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ABSTRACT 

In Kenya rice is the third most important cereal grain in consumption after maize and wheat 

and about 400,000 rice farmers, the majority of them women earn their livelihood out of the 

crop's production. However, its production is constrained by both abiotic and biotic factors. 

One of the most important biotic constraints is the African white rice stem borer, Maliarpha 

separatella Ragonot. Despite the importance of this pest, information on the factors that 

innuence its distribution, extent of crop losses and management practices in Kenya is scanty. 

In addition the level of knowledge that farmers have on this pest is undocumented, hence it is 

difficult to gauge its importance from the farmers' perspective. Therefore this study was 

carried out; 1) to provide information on socio-cultural and economic factors that influence 

di tribution and the management of the pe t 2) to determine th pe t' ·patial and temporal 

nuctuation 3) to determine the level of los e cau ·ed by the pc ·t and de I p c n mic 

injury levels 4) to evaluate entomopathogenic nematode again t the pe ·t ) to · reen ric 

cultivars resistant to the pest 6) to e aluate the effe ti\ene f a c mbinati n of 

entornopathogenic nematodes and resistant rice culti\ ar in th management of the p t. r 

meet the e objectives a farmer urv y ''a arri d ut 

inve tigate factor that limit ric produ ti n nd th . h.:nt 

managem nt ot Af. ,\eparat /Ia. id 

th 11 influ n e thi 

h ~.:, irrig. tion s 'hem 

t ''· s~.:t up t 

II\ l th t. 
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A laboratory experiment was set up to evaluate effective entomopathogenic nematodes 

against the pest and field trials on resistant rice cultivars and a combination of these two in 

the management of the pest were conducted at the Kenya Agricultural Research Institute -

Mwea field testing station. These studies were carried out from February 2010 to July 2011. 

The results from the survey indicated that rice cultivation in the scheme was for commercial 

purposes. The average age for the majority of farmers (62%) was 42 years. Most the farmers 

had about eight years rice farming experience and their main sources of information was from 

other farmers. Age, rice farming experience and rice farming as the only occupation, had a 

highly positive significant influence on the M separatella knowledge and being a female 

ignificantly increased the probability of not having knowledge of M separatel/a. The 

percentage number of farmer who u cd pe ticidc to control M separatella was 77%. About 

60% of the rc p nd nt indi atcd that n t c ntrolling the pc twill b t tly [I r the fan11cr 

in term · of yield lo ses. Em pi rica! resu Its showed that irrigati n water pr hcdul nnd 

cropping system significantly influenced spatial and temporal fluctuation of 1. ·eparatella in 

the scheme. J figh pest infestations occurred in areas of poradi irrigati n and "here doubl 

cropping of rice was carried out. here were no ignifi ant di eren e in p 't inf tati n in 

the main cason crop and the ratoon crop p>O.o- . h pc:r nt numb r of" hit h ads and 

tunneled tilk:rs in farms under n t ~i }nifi . ntl din r nt 

rom the n d irrigat d fi Ids p 0. 

pi ntin • r · •im 

in 

rntl 
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On the basis of cost benefit ratio, the economic injury level was 6 and 8 egg batches per 

square meter of rice plants for early and late infestation respectively. The corresponding 

economic threshold level was 4 egg batches/ m2 in the early infestation and 6 egg masses/ m2 

in the late infestation. 

The entomopathogenic nematode, Heterorhabtidis indica Poinar, Karunaka & David was 

found to have significant efficacy on the pest under laboratory conditions (p<0.05). 

The rice cultivar M27608 was tolerant toM separatella damage and M27615 was resistant. 

Combination of these two cultivars with H indica significantly reduced M separatella 

damage (p<0.05). From this study, it can be concluded that knowledge of managing M 

separatel/a infestation at Mwea irrigation scheme is scanty and the farmer's local knowledge 

of M. separatella influence its management practice . poradic water provi ion and 

continu us rice cropping incrca c M separatella infe ·tati n , but rat ning f th ri c r p 

doc not increa e the pest infestation. Maliarpha separatella infe ·tati n cau ·e r~,;du ti n in 

rice yields and re ults in substantial economic losses. The management of th pe t i · p · ibl 

by use of a combination of effective entomopathogenic nemat de and re i tant rice ulti\ ur ·. 



CHAPTER! 

INTRODUCTION 

l.l.Background information 

Globally, rice is one of the most important food crops in the fight against hunger. It is the 

grain with the highest consumption (GOK, 2009). The total global annual production of 

milled rice in 2008/2009 was 459.6 million metric tons (MT) (GOK, 2010). It is estimated 

that there wil l be five billion rice consumers worldwide by 2030 and to feed these people rice 

production will need to be increased by 40% (Khush, 2005). Rice production in Africa 

increased from 8.6 MT of paddy in 1980 to 18.6 MT in 2005 (F AO, 2006). Despite such 

dramatic growth, demand continue to exceed upply and Africa c ntinue to r ly on 

imp rtcd rice. 

In Kenya, rice is the third most important cereal grain after maiLe and '"heat in c n ' Ull11 tion 

( K 2009). It is second after maize in consumption. f th thre grain ·tupl , it hu th 

highest annual per capita consumption growth rate at 12%, ft II wed b \\heat ut 4% und 

maize which is the main cereal staple by onl) 1% . Ken , i. f od in. ur • nd 

dcp nds on rice import and aid from d \elopmcnt p nner t d n:quircments 

litu 00· ). In ' 08, th umry ' 

produ cd a , in 1 ll ln 1 

th hillin ' 

ll I i . I 

. In It i n 



The major diseases of rice in Kenya are the Rice Yellow Mottle Virus (Sobemovirus) 

vectored by rice flea beetles Chaetocnema spp, Sheath blight caused by Rhizoctonia so/ani, 

Brown spot (Helminosporium spp) and Rice blast (Pyricularia grisea) (National Rice 

Technical Committee, 201 I). Rice is attacked by many species of insects which include grass 

hoppers (Orthoptera: Acrididae ), crickets (Orthoptera: Gryllotalpidae ), rice-sucking bugs 

(Aspavia spp), Stenocoris spp., Mirperus spp (Hemiptera: Alydidae), green stink bug Nezara 

virudula (Hemiptera: Pentatomidae), leaf hoppers Cicadulina spectra (Hemiptera: 

Cicadellidae), plant hoppers(Homoptera: Delphacidae), leaf mining beetles Trichspa sericae 

( oleoptera: Hispidae), whorl maggot Hydrellia philippina (Diptera: Ephydridaea) and rice 

ca eworm, Nymphula depunctalis (Lepidoptera: Pyralidae) (National Rice Technical 

'ommittee, 2011 ), but it is the tern borer that arc the mo t important in term of yi ld 

losses. !·our stem borer pecics have been r ported on ri e in Ken a namcl talk eyed 11 , 

Dwpsis thoracic:a (Oipera: iopsidae), potted ·talk borer, 'hilo parrelltH winh ' 

(Lepidoptera: Pyralidae), pink stalk borer e ·amia calami'ri · llamp · n (l epidoptcra: 

octuidae). The most common is African \Vhite rice tern b rer. Maliarph 1 \l'paratl'lla 

Ragonot (Lepidoptera: Pyralidae) v hich attacks rice rop t II the grO\\ th ta' s. nd cause· 

high yield los cs on late planted rice and th r t 

ommittc , 2011). Report indi th t th m 

epurare/la i B m ti 370 hi h 

' in 

m th 

llr. 

h lu( tl it ll n • 
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Riba (2007) also reported that since adult moths oviposit eggs near the tip of the leaf blade, 

clipping the seedlings before transplanting reduces the carry-over of eggs from the nursery to 

the main rice field. 

Trichogramma spp which are egg parasitoids have been identified as suitable biological 

control agents and are extensively used in India against lepidopteran pests where they are 

marketed as Tricho-cards® (Navarajan, 2007). However, use of pesticides is the best option 

when there are pest outbreaks or resurgences (Riba, 2007). Insecticides like Dimethoate® are 

used to routinely spray against M separatella at Mwea irrigation scheme (National Rice 

cchnica l committee, 2011 ). 

1.2. tatement of the problem 

Agricu ltural practict.: ha · been described a a performance. invol ing th t.: ft\rmcr nwking 

contingent rc ponscs to variou · event· a a ea · n unf ld ·. Knowledg' ma) be used in 

making decisions at each point but the resulting field practice. uch n pe. t management. i · 

the re ult of interaction between underlying kno'' ledge and a . t:rit: or eH~nL. t pp nuniti •.· 

and constraint rather than a care full plann d a prio~i d i n Ri h. rd . I ). 

It h 1 al o been re li1 d that "hat peopl d . th 1 dilh:rt:nt ( in lair 

· d und 

n U 



Usually rice ratoons support residual populations between rice crops and an increase in 

cropping intensity in irrigated systems increase the level of damage (Umeh et al., 2000). 

However, information on bio-ecology of the species in the irrigated rice ecologies in Kenya is 

scanty. Understanding the factors that influence M separatella fluctuations in flooded rice 

ecosystem will help in manipulation of cultural practices and the timing of insecticide 

treatments to manage it. 

Protection against M separatella at Mwea irrigation scheme is routine and primarily consists 

of the application of pesticides that are, for the most part, recommended by manufacturers 

and applied on a calendar-based schedule, rather than on a need basis. In most cases they are 

applied when pest levels do not justify their use. The development of economic thresholds 

will b n important decL i n t I for the farmer n when t initiate ntr l m a ur again t 

the P st. Routine pesticide spraying a! o ha attendant pr blem f cnvir nmcnt 1 lluti n, 

contamination of aquatic habitats and the development of re i tance to p tic ide·. lnt ·grated 

pest management IPM) is an ecosystem-based strateg) that focu e on long-term pr nti n 

of pe ts and their damage through a combination of technique u h a bi logi nl · ntrol, 

habitat manipulation and modification of cultural pr 

judiciou us of pesticide . 

Ill h 

• u f re i · t. nt ulti\, r · and 
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1.3. Justification 

In Kenya rice is the third most important staple food crop after maize and Irish potatoes in 

terms of consumption. However, annual rice production is low at only 80,000 metric tonnes 

(MT) against consumption of 320,000 MT. This is further compounded by the fact that of the 

three grain staples, rice has the highest annual growth rate in per capita consumption at 12% 

followed by wheat at 4% and maize at 1%, making the country import 75% of total rice 

domestic requirements. About 95% of rice produced in Kenya is from irrigation schemes. 

Food security is the major output of irrigation activities; however this cannot be achieved 

without sustainable pests and disease management (GOK, 2009). Maliarpha separatella has 

been reported as the most important in ect pest in late irrigated rice. It is also important in the 

r t on cr p where lo es f 5-50% have been rep rted. vel pm nt fan lnt grated P 

Management y tem again t the p t will reduce the p ibilit f l · e . in rca ·c h d 

availability and incomes for mall holder farmer in irrigati n cheme and c ntribute t 

reduction of the country's food import bill. 

1.4. Objectives 

1.4.1. Overall objecti e 

'I o tudy th bio-c olog o \f. eparat /Ia nd t 

I P 1) ntri ut 

> ric trm r 

ubj h\1 

urn nt tl 

Ill 

h m· in 

nt 

urh imtt H d lhdih Is 

f influ n in th 



3) To measure rice losses associated with M separatella infestation and damage. 

4) To evaluate the effectiveness of entomopathogenic nematodes against M separatella. 

5) To screen rice cultivars for resistance toM separatella. 

6) To assess the effectiveness of resistant rice cultivars and entomopathogenic nematodes in 

the management of M separatella. 

1.5. Hypotheses 

I) Farmer's local knowledge of M separatella does not influence its management practices. 

2) Water provision schedules and planting time regimes do not influence the spatial and 

temporal fluctuations of M separatella at Mwea irrigation scheme. 

) Ma!iarpha separatella docs not cause sub tantial damage and yield lo s in rice. 

4) 1 here arc no efTcctivc cntomopathogcnic nematode again t M.. eparate11a 

5) Rc i ·tat1l rice cultivar · against M. separatella do not l!Xi ·t. 

6) ombination of resistant rice cultivars and entomopathogenic nemat de· conn t manug 

M. separatella. 
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CHAPTER2 

LITERATURE REVIEW 

2.1. Maliarpha separatella biology and ecology 

Maliarpha separatella is the most important stem borer pest species on the upland and 

irrigated rice ecologies in sub Saharan Africa and Indian Ocean Islands and is restricted to 

cultivated rice and its wild relatives (CABI, 1996). Stem borers can have multiple generations 

in a year (multivoltine), but the number of generations depends on environmental factors 

primarily temperature, rainfall, and crop availability. In different geographical areas, the 

borers hibernate, aestivate, or remain active throughout the year, and occur in different 

ca onal pattern . But in tropical condition with the continuou cropping of rice, overlapping 

generations arc possible throughout the year (lleinrich and arri n, 2004). Rep rt also 

indicate that M separalella is able to survive on rice stubble of the pre i u ' har c ·t und' ild 

rice (Ba eta!., 2008). 

tudie indicate that an ecologically specialized p with u nurr w h st rang like M. 

