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CHAPTER I 



INTRODUCTION 

The :.1Se of :llodern insecticides to control insect 

pests has been a necessary part of crop production and the 

prevention of insect related health prOblems. In all 

probability, insecticides will continue to be used and 

needed for SOiDe more tillle to come. ~'or too long a time 

pesticides have been use~ in high dosage as extra 1ns~rance 

or on a calender basis. These practices have brought about 

adverse biological and ecological impacts and compounded 

the ori9inal problems. 

In the present strategy of pest management_ 

control measures should not be carried out unless it 1s 

known that the pest is present in sufficient numbers to 

cause an econo.llic loss. This statement is made with the 

ass utnpt ion that adequate research has been conducted on 

the particular pest and its host to establish the eccnoi1l1c 

threshold. l!lSect ie idal treatments applied belOw this 

threshold, where the cost of control exceeds the value of 

the crop being treated result in financial loss. Too 

often pesticide treatments have been made on a ·visibility 

threshold" which implies that if insects are observed even 

in trace or lOw numbers che:llical controls are necessary. 

It is evident frol'A published literature that 

economic injury levels and economic thresholds for I~st 
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pests on a majority Of crops are not available to guide 

those individuals making recom:nendations. 1.n recent years 

entomologists engaged in pest management, talks a gOOd 

deal about economic injury levels and economic threshold 

without establishing them with quantitative data. ~o 

doubt it is a complicated process to establish either 

level. Many of the biological and ecological co~plexities. 

like crop conditions. climate, pest related factors, leqal 

f actors and publ ic att itude are involved in deter:nin inq 

the economic thresholds and economic inj ury levels. According 

to Stern (1913) only about 12 economic thresholds have been 

established on 10 important crops. for spec if ic insects in 

California. 

The gall midge and stem borers are the major 

pests of r ice in 100 ia. Crude threshold values are being 

reconmended for both these pest without sOWld and proven 

data. Although enough 1 iterature is available an indiv!dual 

control tactic of the major rice pests, very little is 

known on the exact economic injury levels and economic 

thresholds of rice gall midge and stem borers. Based on 

assumption from past experiments and experiences crude 

threshold value are being recommended by several workers 

(AICRIP 1976, 1979, 1989, Ku1shreshtha .t!t!.!. 1976, Chatterj i 

et al., 1977 and Heinrichs, 1979). --
It is high time to develop clear concept of 

economic injury levels related to pest POpulation of 



3 

different crops on location spec if ic basis. In other words 

how much loss can be expected from a particular nu:nber of 

pests at a particular stage of crop development. 'rhe 

dec is ion regarding any control action :nust be evelueted 

not only on 1:nned1~te costs and pest reduction, but on 

long range effects as well. 

Keeping this in view the prescnt st~y was 

undertaken to find O'.lt the economic injury levels/tnreshold 

values for the rice ~all :nidge and ste:n borers under 

ahubaneswar cOndition. 



CHAPTER " 



In studies pertaining the econo~ic inj~ry levels 

and econo:nic threshold levels, the factors 1n£ lu.encing these 

levels have to be carefully analysed first. While workL~g 

on an integrated pest control programlle the threshOld values 

have to be taken into account. A br ief account on the 

extent of crop lOsses caused. by two lllaj or r ice pests nai1lely 

gall midge and ste:n borers and the work done on economic 

injury levels and economic thresholds have been rev iewed 

in the f ollawin9 pages. 

Integrated pest mana;ement , 

There are sO many instances in the world where 

dependance on chell1ca 1 control alone created health hazards, 

offset the balance in nat.lre and gradually failed to control 

insect pests. It is to forestall these serious limitation 

of che;n1cal control that integrated pest control came into 

force. 3esides, :nonocultures of mixed germ plasm are being 

replaced with those of na.rrOWer and narrOWer ;erm plasm in 

the forll of pure varieties. Intensification of peat 

susceptible, fertilizer responsive rice varieties coupled 

with i~nproved agronoll1c practices further aggravated the 

situation. These adverse side effects of rtIOdem agriculture 

can be mini:nised to a lar,.. extent by replacing single 

approach pest control w ith d1ver~ if ied pest control, which 

should be properly integrated and schedUled. 
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Barlett (lJ56) was the first to coin the term 

"integrated pest control" through which the meant to 

cO'1iline or integrate biological agents with insecticides 

in the control of insect pests. Obv iously, these i1lethOds 

stood in direct conflict with each other since the 

insecticides were likely to kill the biological agents. 

To OVercome this ano~ly Geier and Clark (1961) provided 

a new expression, "Integrated pest :aanagement, briefly 

IJ:'.M" wherein not only biological ano chemical bllt all 

available methods were meant to be integrated. The 

oef !Dition of l?H has since been improved. 

The panel of experts of the Food and l\qr1culture 

Organisation (FJ~, 1967) defined it as Ma system that, in 

the context of the associated environment and the population 

dynamics of the pest s;»ecies, utilize all s\l.itable techniques 

and methods in as co~npat1ble a manner as pass !bla and 

maintain the pest populations at levels below those causing 

economic injuryH. 

In the recent past, s~ith (1978) has defined it 

as "a rnultidisciplinary, ecological approach in the 

management Of peat population which utilizes a variety Of 

control tactics co~pat1bly in a coordinated pest manage~nt·. 

In other words IPM ai~~ at combinino all available methOds 

or tools of insect pest control in a manner that !nin1mise 

insecticide Wle and disturbance to the ecosystem. 
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Pest management requires a kn~*ledge of the 

population dynamics of the pest and its natural enen1es 

1n relation to cultural practices and plant varieties. 

All control must be cons idered with in the context of 

agro_ecosystem and economics of prOduction. Pest :nanagement 

does not exclude the USe of pesticides, but attempts to 

work the:n into ecosystem as compatible cotnpcnents of mOdem 

aQriculture. Pest management is a concept, not a f hed 

technique (Davis and McMurtry, 1985). 

All available control meas~res can play their 

own roles towards achievino this ~oal. Plants themselves 

possess an appreciable degree of natur~l tolerance to 

insect pests. It is only when the pest population goes 

beyond the 1 i..n1t the 1njilrY beco·nes economically i.nportant. 

i\ decision to undertake the control operation should be 

taken only when the valae and ttl! quantum of the crop that 

can be protected is greater than the expenditure involved 

1n the control ope rat ions. Hence economic injury levels 

and economic threshold levels are the imf)ortant components 

to implement It·':~ for any crop ~riva5tava, 1938). 

We must develop a concept of econo~1c injury 

levels related to pest populations - in other words how 

much econol1t1c loss can ba exPeCted from ft particular nunmer 

of pests at a particular stage of crop development. The 

decision re9ard1ng any control action muat be evaluated 
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not only on i~~iate costs and pest red~ction, but on 

long - range effects as well. An action which resalts 

in i ll'ned iate control :nay comnit a grower to a sequence 

of prOCedures which would be very expensive in the long 

run. 

For o;.ar ~ndian far:ner the methods of pest 

control to be inteQrated must be simple to use, inexpens ive, 

iDin1mum toxic: hazard to the operator and must be acceptable 

by the cultivators. Attention has to be diverted to 

identify and encourage tte USe of such techniques in the 

control schedule which are compatiDle with the local 

agrono;1Iic practices. The role of var !etal res istance in 

the 1nt~rated control of rice pest seems to be 1lOSt vital. 

The LISe of even moderately resistant varieties alongwith 

t1taely cultural operations will have a def in1tei:npact in 

reducing the insecticidal applications. Multiple resistant 

varieties suited for different locations and key pest 

complexes are still under development and their further 

adoption in the laroe scale will be one of the important 

atrate9ies of rice pest control (,.'oSathur, 1978). 

Economic injury levels and economic thresholds : 

The eeono~1c injury levels and econQnic threshOlds 

are important parafaeters Of integrated pest mana,.eiltent. 

There are different terillS expJ:essJ.n~ the same ~llean1ngs Of 

econoi'Q1c threshold. Accordinc;; to Stern (1913) econonic 
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threllhold :-oeans the dens ity at wh 1ch the control measures 

3ho .. lld be deter:~ined to prevent an increasing p~st population, 

from reachino the econo~ic injury level. 

l::cono:nic inj ury level is def ined as the lowest 

pest population density that will cause economic da.nage. 

Jud9 log by fragmentary evidence these levels are el,l1ost 

invariably hi9ner than expected (Chant, 1966). 

Accord 1n9 to Nat ional Acade:uy Sc 1ence (1)6 9) 

economic injury level is the loss caused by the pest equals 

in value the cost of available control measures. 

Headley (1972) has def loed economic injury level 

as the pest "population that produce incremental damage 

equal to the cost of preventing the damage". 

In a pest ~nagement program~e, the econo~c 

injury level must first be established in order to employ 

t!e concept of economic threshold. The lack of study 

based on econ~lc thresholds and injury levels is well 

verit ied by the survey conducted by stern (l973) and 

further stated by De dach (1974) and Hoyt and Burts (1374). 

The economic threshold always represents a pest 

dens ity lOwer than that of the economic injury level, to 

~llow the Init iation of control <neasures, so tha.t they can 

take effect before the pest density exceeds the economic 

in1urv levAl. 



Develop~nt of thresholds for rice pests 1 

Before the concept of threshold WaS develOped 

,'>t..1.Cthy and Khan (1958) from India used a value of one per 

cent deadheart to determine, when to spray for stem borers. 

Likewise in Japan Torii (1967) used 5 per cerE deadhearts 

while KObayashi (l~7l) and :i<.oyama (1973 .. 1975) developed 

thresholds for ste:n borers in J'apan based on percent.age 

damage of infested tillers. ~ut actually threshold as a 

concept have be.;m mainly developed for rice froco the 1970s 

(;~e1s81g ~ !l., 1985). 

Thresholds were developed from 9reen house or 

field trials where increasi~ number of insects were 

artif1cial1y infested on plants and the yield loss recorded. 

From these results action thresholds were est1~ted and 

assumed to work under farrDl!rs conditions as few trials 

were .run on farmers' field to ver ify the~. Farmers' field 

evaluation of thresholds started, in earnest in 1 ~ao '5 in 

the Philippines, Malaysia. India and Korea (I~RI, 1174). 

The methodology used at International [.tice 

.{eseareh Institute (I;~HI) was to test two treatnaents 

haviD9 high and lOW threshold values, for the major pr~8ts 

end comperino the yield increases to an untreated check, 

prophylactic practice, and far/oars practice. In these 

f 1eld t iral. the farillers' appl ied their OWn agrono.l1ic 

practices to all treatment.s. l'ne fariller.· practice was 
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established in the adjoining paddy to the small plot 

treatments. It was observed that the farmers' changed 

their practices for each crop and they usually sprayed 

their crop when they saw sions of damage rather than following 

a schedule. 

Thresholds as a technology have taken OVer a 

decade to develop. This slowness was due to the fact that 

they can only be tested when pests bec~ abundant in the 

f ieid. .-S~t pests are not cO:mK>nly abandant each crop 

season. Also threshold technology involves a number of 

components. all of which llust work if t.he techniq ... e is to 

08 Successful. ~ach threshold is consisted of a unit of 

·neuurement or t1. character eith.er based on i..,sect damage 
w . 2 ~ deadhearta} or the insect itself ~nurnber of egg ~sses/m). 

