially 
affected grains cause serlous decreases in rice milling quality, since 
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grains break easlly during the milling process, therewith modifying 
unfavorably the rate of head rice and broken grains. In this booklet, 
the results of studies carried out in Cuba on this insect are presented 
in a concise form, which makes possible a greater efficiency in the 
management 01 this pest. 

2. SYSTEMA TIC CLASSIFlCATION, UFE CYCLE AND 
MORPHOLOGICAL DESCRIPTION. 

2.1. Systematic classijication (Stys and Kershner, 1975) 

Order: Heteroptera. 
Jntra-order: Pentatomorpha 
Super-family: Pentatomoidea 
Family: Pentatomidae 
Genus: Oebalus 
Species: Oebalus insularis (Sial) 

2.2. Lije Cyde and Description 

Biological studies 01 species O. insl,llar!s on rice plan! as well as 
on plants 01 Echinochloa colona have been carried oul in Cuba. The 
eggs are greenish in color, with a jelly-like aspect and barrel-shaped 
during the first days. As time passes, they tum into a reddish color. 

These eggs are located on both surfaces 01 the leal blade, panicles 
and stems, bul seldom on spikelets. The number ol eggs per cluster 
is variable. sometimes reaching 50. Eggs are laid following a double­
rowed straight lineo Eggs hatch 4 to 5 days wíth temperatures belween 
23.6 and 26°C (Gómez and Meneses 1985). Eggs reach a diameter 
010.625 mm and a length 01 0.750 mm. 

Before becoming adults, the nymphs pass through ¡¡ve instars or 
changes which take place every 2-3 days. 

NewIy- hatched nymphs have a Iight-green color on their heads, 
red eyes, and Ught-purple legs and antennae, the same as the 
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abdomen, which has dark-purplespots on Ihe cenler and sides.1n Ihe 
last instar, Ihe head, antennae and legs are dark-purple or black 
(Meneses et al 1982). The nymphal stage varies from 18 to 19 days 
wilh temperatures between 25 and 26"C. 

A1ayo (1967) rnakes a description of Ihe adults and points out Ihal 
Ihey are straw-colored, usuaUy light, wilh a totallength of 7-9. 5mm 
and a shoulder widlh of 3-4.5 mm, showing ye1Iowish callous spots 
on Ihe sculellum. Females are slightly bigger!han males and brighler 
in color (Portal el al 1978). 

Adults start lo copulate around one week after reaching adullhood 
and females can layan average 01 150 eggs during íts liletime. The 
adults cycle varies between 63 and 79 days. 

3. MAJOR HOST WEEDS 

Various studies carried out in Cuba show that in addition lo rice, 
there are many weeds !hat serve as hosts to Ihe insecto The main ones 
are: Echinochloa colona, Echinochloa crus-gal/i, Leptochloa 
fascicularis, Ischaemun rugosum, Cyperus rotundus and Cyperus 
iria. E. colana is !he mas! preferred weed, on which the insee! lays 
its eggs and nymphs develop until reaching lheir lasl stages. 

4. POPULA TION DYNAMIC OF O. insularís 

Studies carried out in Cuba on population dynamic 01 lhe insee! 
show!hat lhere is incidence of this species from April to December, 
wilh !he higher population densities occurring from May to Novem­
ber when lhe mean temperatures vary between 25.2 and 27. 7°C. 

Relative humidity above 80% favors the development of !he 
ínseet. 

Regression analyses show a significant correlation between 
population density of the inseet and mean and mínimum tempera­
tures, and relative humidíty. 
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Our results indlcate that the Insect' s multiplication Is hindered 
during the d!}' perlad when mean temperatures be10w 26°C and 
re1ative humidity be10w 75% are recorded. Pathsk (1977) referring to 
rice bugs states that these insects are ve!}' sensible to changes in 
humidity and temperature. 

Studies on dynamics aIso showed that the prevailing species 
among Pen18tomidae collected in rice crop corresponded to O. 
insularis in more than 92%, which coincides With that s18ted by 
Cabello (1966); Bruner et al (1975), and Gómez (1982), who pointed 
at O. insularis as the mast abundant species of insects affecting grain 
in rice fields in Cuba. 

Ontheotherhand,only4.6%oftheinsectscoUectedcorresponded 
to the nymphal stage, which means that the damage caused by this 
pest to rice crop in OUT conditions occur mainIy in the adult stage, 
when the plant Is in flowering and grain filling stages. 

These results confinn that population densities of O. insularis 
depend en environmental factors, at leas! temperature and re1ative 
humidity, as well as the development stage of rice fiekls. Knowing 
these aspects is ve!}' important, among many others, for the 
integrated management of pests. Reyes (1985) s18tes that the 
integrated management CQnsists of a combinatien or integration of aH 
the available techniques, so that applied harmoniously reduce the 
insect pests to such leve1s that they do not cause dama~ of 
economic importance to the crop. 

5. ECONOMIC IMPORTANCE OF O. insularis IN RICE CROP 
INCUBA. 

The s18tistical compilation of the National Board for P1ant Health 
of the Ministty of AgricuIture reports that 89% of the area infested by 
the pes! throughout the counÍl}' is found from May to October, which 
requires a clase watch and adequate control. 

Studies carried out in thls counÍl}' have aUowed us to know the 
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Table l. Paddy rice yleld (t!ha) obtatned in llue tría/s carrled out duríng 1982·1985 wtth dtfferent O:l 
populatlons 010. lnsularis in mi/k graln stage 01 rtce. 