\eparatella is favoured by crop intensifi at ion \\hi h im oh I! ontinu u ·roppin~ r ,, 

u ccptible variety due to it other de irable nribut in th~: tl'.~: of fi.:rtilizns , nd 

P ticides, in r as d ar a und r irri d pl. nt 

d n itic 2 ). It h 
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2.2. Maliarpha separatella damage on rice and importance 

In Kenya, irrigated rice yields are less than 4 tons per hectare against a potential of more than 

10 tons per hectare (GOK, 2009). The low yields can be attributed to damage by a large 

number of insect pests from nursery to harvest, but only a few of them are considered key 

pests. In Kenya M separatella has been reported as the most important insect pest in the 

ratoon crop and the late planted rice in irrigation schemes. Reports estimate losses due to M 

separatella ranging from 7 % to 34% (CABI, 1996), but sometimes total yield loss can occur 

once the stems have been infested. Maliarpha separatella damage to the rice plant is unique 

among the various rice stem borer species in that larval damage seldom causes the 

development of dead-hearts. This is because the growing apical portion of the rice plant is not 

cut rom the ba e, a the larvae dwell in the lower intern de . Th damage results in empty 

panicle , unfilled grain and white head . It cau ·e ub tantial yield I , by r clueing plant 

vigour and the number of tillers and affecting yield component , ' hich rc ult in I ' cr 

weight based on 1000 eeds (National Rice Technical Committee, 2011. 200 . "ilen et 

al., 20 II). 

Crop loss assessments are important m p t and p ti id m. n ement. ppl ing 

insecticides again t YellO\ tern Bor r h b~.: n rt:: mmcnd d if th~.:rt: i nc , dult ~l m 

b r r moth p r quan.: m tcr o n pi nt in r 11 
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The monitoring of stem borer brood emergence through trapping by use of pheromone traps 

is also an important component for predicting stem borer damage in Pakistan (RKMP, 2011). 

2.3. Management of Maliarpha separatella on rice 

Methods for controlling stem borers include application of insecticides and biological agents, 

cultural practices and the growing of resistant crop varieties 

2.3.1. Chemical control 

Use of insecticides to control rice pests is the most popular method and accounts for most of 

in ectic ide~ use in Asia (Litsinger et al., 2009). Insecticides are effective at reducing stem 

borer infestations and yield losses in rice (Reay-Jones et a!., 2007). However, the price of 

chemical is generally high and moreover, becau e the larvae feed in ide th terns, they 

cannot be controlled by non- ystemic in ecticid . lt ha al o been r ported that it i n rmu\1 

late to initiate contr I mea urcs n ·ccing the damage mpt ms (I itsingl.!r et al .. -009). 

I·anncr arc rep rted to u ·e e ces ive applicati n · which ar n t c nomicul. Band ng t'l a/ 

(2002) in a study in Phillipines found out that 70% of the farm r gr "ing ri · und r 

irrigation used in ecticide again t tern borer , "ith av rag o -4 appli ·tti n . runner 

pra}cd upon ceing me moth fl •ing when flu hed trom th fidd r b) b. ~.:n in l d, null 

only on a fc\ hills. H ong nd r 

of o t ntr I. I I it i t: 
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Studies have also shown that the transplanted rice has higher stem borer numbers than a 

direct seeded crop, because the former crop matures later in the season thus allowing the 

stem borers to build up on earlier plantings (Litsinger et al., 2009). Reports indicate that 

moths of stem borers are attracted to water bodies and those seedlings of direct seeded rice 

crop which are grown without standing water during the vegetative stage are less attractive 

for oviposition. Maliarpha separatella attacks the late stages of the rice crop development 

and the synchrony of stem borer generations within a given rice-growing area is dependent 

on the synchrony of planting within the dispersal range of the moths. If in a rice-growing 

area there are rice fields sown at different times, there will be many oviposition periods, 

leading to overlapping generations. Synchronous planting is advocated for the management 

f tern bor rs bccau e it allows a planned non-rice break to o cur during the year to 

intl:rrupt the pe t life cycle (lleinrich and arri n 2004). Pr tudic indi at that pc ·t 

damage from tern borer · was greater in area where farmer · ·taggen.:d their plunt ing up t 

three months apart and used varieties that matured in 120- 210 da · than in arl.!u wh ·r~ 

farmer planted rice within one month and u ed 120-da) varieti nl Jleinrichs and 

Barrion 2004 . Pakmakumari and Pasalu. 2003) r rt d th t gr ' in~ r Pu a 

ba mati I (a usccptible \arict as an int r 
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These two nematode families are in the order Rhabditida. They are associated with 

mutualistic bacteria in the genus Xenorhabdus for Steinernematidae and Photorhabdus for 

Heterorhabditidae. Thus, it is a nematode/bacterium complex that works together as a 

biological control unit to kill an insect host (Hazir et al., 2006). Some EPN species for 

example, Heterorhabtidis bacteriophora (HP 88), Heterorhabtidis megidis, Steinernema 

carpocapsae, Steinernema feltiae and Steinernema krauseri are available commercially as 

insecticides (Weeden et al., 2007). Reports from Kenya Agricultural Research Institute 

(KARl) (2006) and Waturu (1998) indicated that Sternenema karii was effective against the 

larvae of the African boll worm Helicoverpa amzigera Hubner and the spotted stem borer 

Chilo partellus ( winhoe) under experimental conditions. Nderitu et al. (2009) reported that 

fJ, t rorhabtidis indica was effective against weet potato weevil, ylas pun ticollis 

(B heman) and ya ani •t al. (2007) found ignificant 

the Diamond back moth Plutella xylostella ( ) in kale . 

r. rein >rnema karii again t 

2.4.5. Host plant resistance a a component in Integrated P t Management t m 

tudies indicate that resistance to stem borer in ri e an be nribut d to bi hemical and 

physical differences in different rice vari ti . P dhi 2 

aricty I R-198007 -21 r lea d antibioti 
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Results of studies by Ramzan et al. (2007) indicated that the lowest stem borer infestation 

was found in plots where nitrogen was not applied. Aromatic rice varieties were also reported 

to be more attractive and susceptible to stem borers (Dhuyo and Soomro, 2007). 

Physical attributes of rice varieties like hard and narrow stem lumens were found to make 

rice plants less attractive to stem borers (Padhi and Sen, 2002). Zou et al., (2002) found 

that rice cultivars with tight sheaths and short internodes had lower stem borer infestations. 

Short statured varieties were also reported to suffer less stem borer damage while rice 

cu ltivars with short maturation periods escape stem borer attack and those with high 

tillering ability compensate for stem borer damage (Ntanos and Koutroubas, 2000). Tall 

long maturation cultivars were reported to be more susceptible to stem borer attack and the 

rice plant were more vulnerable t tern b rer infe tati n during ma imum st m 

cl ngati n rice gr wth stage (Lit inger ' l a/., 200 ). In Ken a th ultivar or 

rep rted to be resistant to stem borers, Ory;:;a ·ativa japonica ub pecie 2 . lT 

121 T 4153 and ew Rice for Africa (NERI A) rice cultivar. Rl 1, Rl 2. 

·RI A 4, RICA 5 and ERICA 7 a tiona! Rice Te hnical mmitt e, 2011 . 

2.4.6. Integrated P t man gement 
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harvest), biological control (through conservation and enhancement of natural enemies), use 

of host-plant resistance and pheromones to disrupt mating (RKMP, 2011). During rice stem 

borer outbreaks, these control tactics can be reinforced by judicious use of pesticides. 

Combination of resistant rice varieties, Beuvaria basiana isolates, neem kernel extract and 

early planting significantly reduced yellow stem borer Scirpophaga incertulas (Dhuyo, 

2009). Past studies indicate that combination of biological control agents and host plant 

resistance can suppress the development of M separatella while maintaining a high level of 

productivity (Nwilene et al, 2011). 

2.5. Farmers' knowledge and management of rice insect pests 

In pite of maj r advance made in rice cience, farmer ' knowledge and decision-making 

skills in cr p management i till inad quatc. A number f gap xi t ct\ n i ntifi 

achievements and farmers' practices a illustrated b a fe, e:amplc . in in cct managcm nt. 

entomologists know that damages by leaf feeding in ·ect are of no con equence. but m ·t 

farmers spray when they see these damages (Heong and calada. 19 

grow in ect re istant varieties, but in ecticide u e d e not han e. ntt 

know the varieties have rc i tanc or th y ha\ l-k n and 

E calad . urti eta/. (2 0~) rep rt d th tin nn ti d li\: r J nd r h ~.:d 

pini n , 1\\jk ., ,I 



Kasina eta/. (2009) from a study on bees at Kakamega forest in Western Kenya reported that 

the level of knowledge of local farmers about bees and their natural history was important in 

instigating policies geared towards bee conservation and pollination management. Likewise it 

will be important to know rice farmers level of knowledge of M separatella and their 

perceptions and attitudes to its management and possibly include this knowledge system in a 

holistic manner in the development of a control strategy against the pest. 
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CHAPTER3 

FARMERS KNOWLEDGE AND MANAGEMENT PRACTICES OF MALIARPHA 

SEPARATELLA AT MWEA IRRIGATION SCHEME, KIRINYAGA COUNTY, 

CENTRAL PROVINCE, KENYA 

Abstract 

In Kenya, rice is the third most important cereal crop after maize and wheat and of the three 

grain staples, has the highest per capita consumption. It is an important cash and food crop at 

Mwea irrigation scheme where this study was carried out. However production is constrained 

by many factors including the African white rice stem borer Maliarpha separatella which is a 

m j r ri e pest. In order to bridge an existing knowledge gap and guide further re earch on 

the impr vemcnt of rice pr du ti n a urvey wa onductcd with sp ific bjccti s f 

analyzing the current rice production con traints, farmer · level of kno' ledge n 1aliorpl10 

·eparatella and its management. A structured que tionnaire wa admini tered to a rand m 

ample of 119 rice farmers in 17 illages at Mwea irrigation 

to provide information about rice its importanc , p t and \1. J 1ratel/a man. gement. 1 he 

study was carried out from 17 to 20 -ebrual) 2011. l h un ult r~.:\ t: I d that rh: is 

grown b th for lood nd as a a h rop 71 ~' t r p nd nts 



Being a female (p=0.004) significantly increased the probability of having less knowledge on 

M separatella when compared with men. This study suggests that there is need for specific 

training on the management of M separatella, so as to reduce the possibility of losses and 

use of agro-chemicals at Mwea irrigation scheme. 

3.1. Introduction 

Pe t management tn irrigated rice production systems IS compromised by intensive 

cultivation practices, such as cropping large areas with varieties from similar genetic 

background or a single variety in extreme monocropping conditions and with high chemical 

input (I lcinrichs.and Barrion 2004). These practices increase fanners' vulnerability to 

invading p sts such as stem borer . In addition, farmers pay high production co ts and ha e 

increased the risk or pesticide expo urc. IH;rcfl rc in order to d ~v lop pra ti s that ar~ 

iabk, we need to under tand the local farmer attitudes. belier· and practices. 'J his 

inf rmation can be u ed to develop communication trategie and p lie · dial guc. 'lnd t 

initiate change in attitudes that would create a better en ironment for .tdopti n (Kasina et 

a/. 2009). 

1an tudic report that fanner kno\'.1 dg i impon nt t m. llh ld~r t.mn\:r ' k ·i. ion 

making (Belaineh, 2003 . In pc t man cmcnt th 

t minimize ibilit of qu. I it. nd 

I n 



This study sought to investigate and to document rice production constraints and farmers' 

knowledge on the African white rice stem borer Maliarpha separatella and to determine 

how such knowledge influences management of this pest at Mwea irrigation scheme. 

3.2. Materials and methods 

3.2.1 Study site 

The study was conducted at Mwea rice irrigation scheme (0° 40'South; 37° 18'East) which is 

in Kirinyaga County, Central Province, Kenya. The scheme is situated approximately 100 

km North East of Nairobi at an elevation of 1,100-1200 M above sea level (Onjala, 2001 ). 

3.2.2. Study design 

During the study, Mwea irrigation scheme had 9,226 households. The area under rice 

cultivation was I 0,400 ha and farmer were ettlcd in 70 c mmunal villag (Mwangi, 2011 ). 

'I he c villages were di ·tributcd in 13 ubI cati n· v ithin nin I ati n in M' ·a di i i n. 

multi tage random sampling was done, whereby a ample of 17 illagc wn dru' n fr m the 

70 village and then from each village se en home tead \\ere ·elected making u t tul f 11 

households. All the respondent illages had their latitudinal and I ngitudinul I ) iti n 

as altitude determined with the help of a rmin® -tre. h nd h ld m n hr me :Jr,lphi' 

Positi ning ystcm ( P ) d ic bl 3.1 . 



Table 3.1: Respondent sub locations, villages and GPS coordinate at Mwea irrigation 

scheme in February 2011. 