~1ost of early thresholds were based on damage rather than 

the insect itself. rhis accorcl1."l~ to the authors proved 

to be the poor choice as there "a3 inherent delay from the 

ti_ the damage was done until it wes not iced. Th i$ delay 

4l\ade the threaholda less responsive. Often the pest that 

caused the damage had already PUpated when the "&cis ion 

was made to spray and the insecticide was wasted as pupae 

do not feed. Bea ides, damaged plants can n~ become less 
~ 

damaged upon spraying sa that the da!11~ge pers 1ated caus inO 

unnecessary repeated appl1c8tion of insecticides (Pets. 

COImt. with «eiaa1g). Therefore, better characters are 

thea. based on the pres.nce of the insect itself. Based 
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on the results of several multilocational trials, percentaoe 

damage can be taken as a measure of threshold. 

econo~1c threshold values for rice pests have 

been established by KalOde (1976) for tirnoly insecticide 

application. I'he threshold values suggested for the major 

rice pests are , 

Stem borer - 5 per cent deadhearts or one eg9 mass or 
on e ad ul t inoth/~.ul. m. 

Gall ;nidge - One gall/sqm. in ende1tic areas and 5 per cent 
gall in non-endemic areas. 

The economic threshold values have also been 

worked out by Kylshreshtha (1976) for the purpose of 

advising control operat ions in the Operational ;lesearch 

~roject on Integrated control of rice pests in Orissa. 

The author s~'gests 5 per cent deadhearts or 2 egg masses 

per square metre, at vegetative stage needs attention for 

the control of rice stem borers. 

Chatterji ~ a1. (1177) recom~ended econo;nic 

threshold values for the stem borers at vegetative stage 

as 10 per cent deadhearts or 2 ~hs/sqm, for planthoppers 

4-5 nymphs/ad'..llts/hill at the early vegetative stage, and 

20-25 at the panicle formation stage, for leaffolder and 

rice hispa 5 per cent damaged leaves and for earhead bug 

10 nymphs/adults/sq~. 
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Mitthur 'l'~73) has report.ed t..'.::tt economic 

thresholds for major pests of rice have to be fixed based 

on releable experimental data. The economic threshold 

:;hould be closely linked to variety" cost of final produce 

~lld p.cotection cost. ci ince the last two factors are 

va.ciable in 6ifferent points of the country and year a 

rapid method to f 1x econoluic threshold has to be developed. 

Economic thresholds have been developed by 

Heinrichs (1979) for stem borers Ir,xporyza ins;ertulas 

(deadhearts). brown planthoppers (SPH) and the rice bug. 

L!2tocor isa spp,. 

for defoliators. 

Crude economic thresholds have be~n set 

The BPH threshold of l/tillGr h~s ~een 

verified through testing in farmers' fields. However it 

has been d1ff !cult to prOVe the practical utility of the 

stem borer and rice bug thresholds in far'ners· fields. 

The economic threshold depends on the peat 

species"year, variety under cultivation" price fluctuation 

of the components of the control operations ftnd the final 

prod~e. ?lant protection meas~es should be unde.rt~ken 

when the pests cross the threshold limit based on 

surveillance information (Heinrichs, 1979). 

AlCalP (1979) suOQ8sted economic threshold 

values for rice pests as , 
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Gall midge 5 % silver shoots. 

Stem borers - 10 % deadhearts and 2 % whiteheads. 

Green leafhopper (GL.'i) X 
and ilrown planthoppers ~ 25 insects/hill 

(HPH) X 

Leaffolder 3 damaged leaves/hill. 

All other insects 1 insect/hill. 

A conmon economic threshold is not adoptable 

in all regions due to complex factors involved. Thresholds 

ure to be worked out aSJociating, crop variety, season, 

and cost of plant protection. 

Based on the surveillance record economic 

thresholds have been developed by various workers for 

major rice pests (Panda ~ Al., 1983). Accord1nc; to the 

authors predicting yield loss, when damage can still be 

remedied econ~~1c811y, is an important component of pest 

mana9~ment programl1a. Currently the available threshold 

values are mostly empirical, however, it is advantageous 

in using such parameters for pest management. 

Economic thresholds have historically been 

based on percentage damaged tillers or percentage deadhearta. 

HOWever these chllracters have proven Wlreliable as the 

damage is done before IS threshold can be measured. Using 

the presence of moths also has been unreliable because 

they are not easily fr1c;htened or flushed from the fields 
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to rice gall midoe and stem borers in Or isse. The peats 

and locations are indicated below , 

Stem borer 

Gall midge 

- Moderate to Severe 1n Puri, sambalpur, 

Cuttack and uala.ore. 

- ~evere in Sambalpur and CuttacJc. 

Based on econo.1Uc thresholds AlCRlP (198a) su99e.. .. ted 

the threshold values for f isld action for Orissa as follows 

Planting to pre-tillering I 

stem borers 5 per cent deadhearts or one e99 mass/sqm. 

Call midge - One gall/sqm. in endemic areas, 5 per cent 

affected tillers in non endemic areas • 

. .'1id-til1er1n9 t 

stel1l borers 5 per cent deadhearts. 

Gall m1.dg-e - 5 per cent affected tillers. 

Pan1c:le initiation to booting a 

~tem borer8 - One moth/a qm. 

a1c:. gall :'l'Iidg8 , 

~he r ice the gall midge til.eolia orna, (wOOd. 

nason> ~1anl is a major peat of rainy aeas", rice in India. 

with the introduction of fertilizer responsive, h19h 

yielding, dwarf r1c:e varieties in mid-sixt1ea and its 
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intensification in larger areas coupled with favourable 

environmental conditions provided unique opportunity for 

the midges to multiply. .~ny of the single factor control 

approaches, failed to suppress this pest successfully. 

Therefore integrated control approaches based on crude 

threshold value~ were des igned and implemented ~t var"i~us 

test locatict'le 1n lnd ia and elsewhere. .-) 0 f ac no sound 

control tactics, based on economic threshold values, are 

avai1abl.e in the pubi !shed Iiteratllre. iiowever illost of 

the recent appro~ches to bring qall:uldge incidence below 

~he econo~ic injury level are designed keeping in mind 

percentage damaged tillers or in other words the 

percentage of s i1 ver shoots. 

A brief review of the work done at various test 

locatlon:l are presented in the follo-. .,ing paragraphs. 

Jena (1978) conducted f laId tr~ls on pest 

managell1ent in rice at Bhubaneswar. According to the 

authorsiiver shoot incidence of 33.15 per cent was noticed 

at 44 day!! after transplanting (OAT) in plots receiving 

no insecticidal treatment and 4.31 per cent in the maxil1lUt'1l 

protection treat'1lent. The result~ clea.cly indicated that 

in order to k •• p the gall ;nidg8 incidence within 12 per cent, 

granl1l.ar mephospho1an hes to be applied tWOCe at 10 and 40 

OAT. The maximwn protect ion treatmen t where ins ectic ides 

were applied six times controlled the peat effectively. 
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According to the a...lthor such insecticidal protection was 

effective but uneconomical. Further it was sU9c;ested that 

need based application of insecticide based on threshold 

values have to be worked out. 

The data further envisaged th,-,t growing a ,-aidge 

resistant variety like '.:;hakti ' with no insecticidal 

protection had almost same level of s i1 ver shoots as in 

Jaya (susceptible) with max1m~~ protection. 

For the control of major pests of r ice ~-'aJ:ida 

(1919) cond.JCted replicated field trial at the Central 

Research Station, Bhubeneswar. The results indicated 

that the gall midge incidence varied between 4.35 and 

28.78 per cent 1n different treatments. It was interestino 

to note that alternate spraying of the insecticides like 

q<1inalphOS and Fenitrothion fIi 0.5 kg a.i./ha iM't.ead of 

controllino gall !nidge recorded hl~her incidence Over 

untreated check. However, appl1cat ion of ;naphos£ olan 

granule in paddy water was better than the foliar spray. 

One application of the granule ~ 1.0 kg a.i./ha at 24 D~ 

vas good enough to control the gall ;nidc.;;e. A second round 

api)l1cation of the same granule at 4'7 OAT was considered 

superf luous to mit igate the gall ~tJidg. infestation. Further 

rnore application of the insecticide either as gran\.lles or 

emuls if !able concentrate with or without seedling root 

dip in th~ resistant variety 'Shakt1' was considered as _ 

wastef:.U investment as the incidence was belo th 
w e threshold 

level. 
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hssessment. of loss due to gall midge infestation : 

?arida (1979) worked out the regression equation 

between plot yield and the estimated percentage incidence 

of the rice gall midge, in the susceptible rice variety 

'Jaya I. For every unit (%) increase of the gall :nidge 

incidence there was a loss of 35.4 kg grain/ha. 

Israel IS al. (1959) have ~orked out a regression 

method for estimating the losses due to the gall ;nidge 

incidence. The authors found out that for every unit C%> 

increase in r1c:e gall midge incidence there was a loss Of 

26.62 of grains kg/ha. 

For the control of rice 'JaIl iJ11doe with special 

ref erence to frequency and fIIOde of insect icldal application 

samalo (1963) conducted field ex,per iments both under 

Shubaneswar and eh iplima cand it ions. Accord ing to the 

author treating the crop with insecticide/s by any Of the 

methods 819n1£ lcantly reduced 'lI1d~e daalage as co:ni>i\red to 

untreated control. The llIaXi:nu;.ll protection treatment g1ven 

with the corat>ination of seedling root dip in chlor?yr1phos 

solution, water surface treatment with phorate Qranules 

Ilnd foliar spray of qu1nalphO$ undOubtedly llfforded maximun 

protection at different times follOWing the treatment. 

Granular phorate ap;>lled once .~ 1.0 kg Cl.1./ha 

in mud balls also IIfforded pronli.sinQ control of th~ pest. 
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£>lace:nent of the insecticide in the vicinity of the rice 

roots was distinctly advantageous as such treatment was 

as good as or slightly better than the same insecticide 

applied twice as brOadcast treatment. 

Fro~ the point of grain yield maxi~~ protection 

resulted in hi9hest yield of 4.21 t/ha. Significantly 

higher yield was also obtained (3.9 t/ha) from plots treated 

with phorate mud balls. 

The cos~nefit ratio suggested (Samelo, 1963) 

that the maximu:n protection treatruent which no doubt proved 

to be the best for gall rnidqe control was not acono,nical 

as the cost of plant protection worked o~t to be very high. 

Two or more water surface treatment with granular phorate 

or such treatment in cOl'ltl ination with quinalphos spray 

needed more than .1.5.300/- ha for the gall midge control 

which is beyond the means of an averac;e farmer in the 

country. aut it was seen that single treatment with pherate 

granules inVOlved the laast cost (p.s.272/- he) with the 

highest (Rs.8l6/- hal nett return. Hence from the pOint 

of both effectiveness and economy applying phorate ~ 1.0 

kg a.l./ha at 25 OAT in the root zone of the rice plant 

was found, to be most prof itable. 

£stimation of losses due to insect pest I 

According to AlCalP (1985) the extent of losses 

eaused by insect pest is a ,pr8(r:~u1a it. f or proper plant 
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protection strategy. 'l'h~ extent of losses may vary in 

different stages of crop growth depending on the 

qualitative and quantitative pest composition. losses 

.nay also differ in relation to variety used and its 

inherent resistance to various insect pest. 

Studies conducted under AlC.tiP (1985) tr ials 

at Sambalpur indicated that the rice yield was only 

1212 kg/ha under unprotected conditions in the susceptible 

variety rET 5656. Providing protection to the crop by 

broadcasting granular phorate ~ 1.5 kg a.i./ha at 25 to 

30 DNr followed by sprayi~ quinalphos ~ 0.5 kg a.i./ha 

at 45 to 50 iJAT, increased the gra in yield by 40.2 per cent .. 

i,.>rovid1ng protection in all the growth stages of the crop 

doubled the yield as compared to the unprotected crop. 