Treatment 1982 1983 1984 1984 1985 

Check (without insects) 7.92 a 4.51 a 6.33 a 4.79 a 5.99 a ¡ 
0.05 insects/panicIe 6.20 a 

0.1 insects/panic1e 4.10 ab 6.17 a 4.57 ab 4.92 be ~ 
0.2 ínsects/panic1e 3.71 ab 5.96 a 4.38 ab 

h1 
~ 

0.3 Insects/panic1e 5.80 b 3.37 b 3.~3 c 4.12 c 

~ 0.7 insects/panic1e 5.09 b 

1.1 insects/panlc1e 2.71 e ~ 
O 

Note: &¡ualletters mean that there are no significant differences, and different letters are difIeren! a! 1 %. § 
~ 



Tab/e 2. Elfect of dlfferent populatlon levels of O. Ir.sularls on some quontltatlue and qua/itatlve ~ 
porometers of rIce groln. § 

§ Fílled grains Unfilled grains 100()-grain 

~ 
~ 
lB 

weight welght weight 
Treatment (glm2) (g/m2) Alkali (glm2j 

Check 792.76 a 125.66 a 3.27 a 28.25 a 

~ 
~ 

0.3 lnsects/panic1e 580.82 b 170.16 a 2.46 a 28.50 a 
0.7 lnsects/panlc1e 509.16 b 150.09 a 2.26 a 26.97 b 
1.1 insects/panlc1e 271.86 e 183.66 a 2.28 a 26.75 b 

(j 

Note: Equalletters mean that there are no significant differences, and different letters are different at 1 %. ~ 

Table 3. Milling yied performance 01 rice with difierent popu/atlons 010. insularls. 

MlUed rice Head rice 
Treatment (%) (%) 

Check 67.65 48.40 
0.1 insects/panicle 65.90 42.76 
0.2 Insects/panic1e 66.95 43.91 
0.3 Insects/panicle 66.32 45.76 '1 

\O 
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magnitude of both field and milling losses. depending on the insect's 
population density and its relationship with the phenological stage 01 
the panicle. The results 01 such studies show a high correlation 
between yields and the insect's population level. In this respect, 
population densities from 0.3 to 1.1 insects per panicle during milk 
grain stage affected rice yields in 27 and 65%, respectively. These 
results are similar to those obtaíned by Swanson and NewsGn (1962), 
who observed that levels of 230 bugs per 1000 panides caused 
severe losses to rice crop. Table 1 shows the decline of farm yields and 
Table 2 shows the decrease in weight of fil1ed grains. 

MiIling 
Yield 

1%) 

(%) 

70 . 

60 

'\ , 

, 
O 

, , 
", 

~(8:%~) ----- Total mili rice 

(12%) 

, , 
'-----____________ Headrice 

(9%) 
(13%) (13%) 

0.7 

Insecís/panicle 

u 

Figure 1. Influence o/ different treatments on mi/Jing yield 

Note: Figures in parentheses correspond to the decrease in percenta­
ge as compared to the check. 
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The effect on milling yields can be seen in Table 3 and Figure 1, 
with a sensible decrease both in milled rice and the percentage of head 
rice as population density increased. 

Similar studies in flowering and dough grain stages Cfables 4 and 
5) also show damages on yields, but with the difference that such 
stages are more tolerant to certain population levels of the insect than 
the milk grain stage. 

The effect on grain germinati<i>n when rice is used for seed 
production was also studied, being observed that population levels of 
0.3 and 1.0 insect per panicle in rnllk grain stage caused seed 
germination losses 6 and 14%, respeCtively. 

5.1. Economic threshold 

Considering the above results and compiling the corresponding 
statistical information influencing the phytosanitary control (Table 6), 
the economic threshold of noxiousness can ~e calculated, which is 
equivalent to 0.045 insects per panicle in milk grain stage. This 
calculation can be made in a much simpler way if we apply the formula 
of Deriabin et al (1979): 

ET= X.P 
20C 

Where: 
ET = Economic Threshold 
X = Yield of check 
P Population of controlled insect 
C Difference in yields between the check and the 

experimental plot. 
20 = Constant for low-yield crops 

Bearing in mind the results obtained in milk and dough grain 



Table 4. Effect of different populations of O. insularis in flowering stage on various technicoI 
parameters of rice crop. 

Total grain Filled grain Unfilled grain 1000-grain 
Treatment weight (g) weight (g) weight (g) weight (g) 

Check (without insects) 8.11 a 6.96 a 1.02 ab 27.49 a 
0.2 insects/panicle 8.06 a 7.93 a 0.90 b 27.95 a 
0.6 insects/panicle 6.13 b 5.20 b 1.13 ab 27.90 a 
1.0 insects/panicle 4.60 e 3.31 e 1.23 a 27.65 a 

Note: Equalletters do not differ significantly, and different letters differ al 1%. 

Table 5, Effeet oj difjerent populations of O. insularis on various parameters at dough grain stage. 

Filled grains Unfilled grains Milled Head 
weight weight 1000-grain rice rice 

Treatment (g/m2) (g/m2) weight (g) (%) (%) 

Check (without insects) 505.4 a 25.2 a 28.4 a 67.80 58.12 
0.1 insects/panicle 462.3 a 39.4 a 28.1 a 66.65 53.82 
0.3 insects/panicle 455.9 a 32.11 a 27.6 a 66.00 52.35 

Note: Equalletters have no significant differences. 

~ 
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stages of the rice plant, the economic thresholds were 0.12 and 
0.221 insects per panicle, respectively. 

According to the correlation studies carried out between insect5 
per panicle and insects per net pass. and thereby applying the 
following equation: 

y =0.01 +0.05X 

Where: 
y = Inseds per panicle 
X Insect5 per net pass 

Table 6. Economic effectiueness 01 control 010. insularis in 
rice crop. 