Longitude in Latitude in Altitude in 
Section Sub location Village degrees degrees meters 
Mwea Nguka Karira 37.34085E 0.66166S 1183 

Nguka Kiuria 37.31394E 0.66298S 1190 
Nguka Nyakio 37.31538E 0.66383E 1187 
Nguka Nguka 37.32372E 0.66349S 1181 

Tebere Kiarukungu Nderwa 37.35240E 0.62820S 1190 
Kiratina Karim a 37.32736E 0.69204S 1162 

Mwea Thiba Thiba 37.34068E 0.6929S 1154 
Thiba Thiba North 37.33891E 0.69229S 1155 
Thiba Maendeleo 37.34375E 0.68721S 1150 
Kiratina Githunguya 37.34000E 0.68880S 1153 

Tebere Kathigiriri Murubara 37.36823E 0.65775S 1168 
Mahigaini Kirogo 37.39490 0.66856S 1154 
Mathangauta Mathangauta 37.36857 0.63629 1172 
Mathangauta Nineveh 37.36672 0.62588 1184 
Mwathaini Mwathaini 37. 7 0.650 8 118 

' l t.:bl:l'l: yangati Kimbimbi 7. 5021 ~ 0. 21 12 17 
Nyan 1ati Kioru )ari 37. 5019 0. 1810 120 1 

eographic information ystem ( I ) coordinate digital map linked oftware ( r ' a . 

used to map the villages (Figure 3.1) 



Figure 3.1: Map of Kenya bo ing ite and ub loc tion 
40' ; 37° 18' ) here 

bru ry 2011. 
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The questionnaire was organized in the following sections: Background information, 

demography and socio-economic characteristics, rice production constraints, investment and 

financing, types and sources of information, farmer knowledge on rice pests and farmer 

management of M separatella (Appendix 1). 

A pretest was done to clarity wording and translation of the technical terms used and the 

adequacy of the response categories that is whether there were multiple choices. The pretest 

also helped establish the clarity of questionnaire instructions, and the estimated duration of 

the interview. The questionnaire was administered using face to face interviews targeting 

the head of the house hold. Questions were asked to help identify constraints in rice 

production, gauge the level of farmers' knowledge on M separatella and quantify farmer ' 

attitudes and practices n the pest and its management. A h me ·tead wa. vi ited by one 

enumerator. 'I he enumerator a ·ked the questi ns and filled in the que ti nnoire. Th 

household head in each home ·tead wa · intervie\ved. In ab ·ence of th h ud of th • 

hou ·ehold, the per on available in the home lead wa · interviewed. o I ng u she or h wu · 

involved in rice culti ation. It took about two hour to fill the qu ti nnair . Th..: ·ur\e 

was carried out from 17 to 22 ·ebruary 2011. 

3.2. 4. D ta an ly i 
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3.2.5. Logit regression and the study hypothesis 

Logistic regression is categorized under Limited Dependent variable model and is used in 

social research when the dependent variable is discrete and takes a binary value of either 0 or 

1, for example know versus Do not know or dead versus alive. The logistic function is useful 

because it can take as an input any value from negative infinity to positive infinity, whereas 

the output is confined to values between 0 and 1. The mean of a binary distribution so coded 

is denoted as P, the proportion of ls. The proportion of zeros is (1-P), which is sometimes 

denoted as Q. The variance of such a distribution is PQ, and the standard deviation is Square 

ro t (PQ) (Wright, 1995). 

L gistic r gression equation was derived following the mcth d of Ka ina et a!. (2009). 1n this 

· tud , farmers were grouped a those wh had the kn wlcdgc f M. s 'para/ >l/a (0) and th s 

who did not have the kn wledgc of M. \·eparatella ( 1 ). '1 hu · the dependent ariabl' t k th 

alue of 0 (ye ·)with apr bability of succe (there ·pendent kne\\ H \'C!paratella) P or alu 

of I (n ) with the probability of failure (not having knowledge of H. ·eparatl'l/a) 1-P. 

Logi tic regres ion calculate the probability of u c p 0\ er the pr babilit r fuilur' 1-

P) and the m del is in non-lin ar fonn. thu t r bdh.::r intt.:rprd· ti n. th~ t d'ti i~nt , ur 

tmn formed into dd ' r tio r 

p 
odds=-

- P ( . 1 ) 

h r I ti n hip n tl I I t li I II\ 

n; h tl hi hi tu II rithm \ t 



This is the logit transformation of P: 

(3.2) 

where P(x) is probability of having knowledge of M separatella, a. is the constant of the 

equation and ~ is the coefficient of the predictor variables (x) or the socio cultural variables 

in this study, ~0 ...... ~r are the parameters to be estimated or the coefficient of the predictor 

variables (Padaria et al., 2009). The analysis provides transformed (antilog) value as 

exponential logistic coefficient of the respective original coefficient, the "logit" (Hair et al., 

2007). 

In thi tudy it was expected that the following socio-demographic characteri tics of the 

resp nd nt. would inOu nee the probability f having kn wl dg f M s parate/la 

knowkdgc; I) age, the older the rc ·p ndcnt wa , the m rc likcl c m 

acros · the pe ·t and thu · a high chance of ha ing kno" ledge f the p ·t, _) gender, n · 

particular gender would be in ol ed more clo ·el '"'ith rice culti' ati n and hence would m t 

like! have knowledge of Af. \eparatella, 3 rice farming e. ·perien ~. the m re car a 

farmer was in I ed in rice cultivation the high r the pr b bility ha\ in 1 

epurutella nd thu mor~.: likcl · to h v the knm h.: Uf.ti n ri ~ ulth.ticn s 

u h ' ith th~ ll l an \ 

hi h l' lh 1\ ilit · nt 

'"' 

11) 



The minimum value of -2 log likelihood is 0, which corresponds to a perfect fit, hence; the 

lower its value, the better the model (Padaria et a/., 2009). Chi-square test of significance and 

Nagelkerke R2 value provide the basis to represent the overall model fit. Wald statistics 

provides the statistical significance for each estimated coefficient(~) (Padaria eta/., 2009). In 

this study the estimated coefficients (~o ~i .... ~n) represented the influence of gender, age, 

rice farming experience, occupation, training, sources of information and type of information 

on farmer knowledge of M separatella. 

3.3. Results 

About 52.5% of the rice farmers were males while 47.5% were females. The average age of 

the farmer. was 41.9 year and they had 9.8 years of formal chooling. The rice farming 

c. 'pcricncc of the farmers was 8.1 year (Table 3. 2). 

Table 3.2: The general cbaracteri tics of rice farmer at Mwea irri ation cheme in 
February 2011. 

Variable 
ender (percent) Male 52.5 emalc 47.5 
ge in years 
umber of year in formal chool 
-~nnin 7 c. RCriencc ( >_·e_ar_s.t-) -----

'I he main occupation of mo t rc ndcnt 

b ut 47.9% of rnpl rc 

rm 

I ri I mpl )m nt; ulti 

ut 

Mean D 

41.9 L.O 
.8 .. 1 

8.1 ~ .1 

irri ti n heme. '· n c t: nnin l, 

· ulth. ti n 

ult i 

II 



Table 3.3: Occupation of rice farmers at Mwea irrigation scheme in February 2011. 

Occupation 
Rice cultivation alone 
Salaried employment 
Horticultural crops farming 
Rice trader 
Field crops farming 
Casual labourer 
Motor cycle" boda boda" taxi driver 
Iliring out ox- driven rotavation 

Percent 
47.9 
13.7 
12.8 
8.4 
7.7 
4.3 
2.6 
2.6 

The main source of cash for rice cultivation for 71.2% of the respondents was rice sales from 
the previous season. However, farmers had other sources of cash for rice cultivation. 

The e included savings from other sources, 14% of respondents, loans 6%, casual wages 5% 

and remittance from relatives (3%) (Table 3.4) 

Table 3.4: Main ource of ca h for rice cultivation at Mwea irrigation cheme in February 2011. 

ource of capital 
Rice ·ale from previous sea ·on 

wn a ings from other sources 
Loans 

asual wages 
Remittances from relati es 

Percent 
71.2 
14.4 
5.9 
- .1 
.4 

l·o d crop was dcfin d a the crop \ •hi h t r uppl in l hi h tt::. h \d 
d requirement . 

Rt c 
\ 1 imp n, nt 

ht II . 

1\ "ith 

tl I u r 



Table 3.5: Farmer ranking of rice crop as food and as a cash crop at Mwea irrigation 
scheme in February 2011 

Food Income 
Crop N Percent Rank Crop N Percent Rank 
Beans 19 20.4 I Rice 30 32.3 1 

French 
Rice 19 20.4 2 beans 22 23.7 2 
Maize 17 18.3 3 Tomatoes 15 16.1 3 Bananas 14 15. 1 4 Bananas 10 10.8 4 
Arrow roots 6 6.5 5 Mangoes 8 8.6 5 
Cowpea 4 4.3 6 Maize 6 6.5 6 Kales 4 5.7 6 Cow peas 1 1.1 7 

Sugar 
pinach 4 4.3 6 cane 1.1 7 

Tomatoes 3 3.2 7 
Pigeon peas 2 2.2 8 

orghum 1.1 9 

l·anners ranked marketing as the most important onstraint in rice f: rming fl II w d by the 

availability of' irrigation water. 'I here were very many broker · in the mark~.:ting n de )f th 

rice chain thus affecting the profitability of the e:crci ·c to the farmer ·. 

Lack of irrigation water availability impacted negatively on ri e producti\ it) by limiting the 

land to be culti ated and the number of time per year that ri an b ·ulti\'ated. Pest \\ere 

ranked number three (Figure 3.2) . 
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Figure 3.2: Farmer's ranking of the important constraints to rice farming at Mwea 
irrigation cbeme in February 2011 

About 58% of the re ·p ndents gave arthropod pe t as the mo t imp rtant pc t • in ric~.: and 

0.6% gave slugs as important. About 30.4% of farmers identified f. ·eporatdla a · th mo ·t 

important arthropod pest. lightly less than half the number of re pendent (46. 0/o) rep rted 

that maximum tillering tage was the crop gro\\1h tage where mo t damage ~curred as a 

result of M separatella infestation (Table 3.6 . 

parat /Ia 

Ri 



• Able to distinguish 
M separatella damage 
symptoms from other 
pests damage. 

• Not able to distinguish 
M separatella damage 
symptoms from other 
pests damage 

Figure 3.3: Percentage number of farmer ' able to distinguish . tern borer damage 

ymptom at Mwea irrigation ·cbcme in bruary 2010. 

About 36% of the respondents reported that the had obtained agri ·ultural in[! rmnti 11 from 

other farmers while 19% gave ational Irrigation B nrd ( IB) u the muin , u1--e f 

information (Figure 3.4). 
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Most of information was on general rice farming as reported by about 41% of respondents 

and only 23% of the respondents reported that this information was on pest control (Figure 

3.5) 
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production 

Figure 3.5: Type of information available to the rice farmer at Mwea irrigation scheme 

in February 2011 

The main control method which was applied " as the pra ing of pe ticid b u ing a 15 liter 

knapsack sprayer. fn most cases the spraying wa for a ingl omp und and there \\ ere n 

reported that they used indigenou method of ontrollin_ th ~.:st. his'''- b sprink.ling the 

rice nursery with a h rom th kit ht:n. rmcr t::rt:: n t • '' ~ rt:: 

manag m nt. 'I h pra)Cd pe ti id mp und )J"l ups. 
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Table 3.7: Pesticides and chemical groups used by farmers to control M. separatella at 

Mwea irrigation scheme in February 2011. 

Pesticide trade name 
Alpha® 
Dimethoate® 
Diazinon® 
Sumithion® 
Oshothane® 

Chemical name 
Alpha- cyhalothrin 
Dimethoate 
Diazinon 
Fenitrothion 
Osothion 

Compound group 
Pyrethroid 
Organophosphorous 
Organophosphorous 
Organophosphorous 
Organophpsphorous 

Percent 
24% 
24%, 
6% 
23% 
0.5% 

The farmers sprayed as many as three times per season. About 14% of the respondents were 

unable to correctly identify the pesticides which they had used and referred to them as 

caterpillar pesticide (8%). About 7% respondents did not use insecticides and 60% of them 

felt that failure to control the pest would result in total yield loss. The main source of 

information on the choice of pesticides wa from other farmer and the National irrigation 

Board. The majority of farmer bought pe ·ticidc · from the Agro- hcmical ·hop ~ hilc a fcw 

of them received pesticides together with other fann input . in a form of fltrm input ad unc s 

with the rice crop as collateral. This wa from 1wea Ric 'rowers Multipurp . 

ooperative society. The decision to spray was made by the hu band (5_ 0 o or n:sp ndent ·). 

and spraying was done by men. About 36% of th re ndent indicatc.:d the hu band und 

spraying one acr of the ric rop by Dim th t K p r in •lc: spr. y. 

'!he apriori nn r 

tr tinin , ri liJ ti n. 
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Table 3.8: Variables identified as determinants of M. separatella knowledge at Mwea 

irrigation scheme in February 2011. 