~est ;1lanagement trials ccnducted under AlCiU.i..1 

(1996) indicated that only a lOW level of net prof it 

~~.G.4a/- to as .221/- hal was obtained in the res !stant 

varieties a3 89ainst losses in susceptible varieties at 

sarrbalpur. ~'1ore expenditure (Rs. 900/- hal incurred tOWards 

plant protection in susceptible variety appeared to be 

responsible for the losses. 'rhe re3ults further env1.s aoed 

that in 9811 ~idge stres~ area. pest management with 

resistant varieties incurred a net profit of Rs.4S/- to 

rtS .13 9B/- ha as compared to susceptible var iety which 

incurred a loss of Rs.121/- ha to ill prOfit of tls.lla9/_ 
ha. 
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1. ice sten borers : 

The stem borers are the most important pests 

throughout the rice growing tracts of the world (Kapur, 

1964) • 

'Xhere were 18 pyra1ids and 3 noctuid species 

which were ident if ied as r ice stem borers. Cut of these 

5 species of pyralids occur in the new \oJorld and the 

rema inin9 16 species occur in the old world. 

In Orissa 3 species of stem borers have aeen 

recorded on rice (Sengupta and aehura. 1959 and 4-'anda. 

at ale 1974). 'I'hey are the yellow stem borer • .ic1.rpophaga 

incertuJ.g walker. the striped borer. Chilo superess,lis 

\~alker. and the pinkborer SesalDi! 1nferens Walker. Out of 

these three. the yellow stem borer is considered 88 serious • 

. {esulta of expel: iments conducted at the 1£U<1 •• <tanila. 

Z'hil ippines indicated that froll' transtllanting to harvest 

yellow stem boreI was the doaainant species in the rice 

field comprising 70 per cent of the borer population. but 

after harvest of the crop. in stuob1es Chilo sUQRreasalis 

population increased while yellow borers declined. (."fervyn 

and i:dw1n, 1965). Crist (1953) repo..cted that after the 

harvest of rice crop the larvae of £. s~2er,ssll!! were 

found 10 to 17.5 cm above the soil s ur£ace and about 20 

per cent remain in stubbles. 
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The stem borers of rice are .nora abundant in 

the coastal districts of Or 1834 (Sengupta and dehura. 

1959). Both yellow and striped borers are re~orted to 

be serious in slIn·ner rice dae to multiple croppinCj1 (Khan 

and Kurthy. 1~S5). The yellow stem borers completed 3 

qenecBtions between January and May (Kulshreshtha. !S ~., 

1(70). There was OVer lapping of the second and third 

broods till April and heavy .noth emergence continued up to 

.'larch and April resulting in abnormally high incidence 

of shiteheu.ds. 

Tripathy and narD (1969) reported that the 

presence of a large population of hibernating larvae in 

rice stubbles act as potential source of infestatioo to 

several varieties for next croppin9 season. Israel 4196) 

also reported that the oriqin of stem borer population in 

auroraer rice was mainly due to stubbles of rainy season 

crops. Moths started emer910g from stubbles in the last 

week of January with a peak emerQence during second week. 

of February which ultiraately affect the summer crop. 

Kaksham (1977) tested different insecticides 

and their mode of application on the incidenc~ of rice 

stem borers in susceptible Jaya. under field cont1t1on. 

The results indicated that plots raceiv1n9 no insectiCidal 

treatments had 42.31 per cent deadhearts and 12.0 per cent 

whiteheads. On the contrary plots treated with granUlar 
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diaz 100n ~ 1.5 kg a.i./ha at 20 and 50 D/~ s 19n1£ icantly 

decreased (33.22 per cent deadheart and 2.53 per cent 

whitehead)the borer incidence. r1ax1mwn grain yield of 

4073 kg/ha was obtained by protecting the crop with 

diez inoo. The correspond 109 yield in the untreated plot 

was only 1603 k~a. 

According- to Samalo (1983) treating the rice 

crop with carbOfuran or raephosfolan oranUles ~ 1 kg a. i./ha 

either alone or in combination with other insecticidal 

solution signif icantly reduced the deadheart incidence 

at 45 and 60 DJa as corapared to the unprotected crop. The 

maximUQI protection treatment involvi~ seedling root dip 

in 0.04 per cent a.i. of chlorpyriphos for 12 hours fOllOWed 

by broadcasting of granules of any of the above insecticides 

at 25 and 55 DJ'(t. and subsequent spraying with 0.5 kg a. i./ha 

of quinalphos. a month later. gave excellent protection 

against r ice stem borers. Under S llCh insecticidal pressure 

the borer damage never reached the economic injury level. 

/ 

The author further reported that cilrbOf i!C.m and 

,Dephosfolan Qranules even at a lOWer dose of 0.75 kg a.i./ha 

when implanted in the :nOO balls in the vicinity of the 

roots at 25 days following transplanting gave excellent 

control of the borers. Such treatment afforded as much 

control of the pest .s the max1~u~ protection treet~nt, 

where insecticides were applied severel ti~. In • general 
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At Faizabac:1 pest management experiments with resistant 

variety accrued a marQinal net profit "{s.75/- to H,s.235/­

hal 8S cOlUpared to losses in susceptible variety. Inadequate 

control of the stem borer at both vegetative and heading 

stages by pest IISnac;ea1ent treat.Q(!nts appeared to be the 

main reason for it. 

~1m1lar trial at Jorhat indicated that 

insecticidal protection was 8 wasteful expenditure resulting 

a loss of Rs .1080 _ lS13/ha. 

c······ This was :nainly due to low peat load. In 

general :nore expenditure incurred towards pest~ide 

appl.1cat ion seemed to be respODS ible for lOW level Of 

net profit. 

Losses due to stem borers : 

Ste~ borers have been estimated to be responsible 

for 3-95 per cent loss COhose ~ !.l., 1 ~O). 

In study with yellow stam borer infestation at 

different growth staves of IR 46, V1ajante at!!l. (1 ~aS) 

reported that deadhearta occllred in the 39 days after 

transplanting (OAT) and whiteheads occured at 54, 69 and 

84 D~ treatments respectively. Tiller damage was l.ore 

severe in 39 and 94 OJa with 66.4 and 99.0 per cent 

respectively, while only 7 and 20 per cent in the 54 and 
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69 DAT treatments, respectively. Tiller number decre~sed 

correspondingly with infestation level a.t 39 Dl:r. There 

was a direct relationship in the i~festation level and 

percenta~e unf ill ed gr a ins in the 3,} and dot 1:: I~X but did 

not i~crea:;e in 54 and 69 ~)i':r treatments. Gra in yields 

at the 900 larvae per 36 hills of the 54 and 69 nl-.X were 

611 and 433 9 per m2 respectively, while yield were 

dra1latically reduced in the 39 and S4 DNr having 96.4 and 

155.5 g per m2 respectively. 

Based on the regression of yields and number 

of larvae indicated a close relationship between 39 and 

84 D~ both having high yield losses. There was only 

slight yield reduction in the 54 and 69 r;;:r even at highest 

infestation levels of 800 larvae per 36 hills. 

Green howse test deal ing with ~. incert-ul~s 

developl1lent and survival indicated a rapid development 

of 2.- 1ncertulas larvae on tillerin~ 35 OAT. bootin~ 69 

DXl'. t lower ing 84 DNE and slowest in the panicle initiation 

staoe i.e. 54 Dro:. At 36 DX~ 30-00 per cent beco:fte adults 

on tillering. bootinQ and floweriag while only 4 per cent 

at panicle initiation. The over-all survival hOWever at 

tillering stage 8nd panicle initiation had the least (45 

and 35 per cant respectively) while maximum tilleriny 

booting and flowering had the most percentage s~rv1val 

ranging from 68-88 per cent. 
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Rice leaffolder , 

The rice -leaffOlder. cnae!:!a1ocrocis ~dina1is 

c,uenee (pyra1idae : Lepidoptera) was fori11er1y a minor pest. 

but has now become more abundant since the intrOductica 

of high yielding varieties CLef roy. 1909; Fletcher. 1914. 

1317; Mishra. 1920; 3allad. 1921; Ayyar. 1932; Jsman and 

puttarudr iah" 1955; Kadam .!S..!!. 1960, Reddy. 1968; 'leva!. 

1968; ,,{ajaarna and Das. 1969; Dorge ~!l. 1911. Vishakantaiah 

et a1. 19721 Ve1usamy et a1. 1974; Hale and Hale. 1975; 
~- ---
Hirao. 1976; Chandramohan and Jayaraj. 1977; Pathak. 1977; 

Chang ~ !!. 1980; and Panqtey and Sachan. 1982). 

According to Ramakrishna Ayyar (1932) £. IlIedina118 

(Gn.) is serious in the east and west-coast of Qou.th India. 

Rajamma and Das (1969) reported that the rice 

leaffolder larvae cause injury by folding and webbing the 

leaves and scrapping the green tissues. A siDgle larva 

can damage several leaves. 

Pathak (1971) reported that in the beginning the 

larva do not fold or roll the leaf. but subsequently it 

connects the margins of the leaf creating a tube. and 

continue feeding on the epidermis. Usually only one 

caterpillar is found within a fold. The larval feeding 

results in white. transparent streaks of 1.2 mrn wide and 

15 to 20 em 10110. running parallel to the l1lid-rib. These 
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streaks represent the areas from which the green matter 

had been eaten by the larvae. ~ach leaf blade might 

contain several such streaks and under heavy infestations 

each plant may contain several folded leaves. 

Fraenkel and Fa11il (1981) observed that during 

feeding the larvae remains lon9itudinally on the leaf and 

scrapes out the soft tis~ue between the veins long itl.ldinally, 

leavin9 only the veins, aclerenchyma, epidermis and the 

cl1ticle. Feeding is restricted to the green mesophyll 

tissue involving practically the whole leaf surface. In 

case of thick or tough leaves, feeding occurs in irrigular 

non-linear fashion. 

The damage was ~ore severe in shady areas, 

particularly near the bunds and alsO in crops with excess 

vegetative growth due to close planting followed by 

apylicaticn o.f heavy doses of nitrogenous fertilizers 

(Velusamy et a1. 1974; Ramasubba:1ah et ale 1980: and 

~~ohan et a1. 1(82). 

Das and Nair (1974) released fourth instar larvae 

of the leaffolder on rice leaves and recorded that within 

48 hours a single larva damaged 354.5 to 446.5 nrn2 in some 

moderately susceptible varieties. In SOille SUSceptible 
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varieties, the extent of damage was as high as 784.4 mm2 

during the same periOd. 

Studies on yield losses revealed that the degree 

of yield reduction under low, medium and high infestation 

was 4, 27 and 74 % respectively. (Chaurihary and Bindra, 

1970) • 

In a field test in Karnatak the yields fro~ rice 

plots infested by rice leaffolder averaged 2853.12 kg/ha. 

as compared with 3320.83 kg/ha in plots that had been 

dis infes ted by :Dechan ica 1 re:nova 1 of the larvae every week 

until harvest (i~~ i et a 1. (1918). --
In :~dhya Pradesh the late planted rice varieties 

usually show heavy infestation (Cargav et ale 1911). The 

crop transplanted in the f !rat week of July is damaged by 

the leaffolder in August-September -\and the peak per led was 
'\ 

noticed 1n 5eptember. Aug;JSt, planted crop showed the peak 

inc 1dence in .'-lovember. The crop raised in Septel"rDer-octOber 

suffered heavy damage from the second week pf October to 

Dece~nber. The January planted crop showed heavy incidence 

from ~1ddle of February to April (Vishakantaiah, 1~721 

Velusarny at ale 191.>. --
In Punjab, the insect was more abundant from 

Septeinber to October in the khar if season (Chhabra At al ..... _. 
1976). Similar report was also Obtained from C~{l. Cuttack 

(Annual Report, l~78). 
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Pathak (1977) stated that the rice leaffolder 

moths are present through o~t the y~ar in the warm tropics. 

but they were ;nost abundant 10 the rainy season. In places 

with cool winter the insect was found active fro:n .'1ay to 

Cctober <!'..l.rin~ which it cOilt,t?leted four to five generations. 