Plots with 
Measure insects Plots without 

Indicators unit (0.3 per panicle) insects 

Dry paddy yield. t/ha 4.48 6.23 
MílIed rice yield. % 64.95 68.37 
Head rice yield. % 47.99 53.40 
Protected mílled t/ha 1.35 
rice yield. 
Protected head t/ha 1.18 
rice yield. 
Costs of protected pesos/ha 624.01 
yield considering 
increase in quality. 
Expenses in control, pe:;os/ha 97.05 
harvest and processing 
of the protected crop. 
Conventional net pesos!ha 526.96 
income due to 
control measures. 
Profitability of % 542.90 
those measures. 
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aUows us to express the econolTÚC threshold of noxiousness the 
foHowing way: 

For f10wering stage; 2.2 insects/net pass 
For mílk grain stage ; 0.67 insect/net pass 
For dough grain stage; 4.34 insects/net pass 

6. PEST'S MANAGEMENT 

The phenolO9ical stage of rice fields and population levels 01 O. 
insularis are considered as lundamental in the pest's management, 
as weU as an adequate samplíng, season 01 the year , the phytosanitary 
condition ol irrigation and drainage networks and nearby aTeas 
which. t09ether with the characteristics of the cultivated varieties and 
the selection of properinsecticides. will remarkably help the efficiency 
of control. The management of each 01 the above aspects Will be 
covered as follows: 

6.1 Sampling method 

Studies carried out on space distribution of O. insularis in 20 rice 
fields which size varied between 12 an 72 hectares, indicate. in the 
variance/mean relationship analysis. !hat the insects were in 100% 01 
the fields, distributed in an aggregate formo 

Figure 2 shows the regression equation between 109 (52) and 109 
(X), which indicates th"t the variance was positívely related to the 
populatíon mean of insects per sample. A Chi-square anaIysis (X2) 

showed !hat in 80% of the fields the space distributíon corresponded 
With the negatíve binomial formo as it frequently happens in many 
insect specíes. 

Sampling was calculated considering the aggregate distributíon 01 
O. insularis, performing a comparative analysis between the mean 
of field populations and the corresponding sides and semi-diagonals 
rr able 7). T -Tes! results indicated !hat population means in 80 to 93% 
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of the fields did not differ negative!y lrom the means 01 the sides, 
standing out the sides corresponding to the front and bottom of lields 
with 93% of coincidence. 

The recommendations ol Postón (1983) were lollowed to deter­
mine the number of samples. This requlres the calculation ol the 
conglomerate means (X) and its correlation with the means (X), which 
results are used in the formula of lwao and Kuno (1968) that linally 
determines the number of samples lo be taken: 

Q=_T2~_ ((X+ 1 + B-1) 
D2 X 

Where: 
Q = Number ol samples 
T = Table's T when N = X 
D = Precision leve! desired 
X = Population density 
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·2 . ¡ 
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Figure 2. Regression analysis between lag 10 (52) and lag 10 
(X) in all 20 sampled fields. 



Table 7. Percentage of fields showing no significant difference between total population means and ~ 
that 01 transepts, and among transepts means in 15 flelds. 

Xl X2 X3 X4 X5 X6 X7 X8 

XO 86 80 93 86 93 80 80 86 
~ 

Xl 80 93 86 86 73 73 86 ~ 
\j 

X2 86 86 80 66 73 73 
~ 

X3 86 86 93 80 93 h; 
X4 66 86 73 80 ~ 
X5 86 80 93 ~ 
X6 73 B6 ~ 

;g 
X7 100 O 

§ 
~ 
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The required operation canied out on the sides of greater 
representativity (front and back of fields) ot population means Indicate 
tlJat the number oi samples varíes from 1 to 8 depending on the 
magnitude oi the insects population. Thls means tlJat tor populations 
oi more than 4 insects per 10 net passes, only 1-2 samples are 
necessary, whereas tor populations between 1 and 4 insects, 3-5 
samples are required. If populations are below one insect per 10 net 
passes, the number oi samples wilI be frem 6-8. 

6.2. Control method 

6.2.1. Cultural control 

Considering the high number of weeds tlJat serve as hosts to O. 
insular/s, control programs should include sysl:ematic deaning oi 
levees, canaIs and roads, as weII as the rapid destruction and 
incorporation to the soil oi harvest residues, since a number of egg 
clusters of this insect is frequently observed on ratocns. 

Adose watch should be kept on this pest during the period from 
May to November, especially on rice fieIds where the development 
stage of the insect coincides with flowering and filling of grainS. 

Regarding rice varíeties resistance to this pesto studies carried out 
in Cuba in that respecto indicate that until now no significant 
differences have been found between a great number of varíeties 
studied. For this reason. aH culüvated varieties should be given equal 
protection measures against the darnages of this insecto 

6.2.2. Biological control 

Although many parasítes and predators are known to affect 
different Peníatomidae species, only Telenomus sp. has been 
observed in Cuba as egg parasíte of o. insular/s. Telenomus sp. 
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belongs 10 the Scelionidae family. They are tiny insects capable of 
remaining inside a single Iittle egg of another species during feeding. 
especially in Lepidoptera. Heteroptera. Orthoptera and Díptera. 

In research canied out Irom 1975 to 1977 in the state of 
Campeche, Mexico. Ruelas and Carrillo (1978) found parasitism in 
eggs 01 O. insularis by Telenomus sp. which varied between 85 and 
100%. 

Recent studies at the Rice Research Institute in Cuba have shown 
that clone Niña Bonita of fungus Metarrhlzium anlsopliae achieves 
gooo control on O. Insularis both in laboratory and field conditions, 
but this technique requires complementary research which has not 
been concluded yet. 

6.2.3. Chemical control 

Chemical control will only be used when pest population reaches 
or sur¡.¡asses the economic threshold of action establíshed lor 
different panicle phenostages. 

T rials on chemical control on thís iosect indicate that the lollowing 
insecticides acrueve gooo control: 

Proouct 

Methyl Parathion CE 50% 
Malathion CE 57% 
Carbaryl PH 85% 
Methamidophos CE 60% 

Rate 

1.0 It!ha 
1.51Vha 
2.5 kg/ha 
O.5IVha 

Chemical control should be accomplished early in the moming or 
late in the aftemoon when these insects are lound on panicles. This 
facilitates the effectiveness 01 action 01 the proouct, whereas when 
there ís hot sun. generally the pest prefers to hide in the lower part 
of plants. 
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III RICE WATER WEEVIL: Líssorhoptrus brevirostris (Sulf) 

INTRODUCCION 

L breuirostris (rice water weevil) stands out withín the insects 
affecting rice crop in Cuba. 