Variable 
AGE 
GENDER 
EDU 
TRAIN 
RICE EXP 
INFO SOR 

INFO TYPE 
occu 
BORER KNO 

Description 

Age of the respondent, years 

Gender of the respondent, I Male, 0 Female 

Years of formal schooling of the respondents in years 

Attended agricultural training, 0 Yes I No 

Rice farming experience, 0 Yes I No 

Source of information about M separatella, 1 extension services, 0 

otherwise 
Information on M separatella ,0 Yes 1 Otherwise 

Occupation, 0 Rice farming alone , I Otherwise 

Knowledge of M separatella, 0 Yes, 1 No 

The variables: age (p=0.05), rice farming experience (p=O.OO) and rice farming as the only 

occupation (p=O.OO), had a positive significant influence on M separatel!a knowledge and 

being a female (p- 0.04) significantly incrca cd the probability of not having M separatella 

knowledge. Contrary to apriori expectation, education (p 0. 78), training (p 0.4 7), ur c f 

information (p 0.56) and information type (p 0.60), were found n t to ha c any ·ignificunt 

influence on M separatella knowledge (Table 3.9). 

Table 3.9: Factors that determined farmer knowledge of M. separatella at Mwea 

irrigation scheme in February 2011. 

Variable B S.E. Wald Df 

AGE 0.04 0.01 7. l 

-0.94 0.33 

2.23 0.56 9. 0 

0.11 
0.90 

0. 0 
0.8 

0. ~ 0 

O.h7 

.7~ 
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3.4. Discussion 

Majority of the farmers were in the middle age group and had about eight years of rice 

farming experience. This finding is in agreement with previous study in the area by Kuriah et 

a/. (2003), who reported that majority of rice farmers were middle aged, but contradicts their 

report of farmers having less than 2 years experience of rice cultivation. Possibly this was as 

a result of an influx of young migrant rice farmers into the scheme immediately after Mwea 

rice farmers through their cooperative society took over the management of the scheme from 

the National Irrigation Board. Results from this study indicated that farmer - farmer contacts 

Were important sources of information. This is similar to the findings by Kamau (2007) who 

noted that the important channels of agricultural information were the elf help groups which 

Were formed as a result of the diminished role of the National Irrigation Board . 

The negat ive influence of gender on M ·eparatella knO\\ ledge was unc pt.! ·ted. since th ~.: 

med ium aged farmers have had equal development of knO\\ ledge in Ken ·a. Po· ·iblc rca· 11 . 

fo r this anomaly may be that men are in close contact with the rice crop more than w men u. 

they are the ones that rotavate, spray again t pe t and han t: t. "hik th • m.uorit; of women 

arc involved in the retailing of the milled nd li ht:d ri t: in tht: tmdin' ~.:t:ntt:r \\ithin the 

sch me ( :morgor et a/., 20 I 0). I· nner' d pth 

th irnportan e and vi ibility rll.: I th.u t.lrmn:-. 

h td dift1 ulti ttributin m 

th n uh tJ uh 
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There was no significant effect on age and education (p>0.05) on M separatella knowledge 

from the results of the study suggesting that farmers provide an efficient platform of 

knowledge sharing among themselves irrespective of age and the level of formal schooling. 

This is in agreement with studies of Buthelezi eta/. (2010), who in a study on the influence 

of scientific and indigenous knowledge on agricultural land evaluation and soil fertility in 

South Africa, found that knowledge on these two aspects was easily transmitted between old 

and young people, despite the disparities in age and the level of education; but this is contrary 

to the belief that educated people have access to better information (Belaineh, 2003). The 

level of knowledge may also vary between different types of farmers. For example a previous 

tudy at Mwea irrigation scheme found that horticultural crop farmer knew more p ts and 

were more knowledgeable in pest management than the rice farmer (. ithanantham et a!., 

2002). 

The use of pesticides against M separatella is in agreement with earlier finding. in the un.:a 

which indicated that insecticide spraying again t pe t wa~ common in the ,ue;:a and wa · not 

based on any economic thr hold le\el ith n. nth, m r a/., _002). At ut oO% of the 

r Spondent felt that 90% yield Jo \\OUid r ult fi I spr. )' • g, in. I p~~l!i. 'I hl:sC 

results ar con i tent , .. ·ith th 
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Barkat eta!. (2006) also reported that 86% of the rice farmers used chemical control on pests 

and only 3.3 % of the farmers in High Barind tract area of Bangladesh were aware of the 

integrated pest management. From this study it appears that Mwea rice farmers do not have 

any method of deciding on when to spray against M separatella, the type of pesticides to 

choose, how many times to spray and have no information on the use of integrated pest 

management. Therefore, there is need to address these gaps in order to develop appropriate 

management options for the pest. 
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CHAPTER4 

SPATIAL AND TEMPORAL FLUCTUATION OF THE AFRICAN WIDTE RICE 

STEM BORER (MALIARPHA SEPARATELLA RAG) AT MWEA IRRIGATION 

SCHEME 

Abstract 

The African white rice stem borer (Maliarpha separatella Ragonot) is a major rice pest in 

West Africa, islands of Comoros and Madagascar, and East Africa including Kenya. In order 

to develop an integrated management strategy against the pest at Mwea irrigation scheme in 

Central Kenya, its spatial and temporal fluctuations were studied in rice farms for two wet 

and two dry seasons. The experiment was arranged in a factorial design with two factors each 

at two levels and each treatment replicated three time . The fir t fa t r wa water pr vi ion at 

three levels ( ystem for Rice Intensification ( .R.I), flo d, and poradic) and the ·cc nd 

factor was cropping system also at three levels (main ea on crop (c n enti nal mcth d), 

planting of a second rice crop in the same area ' ithin the year (d uble crop) and rat on). 

Farms located in different parts of the cheme \\ere am pled Yer) fortnight. rh a eragc izc 

of the sampled farms was 0.4 hectare . am piing wa d n usitP I m:! quadrant \\hich, er· 

placed randomly in the farm. Th numba t \\hit he. ds, tum11.: kd till rs and I. n a· \\ cr, 

counted and at har t th \\eight f 

'cptcmb r 2010 to July 20 II. 'I h 

ignificantly (p 0.0 in th 

nductcd from 

It t in 1.: t IIi 1\ l ., \f. '1'pcuaf1 /Ia \, nc 1 

v 11 icd fr Hll 1 1in \\ i •Ill 

20. 1. t \\ I Ill 



There were no significant differences in pest infestations in the main season crop and the 

ratoon crop (p>0.05). The percentage number of whiteheads and tunneled tillers in farms 

under the SRI were not significantly different from the flood irrigated fields (p>0.05). There 

was interaction for the number of larvae, grain weight and productive panicles between 

irrigation water provision and cropping system. However, no interaction was evident for the 

number of white heads, tunneled tillers and empty grains per spikelet (p>0.05) between 

irrigation water provision and cropping system. From this study it can be concluded that 

double cropping of rice increases M separatella infestation but ratooning does not increase 

the pest infestation and neither does the use of the S.R.I result in lower M separatella 

infestation. 

4.1. Introduction 

tern borer species are considered to be the mo t important in ·e t pc t · f ri c in Af'ri ·a 

(Heinrichs and Barrion, 2004). In Kenya all stem borer pecie are in the no tuid and p ralid 

families (Lepidoptera) except for the Diop ·i spp \ hich belong to the rder Diptera ( Bl, 

1996). In flooded rice cultivation the mo t important P ie i \!a/iarpha SI!JWratel/a "hich 

attacks rice at full tittering stage thu preventing gr in from filling up and rip ning. 1 his 

damage results in empt pani 1 kn \ n , '\ hit h~:. d~"( ational Ri , r 'hni 'n l 

ommittc ,2011). p stman )~lt:m~i~ mpron11s~db 

cultivation pm ticc , 

mput (fcnili/er 111 
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The objectives of this study were to investigate the effect offarmer practices (water provision 

and cropping system) on spatial and temporal fluctuations of M separatella at Mwea 

irrigation scheme. 

4.2. Materials and methods 

4.2.1. Study site 

The study was carried out at Mwea Irrigation Scheme (0° 40'S; 37o 18'E) (Jaezold et a!., 

2006) in Kirinyaga County, Central Province, Kenya. It is in the low altitude agro ecological 

zone, Lowland Midland zone (LM 4) and 1,100 to 1200 meters above sea level (Jaezold et 

a!. , 2006). Rice farms were selected in the whole scheme with help from the management of 

Mwea Rice rower Multi Purpose ooperative oci ty. 

4.2.2. Study design 

The observation study was arranged as a factorial de ·ign with two fact )fS cuch ut thr ·. lc cl. 

and each treatment replicated three times. Fir ·t factor wa irrigation water prm ision ut tluce;: 

levels (flood, Rl and sporadic) and e ond fa tor "a rapping ~ t~m al oat thn:e I· el 

(main crop, double rop and rato n). D ripti n oftn: tmt:nt {irri •. tiu1 "· tt:r pro' ision and 

cropping sy tern) i giv n in 'I ble .I. 



Table 4.1: Irrigation water provision and cropping system categories at Mwea irrigation 

scheme during the study from September 2010 to July 2011 

Water provision (1st factor) 

Flood irrigated 

Sporadic irrigation 

System of rice intensification 
(SRI). 

Cropping system (2n factor) 

Main season crop 

Double crop 

Ratoon crop 

Description 

Conventional method at Mwea. Rice grown under continuous 

flooded condition (Nyamai, 20 12). 

Frequent water shortages and application of irrigation water 

varied from time and in most cases with prolonged dry spells. 

Alternate wet and dry irrigation. The crop is maintained in semi 

aerobic conditions during the vegetative phase, followed by 

shallow flooding after panicle initiation (Nyamai, 2012). 

Conventional crop which was planted normally and within the 

main cropping eason with the following cropping sequence 

(rice-fallow period-rice) 

Rice crop planted immediately a flcr the har e 't f the m in crop 

and in mo ·t ca e · wa planted late in th fl II wing 'equcn e 

(rice rice-rice). 

Main crop " a harve ·ted when the terns ''ere ·till green nnd 

stalks cut before the main crop wa · full) mature, leu ing 111ain 

crop stubble "ith 2-3 node "hich sprout d t II rm the ne t 

crop in the following equence (rict!-rutoon-ric ) 

The arm were in four ational lrrig tion B rd IB 

Sysh.:rns for rice inten ifi 

. I), l h 
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4.2.3. Sampling and data collection 

Ten research assistants who had a minimum level of form four secondary of formal education 

were trained on pest identification, sampling, and data recording. Sampling was done using 

1m2 quadrants which were placed randomly in the farm. Three quadrants were undertaken per 

sampling site. Sampling was done after every 14 days. A different part of the farm was 

sampled on the subsequent sampling date. The average size of sampled farms was 0.4 ha. 

Data taken included, number of M separatella larva, white heads and tunneled tillers, other 

pest species and their counts. At harvest 20 hills in a quadrant were randomly selected and 

from these, yield components data (productive tillers, number of filled grains per panicle and 

weight of I OOOgrains) was taken. All the tillers from each experimental plot were dissected 

and the number of tunneled tillers and M separatella immature (larvae and pupae) c unted . 

ata on damage by stem borers (whitehead and tunneled tiller ) wa cxpr cd a a 

percentage following formula by arwar (20 11 ): 

Whitehead (%) = No. of white headsx 100/ Total no. of tiller "ith panicle m 

sampled area. 

Tunneled tillers(%)= (No tunneled tillers otal till r )* l 00 

The study was from eptember 20 I 0 to July 20 ll. 

4.2.4. Data analy i 
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4.3. Results 

The number of white heads/m2 was low in areas of flood water provision and in the Systems 

for Rice Intensification (SRI). High M separatella infestation occurred in the sporadic water 

provision farms. The highest number of white heads occurred in areas where rice was double 

cropped and the lowest in the ratoon crop. Analysis of variance showed that there were no 

significant differences in the number of white heads between the on-season crop and the 

ratoon cropping system and between flood and SRI methods of irrigation water provision. It 

was also shown that irrigation water provision (df 2, 17, p= 0.034) and the cropping system 

(df 2, 17, p=0.002) had significant effect on the number of white heads and there was no 

interaction between irrigation water provision and the cropping system (df 2, 17, p=0.076). 

The cropping sy tern (df 2, 17, p 0.028) had significant inOuence on the number of tunnel d 

tillers/m2 (Table 4.2). 

Table 4.2: Number of white beads and tunnelled tillers in different irrigation water 
provision schedules and cropping systems at Mwea irrigation scheme. 

Irrigation water 
provision 

ropping system 

poradic 
RI 

Flood 
p 

L D 

I' 
l SD 

ith th m I n r 

White bead 
9.70a 
- .48ab 
.t.42b 
0.034 
. 7 

Tunneled tiller 
.87 

4.4 
-l.27 
0.0- ns 
-·- 1 

I I m 1 ntl ifl nt ) H h 



The number of M separatella larvae was highest in the sporadic irrigation water provision 

and where rice was double cropped. Larvae were present in the double cropped rice 

irrespective of irrigation water provision method. There were no larvae in the on season and 

ratoon crop where rice cultivation was under flood water and SRI water provision. Analysis 

of variance indicated that irrigation water provision (df 17, 2, p< 0.04) and cropping system 

(df 17, 2, p=O.Ol5) significantly influenced the number of larvae/m2
. There was significant 

interaction between irrigation water provision and cropping system (df 17, 2, p=0.037) (Table 

4.3) 

Table 4.3: Mean number of larvae in different irrigation water provision schedules and 
cropping systems at Mwea irrigation scheme. 