The latter generations were usually overlapping. 

Chatterjee (1979) reported that infestation was 

f 1.rst observed in late April and it reached a peak in the 

second week of .-'lay. 

Light trap collections from different lOCations 

().'..duthurai. Cuttack, .'1andya. Hajendre naqar. PattaEllbl) revealed 

that the highest leaffolders were trapped from the last 

week of Septel1iler to f !rat we~~k of Nov.'1Iber and the peak 

period was middle of October (;~ual aeport. AlCRIP. 

1978. 79. SO). 

In Japan, the leaff older moths appeared in f !alds 

in the later half of June each year. when the females were 

~opoxt 1onate1y more in number than the males. On the 

average 1000 moths were Observed in a hectare and they were 

mOVing :from f1eld to field (:.uyaharll. Wada and KObayashi. 

19iU) • 

Pangtey E. .II.. (1982) reported that the leaffolder 

caused heavy da!lNlge in e.rly September dUJ: 1ng the wet 

season (June to November) • 
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?athak (1977) stated that high hUlllidity and 

o 
optimum tempeLature (30 C) were the important factors which 

inf 1uence the rapid mult.iplication of the insect. 

~ork done at Crt~I (1979) revealed that the peak 

of leaffolder activii..y was noticed in late October when 
0_ 

the :n1ni:nu.ll temperature was IS.5 to 13.8 C and max1mu:n 

temperat;Jre 23.3 to 30.40C with rainfall varying from 

0.0 to 51.2 tOll for a 5 day period. 



CHAPTER III 



Exper imental site aOO season ~ 

Durin~ rainy season, 1988 end SUnY.TIer, 1989 

two separate £ ield experiments were conducted at the 

Central aesearch station of the Orissa TJnivers ity of 

Agr ic'.llture and 'l'echnology (O.(1. A. T.), dhubaneswar. 'l'he 

main objectives of these experiments are to estimate the 

economic threshold levels for rice gall midge and stem 

borers, under Bhubaneswar condition. 

The Central r~esearch Station of O.J.A.T., Bhubaneswar 

o 0 
15 sit~ted at 20 - IS' N latitude and as - 22' £ast 

lon91tUde with an elevat ion of 25. ~ III above the ;nean sea 

level. 'l'he soil type of expeL'iil\ental field WAS sandy loam 

having i.rrigation and drainage facilities. The p!i of the 

soil is acidic (5.0). The chanica! composition of soil 

is given as under, 

sal t COfapos 1t1on , 

."i!ll1mhos / em 

Av~ilable .p kg/ha -

Available K Kg/ha 

0.375 

5.3 

131.36 

Carbon " - 0.60 
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Table 1. Meteoro1og !cal information during the period 
from July, 198.3 to t1ay, 1989 

Year/ Week Temeerature ~ ~elat1ve hurniditx (%) Rainfall 
Month Minimum Maximtlll Morning Afternoon (mm) 

1988 

July 1 32.7 26.0 89 74 7.4 
2 32.6 25.7 90 79 65.6 
3 32.9 26.6 89 77 62.0 
4 32.2 25.6 91 79 121.4 

August. 
. 

19 1 31.4 26.0 91 131.6 
2 31.5 25.4 90 85 74.1 
3 32.7 25.8 S8 74 19.6 
4 32.3 25.8 90 79 8.0 . 

Aug. 1 33.1 25.9 92 79 4.2 
& Sept. ·2 32.3 25.1 93 97 95.2 

3 33.7 25.0 92 73 d.O 
4 30.9 24.6 95 88 162.1 
5 33.1 25.7 92 72 4.8 oct. 1 31.8 24.9 90 74 88c.4 
2 32.5 21.7 82 S5 0.0 
3 32.9 21.1 82 52 0.6 
4 ~3.0 21.1 89 81 0.0 

Oct. & .1 32.4 31.7 91 52 0.0 
Nov. 2 31.3 18.1 84 40 0.0 

3 31.0 17.8 n 35 0.0 
4 JO.8 16.5 82 33 0.0 
5 28.8 18.0 77 45 0.0 

Dec. 1 30.3 15.9 90 36 0.0 
2 30.2 17.8 eo 40 0.0 
3 28.8 14.9 88 34 0.0 

- .. 291~ l:i·~ 89 ~~ gig 
1989 
Jan. 1 29.2 16.1 93 44 0.0 

2 28.1 14.a 86 40 0.0 
3 28. -3 16.7 84 42 0.0 
4 28.1 13.2 88 ~O. •• 0.0 

Jan. & 1 31.9 14.2 8S 25 0.0 
Fbe. 2 33.7 19.9 89 26 0.0 

3 33.8 19.6 96 35 0.0 
4 30., 16.4 77 29 0&0 

18.9 - 91 . . . 0.0 Feb. &c 1 34. 30 
March 2 34.2 20.3 91 35 0.0 

3 33.0 20.2 91 37 1.8 .. ~81~ 23·1 87 24 0.0 
t1arch,C" 1 35. 22.3 al 30 2.4 
April 2 38.0 24.3 88 35 0.0 

3 39.1 25.4 90 30 0.0 .. 37.6 25.3 87 42 0.0 
5 39.3 25.8 8J 50 4.7 

May 30.4.to 29.2 27.7 87 40 0.0 
6.5. 

--
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exper imental design : 

30th the exper iments were laid out in Randomised 

alock Design (aBD) with three replications during rainy 

sedSon, 1988 and four replications during summer season, 

19a~. The sub-plot size was 7.5 m x 4.0 m (30 sqm) for 

both season trials. The rica variety Jaya T (N) 1 x T 141 

was taken for the study. In order to avoid mixing ;lp of 

the insecticide in soil solution by surface run off and 

seepage each plot was separated by wider bunds. The layout 

plan of the exper imental fields are enclosed. 

Exper imental mater 1als : 

During rainy season the midge sUSceptible rice 

variet.y Jaya and res istant variety lr.."l' 9689 were taken for 

estimation of economic threshold level of rice gall midge. 

In summer season only the borer susceptible Jaya 

variety was taken for the economic threshold studies against 

rice stem borers. 

Esti:nation of economic threshold level for rice 
gall midge and stem borers I 

In order to keep the gall infestation at the 

desired levels granular carbofuran was applied ~ 1.0 kg 

a.i./ha whenever the expected level of pest damege was 

reached. For this observations on pest inCidence was 
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LAY OUT DE.Slet-.! OF RAINY SEASON TRIAL 

T1 Ts T2 T6 T2. T3 

Tl. T1 T+ Ts T4 T7 

'" 
T3 T6 T8 T3 Ts T1 

T40 TS T1 T-1 T6 Ta 

T1 ~ III\A)(.IMUWI PROTECTION( S.D. +GRANULAR. CAIt80r-URAN AT 20~40 .. 60 OAT 
1- NEE.D SPRAY) 

T2 ": PROTECTION AT 5". GALL. BY CAIol.~OF'U~AN 

i3 : PROTECTIO N AT 10Y. GAL.L. BY CARe.OFURJI\N 

T4= PROTc.C.iIO N AT 15'. GALL ~'( C.ARSQFURAN 

T5' : PROTEC.TIO,,", A1 20D/. SA L.L. Sy CARBOFURA N 

T6 : PROlE-C.IION AT 2.S~. GALl.. BV CARSOI=URAN 

\JNTF-E.AIE.D 
CHaCI(. 

T? ": 

Ts : RESISTANT VAR\c..TY lET 9689 WITHOUT PRO..,.e:.c.TION 



R1 

R 2-

R 3 

LAY OUT DE-SIGN OF SUMME.R SEA50N TRIAL 

11 T2-

Tz T6 

T3 T1 

T, 11 

• 

T1 : O~. INFESTATION 

Tl. ~ ~~. INFE.5TAiION 

T,3 = S~. INFESTATION 

T3 

Ts 

is 

'1 

To+ T; T6 

T1 T,3 T4 

i2. T1 T6 

i2. T3 T4-

Ts : 15'/. INFE.STATION 

T, = 20'/0 IN f' E. SI ATI 0 I-.j 

T1 -: UNTREATE:.D c.\-IE-tll:. 

T1 

T1 

I 
T4 

is 



37 

recorded every 5th day starting fro~ 15 DAX. The desired 

levels of gall midge infestations were 0, 5, 10, 15, 20 and 

25 per cent and whenever such l~vels reached, the crop was 

protected by treating the plot with granular carbofuran @ 

1 kg a. l./ha. 

In order to estimate the econol1ic threshold 

values for rice stem borers insecticidal protection was 

prov ided at desired levels of infestation CO, 2, 5, 10, 15, 

20 per cen~. The crop was protected with padan 4G when 

the infestation reached the re~uired level of injury. 

Observations on the incidence of borer da~ge were taken 

from 20 randomly selected clumps at an interval of 5 days 

start iog from 20 LAT. 

Table 2. Particulars of insecticides used: 

Gener 1c name 
of the in­
secticides 

Carbofuran 

Trade name Chemical name 
& available 
formulation 

Furadan 3G (2, 3-dihydro-2, 
2-di~thyl-7-ben­
z of ur any1 methyl 
carbamate> 

source 

Ra Ilia India 
Ltd.,aol'Abay-l 

Car tap Padan 4G 1, 3-3!s(Carbamo­
ylthlo) -2- C'I,N­
dimethyla:nino) 
propane hydro­
chloride. 

Coromandel 
Indag Products, 
India pvt. Ltd., 
62 spur Tank 
ROad, :-tadr as -
600031. 

Chlorpyriphos r.;ursban 
20~ 

0, O-diethy1-0- ('1oti1a1 pesti-
(3, 5, 6-tr ichloro cides, India 
2-pyr idy Iphos ph 0 1)vt. Ltd. 
rothioate C 556 Defence 

COICllY, New 
De1hi-24 

• 
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Cultur~l operations : 

The exper imental plots were well ploughed before 

laying out.of the exper iment. well decomposed far:n yar~ 

manure was spread .... :. 2 t/ha uniformly and :nixed thoroughly 

in all the sub-plots. 

Nursery beds were prepared by making raised beds 

of 1 metre wide and 5 metres long. 'l'hese beds were ;nanured 

with the basal dose of the farm yard manure and kept weed 

free. 

For the rainy Beason tr ial foundation seeds of 

midg-e stlSceptible (Jeya) and midge resistant (I~ 9689) 

varieties were sown in separate beds on July 11, 1988. 

Delayed sowing was intentionally done to have ~re pest 

incidence. 

Prior to plant1nc; experimental sub-plots were 

thoroughly puddled and 08sal dose of NPK was applied ~ 50-

50-50 kg/ha. :(est 50 k9fha of N was applied in two equal 

splits at 21 and S5 DAr. Healthy 25 days old seedlings Of 

both the rice varieties were transplanted ~ 2 seedlings/h111 

at a inter-and intra-row spacing of 15 and 15 era respectively. 