Other species of the genus Líssorhoptrus are reported as major 
pests of rice crops in many countrles in North, Central and Soulh 
America. 

Since 1976 L oryzophilus has spread to 180,140 hectares 01 
rice fields in Japan. It is assumed lhat this insect was introduced to Ihis 
country in rice stubble lrom California. 

Uhm et al (1989) carried out dissemination studies of rice water 
weevil (L. oryzophilus) in Korea. 

L breuirostris has only been reported in Cuba. It is considered 
as Ihe second pest of economic importance 01 rice crop, and the most 
difficult to controL 

2. MORPHOLOGY AND BlOLOGY OF L brevirostris 

The eggs are pearly-white in color, cylindrical, slightly curved in 
Ihe middle and rounded in the extremes, wíth an average lenglh 01 
0.865 mm and wídlh 01 0.285 mm. 

The adults of bolh sexes have dark-grayish color wilh a darker tint 
marking the center 01 the back. They have e1ytra strongly joined to 
fue zone of the central suture by (1 + 1) smalllayers fuat superimpose 
fuemselves when fue elytra get in contad when closed. On fue side 
edges fuey have a little curtain of fine and small hairs !hat assure a 
sealing of the e1ytra wífu the ventral part 01 Ihe abdomen. When 
separating fue e1ytra of living insects previously submerged in water, 
air bubbles are found trapped between fue folds 01 Ihe rear wíngs and 
underneafu fuem. It was proved also that fue abdominal spírac!es are 
located in the side-dorsal zone 01 fue abdomen, so !ha! fue insed can 
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take advantage of Ihe air held and remain several hours under Ihe 
water Iayer in rice fields. 

Sexual differences of Ihe adults are extremely useful, being Ihe 
most valuable that of the metastem and the first and Iast abdominal 
stemites. 

The average body length ofthe male of L. brevirostris is of 2.91 
mm and the female of 3.28 mm. 

The larvae are yellowish-white in color, apodous, purple-colored 
head, small, as compared to its body. This charaderistic becomes 
more accentuated in the last instars. The dorsal part from the second 
to Ihe seventh segment shows a pair of abdominal spirac1es on each 
segment. Those spirac1es have Ihe shape of a sharp hook direded 
towards the front end of the larvae. Wilh these spiracles the larvae 
extract the necessary oxygen to respire from Iagoonal canals of Ihe 
host plants' roots. 

The larval stage has four instars, differentiated by fue diameter of 
Ihe cephalic capsule and total body lenglh [rabie 1). 

Table 1. Average body length and diameter 01 the cephalic 
capsule 01 larvae 01 L. brevirostris. 

Instar Length (mm) Cephalíc capsule (mm) 

1 2.300 0.175 
II 3.341 0.250 

III 5.826 0.357 
IV 8.366 0.507 

Using logarithm of the widlh of Ihe cephalic capsule (Y) and Ihe 
number of instars (X) the following regression equation was obtained: 

Ln Y = - 2.0964 + 0.3547 X 

We consider that both measurements (diameter of the cephalic 
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capsule and total body length) serve to accurately separate the 
different larval instars of L brevirostris, since no superposition of 
values was found in consecutive instars. 

The newly developed pupa is white, similar to the adult in shape 
and size, with the head directed towards the hale connecting with the 
root of the host planto 

The average duration from oviposition until the emergence of the 
adult was of 50 days, with a lifetime of 714 days (Table 2). 

Table 2. Duration 01 different stages 01 Ussorhoptrus 
brevirostris. 

Stage 
-- .... ------

From oviposition until 
leaving the leaf sheath 
First instar 
Second instar 
Thírd instar 
Fourth instar 
Pupa 
Adult 

Average duration (days) 

7.32 

5.69 
6.96 
7.48 
9.36 

13.14 
714.50 

3. MAIN ASPECTS OF THE HABITS OF L. brevirostris THA T 
SHOULD BE CONSIDERED IN INTEGRATED 
MANAGEMENT (1M) OF THA T PEST. 

3.1. Adu/ts 

a) They can remain up to 52 hours submerged in water without 
dying, due possibly to the fact lhat they can take advantage 



S1UDIES CARRIED OUT IN CUBA 93 

of fue air held belween fue folds of fue rear wings and by 
fue position of fue abdominal spirades, located in fue side­
dorsal zone of fue abdomen. 

b) They have sedentary habits. leaving fue plants only when 
disturbed, because of food shortage, or night flights toward 
young rice fields. 

el When weafuer conditions become unfavorable (mean 
teroperature below 25"C) fuey rernain irnrnobile in fue Iower 
places oE rice fields. rernaining up to 205 days in average 
wifuout ingesting food. 

d) Adults Uve an average of 714.50 days. feeding only in 8 to 
10% of fuero, and in 97% of fue time fuey do it at night. 

3.2. Larvae 

a) Shortly after hatching, fue larva moves furough fue Iagoonal 
parenchyma of fue leaf sheafu of fue plant where fuey begin 
to eat fue transversal wall. They come out fue leaf sheafu 
through one of fue holes where fue egg was inserted or newly 
bored ones, moving by gravity in fue water toward fue soil and 
roots in approximately one or two minutes. 

b) The Iarvae extract fue necessary oxygen for respiration 
through its abdominal spiracles frem fue roots of fue host 
plants. 

e) They generaUy live at a depfu of 5 to 7 cm in flooded soils, 
preferring roots oi 0.600 to 1.375 mm thick as food. 

el) They are capable oE moving horizontaUy up to a distance oE 
20 cm in f100ded soils. 

el They can stay alive in a rootJess Ilooded seU belween 24 to 
52 hours, depending on fue larval instar. 