Irrigation water provision 
porad ic 
poradic 
poradic 

Flood 
RI 

Flood 
Flood 

RI 
RI 

p 

L 0 

Cropping system 
Double 
Ratoon 
On ea on 
Double 
Double 
On season 
Ratoon 
On season 
Ratoon 

Mean number of larvae 
3.0a 
2.7a 
2. 1ab 
0.58bc 
0. 12c 
O.OOOOc 
O.OOOOc 
O.OOOOc 
O.OOOOc 

0.037 
2.41 

Means m a column with the same letter ar not ignifi ntly di t:rt:nt b · Fi h~:r I. 

(P<0.05. 

lligh Malwrpha \eparatella infc t tti n in th I in the: uhh: r l(Jl:d ri c; in 
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The lowest weight of grains and the percent filled grains were found in the sporadic irrigation 

water provision. The analysis of variance indicated that irrigation water provision (p=0.030) 

had significant effect on the weight of rice grains but the influence of cropping system 

(p=0.059) was not significant. Irrigation water provision (p= 0.040) and cropping system 

(p=0.050) had significant influence on the percent filled grains, but there was no interaction 

between irrigation water provision and cropping system on this parameter (p=0.096) (Table 

4.4) 

Table 4.4: The weight of rice grains and percent filled grains in different irrigation 
water provision and cropping systems at Mwea irrigation scheme. 

Irrigation water provision 
Flood 

Rr 
poradic 

p 
L 0 
CV(%) 

Mean 1000 grains weight 
21.27a 
20.43ab 
20.0 b 
0.030 
0.82 
28 

Mean % filled grains 
72.67a 
38.38b 
6.44c 
0.040 
0.34 
18.1 

Means in a column with the same letter are not ignificantly different b) f-isher L 0 

(P<0.05), ns, not significant 

he least number of producti e panicle \\t::r~o: in II the cr ppin' ) :-.tc.:ms undt::r poradi, 

water provision, with the IO\\ st ( 111 .5 in th • d uhl n. I si nt , nan 

how d that irrigation \Httcr 0.( 0 I) h,td 
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Table 4.5: Mean number of productive panicles in different water provision and 
cropping systems at Mwea irrigation scheme. 

Cropping 
Irri ation water rovision s stem Productive anicles 
Flood On season 685.4a 
SRI On season 617.5ab 
SRI Ratoon 564.lbc 
Flood Ratoon 505.2c 
SRI Double 277.ld 
Flood Double 180.3e 
Sporadic Ratoon 168.5e 
Sporadic On season 129.9e 
Sporadic Double 111.5e 
p 0.001 
LSD 90.60 
CV(%) 11.2 

Means in a column with the same letter are not ignificantly differ nt by Fi her L 

(P<O.OS). 

The number of white heads was high in initial stages of ampling at panicle initiation, peaked 

at booting and decreased slightly towards maturity. 

The infestation was highest at maturity in the sporadic water pro i ion. There , er no 

significant difference in the number of white head b t\\ n ri e rap under t1 d , atcr 

provision and RI (p>0.05) (Table 4.6). 

Table 4.6: Mean numb r of whit t dill r nt ri · tb t ge 

die 



4.4. Discussion 

The influence of different planting regimes at Mwea irrigation scheme was evident, high pest 

infestations were in the areas where rice has been double cropped. These results are 

consistent with the findings from other studies which indicate that if a rice-growing area is a 

mixture of farms sown at different times, there will be many oviposition periods, leading to 

overlapping generations (Umeh et al., 2000). Litsinger et al (2009) reported that insect pest 

damage particularly from stem borers was greater in areas where farmers staggered their 

planting up to 3 months apart and used a set of varieties that matured in 140-210 days than 

where farmers planted rice within 1 month, used 120-d varieties and planted at the start of the 

rainy season. These cultural practices are similar to those of Mwea where farmers cultivate 

rice throughout the year and usc medium duration varictic like Ba mati 370 which ha a 

maturity period of J J 5 days and (BW 196) which take II 0 day to mature (Nati nal Ric 

Technical Committee, 2011). 

The high M separatella infestation in the sporadic double crop i in agre ment with the \\Ork. 

of Litsinger et al. (2009) who reported that the expanded gro\\ lh p riod fi \'Our d , ~:getati e 

pest build up in flooded rice cultivation. They al o found out th t tht: , in ~ d ' tland ri 'c 

y tern which may be equated '> ith por di irri ti n "~:. ' , s mt r pmnt: to 

physiological tr sse than the flood irri t d P md thi lllf t:lls.ltitn and 

acct:ntuutc lossc (Lit in r 'I a/., 20 . lt ot 

71%' ere hi •h 
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Findings in this study of the two M separatella population peaks at Mwea are consistent with 

the reports of (CABI, 1996) of a major peak in November and a minor peak in April. 

However, in this study, the major peak was in April while the minor peak was in October. 

This shift is possibly due to the continuous cropping of rice which was not previously the 

case before 1998 (Kuriah et al. , 2003), which resulted in the presence of the pest throughout 

the year. The presence of low pest infestations in the ratoon contradicts the previous findings 

of high M separatella infestation in the study area (CABI, 1996). Possible reasons for this 

may be that due to the recent importance of rice straw as fodder for livestock, there has been 

a reduction of straw being left standing or stacked in the fi elds, and thu a substantial 

reduction of the re ervo irs for the pest. The ratoon crop al o mature much earlier than the 

double crop and thu may escape attack. 

The ev idence of reduction in the weight of the grains and producti e panicle and inc rea e in 

the num ber of empty panicles is consistent with other finding that M. eparate/la infe tat ion 

cause a reduction in productive tillers and yield component (Lit inger eta/., 200 ). Th, 1 o/0 

whi te heads damage in this study i \ ithin th rang ob en d b) , nm. r (20 1 1) on stem 

borer damage on aromatic rice. The pr 

crop planted rice irrcspcctiv of "h th r 

underpinned the import 111 • 
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Reports have also been made of low stem borer infestation in the rice grown under the 

System of Rice Intensification (SRI) (Uphoff, 2007). However, in this study there was no 

evidence that M separate/la population infestation was lower in the SRI system than in the 

conventional flooded method of growing paddy rice. Results of the present study indicate that 

there is a need to synchronize rice planting within the scheme and to include a rice break 

between two consecutive rice seasons by growing a suitable dry land crop. Attempts should 

also be made to research on the influence of System for Rice Intensification on M 

separatella infestations. 
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CHAPTERS 

ASSESSMENT OF YIELD LOSS CAUSED BY MALIARPHA SEPARATELLA RAG. 

ON RICE AT MWEA, KIRINYAGA COUNTY, KENYA 

Abstract 

Injury to stems of rice plants by Maliarpha separatella Rag larvae causes serious yield 

reductions in rice at Mwea irrigation scheme. In order to develop an integrated control 

strategy, there is need to establish the level of losses attributable to the pest. This study was 

set up to determine the level of losses caused by the pest and establish economic injury levels 

for use in the management of the pest. The study was carried out in an insect proof screen 

house at Kenya Agricultural Research tation, Mwea. The experiment wa arranged a a 2x6 

factorial design and each treatment replicated three time . ir t factor wa time f infc tati 11 

at two levels, early and late which was 3 and 6 week afler tran plant date (W AT) 

respectively. The second factor was infestation rate at ix le el (0. I, 2 4, 6 and 8 egg 

batches). ampling was done seven days after each infe tation and thereutter at \\eek.J 

intervals until harvest. The study " as from 13 April to 24 ptemb r 20 II. Th re 'Ult 

showed that the maximum yield reduction of9l% o urr d to the pi nb' hi h \\er infi.:sted 

with g egg batches at the early infc tation. 'J here \ere n nit! . nt dilkren cs (p 0.0 ) 
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This study suggests that continuous pest scouting and monitoring, through observing the 

number of egg batches should form an integral component of managing M separatella and 

that the time to treat should commence earlier than 3 W AT. 

5.1. Introduction 

For most cultivated crop species herbivory by insect pests increases with increasing pest 

densities. Farmers need to know the levels of losses to allow them respond appropriately to 

pest infestations and reduce possibility of losses. It is generally thought that young plants are 

more prone to insect pests due to their succulence. However some pests such as Maliarpha 

separatella Rag prefer mature stems as compared to young tillers (Litsinger et a/., 2011 ). 

Reports indicate that rice plants are more susceptible at vegetative and early stages of the 

reproductive phase which result in the reduction of productive tiller and grain yield 

component , leading to grain yield reduction (Nwilene et al20 11, Lit inger eta/., 20 II). 

The development and implementation of eiTective pest management ·trategie , rei 11 

accurately defined economic injury levels (ElL) and economi thre hold ( T) for that pe ·t 

developing relevant monitoring and management proc dur and prO\ iding a mean for 

practical implementation of the control program '' ithin th ri e rop pr du 'lion s st ~ 111 

(RKMP, 20 II). rop lo a s m nt rc I impon nt in p 

in . ccticid gain t Y llow th tc i lllc .dult st m 

b )fer moth pt.:r squ trc rn t ·r ri pi nt 
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The respective percentages for different rice growth stages were, 5% for vegetative stage, 

25% in reproductive and 10% in the ripening stages. Ritchie and Hunt (2009) found 

economic threshold for Scircopophaga incertulas to be 2 egg masses/20 hills up to panicle 

initiation stage and one egg mass thereafter. They recommended that egg masses be counted 

on 20 random hills along the diagonal of the field. When the threshold is reached the egg 

masses need to be collected and reared in vials or jars. If more parasitoids emerge than s. 

incertulas larvae there is no need to apply insecticides. However, if the larvae are more 

numerous than the parasitoids then insecticides need to be applied. It has also been reported 

that M separatella does not attack young leaves on tillers in the nursery and that adult moths 

oviposit eggs on mature leaves approximately three weeks after transplanting (Nwilene eta/. , 

2008). The objectives of this study were to inve tigate the influence of M eparatella 

infestation and damage on rice yields and monetary value and t determine cc n mi injur 

level fo r the pest. 

5.2. Materials and methods 

5.2.1. Study site and experimental design 

The study was carried out in an insect proof r en hou t K~.:n) Agri ulturul Rcse, r h 

tation, Mwea (37.36502 E, 0.62153 

wa eded on rai ed b d in th in t pr 

ompartm nts t K Rl- 1w t n I 

tnd .tftcr one month, th y 

di Ill tcr ol 0 111 

tit r 1 
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The treatments were then superimposed on these plants as a 2x6 factorial design and each 

treatment replicated three times. First factor was time of infestation at two levels, early and 

late which was 3 and 6 weeks after the transplant date (WAT) respectively. 

Second factor was infestation rate at six levels, zero egg batches (no M separatella 

infestation), one egg batch (approximately 50 M separatella eggs), two egg batches (100 

eggs), 4 egg batches (200 eggs), six egg batches (300 eggs) and eight egg batches ( 400 eggs). 

Early infestation coincided with the period of panicle initiation while late infestation was 

equivalent to the booting stage of the rice plant. The treatments were randomized within the 

different insect proof units and each treatment was under a different screen house unit. The 

plants were maintained in the insect proof screen house until 25th August 2010 when the 

experiment was harve ted. 

5.2.4. Sampling 

ampling started seven days after artificial infe tation of the te t plant at each infe ·tati 11 

period and continued at weekly sampling intervals up to harv ting. Datu on number of 

productive tillers, non productive tiller and number of \\hit h d wa taken \\eekl}. 

harvest, data on yield and yield component (numb r o p ni It: • nd numb r of tilh.:d grains 

per panicle, numb r of unfilled grain per p ni It: nd 

ric 

hou c unit wa weigh cl 

nd tim <.1 t 

1 r nt •c. 'I t tl i II I 

tm nt . 

rd~.: I. Yidd 1 ~.: 1 s r ~.:n 



5.2.5. Economic injury level (ElL) assessment and the study hypothesis 

Yield loss due toM separatella/m2 was determined as follows: 

%w=P-AIP*100 (5.1) 

where w= percentage yield loss, P=potential yield (without loss due toM separatella) 

i.e. M separatella free plants or the control and A= actual yield loss (yield of infested plants 

at different infestation rates). 

Yield loss of the plants was used to calculate the slope of the graph that was used to estimate 

loss perM separatella egg mass. 

Before calculating ElL, the net monetary loss or gain due to the different M separatella 

infestation rates in different infestation periods was calculated. The monetary loss took into 

account the monetary value if insecticide control wa u ed at the recommended rate and IL 

was derived from the decision criterion in partial budget analy i , R (N) > (N), where R 

were the returns if M separatella pest population (N), was managed and ( ) , a the 

management cost (Pedigo, 1986). The underlying a sumption wa that lo , a dire tJ 

proportional toM separatella infestation, that is, lo s ' as a linear function of f. ·eparatel!a 

population (N) (Pedigo, 1986). conomic injury level ''en.: detenninc.:d a, rding to 

procedure outlined by Pedigo ( 1986), u ing the foliO\\ ing fom1ul 

IL = I (VJD) (- ·-) 

wher; 
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V= Market value per unit of produce, that is the utility per unit of produce and was 

measured as shillings per kg which was KES50 or US$ 0.63(www.currencies.com.pk) 

per kg at time of study; 

D=Damage per unit of injury which was measured as reduction in yield (kg/ha). 