The sum:ner season tr lal was also cOndUcted by 

using the stem borer susceptible rice variety 'Jaya'. The 

seed bed sow1~ was done OIl Deceirber 21, 1988, which was 

transplanted on February 4, 1989. .~nure and fertilizer 
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!pp~1cations were kept canstant as it was done for the 

rainy season trial. Healthy seedlings were transplanted 

>i:; 2-3 seedlings/hill and reg\1lar weedin9. timely irrigations 

and other cultural operations were done as per the 

reconmended practices. Care was taken to 1mpo~nd water 

at least for 5 days follOwing each insecticidal apf»licatlon. 

Seedl Jng root dip J 

For root dip treatment tne rice see(Uin~1I were 

uprooted a day pI'ioL to transplatlting, the .i1ud sticking 

to the root zone waS thoroughly cleaned in runn in~ water 

and the seedlinos were placed 1n the galvanised iron trays 

having 0.02 % a.i. chlorpyriphos solution in s..tCh a manner 

that. the root. portion remained 1tmIersed in the solution for 

12 hours. The treated as well as untreated seedlings were 

transplanted in the sub-plots as per the requireaaent Of 

the treatRl!nt. Seedling root dip was done only for the 

~lIaXimum protection treatment with a view to keep1n~ the 

infestation level at '0' per cent. 

Application of 9ranules : 

In the rainy season trial carbo£uran (Furadan lG) 

was used ~ 1.0 kg a.i./ha ~ainst the rice oa11 midge when 

the desired levels of infestation reached. Before applying 

granules the water level in the sub-plots were checked and 

maintained at 5 C!'Q level. Carbofuran G was applied ~~ 1.0 kV 

a.1./ha as soon as the infestation reached the desired level 
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or nearer to th~t end observations on midge incidence 

were recorded at 15. 20. 25. 30. 40 and 51 OAT. From 

each su!:)-plot 20 clu.'d~ were randomly selected and carefully 

examined. The extent of silver snoot incidence was 

calculated by USing the formula. 

oS 1Ive r ""hoot (%> Total 511 vI! ,hoot per 20 c lu;nps x 100 
oil = Total tillers in 20 clumps 

In the sumner season tr 1al cartap G was used 

~ 1.5 kg a.i.!ha instead of cerbofuran 3G a~ainst the 

rice stem borer infestation. The act~l days of insecticidal 

application 1n different treatments differed based on the 

de~ ired l~val Of deadheart incidence. Based on the leVel 

Of borer 1njLU:'y Padan G was applied at 15. 20, 30, 45. 47, 
, 

SO, 5S and 60 D;~ ,in Order to restrict the deadheart injury 

at 0, 2, 5, 10. 15 and 20 per cent level. 

}tethOd of reCording observations , 

The d.adheart and wh 1tehead inc idence was 

calculated baSed on 20 rando.llly selected hills frO:D each 

treatment by us 1119 the following forElUlae. 

Deadheart (%) 

w'h itehead ,%) 

T otai d •• dheart! Par 20 cl yntQ! x 100 
.. 'rota tillers In 0 cluuaps 
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The stem borer incidence was recorded at 20. 30. 40. 50 

and 60 DAX while whitehead incidence 10 days prior to 

harvest. 

3tem borer incidence in observation strips : 

In order to conf U!lt the levels of ste:n borer 

infestation on the rice yield observations on the degree 

of infestation in the observation strips were kept at 

the peak infestation stage (60 Dl.T) for deadheart. inc idence 

and 10 days prior to harvest for the whitehead incidence. 

;;iq\lare '''etre are~s having different de9ree of stem borer 

infestation were selected and the level of actual 

ill:estation was estimated. ilaaed on the range of borer 

incidence, they were replicated and the mean infestation 

of pH and .1fH and ita impact on yield eatimated. 

Inc !dence of other insect pests a 

In the rainy seMon trial mild incidence of whorl 

ma900t and leaffolder was noticed in all the treatments. 

~bs.rvat1ona on the percentaoe whorl ma990t and leaf£older 

infestation was recorded alongwlth healtny leaves from 20 

hills selected rando.1Ily f rom each treatment.. In the S lIlIner 

season trial leaffolder infestation was noticed in addition 

to ste,a borer incidence. Cj.'he percentage leaf damage by 

leatfolder was calculated by us1119 the fo.rflUla. 

Percentaoe leaf darllllge. .I0tal de_ged. \eavl!.in 20 clug 
by leaffolder Total leaves 1n 20 clumps x 100 
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Dur 109 rainy season counts on whorl maggat was taken at 

35 DAX and tha~ for leaffolder at 55 D/~ while leaf folder 

damage f or the summer cr op was taken at 60 1:. Kr. 

Gr ain yield s 

During rainy season the Jaya variety was harvested 

at 101 Df(r while Ib."'T 96A9 at 8a DI .. T. 1.n the surnrner trial 

was harvested at 108 DAT, when more than 90 per cent grains 

were ripened. Yield data was recorded sub-plotwise leaving 

the boarder 2 rows from all sides and converted to kg/ha. 

During rainy season 20 rando;n hills were har~ested separately 

and yield'recorded. This was done to further confirm the 

yield dc1ta. Luring sum:ner season, however, y1eld data 

from 1 sqra. areas were recorded. 

Statistical analysis , 

The observation data pooled from the different 

treatments at different ti:nes were subjected to statistical 

analys is (Snedecor and Cochran, 1959). Data pertaining to 

insect population recorded in percentage were converted to 

square root transformation where the ranQe was inbetween 

0-30 per cent. vihen most of the values were small r x + 0.5 

instead of rx- was used. (Gomez and Gomez 1976). For the 

comparin~ the mean values of different treat~nt Duncan's 

.'1ul t 1ple ctanfJe Test has been app1 ied CD uncan, 1955). 



CHAPTER IV 



R.ESULTS AND DISCUSSION 

To find out the economic threshold values for 

the rice gall midge and stem borers, two separate field 

tr !a Is were conducted during the rainy season of 1988 and 

swrmer seasc:n of 1989, at the Central Research station, 

Orissa University of AOr1c~lture and Technology, Bhubaneswar. 

The salient f1nding~ of these experiments are presented 

in the following pages. 

Need based insecticidal application for the control 
of rice gall midge , 

The rice gall :nidge, Ora.olia orpa! (w-~·O 18 

a seriOUS pest of rainy season rice. In order to find 

out the economic threshold value for this ifaportant peat 

insecticidal protection with carbofuran granules (G) was 

given when the desired levels of infestations were reached 

to check further damage. 

The results revealed that in order to keep the 

midge inc !dence at '0' level the crop was protected by 

providing seedling root dip in 0.02 per cent chlorpyrlphos 

followed by two round broadcasting Of carbOfuran 0 at 15 

and 40 days after transplanting (nAT). In spite of this 

the inJu..ry level attained 0.23 per cent at 3S ON: and 

2.46 per cent at 50 D~. 

20 and 

Sim!lar treat_nt with granUlar carbOfuran at 

45 DKr effectively suppressed the aa1dg in 
e Jury 
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Table 3. ~eed based insecticidal application for 
control of r ice gall midge 

Curbofuran G 
Treatment (D.!!!') 

SD + 
15" 40 

20, 45 

25, 51 

30 

40 

51 

untreated 
check 

Res is tll!nt 
vlIlr1ety 

Des ired 
level of 
infesta­
tion (SS;~) 

o 

5 

10 

15 

20 

25 

Galln1dge inc 1dC!nce ~) * at 

35 Di~ so Dxr Yield 
(kg/ha) 

0.23 2.46 37~4 e 
(0.84) a (8.53) b 

3.27 4.60 3678 d 
(1.92) c (11. S7) b 

7.97 lO.g] 3424 cd 
(2. g1ld {I ).16) c 

7.50 17.50 3334 cd 
(2.83)d (24.71) d 

12.77 21.90 3216 c 
(3.64) e (2 '1. 30) d 

12.70 24.06 3011 be 
(3.63)e (29.35)d 

13.83 35.96 2610 a 
(3.7a)e (36.85Ie 

1.87 0.22 2563 ab 
(1.51) b Cl.56)a 

-------------------------------------------------------
• 1ean of 3 replications 

---2igures in parenthesis are converted values i.e. I x ? 0.5 
cerbofuran G broadcast ~ 1.0 kg a.i./ha/appl1ca.t1on. 

Similar letters 1n a column indicated that the differences 
are not statistically significant. (Duncan's multiple range 
and multiple 'F' teat 1~55). 

S.D.- seedling root dip in 0.02 " a.i. ch1orpyr1phos for 
12 hours. 
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and the 1nfestation level did not exceed 4.6 per cent. 

A marginal delay in the first dose of insecticidal 

appl ic at ion (25 and 51 DAX) res ul. ted 7.97 and 10. 93 per 

cent galls at 35 and 50 DAX respectively. 

One round application of granular carbofuran 

@ 1.0 kg a.i./ha between 30 and 51 DIX resulted varying 

level of silver shoot incidence (17.50 to 24.06 per cent) 

as against 35.96 per cent injury in untreated check. 

Under the same environmental conditions the 

mtdge resistant rice variety lET 9689, without insecticidal 

protection had less than 2 per cent damaged tillers 

(Table 3) • 

In order to reach the intended level of 

infestation insecticidal protection was provided to 

different treatments, based on periodical Observations. 

The results revealed that to restr iet the :aidge inj ury 

within 11.0 per cent two round appl !cat ions of carbofuran 

was needed, the first application necessitated with in 

25 D/{1.' follO"tied by a second round within 40 to 51 ONr,. 

Application of granules beyond 30 DAT cOUld not suppress 

gall fly incidence effectively and such delaYed insectiCidal 

application remained ~i9nific&ntly inferior to earlier 

treatments. 

Rl!1ny season r ice crop remains taost VUlnerable 

to midge attack within 21 to 35 DNr and therefore prOVidinO 
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insecticidal protection with 25 DAr exhibit better control 

of the midge pest while later applications failed to 

protect the crop. l!"urther. tUlers produced beyond 45 

DA'X are ;noatly unproductive and remain vulnerable to gall 

midge attack. Providing protection to such unwanted tillers 

is of no value. 'lather such tillers contain parasitized 

galls favouring the multiplication of the beneficial 

par_ita. ~latX9aster ornee. At this stage the parasite 

is capable enough to keep gall midge infestation in check. 

Therefore insecticidal protection ag~in8t 9811 mirl.ge at 

this juncture is a wasteful investment. Working with the 

integrated control of rice gall midge Samalo (1983) and 

~arlda (197~ have expressed simIlar views. Our present 

f lnd ings are :In cenf Irmlty with the abOlfe workers. 

Tina and frequency of insecticidal appl1catIC1'l on 
panicle bear1n9 tillers (ps.:) and grain yield ; 

Under natural conditions the tillers of 

susceptible rice verieties ere ~ubj~ted to attack by 

insect peats particularly the rice qall ~1d~e. Timely 

insecticidal protection to the crop saved the prOductive 

tillers from midge injury and ultimfttely influenCed the 

nulliber of panicle bearing tillers end grain yield. 

From our present stUdy it was found (Table 4) 

that applying carbofuran G. within 25 DAT and subseq;J.ent 

supplementation by a si:uIlar dOSe in the max1rautQ tillering 
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Table 4. Percentage panicle bear 109 tillers and grain 
yield as influenced by insecticidal treatment 

Carbofuran G Dose ?anicle bearing Grain yield 
Treatment (iJAT) (kg a. 1./ha) t U lers (%). from 20 hills 

at 72 Dl;r (gms) 

SD + 

15, 40 1.0 C'88.3 (70.2) e 238 d 

20, 45 1.0 79.7 (63.3) d 213 be 

25, 51 1.0 ;(8.9(62.7)d 206 b 

30 1.0 72.4 (SS.4) c 211 be 

40 1.0 66.4 (54.6) be 202 b 

51 1.0 60.5(5l.l)ab 203 b 

Untreated S4 .8 (47 • a) a 184 a 
check 

Resistant 90.2 (7l.8)e 222 c 
variety 

.. iiean of 3 replications • 

.Figures in parenthesis are transformed values Ix + 0.5 • 
si,~ilar letters in a column indicate that the differences 
are not statistically significant. (Ouncan's multiple 
range and multiple 'P' test) 1155. 