4. ECOLOGY OF L. brevirostris 

4.1. Plant-insect relationship 
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There is a c10se relationship between the establishment oi the 
water layer in rice fields and the beginning oi the cycIe oi the insect. 
Eggs, larvae and pupae oi L brevirostris are not conected in fields 
kept at field capadty, without a water layer. 

Two or three weeks after adults have been established in one field 
and females haveaccomplished oviposition, theymoveagain to other 
young rice fields with water layer, where they start the cycIe again. 

An increase in population of L brevirostris was observed with 
the increase of the rate of Nitrogen lertilizer (from O to 240 kg of NI 
ha). 

The smaDest quantities oi adults, larvae and pupae were coUected 
in plots with the highest levels of fertilization with Potassium (60 kg 
of K!ha). 

4.2. Majar host weeds 

Poaceae grasses are the major hosts for the difierent development 
stages 01 L brevirostris, standing out fortheir abundance: Panicum 
muticum, Paspalum distichum, Echinochloa colana and E. crus­
galli. 

Inaddition to theaboveweeds, 25 Poaceaespedes, 6 Cyperaceae, 
2 Onagraceae, 2 Cornmelinaceae, 2 Puntederaceae, 1 Typhaceae 
and 1 Alismanaceae, are aIso hosts to the insecto 

When weather conditions are unfavorable to adults 01 L. 
brevirostris, they remain in a state of total immobllity, being mainly 
coUectedonweeds, espedaDyon P. muticum (=Brachiaria mutica). 

5. POPULA nON DYNAMIC OF L brevírostris 

Majar populations densities oi L breo; rostris in aH its development 
stages occur in the season of the year when average temperatures 
between 25.0 and 21.5°C are combined with rainfaUs near or above 
100 mm. 
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The first aduIts begin to appear in rice fIeIds with fue first rainfalIs 
beginning on the second haIf of March. AIso in this season tempera­
ture begins to rise. espedally in fields with young rice plants (with a 
water Iayer)where fuefirstcopu)ationsoccur, giving asa resulta new 
generation. 

The first larvae are seen approxlmate1y between 8 and 10 days 
after fue adu1ts llave been estabIished in rice fIeIds. Their number 
increases considerably during the first weeks, with maximum values 
in June and September. 

&cause of fue aboYe, fue months of March and April are critical 
for scouting L. brellirostris with the objective of reducing the passi­
bIlity of a popu)ation increase of the pesto 

6. ECONOMIC IMPORTANCE OF L. brelJirostris IN CUBA 

Rice water woovills a pest that has been heavily infesting f100ded 
rice fields in Cuba. 

The adult feeds on rice plants and other species serving as 
a1ternate host, leaving a horizontal scar where the leaf surface has 
been cut off. 

ThIs scar has an average length of 6.0 mm and 4.0 mm in field 
and laboratory conditions, respective1y, and an average width of 0.45 
mm in both cases. They are found on fue upper surtace of the leal 
blade in 96.7% of times. 

Although feeding of adults causes fue aboye damage, this 15 not 
serlous, since in June when it reaches the highest values, It '15 not 
higher than 1.43% of the leaf area destroyed in field conditions, and 
of 56 mm2 in laboratory condltions. Therefore, the darnage caused 
by adu1ts lacks economic importance, 

The main damage 15 caused by larvae feeding on roots, which they 
trim intensively, destroying 83% of the rice plant root system (when 
not controlled) with a decrease in yie1d of 37.3 to 61.1%. 

The regression equation existing between root volume (Xl and 
yield (Y) was caIculated: 

y= -0.46 + 0.19 X 
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Wilh this formula, ~'¡eld losses caused by Ihe Iarvae 01 this pest can 
be approxlmately calculated. 

The average area affected by L. brevirostris throughout fue 
nanon varies from 20 to 45%, reachlng its higher vaJues from April 
to October. 

7. PEST'S MANAGEMENT 

7.1. Sampling method lor L. brevirostris 

Because 01 the Insect's habíts, sampling lor scoutíng becomes 
d¡fficult, and after trying various methods, It was proved that Ihe direct 
method (manual) reflects more exact1y the leve1s of adult populalion 
density of L. breuirostris!han sampling through Ihe sweeping net. 
Besides, larvae and pupae are a1s0 counted in the former melhod, 
which will aIlow to take the established measures tor the integrated 
management 01 !hat pesto 

7.1.1. Description 01 sampling method 

For scoutíng L. brevirostris, it is recommended to carry out from 
6-8 samplings begínning with plantíngs from April to July on plants 
15 to 17 days 01 age, to determine the presence of adults in this 
phenologícal stage of rice belore permanent f100díng. 

Ten (10) sites are selected in the field and 20 plants are chosen 
from each site. Sites wiIl be chosen at approximately 20 m from Ihe 
lield' s border, near the irrigation canal and at a distance between sites 
of 80 to 100 meters, although it must be proportional to the field's 
length. Three out of Ihe total sites wiIl be evaluated in the lower parís 
01 the field. 

AIl adults will be evaluated in all 20 plants in each 01 the sites of 
the field and on leaves wilh symptoms of the darnage caused by the 
adults (3 Iast leaves of the culm). 
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lf lhe average throughout lhe field Is of 3-4 adults per 20 plants 
and/or if 50% of total plants evaluated have scars on young leaves, 
lhe field should be treated with insecticide (chemical or biologícal). If 
lhe percentage is lower!han 50% and higher!han 30%, two new si!es 
will be selected, !he same as if lhe population of adults is smaller lhan 
3 and larger lhan 1. 

This Control melhod of L. breuirostris based on lhe foliage 
clamage reduces lhe reliability after 15 days of constan! flooding. 
Therefore, lhis melhod should be used for lhe las! time when lhe rice 
plan! has 32-35 days of age when evaluation of lhe larvae incidence 
will be started. For this purpose, 2 plants are selected from each of 
!he 10 sites described above. 