5.2.6. Data analysis 

Data on stem tunneling, white heads, yield components, yield and monetary value was 

subjected to analysis of variance. Correlation and regression analyses were conducted to 

establish the relationship between grain yield and monetary value with M separatella 

infestation. All analyses were done by use of GENSTAT Version 12 statistical software. 

Least significant difference (L D) at 5% confidence interval wa used to eparatc the mean 

that were ignificant. 

5.3. Results 

Percent white heads, tunneled tillers and the number of empt) grain per pikelet in rea 'ed 

with increasing levels of infestation. White heads increa ed from zero p rc nt at 0 infe ration 

rate to 28.42% at 400 neonates infestation for the early infe~t tion. imil r1 '. for !at~; 

infestation percent white head increa d from 0% t zero infi st. ti n . h.:s t 22.0- in th~.: 400 

neonate infestation rate. '! h high t p~.:n.:cnt e numb r 

infcstati n in th early infl 
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There were no significant differences on the number of the tunneled tillers between the plants 

infested with 50 neonates and those with zero infestation in the two infestation periods (Table 

5.1 ). 

Table 5.1: Percent white heads, tunneled tillers and the number of empty grains per 

spikelet in different M. separatella infestation rates and time. 

Infestation Infestation rate %whiteheads % tunneled Number of empty 
time {egg batches} tillers grains ~er s~ikelet 

Early 8 28.42a 16.7a 39.97a 

Late 8 22.05b 12.3b 39.35a 

Late 6 2l.63b 9.7b 11.49b 

Early 6 17.85c 9.7b 12.8lb 

Late 2 8.82e 4.3c 9.34b 

Early 4 16.24c 4.0c 11.93b 

Late 4 14.49d 3.3cd 10.64b 

arly I 3.58Ie 3.2de 7.12b 

· arly 2 5.41 Ie 1.20dc 7.9lb 

Late I 2.27e I.Oc 5.68b 

arly 0 Oe Oe 2. lc 

Late 0 Oe Oe .64c 

p 0.05 0.03 0.016 

L D 3.42 3.24 2.01 

cv (%) 37.8 32.4 10.7 

Means in a column followed by the same letter are not igniticantl) differ nt b Pi ·her 

protected L D (p<0.05) 

01 refers to days after transplant date 

White head (2%) fir t pp , red tcr p ni lc initi ti n hi h \\~ k • It I 

transplant date (W pl.mts 

nutrient t msp 1rt y t m re ultin in unfill h II 
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Figure 5.1: Number of white beads M. separatel/a under different infestation rate in the 
different reproductive phases and weeks after transplanting. 

The productive tillers were 90 at zero infestation in the early infe tation ( \l T) but 

increased to I 00 at I egg batch infestation rate. po ibl ' du to mp n lOIJ tillering. The 
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There were no differences in the number of filled grains per spikelet and productive tillers in 

the zero and one egg batch infestation rate in the late infestation. 

Analysis of variance showed that the treatments (number of egg batches) had significant 

effect on the number of productive tillers (d.f=5, 35, p <0.05), the number of filled grains per 

spikelet (d .f=5, 35, p <0.001) and the 1000 grain weight (d .f=5, 35, p<O.Ol). The effect of 

period of infestation on the number of productive tillers under different infestation rates was 

significant (d.f=2, 35, p<O.Ol) (Table 5.2). 

Table 5.2: Grain weight, filled grains per spikelet and the number of productive 
panicles per square meter in different M. separate/fa infestation rates and 
periods. 

Infestation rate 
Infestation time (egg batches) 

3 WAT ( · arly) 0 
6 WAT (Late) 0 
6 WAT(Late) 1 
3 W A T(Ear1y) I 
6 WAT(Late) 2 
3 W A T(Early) 4 
6 WAT(Late) 4 
3 W A T(Early) 2 
6 WAT(Late) 6 
3 W A T(Early) 6 
6 WAT(Late) 8 
3 WAT( · a rl~) 8 
p 
L D 

V(% 

Means in a column followed by th · 1m 
by I· ishcr LSD (p 0.0 . 

llllJ lllcnt . 'I h num ·r 

Whil IIUilll I 

1000 Mean number 
Mean number of grain of filled grains 

weight(g) er s ikelet productive tillers 

23 .8a 59.7a 90ab 
23.5a 10.3b 81.0abc 
21.4b 10.0b 77. abc 
21.4b 9.0bc 100.0a 
21.3bc 8.67bc 4 . cd 
21.1bc 6.33cd 84.7ab 
20.9cd 5.33d 62.7ub 
20.4de 5.33d 64.7ub 
20.2e 5de 75.7ub 
20.0e ·t.Odef --.7b ·d 
19.1 f -9. ab 
19.1 14.7d 
0.01 o.o-
0. 40.8 
L .7 

i ni h ntl dil l.:fl nt In m .1 h oth 1 

n r in i ld md 
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Table 5.3: Correlations between white heads, yield components and grain yield. 

Number of white 
heads 

1000 grains 
weight 

Number of 
productive 
panicles 

Number of empty 
grains 

Grain yield 

Number of 1000 grains Number of Number of 
white heads weight in productive empty grains 

0.-324 
(0.099) 

-0.270 
(0.173) 

0.216 
(0.280) 

-0.280 
(0.157) 

grams panicles 

0.253 
(0.202) 

0.402* 
(0.038) 

0.302 
(0.126) 

1 

-0.181 
(0.367) 

0.998** 
(0.00) 

-0.176 
(0.379) 

Grain yield in 
kgslba 

N 36, significance level is indicated in brackets,*,**. orrelation is significant at 5 and 1% 
level respectively, ns not significant. 

5.3.4. Grain yield net value and monetary loss 

In the early infestation, grain yield was significantly reduced from 2495kg/ha in the control 

with un infested plants to 1004, 418, 380, 245, 227 \\here I, 2. 4. 6, and 8 V M.!parate/la 

egg batches were introduced respectively. The e corre ponded to -9.8, ·-· 84. 90.2 and 

90.9% reductions in yield. 

or the late infestation, yield wa reduc d from 2072 in tht: nt 1 ith un ink~kd plants 10 

1361, 993, 758, 377 and 398 at I 2, , I. til 1\ • t~: s .1nd this 

corrc p ndcd to 34.3, 52.1, . , I. 

uluc followed simi I r tr n I 'ith n o int I lion 
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Table 5.4: Grain yield and net value loss in different M. separatella infestation rates and 
periods. 

Infestation Infestation Grain yield Net Reduction %Yield Net 
period rate( egg (kglba) value(Kes) in grain reductionlha loss(Keslba) 

batches} ~ieldlha 
3WAT (Early) 0 2495a 124750a Oa O.Of O.Oe 

WAT (Late) 0 2072b 103600b Oa O.Of O.Oe 
6 WAT(Late) 136lc 68050c 71lb 34.3d 35550.0d 
3 W A T(Early) 1004d 50200c 149lbc 59.8e 74550.0b 
6 WAT(Late) 2 993cd 49650c 1079cd 52.1c 53950.0c 
6 WAT(Late) 4 758d 37900e 1314de 63.4b 65700.0b 
6 WAT(Late) 6 377e 18850ef 1695e 81.8c 84750.0b 
6 WAT(Late) 8 398e 19900f 1674fg 80.8b 83700.0b 
3 W A T(Early) 2 418e 20900[ 2077g 83.2b 103850.0b 
3 W A T(Early) 4 380e 19000f 2115g 84.8a 105750.0a 
3 WAT( arly) 6 245e 12250f 2250g 90.2a 112500.0a 
3 WAT( arly) 8 227e 11350f 2268g 90.9a 113400.0a 

p 0.01 0.01 0.01 0.05 0.02 
L D 254 12,700 488.6 5. 4 I .100 
v (%) 26.3 28.9 1 1.9 37.8 2 .4 

Mean in a column followed by the same letter are not significant! dinerent b Fisher · l ' 
(p<0.05) 

W AT refers to weeks after transplant date 

Data on grain yield at different infestation rat " u t:d t •rt: sstl n quat ion () 

-0 .2 14.29 + 1693.4, r2 = 0.8416), wh n.: was th~.: 

yie ld and II ' lti\ c 

line r r ·lttion hip indi t u ( 
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Figure 5.2: Linear regression relationship between grain yield and M. separatella 
infestation rates. 

5.3.5. Economic Injury Level (ElL) 

Infestation data on losses attributed to rice plant infe tation by J\1. ·eparat •/Ia egg batche 

and costs of management were used to calculate conomi Injury I ' I ( IL). he r ultant 

EIL was 6 and 8 egg batches/ m2 tiller for early nd I tc infestati n rc.:sp ti\ 'I ( abl"' 

5.5). 
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5. 4. Discussion 

The findings that the number of productive tillers increased at low infestation levels in the 

early infestation period are in agreement with the findings by Asghar et al. (2009) who 

found a corresponding increase in number of productive tillers at 1% white head 

infestation, but this was not evident at the late infestation period. This could be attributed 

to the fact that the rice plant is able to compensate for low levels of stem borer attacks that 

occur during the early stages of the plant growth stage, by producing more tillers. It has 

been suggested that enhancing plant compensating mechanism to stem borer injury may 

be a better strategy for stem borer management compared with insecticide application 

(Asghar et al. 2009). The results of two egg batches at the early infestation period 

cau ing an equal loss of productive tiller with 8 egg batchc at the lat infc tation arc in 

agreement with Litsinger et al. (20 I 1) findings who reported that com pen ·atory tillcring 

of the rice plant was low at high infestation rates in the late ·tage of the rice plant gro" th. 

The results of high grain yield at early infestation v,:ere ugge ti e of c mpt:n ·at r 

tillering and enhancement of the yield components by the ri plant . "ht:n inft:stt:d at 

young stages. This is in agreement with Asghar er a/. 2009) "ho reported • n in rc. s, of 

grain yield at I% white head infe tat ion at th c r1 • 
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The number of filled grains per spikelet and 1000 grain weight were affected significantly 

in a negative way by increasing infestation levels. This effect may be attributed to the fact 

that M separatella damage disrupts translocation of nutrients to the growing floral parts 

as reported by Asghar et a/. (2009). 

The grain yield decrease with increase in infestation levels across the infestation periods is 

consistent with findings by Asghar et al. (2009) and Litsinger et al. (2011) of negative 

correlation between grain yield and infestation levels. However there was a huge 

magnitude of losses and this is supported by reports that stem borers cause heavy losses 

(Riba, 2007). Grain yield losses of 20 to 50 % due to yellow stem borer (Y B) damage 

have been reported in India (Riba, 2007). In anado, Texa , rice yield lo se of up t 

60%, were reported in untreated fields (Way et a/., 2006). The rc ult · of negative 

correlation of M separatella damage with yield and yield component· in thi · tud , a . 

expected and is consistent with several reports from other authors (Lit inger et a/., 2006, 

herawat et al. , 2007, Asghar eta/., 2009, Litsinger eta/., 2011) \\hich indicate that grain 

yield decreases with increasing stem borer infe tation . 
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infestation in thi tudy is consistent' ith n: mm n 

inse ticidc. again t stt:rn borer i 

rice plunts in n 

1UI lidh II Ill 111d fl I 

nd 11unt ( ... 00 1) 

} hill u 

I th t 

ri c pl. nts • t the carl • 

b .. R' 1P (-011) ol. ppl in 

findin of 

. I it hi 



field. When the threshold is reached the egg masses need to be collected and reared in 

vials or jars. If more parasitoids emerge than S. incertulas larvae there is no need to apply 

insecticides. However, if the larvae are more numerous than the parasitoids then 

insecticides need to be applied. It has also been reported that M separatella does not 

attack young leaves on tillers in the nursery and that adult moths oviposit eggs on mature 

leaves approximately three weeks after transplanting (Nwilene eta!., 2008). 