S.LI. =- Seedlings root dip in 0.02 % a.i. cnlorpyriphos 
for 12 hours. 
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stage attribu~ed towards hL;her percentage of panicle 

bearin£ tillers (78.9 to 89.3 per cent) as cOrllpared to 

60.5 to 72.4 per cent in delayed applications and 54.8 per 

cent in plots receiv i l19 no such protection. From the data 

it is further evident that granular carbofuran applied at 

15 and 40 D~ afforded excellent protection against the 

midge pest and attributed towards significantly hi~her 

percentage (8S.3) of prOductive tillers. HOWever, the 

midge res !stant rice var iety LET 9689 without any 

insecticidal protection also had 90.2 Per cent PST which 

was at par with Jaya receiving carbofuran treatment twice 

i.e., at 15 and 40 D~. 

Granular carbofuran applied between 20 and 25 

Dta and sub.!Jequent dose at 51 DKr rernained inferior to 

earlier application, but proved superior to delayed single 

round applicat ion at vary inC; DI-X (Table 4). Carbofuran 

applied at 51 DAT and plots receiving no insecticides had 

almost the same percentage of pgr. This may be due to 

the fact that late application of the insecticide fail 

to provide enough protection to the prOductive tillers 

resulting le.!Js percentage of PST comparable to the P3T 

of the unprotected crop. 

As the percentage panicle bearing tillers had 

a direct inf luence on the grtllin y leid. it is necessary to 

apply insecticides early (20 to 25 DAT) and a secOnd dOSe 
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around 50 Dl':r. :>uch insecticidal protection provides 

excellent control not only to the gall midge but to the 

other major pests infesting .rice at this c~op stage and 

ult~tely increase the yield. 

It may be pointed out that (AlCRIP. 1976) 

providing seedling root dip follOWed by two round application 

of granular insecticide gives excellent protection against 

the midge pest. Although. 1n the maxi~~ protection 

recommendation of AlCaIP. a 3rd round application of 

granules at 60 DAX has been sU~H,iested. Such indi..«tcrilllinate 

use of pesticide goes ac;;ainst the principles of lj:.l.1. SUch 

over use of 9ranular insecticide is uneconomical but also 

quite harlU ul to the nat\1ral enemy f aunlla present in the 

rice ecosystem. 

Time and frequency of in~ecticidal treatment on the 
incidence of whorl maggot and leaffolder : 

In the experiment laidout for evaluating the 

economic threshold vall1es for rice 9all midge. infestation 

by whorl m~agQot in the early growth stage and leaffolder 

at late tille.ri~ phase were encountered. HOWever. both 

theae pests 1nf •• tation relftalned :a11d. ApprehendinCJ tha.t 

they .. night have J,nfluenced the yield to SOQle extent il'Ient1on 

has been taade regarding the extent of damage by these two 

insects • 
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It is evident from the Table 5 that the whorl 

mag90t infestation varied between 1.45 and 3.2·3 per cent 

in different treatments. Insecticidal treat~nt appeared 

to have least influence although no~ v~riat1on has been 

noticed dependil'l9 on the tLne of insecticidal application. 

Neither insecticidal treatment nor varietal resistance 

influence the whorl :tla990t dalMge. It nay be just possible 

that the differences were not significant because of low 

iO£ estat 10n. 

The leaf folder incidence (percentage leaf dama~e) 

at 55 DN;i: varied from 1.40 to 3.46 per cent in different 

treatf1leDts. The tiue of carbofuran protection either 

once or twice at varying dates least 1nf luenced the 

leaffolder activity. Application of granular carbofuran 

once at 30 DAX (Taole 5) hOWever recorded mini~um damage. 

As both whorl ma~9ot and leaffolder incidence 

did not reach the threshold level no separate protection 

was provided to check these two insects. It iapres umed 

that such low incidence might have least influenced the 

grain yield. t{ence while estimating the threshold value 

for gall midye these neligible infestations were not 

taken into account. 

Economics of plant protection J 

In the present strategy of pest management. 

min icau.. ... use of insectlc ide on need bas 1s is recomnended 
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Table 5. Effect of carbofuran treatment on the incidence 
of whorl magg ot and 1eaff olders in wet season 
rice 

Insecticidal Dose t~hor1 maggot 
treatment (Dr:r) (kg a.i./ha) incidence (%) 

per app1icat- at * 35 DNX 
ion 

SD -to 

15, 40 1.0 1.45(1.36)a 

20, 45 1.0 2.55(1.74)abc 

25, 51 

30 

40 

51 

Untreated 
check 

;iidoe 
resistant 
variety 

F •• 

1.0 

1.0 

1.0 

1.0 

* .'taan of 3 replications 

2.06 (1.59) abc 

1.26 (1.30)a 

3.29 (1.94) c 

3.01(l.87)bc 

2 .40 (1.69) abe 

1.66(1.45) ab 

• 

Leaffolder 
incidence C%) 
at 55 DKr * 

2.95 (1.80) 

2.63 (1.75) 

2.42 (1.69) 

1.52(1.40) 

3.46 (1.99) 

2.94 (1.85) 

2.73 (1.76) 

1.40 (1.48) 

Figures in parenthesis are transformed values ;=x + O.S-

S i~nil"'r letters in a colWin indicate that the differences 
are not statistically significant. Duncan's multiple range 
and multiple IF' test 1955. 

5.0._ Seedlings root dip in 0.02 % a.i. ch1orpyr1phos for 
12 hours. 
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f or the control of rnaj or r ice pests. Depend in9 on the 

desired level of gall midge infestation insecticide 

applications were scheduled. The benefit cost ratio of 

such treatments are presented in the fOllowing paragraphs. 

The result in Table 6 clearly demonstrated that 

for prov idlng ef fect lve control of the r ice gall io1doe 

and to obtain hi9her grain yields applicatlon of 

insecticides should be ~one at least once w lthin a illonth 

after transplanting. Application of ;ranules twice with1n 

45 DAT accounted for more than 3.6 torms of paddy/ha while 

delayed applications (25 and 51 DAT) and a single 

application beyond 30 DAT failed to provide adequate 

protection, against the pest and resulted in low yields 

(Table 6) • 

The econo:nics of plant protection as evident from 

data that applying carbof ur an granules once at 30 OAT gave 

rnaximu"n nett benef it of Rs.S30/- he follOWed by two 

applications of the same granule at 15 and 40 OAT 

(Rs.506/- he) with an investment cost of Rs. ~90/- and 

Ra.1980/- towards insecticides. Treatment with carbofuran ., .. ,', 

granules at 15 and 40 Dla not only control the 'DidO. pest 

effect1vely but also gave around 3.8 tOMS paddy per hectare. 

But a close scrutiny of the data indicated that the 

investment cost towards crop protection was around Rs.2000/­

he. In other words to derive the sa_ nett return of 
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Table 6. Economics of rice gall midge control by insecticides 

Carbof ur an G Dose Cost of Yield Cost of Cost of Net 
Treatment (kg plt'nt (ko/ha) yield extra benefit 
(Dl.(r) a. i./ha) protec- (Rs/ha) yield CRs/ha) 

tion (;.1.s/ha) 
ttsJha) 

SD + 
15, 40 1.0 2100 379. 7':}67 2486 386 

20, 45 1.0 1980 3578 7724 2243 263 

25, S1 1.0 1.980. 3424 7190 1109 -271 

30 1.0 990 3324 7001 1520 530 

40 1.0 990 3216 6754 1273 283 

51 1.0 990 3011 5323 842 -14d 

Untreated 2610 5481 
check 

Resistant 2663 5592 
variety 

... 
Cost Of yield calculated a ~~s.2 .10!kg 1nsect1c1de and 
labour cost calculated at the prevailing rates. 

s .0 ... Seedl ings root dip in 0.02 % a.i. chlorpyrlphos for 
12 hours. 
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as.500/- or little more per hectare a farmer has to 

invest ~s.2000/-, which is beyond the reach of an ordinary 

farmer in India. Even untimely aP91ication of insecticides 

instead of yielding benefits resulted in nett loss ranging 

froiD R3.148/- to Rs.27l/- ha (Table 6). 

Fro~ the foregoing re~ults it ~~y be pointed 

out that for effective gall ~idge control and for deriving 

maxl:nuill moneyt4"!ry benefits effective insecticides shoUld 

be appl ied within 30 DAT. Si-:'lilar treatments beyond 40 

DIg: not only failed to protect the midge pest but the 

investment to\'#ards pesticide appl !cation gOes waste. 

As the cost of plant protection 1s except10naly 

high (about lls .lOOO!-ha) and beyond the reach of an ordinc-ry 

far~llar it is necessary to search for cheaper and effective 

insecticides which will mini:nise the C03t of plant 

protection at the same ti"oo give taax1'1lum nett prof it. 

Economic threshold level far rice stem borers ~ 

;Jurnmer r ice is ioostly attacked by rice stem 

borers, io the tillering and heading stages. The actual 

tirne of infestation i.e dependent on the e:nerqence of 

first brood moths from the left OVer stubbles of rainy 

season crop. Insectic idal protection (Cartap 5 C ~ 

1.5 kg a.i./ha) was provided to the crop at vary in9 degrees 

of borer infestation to check further infestation and its 
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impact on the yield was determined. Where ever necessary 

second application of the same g-ranule at the same rate 

was given to keep the stem borer damage at the desired 

level. In spite of O\.ll' best efforts the infestation 

level could not be checked str ictly at the intended level 

but it fluctuated around it. 

Based on field observations at 5 days an interval, 

cartap G was appl ied on need bas is. It may be mentioned 

here that to restrict the stem borer injury level, at '0' 

and 2 per cent granular cartap was broadcast in the 

transplanted r ice crop Q. 1.5, kg a .i./ha twice (20 and 50 

Dl:r). In other treatments the borer incidence was allowed 

to increase to the desired levels of 5, 10, 15 and 20 per 

cent deadhearts. Observation indicated that 5 per cent 

inc idence was reached at 30 OAT # 10 per cent around 50 DAT 

and 15-20 per cent around 60 DNr, necessitating/warranting 

insecticidal applications at 30, 47, 5S and 60 nXt respectively. 

Time and frequency of insecticidal application 
on borer inc !dence z 

The stern borer i:1Cidence remained within 3 per cent 

at 20 DNr and 1.95 to 9.0 per cent at 30 DKr in different 

treatments. Although the treatments receiving insecticides 

within 15-20 uN!' had low incidence of deadheart, it did 

not vary s 19n 1£ icantly from the untreated plots. Aa the 

percentage deadhearts vas Cf..1ite low upto 30 D l\t, there was 
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no 5 i9nif !cant difference within the treatments. 

The borer injury. hOWever increased beyond 30 

DNr and the effect of insect1cal protection s~n1f1cantly 

influenced the pest damage. The borer damage at 40 OAT 

indicated that application of granular cartap e1ther at 

15 or 20 DAX s!gn 1£ icantly reduced the deadhearts as 

compared to delayed application of the same insecticide 

at 30 OAT. The res:.11ts f·.1rt,her ind1cated that granular 

cartap applied beyond 30 Dm' bad no significant effect 

on the borer pest as the level of i~Jury was at ~ar with 

untreated check.. In fact, at the time of 40 I)l{X observation 

plots intended for higher damage did not received insecti_ 

cidal protection (47, 55 and 60 DAT). 