If!he average number of larvae per plant is 4 or 5, !he field should 
be treated chemically. If i! is 2 to 3 larvae per plant, two new sites 
should be taken. 

In germinations from December to January i! is not necessary lo 
take samples, because in lhis season of!he year lhe conditions are !he 
most unfavorable for lhe activity and development of L. breuirostris. 
Samplings wilI take place beginning on February 15, allhough il is 

extremely importan! to watch very closely lhe wealher parameters, 
fundamentally temperature. 

Germinations of February wil1 be evaluated beginning in March. 

8. CONTROL METHODS OF L. breuirostris 

8.1. Cultural control 

Among lhe control measures traditionally used lhere is draining 
of rice fields for larvae controL Although larvae appear initially in fields 
with higher water layer, lhey can resisl long draining periods. An 
average of 2.5larvae per plan! have been collected when !he soil has 
39.7% o, moisture contenl, which shows!he great resistance capacity 
of lhe larvae of L. breuirostrís lo draining of rice fields. 
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Besides, major inleslations 01 the insecí occur lrom April to 
November, which is the rainy season of the year, and because 01 the 
type 01 soil used in rice crop, the water proVidOO by rainlaUs is enough 
to keep it humid. [t may also occur that the major infestation slage 
coincides with major demand 01 water by the crop, and a drainage at 
this stage can cause similar damages to those 01 the pest. It has bellO 
proved that il the field is drained,there is a major incidllOce of weeds 
that compete with rice crop. 

Because of the above, it is not advisable to drain rice fields to 
control the larvae 01 L. breuirostris. 

Rice planted in the cold season, mainly Irom December to mid­
January, is less affeetOO by L. brevirostris because whllO the pest 
begins to invade rice lields (late in March to April), the plants have 
reached a deep root development which llOables them to be more 
tolerant to the attack 01 rice water weevil. 

In addition to the above cultural measures, it is very important to 
e1iminate the residues 01 harvest and weeds, and to carry out land 
preparation and planting in puddled soil with a water layer, since due 
to the characteristics of the soil, adults may lay their eggs on these 
plants, and even on small plants, the larvae that rapidly attackOO 
yOlUlg seOOUngs may be collecíOO. 

Another valuable aspect in controlling L. breuirostris is dry­
seeding, in addition to its benefits ¡rom the technical point 01 view over 
sowing in puddlOO soil with water layer. 

Whllo dry-seOOing is used the soil ís only f1ushOO during the lírst 
slages 01 the crop and therelore, females of L. breuirostris can not 
lay their eggs. This is done laterwhllO plants have a more profuse root 
system and are more to[erant to the pest, regardiess 01 the variety. 

In the aspect relatOO to the interaction between weOOs and the 
population 01 L. breuirostris, it was pointed out that adu[ts can 
remain hidden during several months on P. muticum. That's why it 
is extremely important to keep levees and canals free !rom this weOO 
in rice fields. This control is essential during the months 01 November 
to March, season in which the adults of L. breuirostris remain in 
those places, and with the increase in temperature beginning in 
March, they begin to invade rice fields. 
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8.2. Biological control 

Until now no actions of natural enemies have been observed on 
anyofthedevelopmentstages of L brevirostris in rice fields in Cuba. 

AH of the dones of Beauveria oossiana and Metarrhizium 
anisopliae have achieved a good depressing action on the adul! 
population of L brevirostris, standing out the done B. oossiana 32 
tha! achieved a 65,6% of insecí mortality 4 days after the treatmen! 
and 95% al 20 days (rabIe 3) 

In respect to viability, the spores of B, oossiana remained viable 
with a normal development until 44 days after water submergence 
simulating irrigation conditions in rice fields. During this stage and 
getting in contact with adults of L brevirostris moistened by the 
water, the control by B. oossiana 32 was of 100%, wruch was 
achieved belween 8 and 10 days after treatment. 

B. oossiana was applied in rice field conditions to control adults 
of L brevirostris, achieving an average control of 83% during the 
years 1981 and 1982, 

In addition to the high control of adults of L brevirostris, B, 
oossiana 32 is 1€SS toxical than chemical insecticides used to control 

Table 3, Final eva/uation of mortality of Ussorhoptrus 
brevirostris caused by different clones of entomopathogen 
/ungí (Est. Exp, del Arroz "Sur de/ Jiooro", 1978-1979), 

Adults 01 L. brevirostrís 
% 

Trealment Inoculated Dead Females Males Control 

B. b, 24 150 126 69 57 84 
B,b,32 150 143 74 69 95 
M. a. 72 150 120 61 59 80 
M.a.4 150 84 46 38 56 

B. b = Beauveria bassiana. and M. a, - Metarrhizium anisopliae 
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thís ínsect. Besides, ít can be produced in small bio-factories near the 
rice areas and as applications íncrease, epízootics could be created, 
which wíll result in a gradual reduction 01 populations 01 L. breui rostris. 

Because of all those advantages the control oí adults by the fungus 
B. bassiana should occupy a place 01 major importance in the 
management 01 this pes!. 

Recent studies show that clone Niña Bonita 01 lungus 
Metarrhizium anisopliae ís very aggressíve in causíng mortality to 
the adult 01 L. breuirostris in a shorter time than!hat needed by done 
32 01 B. bassiana. 

In laboratory eonditions the nematode Heterorhaooitis controlled 
82% 01 adults and Iarvae of L. breuirostris. 

No dose 01 the biopreparations of Bacillus thuringiensis 
(Bítoxibadlin, Insectín, Dendrobacilin and Dipel) killed the adults 01 L. 
brevirostris. 

When the ínsects leed on the plants, they ingest the spores and 
the endotoxins produced by the bacillus. The protein crystals cause 
the death 01 the insects wíthin one to three days after ingestion. 