Results of this study suggest that pest monitoring of M separatella by routine scouting for 

egg batches before the 3 W AT equivalent to maximum tillering would aid in initiating 

insecticide control measures early enough. Further scouting up to the 6 WA Twill help in 

making decisions to spray against subsequent infestations at booting stage. In ecticides 

should be applied if 4 egg batche I m2 at the 3 WAT (early infe tation) are c n and a 

ubsequent application if 6 egg batche I m2 
are ecn at the 6 W A' I (late infe ·tali n) for 

Basmati 3 70 variety at Mwea. 
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CHAPTER6 

EFFECTIVENESS OF ENTOMOPATHOGENIC NEMATODES AGAINST THE 

AFRICAN WIDTE RICE STEM BORER MALIARPHA SEPARATELLA RAG 

Abstract 

The efficacy of three entomopathogenic nematodes (EPN) species Steinernema 

carpocapsae Weiser, Steinernema karii Waturu, Hunt & Reid, Heterorhabdtids indica 

Poinar, Karunaka & David and two EPN isolates collected from Coastal Kenya (EX 

MOMBASA) and Rift valley (EX NAKURU) was evaluated against larvae of African white 

rice stem borer, Maliarpha separatella Rag. The experiment was carried out using no

choice modified filter paper bioassay at KARI-Mwea. Whatman filter paper was 

substituted with white cotton cloth di cs. The activity of the biological agent und r tudy 

was determined at 25° and 65% relative humidity, with concentration f 50, 100 and 

200 infective juveniles (Us) per one M separatella third in tar Jar a. '1 he lar ue , t:r~ 

confined in 60mm plastic petri dishes in darkness as the larvae p nd their entire life 

inside the rice stems. The mortality rate was determined at 24. 48. 72 nd 96 hour uller 

application of the nematode suspension. ignificant virul n e " obt ined with all the 

nematode species at 200 infecti e ju enil s (IJ ). 'I h n: " ' ' m n lit) , t -o .1nd 100 

concentration rate . All the P 

hour in the folio\ ing ord r II. in li a 
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6.1. Introduction 

The control of pests and diseases including Maliarpha separatella at Mwea irrigation 

scheme is through use of pesticides following a calendar based spraying regime 

developed by Mwea Integrated Agricultural Development Centre (MIAD). However, use 

of pesticides is associated with various problems. For farmers, the most serious are the 

acquisition of pest resistance to the chemicals, secondary pest outbreaks, and health 

hazards associated with the application of chemicals. For consumers, the main problems 

are pesticide residues in food and environmental degradation (Ooi, 2005). Due to these 

factors, research towards developing alternative control strategies is warranted and the use 

of entomopathogenic nematodes (EPNs) in irrigated rice ecologies offers a viable 

alternative. Mo t of PN formulations used in biological control of in cct pc t arc from 

two Families namely teinernematidae and Ileterorhabditidae in order Rhabtida (Adam 

and Nguyen, 2002). The formulations consist of third tage infectiYe juvenile ( ·omctiml.! . 

referred to as IJ or dauer). It is non-feeding, developmentally arre ted and the onl , PN 

Ii fe stage that exists outside the host insect. The lJ ek in ect ho t • and afler entering, 

they release an associated mutualistic bacterium. Xenorhabdm tor tcin~.:r~.:rnematids and 

Photorhabdus for Heterorhabditid , re pe ti\ely d m nd 'll)~.:n _QQ_) . h 

nematode-bacterium compl x U!iually 

and tock, 2000) . 'J h 
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In Kenya EPNs have been used to control insect pests (Waturu, 1998; K.A.R.I., 2006; 

Nderitu et a!. 2009; Nyasani et al, 2008) but none have been tested against M 

separatella. The aim of this research was to determine the efficacy of three EPN species, 

Steinernema carpocapsae, Steinernema karii, Heterorhabditis indica and two strains 

collected from Coastal Kenya (EX MOMBASA) and from Rift valley (EX NAKURU), 

against the larvae of M separatella. 

6.2. Materials and methods 

6.2.1. Study site and entomopathogenic nematodes production 

The study was carried out at Kenya Agricultural Research Station, Mwea (37.36502 E, 

0.62153 ) entomology laboratory on 25-28 October 2010. ulture of three 

entomopathogenic nematode specie and two i olate were u cd. The e were fr 111 

colonies maintained in the laboratory and included . carpocap ·a , . karii, II. indica and 

two EPN isolates collected from Coastal Kenya (EX MOMBA 'A) i olate (Waturu (1998) 

and from Rift valley (EX NAKURU) isolate (Mwaniki, 2008). Infecti\ e juYenile · (IJ ·) of 

the five isolates were cultured in the last in- tar of the greater \\'3. moth, Galleria 

me lionel/a L. at 20-22°C 60-65% relative humidity. Th merging IJ '' crc h n cstcd from 

White traps and stored in di tilled ' ater at 10° 
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6.2.2. Stem borer artificial rearing diet preparation 

The diet ingredients and procedure for diet preparation was adopted from the method by 

Songa et a!. (2001) for artificial rearing of cereal stem borers. Diet was modified by 

substituting sorghum leaf powder by rice leaf powder prepared from leaves of six weeks 

old rice plants which were dried and ground into a fine powder. The ingredients and the 

ratios used for 1.5 liter diet were: distilled water (80.1 %), Brewer's yeast (2.3%), sorbic 

acid (0.13%), methyl-p-hydroxylbenzoate (0.2%), ascorbic acid (0.25%), vitamin E 

capsules (0.2%), rice leaf powder (2.5%), Bean (Phaseolus vulgaris) powder (8.8%), 

sucrose (3.5%), agar (Tech No 3) powder (1.3%), formaldehyde 40% (0.2%). and 

Grabacin (0.2%). 

Maliarpha separatella larvae collected from infe ted rice field were then introduced into 

diet at the rate 20 larvae per jar, where they developed up to adult m th emergence. ·1 he 

emerging moths were sexed and five pair · introduced into o ipo ·it ion cage 0 whi h , ere 

lined with wax paper. The female moths laid eggs on the ' ax paper. The ·ecti n ° r th 

wax paper with eggs were then cut out, put in sterilized terlin pia tic p tridishe and 

incubated at 30° C for 24 hrs up to black head egg tage. The bl k head \\ere urface 

terilized by 70% ethanol and introduc d into th rtifi i. I n.: rin di t . h~.: • \: t.:r~o: tht.:n 

allowed to develop into 3rd in tar larvae nd u d in th~.: bi 
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Suspensions of EPNs were first agitated by blowing into the suspension by a pipette and 

the equivalent aliquots of nematode concentrations were drawn. 

Treatments consisted of three concentrations of entomopathogenic nematodes (EPN), 50, 

100 and 200 IJs and an untreated control. One ml of nematode suspension was added to 

each Sterlin ® 60mm plastic petridish containing a folded cotton cloth disc using a pipette, 

with the tip being changed after every treatment. In the control treatments 1 ml of distilled 

water without nematodes was added to the cotton cloth discs. One M separatella 3rd instar 

larva was then introduced on top of cloth disc which was already moist with the nematode 

suspension making sure that the larvae did not drown. They were closed and incubated at 

temperatures of25°C±2° and 65-75% relative humidity. The experiment was laid out in a 

completely randomized de ign with I 0 replicate for each nematode i olatc at the tc t 

concentrations. bservation were done on 24, 48, 72 and 96 h ur aficr M. separatel/a 

larva introduction. On each of the e ob ervations mortality wa mea med and f 

separatella cadavers observed for firm rubbery consistency and colour change (brick red 

or maroon colour for Heterorhabtidis and ochre, tan or brm' n for teinemematid. 

(Greenwood and Rebek, 2008) which indicate nematode infectivity. They " r" then put in 

1% Ringer's salt solution and di ected und r a bino ul r mkr 

dish. The number of fir t generation n m, tode 

low power bin cular micro ope. 
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6.2.6. Probit regression analysis and the study hypothesis 

Probit analysis is used to analyze dose-response curves especially to determine the relative 

toxicity of pesticides to living organisms. This is done by testing the response of an 

organism under various concentrations of the pesticide and then comparing the 

concentrations at which one encounters response. The assumption is that in population of 

units to be used in the study, there is a normal distribution of concentration which each 

unit will tolerate. The assumption of a normal distribution of tolerance levels is most 

reasonable when the concentrations are transformed to a log scale. The underlying model 

uses the procedure developed by Finney (1971 ). From their work, probit P is a percentage 

of population responding and the model is; 

Probit(p )=a+P(Iog10 [Concentration]) (6.1) 

The estimates of a and p were obtained using the iterative pr cdurc utlincd by l· inncy 

( 1971) and an approximate standard error for the e timate of the · P log do · · 50 (L ~o) 

was obtained by using the formula from Mead eta/. ( 1993)· 

.E (LO 50) -'-~Var (a)-2.LDso.Cov (a,b)+LD5o
2
Var(b)fb

2 

where a and bare the estimates of a and P and the varian and O\ \ rian e an.: btuincd 

from the variance-covariance matri. of the param t r t: tim t 
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6.4. Discussion 

The results of this study indicate that entomopathogenic nematodes are effective against 

the African white rice stem borer M separatella at higher concentrations (200 Us/larva) 

and cause host mortality within 24 to 48 hours after infection. These results are in 

agreement with most studies on EPNs which indicate that they kill insect pests within one 

to two days (Burnell and Stock, 2000; Prabhu and Sudheer, 2008; Divya et al., 201 0). 

There were significant differences in infectivity among the test entomopathogenic isolates. 

These results are consistent with the findings of Ellis et al. (2010) who found from 

creening bioassays of I 0 nematode isolates against small hive beetle, Aethina tumida that 

nematode efficacy varied significantly among the tested nematode species. The efficacy 

was also affected by the number of the applied infective juvenile (IJ ). Nya ani et a/. 

(2008) found significant difference in the efficacy of different cnt m pathog~.:ni 

nematodes against diamond back moth. Past studies indicate that F P s ar' effecti e, hen 

well matched with host arthropod pests (Gaugler, 1999) and that different ·pecie r 

entomopathogenic nematodes vary in the range of the in e t which the · attack and their 

environmental needs ( hapiro-Ilan and Gaugler, 201 0). 
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The most tffective entompathogenic nematode was H indica. It is heat tolerant, infecting 

insects at 30°C or higher. The nematode produces high yields in vivo and in vitro, but 

shelf life is generally shorter than most of the other nematode species. Nderitu et al. 

(2009) also found this EPN to have significant efficacy against Cylas puncticollis in sweet 

potato fields at Kibwezi in Kenya. Similarly, Mahar et al. (2006) in a study to control 

nymphs of desert locust Schistocerca gregaria found that Heterorhabditids (H indica and 

H bacteriophora) were more effective as compared to Steinernematids (S. carpocapsae, 

S. feltiae) at 30 degrees centigrade and that the highest concentration of each isolate (200 

Us per ml) proved to be most appropriate for maximum insect death. 

The period of exposure and concentration were important fact r for th activity of the 

nematodes. This can possibly be explained by the fa t that the num cr r J.:o PN 

penetrating the host is influenced by the number of in a ive nematode· which earlier 

managed to penetrate it. In the current study most of the n matode had high chance r 

penetrating the host and this is supported by tudie by D clan et a/. (200 ) "ho "hen 

screening s. feltiae and S. carpocapsae again t Plectrvdera . 7/ator rep)rll.:d that tilt •r 

paper bioassays killed 50-58% of larvae but th mon,tlit; in di t up bi , ss, · \ .1s l•ss 
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CHAPTER 7 

EVALUATION OF RICE CULTIV ARS FOR RESISTANCE TO MALIARPHA 

SEPARATELLA 

Abstract 

It has long been recognized that pesticide spraying cause environment pollution, 

contaminate aquatic habitats and insect pests may develop resistance to pesticides. An 

accepted fact is that the development of host plant resistance and the supply of resistant 

varieties are crucial to the development of an Integrated Pest Management. An experiment 

was set up at KARI-Mwea field testing site to evaluate 23 rice cultivars for their resistance 

against the African white rice stem borer (Ma/iarpha eparatella). The experimental 

design was a randomized complete block design with thre~ replication·. The c llectcd data 

included plant height, days to maturity, number of white head , tunnelled tiller-, yil!ld and 

yie ld components. Sampling was done weeki starting two week after transplanting. 

Results showed that short stature and short maturation period had ignificant influence on 

M separatella damage as shown by the number of "hite head and t illered tunnel . 

Cultivar M27615 was 80 centimeter tall and had th~: lm ~.: 1 numb~.:r ot "hitdh:ads. 

ultivar M27608 wa the arlic:,t to matur t 7 U) • h d lh hi h~.: 1 numb~.:r of tilkrs 

and out-yielded all the other culth · Th 1 lh 1 ri \\ ilh hon 

statu re and h 1rt r "th du ti 11 m 

in lc 1 tl ion comJ trcd "ith t II, I ditl 11 h n n "th 

dur tti n ultiv 
till in'· 

n t 
in t 1 



7.1. Introduction 

Concerns over environment and food safety in flooded rice ecosystems from conventional 

chemical pest controls has led to the development of Integrated Pest Management (IPM) 

to reduce dependence on chemical pesticides and make pest control more environmentally 

sustainable (Speight et a/.,2008). An accepted paradigm is that the development of host 

plant resistance and the supply of resistant varieties are the central element and foundation 

of the integrated pest management (Abro et al. 2003). Stem borer resistance can be due to 

antibiosis (reduced longevity and reproduction, increased mortality of insect), antixenosis 

(reduced plant attractiveness), and tolerance (ability to withstand and recover from 

damage (Kogan and Ortman, 1978). Seed with improved host resistance is an easy fit in 

farming sy terns and the most cost effective approach in protecting crop again t insect 

herbivory. Resistant varieties control even a low pe t den ity, whcrca in ccti ide u c i 

justifiable only when the density reaches the economic injur le cl ( hafiq eta/., 2 00). 

Breeding for resistance to insects has two steps. The fir t one i to creat • no el geneti 

variation and the second one is to select the improved vari nt . 1 hi - depend on the 

screening of rice germplasm to identify no\ I donor nd step 

involves the use of these donors in 

create novel combination o g nt: (LI • 

uny bn.:cding pro •ram i I 

culti tr to hrm r . I h l 

trmnmt of \ ri tbilil); in ' hi h 

ulti 

hi 

n 

til\ 

s () 

f th~;; m. in bj~;; ti\ s 
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7.2. Materials and methods 

7.2.1. Study site and experimental field layout. 

The experiment was set up at KARI-Mwea field testing site (Kirogo) (037.22760£, 

0039.00£, altitude 1150 m A.S.L). The whole rice area which was IOOxlOm was divided 

into 3 main blocks. Each block comprised of 23 plots of 2.5 x 2.5 m with one meter paths 

between the blocks and 0.5m between the plots. 