The bOrer incidence at SO Dil!r indicated that 

cartap appl ied ~ 1.5 kg a. i.!ha at 15 and 20 OJtr caUSed 

2.44 and 2.0 per cent dead hearts. These two treatllents 

remained superior to delayed IIIPpl1catlons Of cartap at 

41. 55 and 60 DKl. Cartap granules applied once each at 

47, 55, and 60 D~ had infestation levels equal to that 

in unprotected plots. 

The stem borer infestation in the 60 day old 

t.ransplanted crop showed. that cartap G applied twice 15 

and 20 nNE restr 1cted the dameo. to less than 4 pel: cent, 

which proved 819n i £ 1cantly superio.r: to delaYed appl1catiQlS 

(Table 7). Sroadcastin9 the insecticide granules" 1.5 



Table 7. Need based insecticidal protect1c:n for the control or rice !Item borers 

Cartap G 
Treatl"aent. 
(DAT) 

lS, 4rS 

20, SO 

30 

47 

55 

60 

Untreated 
check 

. . _ .... 

l.5 o 

1.5 2 

1.5 5 

1.5 10 

1.5 15 

1.5 20 

------ ------ - - -nc idence (%) 

00.5 1.9S 2.02 
\0.92) (1.55> (1.57)a 

2.07 2.58 3.47 
(1.47) '1.63) (1.94)a 

2.37 S.Od 6.21 
(1.6a) (2.36) (2.56)b 

2.44 3.50 
(l.51) ab (1.99) a 

2.0 3.82 
(1.41)a {2.01)a 

5.57 6.67 
(2.43)bc (2.67)b 

Yield 
in 

(kg/ha) 

5920 d 

5328 cd 

49~4 bed 

0.68 8.65 7.91 9.53 9.85 5062 bed 
(1.03) (2.88) (2.90)bc (3.11)cd (3.21)e 

1.57 8.50 8.71 12.22 15.56 4706 be 
(1.38) (2.a2) {3.02)bc (3.55)d (4.0)d 

0.9. 7.86 8.16 11.66 19.42 4235 ab 
ll.17) (2.84) (2.93)bc (l.43)cd (4.44)de 

2.60 9.0 11.15 15.66 23.20 3825 a 
(l.75) (3.07) (3.40)c (4.01)d (4.86)e 

'* .-tean of 4 z:epl ic€:.tions /-x T 0.5 
Figures 1n parenthesis are transformed values. S irnilar letters in column 
indicate that the differences are not statistically significant (Duncan's 
rrult1p1e range and multiple 'F', 1~55). 

Vt 
CD 
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kg a.i./ha at 30 D;3: proved significantly inferior to 

earlier but superior to delayed applications. 

'1' i:ne and frequency of insecticidal application 
on grain yield ; 

The grain yield in different treatments varied 

between 3825 and 5920 kg/ha. ?lots receiving two round 

insecticidal protection at 15 and 45 v,~ gave 5920 kg/ha, 

while delayed application of the same granule once at or 

beyond 30 uAX 'Table 7) recorded 4235 to 5062 kg/ha. The 

data further indicated that insecticidal protection provided 

at 60 Di{£ 8Qaitlst rice ste·n borers could :lot check the 

pest effectively and hence the 9ra1n yield obtained from 

such treatment was almost equal to the yields obtained 

from the untreated plots. 

From the yield data it becomes clear that for 

effective cont.col of r ice stem borers and to get hi,#her 

yields (5328 to 5920 kg/ha) two round application of 

insecticide is necessary. i3tlt from the point of economy 

such applications of insecticide may not be remunerative, 

and acceptablE by the marg ina 1 f ar''fters in India. A close 

look to the data indicates that one round i/lSectic idal 

treatment at 30 or 47. D.r,x gave around 5000 kg/paddy per 

hectare. i-'rom the reBl.ll.ts it is further evident that 10 

order to save the crop from borer da~age 8nd at the same 

time to obtain co;nparat1vely higher yii!lds one round 
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1nsecticid~l treatment within 30 to 41 DAT is necessary. 

However providing such protection against stem borer da:nage 

beyond 55 OIX was unecono:nical. 

The present recom~ndations however, should 

not be taken as a gener al principle for controlling the 

borer pests of r ice because the brood emergence is mostly 

governed by the environnental factors which diffats in 

different agroclimatic zones. Intec,;rated control schedules 

has to be drawn up on location spec 1£ ic bas is based on 

so.und bio-ecological studies in order to derive maximurQ 

benefits. 

'1' ime and frequency of insecticidal treatment on 
panicle Dearing tiller., whiteheads and yield I 

It is a well established fact that pl':oviding 

tiraely insecticidel protection to rice crop not only 

prevents pest damage but elso attribute tOWards higher 

yields. In the present study the effect of ti!Re and 

frequency of insecticidal llj?plicat.ion on the panicle 

bearin~ tillers, whiteheads and grain yield were evalUated 

(Table 9). 

The results indicated that the ti~ of insecticidal 

application has a profound influence en the percentage 

panicle bearing tillers. ~lots receiving insecticides 

within 47 D;.T produced 00 to 86 par cent p~n1cla bearing 

tillers as against 65 per cent in the untreated Check. 
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Table 8. Time of insecticidal treataent on the panicle 
bearing tillers, whitehead and yield 

Cartap G 
Treatment 
CDm.-) 
• 

15, 45 

20 .. 50 

30 

47 

55 

60 

Untreated 
control 

Dose in Pan icle 
(kg a.1./ha) bear 109 

tUler(%) 

1.5 86e 

1.5 82 cds 

1.5 84 de 

1.5 SO cd 

1.5 76 b 

1.5 77 be 

65 a 

• ~4ean of 4 replications 

whiteheads ~1eld 
(%) .. (91m2) 

1.74 592.0 d 

1.54 532. g cd 

1.83 499.4 bed 

1.91 505.2 bcd 

1.57 470.5 be 

1.43 423.5 ab 

2.33 332.5 a 

-

Similar letters in a column indicate that the differences 
are not statistically s i9nl£ 1cant (Duncan's multiple range 
and multiple 'F' test 1~55). 

-
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In general insecticidal pcotection gave sign1£ icantly 

higher percentage of panicle bear .log tillers as COillpared 

to unprotected check. 

It ~ay be ~ntioned hece that stem borer 

infestation in the early tlllering phase was compensated 

by the production of new tillers but such injury in late 

tillering/heading stage is not substituted by new tillers. 

From the data it becomes clear that treatments receiving 

insecticidal protection at early orowth stages had 

comparatively mo.te nW1t>er of panicle bearing tillers as 

a~a1nst plots receiving such insecticidal protection at 

a later date. 

1'he wh itehead inc idance was quite low (1.43 to 

2.ll ") dur incJ tne test seasCXl. ilecause of low incidence 

the effect of .insecticide in controlling the borers 

population in the reproductive stage could not be understood 

properly. 

ObservatiQ'ls (Xl the ste:-n borer incidence 

ind icated that the second brood ~noths damaged the crop in 

the pre-bOoting stage (around 60 OAT). As the larva 

.tnf licted the injury prior to late ap;>lication of 

insecticides 8..1Ch delayed treatment was wasteful. The 

cause of low whitehead incidence could not be understood 

properly_ It is presurted that as there was no brood 

emergence within the panicle initiation period prObably 
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the occurrence of the ~5t was low, hence :n1ni~um whiteheads. 

'l'he grain yield reduced with the decrease in the percentage 

of productive tillers. 

Cartap G applied within 47 DNX did not bring 

abO\,lt a marked change in the yield level. In general the 

crop protected with granular cartap gave c~paratively 

higher yields than unprotected check. Insecticl~al 

protection provided at 60 DAT. hOWever, did not bring 

about a significant difference in yield OVer the untreated 

check. 

In order to cen£ um the level of ste:n borer 

infestation on grain yield. Observations on the incidence 

of stem borers were recorded from adjacent unprotected 

crop transplanted 15 days later. The co:1bined ef fect of 

deadhearts and whiteheads incidence on yield has been 

presented in the Table 9. It is evident from the data 

tha.t with the increase in the level of borer injury the 

Orain yield decreased. Stem borer incidence comprising 

of 3.67 per cent deadhearts and 1.81 par cent whtteneads 

recorded 525 g,n dry paddy/ra2 • The yield level was 
2 

reduced to 455.7 9aVm when the damage levels were 7.31 

per cent deadhearts and 2.92 pe~ cent whiteheads. 

borer damage level of 14.02 per cent deadhearts and 5.02 

per cent whiteheads gave little OVer 418.6 gra paddy/m2 • 

The yield was further redlolCed to 381. 5 n_~_2 ""ith ... .., ,u... a f uxther 
1ncreue in the borer injury (Table 9) • 
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Table 9. Combined effect of deadheart and whitehead 
incidence on yield 

s1. Level of stem borer inf estat ion . t.· . Yield 
No. Deadhearts fthiteheads Total (gira2.) . (ko/ha) at 60 Dl-J: 10 days damage 

(;~) hefore har-
ves t ing C%) * 

• 

1 3.67 1.81 5.48 525 5250 

2 7.37 2.92 10.29 455.7 4557 

3 14.02 5.02 19.04 418.6 4186 

4 17.09 6.74 23.83 381.5 3815 

.. ~iean of 4 replications 
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COmbined effect of stem borer and leaffolder 
infestation on grain yield , 

'''hile evaluating the econo:nic threshold values 

for rice steiD borers by aPc'ly1nc;; insecticides at dasired 

levels of i~estations, the crop was simultaneously 

infested with leaffolders. However, the percentage leaf 

damage in different treat:nents was restr icted to 12.92 per 

cent at the ~ak infestation stage i.e., 60 D/~ (Table 10). 

The effect of insecticidal protection at 

different times on the incidence of leaffolder indicated 

that granular cartap ap~lied at 15 and 45 D,."\J.' re.ilained 

quite effective, against the leaffolders and the damage 

level was restricted to 4.0 per cent, closely followed by 

simila.r insecticidal treatment at 20 and SO I.:n'a. The 

damage intensity was cOIIIpa.ratively high in plots receiving 

granular insecticides c:nce between 30 and 60 DNr. Delayed 

appl !cation of insecticide had no profound influence on 

the leaffolder infestation, and in some cases the injury 

level in such treatments was higher than untreated check. 

In this re~ard lt. :nay be mentioned he.re that 

Wltblely applications of ineffective insecticides instead 

of decrea.ing the leaffolder population, favour for its 

multiy lication by kll1in{l the natural ene.nles. aecause 

of this reason probably the pest load was higher in plots 

raceiv1n9 insecticidal protection at a later atfUiJe. 
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Table 10. T i.-ne of insecticidal treat:nent on leaff olde.r 
and stem borer infestation a.nd its illlpact em 
yield 

Cartap G 
Treatment 
(Dltr ) 

15. 45 

20. 50 

30 

47 

55 

60 

untreated 
control 

Dose in 
('kg. a. i.1 

he) 

1.5 

1.5 

1.5 

I.S 

1.5 

1.5 

LeaffoldtU' Stem borer 
incidence Clc.) incidence 
at 60 Dl..T· C%' at 60DI-\T 

6.66 (2.60) ab 3.50 (1.90) a 

".09(2.13) a 3.82 '2.01) a 

10.6S(3.34)bc 6.67{2.67)b 

9.54(3.01)bc 9.dSC3.21)c 

12.92 (J.SS) c 15.56 (4.0) d 

Yield 
(kg/ha) 

5:J20d 

532dcd 

4994bcd 

50 62bcd 

4106bc 

9.30 (3.12) bc19.42 (4.44)de 4235ab 

ll.76(3.SO)c 23.20 (4.86e 3825a 

* !1ean Of 4. replications 

Figures in parenthesis are transformed values I x + 0.5 • 
~1~1lar letters in a column indicate that differences are 
not statistically s1gn1f1c:ant CD~!t & '}'I test) 
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It is dUf icult to distinguish hOW much 105s 

is caused by individual pest under field conditions. 