The leaf area affected by L. br-:'1uirostris did no! reach rugher 
vaJues than 0.51 mm2fday and they only fed be!ween 7 and 8% 01 
their lifetime. That i5 why it is difficult to control the insect wíth B. 
thuringiensis. 

8.3. Chemical control 

Among the lactors that have increased losses caused by this pest 
in our country is the defficient chemical control applied against such 
pes!, motiva!ed by the habits of L. brevirostris and its resistance to 
sorne chlorinate pesticides. This has resulted in an inerease in 
production cests ol rice. 

When insecticides were put in contact wíth the body 01 the insect 
in Iaboratory eonditions, they caused a high pereentage 01 death on 
them, except for Camphechlor (1.56 kg a.i.;ha) whieh onJy con-
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rabIe 4. Mortality caused by different insedicides to aduIts o/ 
Ussorhoptrus brevirostris. 

Control (%) 
Dosage 

lnsectídde (kg a. L!ha) 4days 15 days 

Melhyl Paration 0.46 100 100 
Demeton-S-Melhyl 0.30 85 100 
Carbaryl 2.21 90 100 
Metharnidophos 0.72 90 100 
Camphechlor 1.56 10 45 

trolled from 10 to 45%, confirming the resistance of lhe rice water 
weevil to chlorate ínsectícides. (rabIe 4). 

Based on lhose results, Carbaryl (2.21 kg a.i.!ha) and Melhyl 
Paralhion (0.46 kg a.i./haJ have been applied in sorne cases with 
acceptable control during lhe first invasion of adults in late March and 
early April. 

This is feasible because in lhis season adults have just undergone 
lhe quiescence and they begin to feed and copulate as soon as they 
invade the fields, being most exposed to chemicaJ producís early in 
the moming. 

The chemical insectícide lhat has kept the best controlan lhe pest 
is Carbofuran at arate between 0.55 to 0.75 kg a.i./ha wilh a 
percentage of control between 96 and 100%. 

Due to the characteristic of beíng an organophosphorate insec­
ticide, lhe use of Elhoprophos at a dase of 3.5 to 4.0 kg a.i./ha (90 
to 95% of control), is a good altemative with Carbofuran. The major 
disadvantages are lhe high rates used and the low concentration (5 
and 10%) of the commercial product, which implies the use of Iarge 
amounts of insectidde wilh the subsequent raise in applicatíon costs 
for lhe control of L. breuirostris. 
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8.4. Some consideratiolóls lor the integrated management (I.M.) 
01 L breuirostris. 

As a result oi lhe research work accomplished, it is extremely 
important to observe lhe following aspects in lhe integrated manage­
ment of this majar pest. 

8.4.1. Practical recommendatians lar I.M. 

a) In areas selected for cold-season planting systematical1y 
presenting a heavy infestation of L breuirostris, it is convenient 
to plant from December to January. Wilh lhis measure, when 
adults begin to invade lhe fields late in March and ear!y in 
April, rice plants will be more than 70 days old, which 
conttibutes to a greater tolerance to an attack of lhe insect 
because of a more profuse root system. 

b) Incorporation through land preparation, especially by pud­
dling,ol all residues 01 harvest and weeds, sinee lhey become 
important hosts to lhe pest. 

e) Keeping levees and canals clean, mainly where P. muticum 
grows, since the insect protects itself under lhese plants 
beginning in September untillate in March, from where it flies 
to rice fields. 

d) Increasing sampling in al1 lhe fields with permanent f10ading 
beginning in March, since this is lhe criticaJ month for 
scouting L breuirostris, and continued until September, 
since this is lhe periad of greatest activity of the pest. 

8.4.2. Control 01 L breuirostris 

For control of the ¡nseet the following should be considered: 

a) Application 01 fungus B. bassiana 32 at arate of 2 kg/ha to 
control adults. 
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b) In Ihoseareas where it is not leasible to apply B. oossiana 32, 
and coindding wilh Ihe months 01 March and April, it is 
advisable to use insectiddes Carbaryl and Melhyl Parathion 
al arate 01 2.21 kg a.i./ha and 0.46 kg a.i./ha, respectively. 

el The control of larvae or a hígh incidenee of adults should be 
achieved Ihrough Ihe application of Carbofuran at arate of 
0.55 to 0.75 kg a.i./ha. 

d) Oue to Ihe insect' s habits, aJl insectictde applications wilh 
aircraft should be carried out early in !he moming. 

e) Do not drain Ihe fíelds to controllarvae, since Ihis practice is 
more dangerous for Ihe crop Ihan Ihe clamage !hat rnay be 
caused by Ihe insecto 

f) It is recommended to count on goOO rice populations (above 
175 plants/m2

), as well as leveling 01 terraees, since Ihe insect 
generaJly begins its attacks in lower and unpopulated places. 

IV. RICE LEAF MINER: Hydrellia sp. 

INTRODUCTlON 

Among sporadical pests !hat have increased Iheir damages to riee 
crop in Ihe last years are Spodoptera frugiperda (J. E. Smilh) and 
Hydrellia sp. 

The first observations 01 Hydrellia were carried out in rice lields 
in Sur del Jíbaro during 1981 and the year after on Ihe farrns of Ihe 
Experimental Station ín Ihe same area. Meneses (1986) reported 
Hydrellia sp. as a new insect pest in Ihe rice zone 01 Sur del Jíbaro, 
Sencti Spiritus. 

2. BIOLOGY OF Hydrellia sp. 

The eggs are pearly white, ovoid-shaped wilh an average length 
of 0.705 mm and a widlh 01 0.270 mm. These eggs are layed 
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generallyin the upper part ofthe leafblade. The femaledoes notshow 
any preference for any leaf section (basal, middle and apícal). 

Up to 115 eggs have been found on one plant of Brachiaria 
mutica with 38 eggs on one leaf of such plant. The time from 
oviposition to emergence of the larva was of 5.5 days in average. 