Inspite of all precautions more than one insect normally 

occur under field conditions caus lng varying levels of 

infestation. In our present trial too, the grain yield 

:night have infl uenced.. to certain degree.. by the 

simultaneous attack of leaffolder and stem borers. In 

trials conducted under field conditions it becomes 

practically difficult to find out the threshold values 

separately for individual pest and apply insecticide in 

time to each and every pest. Therefore the yield data 

obtained from such trials should be interpreted accordingly. 

Economics of rice stem borer control , 

The economics of r ice stem borer control by 

insecticidal application at varying level of deadheart 

incidence indicated that cartap G applied @ 1.5 kg a. i .. /ha 

at 15 and 45 DKr afforded excellent protection against the 

borer pest and gave a nett return of Rs.2l30/- ha. However, 

the investment cost towards plant protection was eqUally 

high (oRs .22 70/- ha) wh 1ch is beyond the reach of an 

ordinary farmer in India. The same insecticide when 

appl ied once at 30 or <67 DAT with an investiment cost of 

as.ll35/- ha gave a nett benefit ranging between Rs.1320/­

to as.1<654/- ha.£urther delay in the insecticidal treatment 

not only red(jCed the nett benet its but also proved 

unecon om1cal (T able 11). 



6) 

Table 11. £cono:n1cs of rice stern borer control 

Cartap G Dose Cost of Yield 
Treatment (kg plant (kg/ha) 
O:;,1l') a.1./ba) protect4.on 

(;'(s ./ha) 

15, 45 1.5 2270 5920 

20, 50 1.5 2270 5328 

30 1.5 1135 4994 

41 1.5 1135 5060 

5S 1.5 1135 4706 

60 1.5 1135 4235 

Untreated - 3a25 
check 

- I 

Cost of yield calculnted " ~!!.2 .lO/kg_ 
Insecticides and labour cost calculated 
local rates. 

Cost of 
y1e1d 
(:ls ./ha) 

12,432 

11,189 

10,487 

10,630 

9983 

3.393 

3032 

• 
Cost of Net 
extra benefit 
Uts ./ha) Crts ./ha) 

4400 2130 

3157 aS7 

2455 1320 

25a9 1454 

1951 715 

861 -27. 

at the prevailing 
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In order to keep the borer incidence at the 

desired levels, insecticidal protection was given at 

higher doses i.e. 1.5 kg e..i./ha. This resulted in high 

invest~t cost towards plant protection, which ~ay not 

be acceptdble to the farmers. Therefore, effective 

insecticides at lower cOsts have to be identified and 

t~sted or the dose nay be reduced to der ive maxi,n:.m nett 

benefit~ frum plant protection. 



CHAPTER V 



SU~~Y AND CONCLUSION 

To findout the economic threshold values tor 

rice gall midge and sterQ borers •• parate field trials 

were cooducted during wet season, 1988 and S\aIl.r, 1989 

respectively at the Centrel aesearch Station, Bhubaneswar. 

~h.e snlient f 1nd 109s of these exper i_nts are .", •• ner ised 

in the follOW 1nq paraor apha • 

Threshold value. f~ r.t.c:e gell midge va. 

estilaated by providiDQ insecticidal protection at different 

level. of m14qe infestation. 

It ia ev1dent troca the data that. .eecn iDg root 

dip in chlorpyr1pbos 0.02 per cent a.i. tollow.! by two 

round applkatlons of graDlllar carbofuren Cf lrst ~ppl ication 

at. 15 to 20 8ftd second at 40 to 45 VAT) kept the midge 

injury below the econo~1c threshold level (5" • l1ver shoot). 

Purther delay in the insecticidal application failed to 

keep the. mido- iDt •• tatlcD below this level. Granular 

carbafuran appliAld • 1.0 kg •• J../ba one:. at 25 recorded 

7.'7 and 10.93 per cent silver shoot at. 35 DN: and at 50 

DJ.::r respectively. S 1111lu 1naect1c: idal p&otect1on once 

at 30 vAT alao re.tricted the midqe d.~Q. to 7.50 per cent 

at 35 DAT and 11.50 per cent at 50 DAT, a\1GQeatinC4f that 

t.he ln1dt;le peat can not be resU 1cte4 to belOw economic 

d._Q8 level by ate round tl'e.tl_nt with carbofuran G. 

Purther delay on t.he 1D8ec:tic1dal appl1cetion failed to 

keep the peat infestation below the d .. ~ed level. 
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The effect of tl_ and frequency of inaecticidal 

appl1catioas on the panicle bearinQ tillers in :nldge 

susceptible variety -JllYS' revealed that the productive 

tillers were 81gnl£ icantly raore (88.3 per cent) in plots 

receiving caroofw:an G at 15 Md 40 D~. S lrnl1ar insecticidal 

tJ:eatments at 20. 45 and 25. 51 1),,\'1.' recordad 19.7 and 78.9 

per cent panicle beaLing tillexs Lespectively wh1ch re~1ned 

s~nificantlY inferioL to earlier treatllent but superior 

to delayed single round application of the same insecticide 

at 30. 4C), 5i __ " DAX. The midge resistant vax 1ety'l~l' 

9689' withOut insecticidal protection produced 90.2 per cent 

panicle bearinQ tillers. How~ver. the aver 8ge tl1leril19 

capacity of the ~es1stant variety was lower than Jaya. 

The ti:ne and frecpency of insecticidal appl1catiODa 

on the grain yield lrtdiceted that highest paddy yield of 

379' kq/ha was obtained from plots receivinq • col1lbined 

treatment of .e.dlin~ root dip in 0.02 per cent chlorpyr1phos 

followed bY two applications of 9ran~l.r earbofuran at 15 

and 40 u!a. eu.rtall1no the nWllber of insecticidal application. 

or applyinq at a later date • !.gnU icant.ly decrea •• d the 

grain yield. dowever. provldin9 prot.ect.1al with Ol:anulu 

earbofuran e1ther once or twice afforded better ~ot.ctlon 

~9a1nst the ~1dO. peat. aDd significantly increased the gra1D 

yield, oyer: ",ntreated cootrol. 'l'he lOw yield 1n the iQ1d9. 

resutant variety U'I' 9t5S9 was p.robably due to 1-.. ~_ ..... v.r .... t.l 
~.ntiali~y coupled with ita early ~at"~~-n h v-- -- "",. c exacter. 



73 

The economics of vall m1(298 control based on 

threshold levels me! kate<! that carbOfurall G applied • 

1.0 kg a.1./ha at 30 Dla with 7.50 and 17.50 per cent 

8.1lver sboots 1Dcideoce at 35 and 50 DNl respectively 

afforded reximutQ net benefit of Ra.530/- ha. ':rhe 

investment cost towards plant protection is exceptionally 

hj.gh (as.l ?80-as .21001- he) ..,here carbofuran c was applied 

twice. sacausa of h19h 1nv€lstment cost towards plant 

protoction ttw net benef it Vp :nargJ.nal (aa .253 - ~l.s.3as/-be) 

when 't*) round in •• cticidal ap,?11cat1m wu 40ne at 15, 40 

or ~O. 4S oJ$. such 1Daect1cidal protection 10 80_ caa. 

a.ccr~ nat. lc:.s of KS .148 - da .211/- ha.. ~"'o. ,.all ra1d~. 

cont.rol PI':OY1diaQ insecticidal pr;ot.ect1on beyond 40 OAt 

not onlr fa1l&4 to control the pest resultin9 low Y1el&J 

b~t accDued net loss of as.14S/- he. 

StucU... CIIl the .. t1tlation Of 0 ... .. 
ec oo· ... c thr •• hold 

... laea for rice stel1tborera 
~eY.aled that g~aaular cartap 

applied twice Cat 15 and 45 01: 20 and 50 "' Xl) ~ 
~. ettect1v.ly 

suppressed tbe r1ce ste~ borers belo the 
w econ~~Lc 4.-.g. 

level. HoweYer. the borer lncidene 
• .xce.~ the ~r •• ho14 

level, when insecticidal protection with 
th. sa_ g.ran\:d. 

was restrtcted to one apPlication at 30 
Or .. 7 or 55 or 40 

DAr. 10 such tr •• t_nt.. the Ae_A.,._ 
. 'IA ... , .. art 1-"~ 

..... ,uaQ<:. et 60 DKt 
reaged front, .47 to 19.42 per e.n t'. 

t. .h. corr •• pOl'ldl 
de_g_ in the untr •• ted c~ . D9 

~oa 23.20 per cent • 
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The number of panicle bear ing tillers vaa greatly 

influenced })y the time and frequency of insecticidal 

protection aoa inat rice stem borers. Gr snular cartap 

applied ~ 1.5 kg e.1./ha once at 30 OKr or twice w1tbtO 

SO £J/tr attributed tOwards hloher productive t1llers ran~1n9 

from 80.0 to 86.0 per CaDt.F'w:the.r delay 1n the in1tial 

cartap treat.ment not. only decreued the productive tUlers 

but &130 reduced the ylelda. Plots w1thoat insecticidal 

protection had s~nit lcantly lower percent~. of panicl. 

bearing tillers, probably due to h!9her (23.20 per cent 

deadheart.) borer inc idence. 

'lbe suaner rice crop w •• attadled by rice 

leaffolder Cg,ph,locroa!i !!!5!Jna1 i4. (Guenee> and peak 

infestation ranc,ing between 4.0~ and 12.92 per cent at 

60 O;\T. The effect of two round insecticidal Ueat_nta 

(f ln~t application at 15 to 20 and second at 4S to 50 OAT) 

resulted '.09 to 6.66 per cent leaf dataage. C&.J:t.ap (I 

applied once· between 30 and 60 O!,:r failed to keep the peat 

under cheek e.nd the leYel of inf •• t .. tion in the •• t~ •• tl'88Q.ta 

W •• at par with untreate4 check. 

Tlrae an4 frequency of lnsec:tlcS4al application 

a981nst rice sura boreran4 it.s effect Oft 9rain yield 

rev •• led that granular cartap applied either once Or tw1ce 

bet .. en 50 D./a gave al!lOSt equal yields, al~ough two 

applications attr:1Dute4 towards higher 1ields (5329 to 
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to 5920 kg/ha). Further delay 1n the insecticidal treatment 

lowered the grain yield. On an average 9rain yield was 

boosted up by 24.16 when cartap G was applied once and ~ 

47.0 per cent when ap':?lied twice. 

The economics of steill borer control in sumner 

rice revealed that two round cartap application at 15 and 

4® DAT afforded excellent protection against the rice 

borers and gave a net benefit of .{s .2130/- ha. However 

the investment cost on insecticide was equally hioh 

(Rs.2270/- hal. A marginal delay in t.he insecticidal 

application curtailed the net profit to Rs.8S7/- he. One 

rOWld application of the same granUle between 30 and 47 

OAT, with an investment cost of Rs .1135/- ha towards plant 

protection gave net benefit of Rs.l320 to ns.l4S4/- ha • 

.?roviding protection beyond 47 DNr was not remunerative. 
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