The larvae are from paje to beige in color, with a black mouth 
piece, typical 01 miners. Larvae have been observed starting to make 
mines that sometimes measure from 0.5 to 10.0 cm long, during all 
its cycle. 

Developed larvae measure anaverage of 2.76 mm long and 0.30 
mm wide. The larval stage Iasts 9.5 days in average. 

The pupal stage generally occurs in the same mine occupied by 
the larva. The pupa is from Iightto dark-purple in colorwhen reaching 
adulthood. The pupa is ovoid-shaped with an average of 3.43 mm 
long an 1.01 mm wide. The average time of this development stage 
Iasts 6.0 days. 

Adults measure around 2.5 mm with shining black color and 
translucent wings. 

Amaya (1976) stated that the adult oi H. griseola measures 
approximately 3 to 4 mm with its wings spread; dark-gray in color 
with iridescent reflections and a golden frontal spot. Females are 
generally larger than males. 

Adults start to copulate beginning on the third day alter reaching 
adulthood and start laying eggs the day alter, with an average duration 
of 7 days. 

The fiies show greater activity in Ihose areas wilh higher water 
layer during Ihe first and Iast hours of Ihe day, feeding on decaying 
organlc matters. 

3. ECOLOGY OF Hydrellia sp. 

3.1. Major host weeds 

In addition to Ihe relationship of Ihe insects wilh the rice plant, the 
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presence of weeds serving as a1temate hosts to these insects in a 
certain season plays and important role within the rice agroecosystem. 

The Poaceae (=grasses) became the major hosts to Hydrellia, 
standing out B. mutica for its abundance and the high number of 
plants with eggs, lalVae and pupae of the insecto 

The presence of adults on this plant was not obselVed due to its 
characteristics of feeding on nectarous or decaying substances. 

Leaves ofT. domingensis have been found with 44 eggs and, as 
pointed above, up to 115 eggs on the plant of B. mutica, 38 out of 
which were on one leaf. 

In cage-raising conditions, eggs of Hydrellia have only been 
collected on plants of B. mutica, but not on E. colona, C. iria and L. 
fascicularis. 

4. POPULATION DYNAMIC OF Hydrellia sp. 

The population of Hydrellia begins to increase since March and 
stays high until June depending on weather conditions, with the most 
favorable mean temperature being from 24°C to 27°C. 

A correlation analysis between the population of Hydrellia and 
temperature showed a highly significant association (r = 0.98 O"). 

Similar results to the above were obtained with yellow traps. The 
highest values of collected adults were recorded between March and 
May, with decreasing values beginning in July. 

4.1. Sampling method for Hydrellia 

The sampling method used until now is the sweeping net using 
a methodology similar to the one used for scouting S. oryzicola. 

In other countries sampling is carried out on the plan!' s Jeaves, 
evaluating the three younger leaves of the 10 neighboring stems in 5 
randomized sites. 
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Table 1. Major hosts 01 Hydrellia sp. in the rice zone 01 Sur del 
Jibaro (Sanet; Spiritus, 1986-1987). 

-------

Family Scientific Name Common name 

Poaceae EcnírlOchfoo crus-galli Arrocillo 
(1..) Beauv. 

Poaceae E. colono (L.) Unk Metebravo 
Poaceae Brachillria mutica (Forsk.) Paraná 

Stapf 
Poaceae Leptochloo fascícularís Plumilla 

(Lam.) A. Grey 
Poaceae Leptochlqa panicea (Retz.) Plumilla 

Ohwi 
Poaceae Leptocnloo uirgata (L.) Plumilla 

Beauv. 
Poaceae Rottboellía exaltata 

L. F. Sancaraña 
Poaceae Brachiaria fasciculata Súrbana 
Poaceae Brachíara sp. 
Poaceae Eleusíne índica (L.) Pata de Gallina 

Gaertn. 
Poaceae Andropogon sp. 
Poaceae Sorghum halepense 

(L.) Pers Hierba de Don 
Carlos 

Poaceae Hymenachne 
donad/alía Camalote 
(Raddi) Chase 

Poaceae Cvnodon dactvlon (L.) Pers Hierba Fina 
Poaceae Paspalum distíchum Borg Hierba de cepa 
Poaceae Leersia hexandra Sw. Leersin 
Cyperaceae CVperus iria L. Operáceas 
Cyperaceae CVperus ochraceus 

VahI Operáceas 
Cyperaceae CVperussp. 
Cyperaceae Cvperus esculentus L. Operáceas 
Cyperaceae Se/eria setuloso Ciliata Cortadora 

Bocki 
Typhaceae Tvpha domíngensls (Pers.) Macio 

Kuth 
Sphenocleaceae Sphenoclea zevlanica 



STUDIES CARRIED OUT IN CUBA 107 

5. METHODS OF CONTROL OF Hydrellia sp. 

5.1. Cultural control 

Flelds planted between December and January, regardless of the 
variety used, are more tolerant to the atlack of the pest because when 
the insect feeds on such fields, the rice plants present a profuse leaf 
development, whích enables them to compete with Hydrellia. 

The insect shows preference for the lower parts 01 the field. That' s 
whya goOO land leveling and the use of a shallow water layer are also 
very helpful in reducing the pest' s damages. 

A constan! search for varieties resistant to Hydrellia has been 
implemented by severa! researchers. In Cuba, it was found lhat 
severallines having varieties J-l 04 and CPIC8 arnong their parents' 
showed a high degree oC intermediate resistance to Hydrellia. 

In addition to the above factors, measures aimed at controlling L. 
breui rostris also play an important role in the cultura! control of this 
pesto 

5.2. Chemical control 

Since this pest appears sporadicaHy in sorne rice zones, until now 
the sarne insecticides recornmended to control S. oryzicola have 
been appüed on Hydrel/fa with goOO control. 