7.2.2. Experimental design and planting 

The experimental design was randomized complete block design with 3 replications. 

Twenty three cultivars including two commercial checks were evaluated . Fourteen of 

these cu ltivars were obtained from the rice germplasm collection maintained at the 

National Gene Bank of Kenya, KARI-Muguga and even from the rice breeding 

programme at KARI-Mwca. Two cultivar , Ba mati 370 and BW 196 which arc common 

cultivars in the area were purchased from Mwea Rice Grower· ooperativt: ·ocicty and 

were included in the study as commercial checks. Cultivar · B W 196 i · reported to be 

resistant to M separatefla while Basmati 370 is highly usceptible ( ationul Rice 

Technical Committee, 2011) All the cultivars were eeded in the nur.-;cry and later 

transplanted in the experimental plots after 30 da) · ran pi nt ing \\ • s don nt the rate of 

one ccdling per hill. A . ingle ric ccdlin • t -0 m ~. in • l~:t\\ccn the 

plants and inter-row pacing of20 m. 

'I he crop wa mi d lim, in rd ult h .It inn. 
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7 .2.2. Sam piing 

Data collection on agronomic traits started three weeks after transplant date and thereafter 

weekly till harvesting. Data collected included the number of tillers and plant height taken 

from the sui! surface to the tip of the tallest panicle, awns excluded. The cultivars were 

then classified into three categories based on the International Rice Research Institute 

(IRRI) Standard Evaluation system for Rice (SES, 2002). This was on a scale of 1-5, 

(Semi Dwarf < 110 em (l ), Intermediate, 110-130 em (5) and Tall, > 130 em (9) (SES, 

2002). Days to maturity were also recorded. Maturity days were counted from seeding to 

when 85% of grains on panicle were mature (SES, 2002). The number of white heads 

from 20 panicles randomly selected in each plot was also recorded using a scale of 0 (No 

damage), 1-5% (I), 6-10% (3), 11-15 % (5), 16-25% (7) and >26% (9). At harvest, all the 

terns were dissected and the number with tunnel , number of larvae and pupae r corded. 

The number of productive panicles, filled grains, empt) grain and I 000 grain weight 

from 20 randomly selected tillers was also recorded. 

Data analysis 

Analysis of variance (A OVA) wa conducted to determine the differen e in height, 

number of tillers, pest infestation, ield and . i ld ompont:nt r . s dillC.:rc.:nt ultivar . 

orrelation analysi ,. a done to elu pl. nt hd lht , nd mnrmi . 

period on f. Jeparatella infe t til n. 

I cast signific 1nt dillcrcn 

_ 0.0 . ' I he l ti ti I 
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7.3. Results 

There were significant differences among cultivars in terms of plant height (d.f=68, 

p<O.Ol). Plant height data at harvest showed that 2lout of23 cultivars were short statured 

(semi dwarf) with plant heights ranging from 77 to 99 em. Two cultivars were 

intermediate with a height of 124 em (Table 7.1). 

Table 7.1: Mean plant height (em) at the harvest of different rice cultivars at KARI

Mwea in 2010. 

Cultivar 
PUSA BASMATI 
BASMATI 370 
M27638 
TR 2793-80-1 

M27608 
ITA302 
M27628 
ITA 304 
M27626 
WAT 317-WA -8-5-11-3-5 

M27610 
IR 13240-105-1 05-2-2-3( AH L I 08)(FKR) 

M27612 
M27633 
M27634 
M2761 I 
ITA 310 
M27613 
M27627 
M27615 
M27623 
BWI96 
M27607 
p 

LSD 

d 

I , rni II m 

Height ( em) 
124a 
123.74a 
98.98b 
94.14bc 

92.9bcde 
91.05bcdc 
89.45b de 
88.91 bcdc 
88.8bcdc 
87.38bcde 
87.35bcde 
86.28cde 
85.87de 
85.56de 
85.56de 
8 -.54de 
82.7lde 
82.38de 
80.7"e 

SES scale 
5 
5 
1 
1 

m 

nt 11 m h 



The results of days to maturity showed that Cultivar M27608 was the earliest and matured 

in 78 days. Most ofthe cultivars took between 100 to 140 days. Cultivar BW 196 took the 

longest time to mature at 139 days (Table 7.2). 

Table 7.2: Mean number of maturity days of different rice cultivars at KARI-Mwea 

in 2010 

Mean number of days to maturity 

Cultivar 

IR 2793-80-1 

BW196 
PUSA BASMATI 

BASMATr 370 

M27623 

M27613 

ITA302 

141.67 
137.82 
122.14 
121.71 
118.67 
110.33 
110.21 

M27607 I 06.41 

M27638 I 04.33 

I R 13240-105- 1 05-2-2-3( A If L I 08)(FKR) I 02.33 

M27633 

M27628 

M27626 
ITA 304 

M27611 

M27610 

M27627 

M27615 

ITA 310 
WAT317-WA -B-5-11-3-5 

M27612 

M27634 

M27608 
p 

S.L 
"' (%) 

Ih hi'h tnum r 

t iII r m n • th 

98.67 
96.24 
95.67 
95.33 
95. I I 
93.67 
92.21 
91.33 

0.10 
.00 

·I h th 

in th num r 



Table 7.3 Mean number of tillers in different rice cultivars at KARI-Mwea in 2010 
Cultivar 
BW 196 
BASMATI 370 
IR 2793-80-1 
IR13240-1 05-1 05-2-2-3(SAHEL l 08)(FKR) 
ITA 304 
ITA310 
ITA302 
M27607 
M27608 
M27610 
M27611 
M27612 
M27613 
M27615 
M27623 
M27626 
M27628 
M27633 
M27634 
M27638 
P ABA MATI 
WAT 317-WA -B-5-11-3-5 
p 

.E 
CV(%) 

Mean number of tillers 
13.60 
19.6 
7.9 
20.4 
14.2 
11.7 
18.2 
16.9 
20.4 
18.8 
19.9 
11.8 
15.2 
24.9 
15.6 
18.2 
17.8 
17.8 
14.2 
19.0 
13.9 
20.2 
0.12 
3.32 
33.38 

Percent white heads, tunneled tillers and the number of larvae varied b t\\ cen the di tTerent 

cultivars. All cultivars except M27615 \\ere u eptibl to \1. lparatl•lla infe t, tion ,, ith 

Basmati 370 recording 23% ' hite head . ulti\ r 1 27 0 ' 

head . h mo t rc i tant wa~ ulth r 

I ( bS-IRRI,2002). 'I h • numl r tum till imil r t 

' ith 21. %tunnel till 

II 

nt tum till 

num r 



Table 7.4: Mean percentage ofwhite heads, tunneled tillers and the number of larvae 
in different cultivars at KARI-Mwea in 2010 

Cultivar Percent white Percent Mean White heads 
heads tunneled tillers number scale 

of 
larvae 

BASMATI 370 23 21.3 8.3 7 

M27608 22 19.5 10 7 

M27611 18 16.3 10 7 

M27607 17.3 10 6.7 7 

ITA 304 15.7 14 5 7 

M27612 15.3 13 10.7 5 

IR 2793-80-1 15 12.7 11.3 5 

M27627 
15 14.3 7.3 5 

PUSABASMATI 14.7 14.3 6 5 

M27610 
14.67 12 9.7 5 

M27634 
13 12.6 6 5 

M27633 
12.7 11.3 5.7 5 

M27638 
12 9 5 5 

IRI3240-105-2-3( All L 108)( KR) 11.7 II 5 5 

ITA 310 
11.3 9.7 .3 

WAT317-WA -B-5- 11-3-5 11.3 8.3 4.7 5 

M27628 
10.7 9.7 .7 5 

ITA302 
9.3 7 4 

M27613 
9.3 9 4.7 5 

M27626 
9.3 8.3 5 5 

M27623 
7 7 _,7 3 
4 " I 

BW 196 
.) I 

0 0 0 0 
M27615 

0.07 0.0 . 0.0 7 
p 

.39 

Whitehead 
0 o d. m, gc, I= 1- %, ,.. = lJ-1 .7 • 1 llld II )\( (SI·S. 

2002) 

Ih·r " nc' ti\c 
n 1 nt I nt hit nd \h lUnn 1 d 

I. n n pl nt h i t nd th 



Table 7.5: Pearson correlation between plant height and M. separatella damage 

parameters. 

Mean plant Mean number Percent tunnelled Percent white 
height of Larvae tillers heads 

Plant height 

Mean number of 0.130ns 

larvae 

Percent tunnelled -0.244. 0.630 .. 1 

tillers 

Percent white heads -0.23* o.nt· 0.914 .. 

N= 69, *, **. Correlation is significant at 5 and 1% level respectively, ns not significant 

(2-tailed) 

There was a positive correlation between the days to maturity; percent tunneled tillers and 

the percent white heads. I !owever, there wa no correlation between the day to maturity 

and the number of larvae (Table 7.6). 

T ble 7 6. Pearson correlation between plant height and M. separate/la damage 
a .. 

parameters. 

Mean number of days 
to maturity 
Mean number of larvae 
Percent tunnelled tiller 
Percent white head 

Mean number of 
days to maturity 

0.152ns 
0.184 

0.0172 

= 69, ignificuncc lt!vcl i . . 
I% level respectively, n not t •nt t 

I hcrc wu 1 > ttiv 

1 tin yi ld , lui th · · 

Mean number of 
larvae 

0. 
o.nt· 

nth num 

Percent 
tunnelled tiller' 

Percent\\ hite 
heads 

ll i i ltili .11\1 .It ,I\ I 

r hill . 11 th 

n ll num r till r hill nd th 



Table 7.7: Pearson correlation between number of tillers per hill, 1000 grains weight 
and yield. 

Mean number 1 OOOgrain weight 
of tillers/hill (g) Yield (kg) 

Mean number of tillers/hill 1 

I 000 grain weight (g) 0.638ns 

Yield (kg) 0.329 •• 0.080 ns 1 

N== 69, **.Correlation is significant at 1% level, ns not significant (2-tailed) 

There were significant differences in yield between the cultivars (d.f==68, F==<O.OOl). The 

highest yield was by cultivar M27608 (3724 kg/ha) followed by cultivar M27607 

(3372kg/ha). Cultivar M27615 yielded 2367kg/ha. The c mmercial heck , BW 19 and 

Basmati 370 had yields of 3323 and 2540 kg/ha re pectively. There were ignificant 

differences in grain yield among the cultivars (p<0.05) (Table 7.8). 



Table 7.8: Grain yield of different rice cultivars at KARI-Mwea in 2010 

Cultivar 
M27608 
M27607 
BW 196 
M27610 
M27623 
ITA302 
M27628 
Bamati 370 
M27626 
M27611 
M27615 
M27634 
WAT 317-WAS-B-5-11-3-5 

PUSA BASMATI 
JR 13240-105-1 05-2-2-3(SAHEL 1 08)(FKR) 

M27613 
M27627 
M27638 
M27612 
IR 2793-80-1 
ITA 310 
M27633 
ITA 304 
p 

L D 
CV(%) 

Yield kgslha 
3724a 
3372ab 
3323abc 
3129abc 
3049abcd 
2815abcde 
2725abcde 
2540abcde 
2537abcdef 
2431abcdef 
2367abcdef 
2338abcdef 
2306abcdef 
2164abcdef 
2127abcdefg 
21 04 abcdefg 
2066 bcdefg 
1768 bcdcfg 
1727 bcdcfg 
1705 bcdcfg 
1405 bcdefg 
1320efg 
992 efg 
0.05 
1656.9 
44.3 

Means in a column followed by the same letter are not ignificantly ditterent from euch 

other by Fisher L D (p<0.05). 

The heaviest grains were from cultiv r 12762 \\ ith I 0 

cultivars M27627 and M27634 h th 

,. ith thl: highc t percent fill d th hi •h~.:st 

p ·r(;~:nt pro lu tiv • p ni I ni I "·' 



Table 7.9: One thousand grains weight, filled grain ratio and productive panicles of 
different rice varieties at KARI-Mwea in 2010 

Variety 

M27623 
ITA302 
BW 196 

ITA 310 
M27626 
M27615 

M27613 
M27612 

M27607 
M27611 
IR 2793-80-1 

M27610 
IR 13240-105-105-2-2-3 ( All • L I 08) (FKR) 

p ABA MATI 

M27633 
M27638 

M27608 
ITA 304 
WAT317-WA -B-5-11-3-5 

M27628 
M27634 

M27627 
p 

Mcuns in a olumn f>ll wed by th 
other by l·isher LSD (p 0.0 

Percent 
filled 
grains 

90.93 
9l.96 
90.74 
90.97 

95.91 
75.6 
92.54 
93.22 

96.46 
89.63 

86.65 

89.85 

82.62 

92.96 
91.98 
94.08 

97.87 
87.6 
91.51 

Percent 1000 grain weight 
productive 
panicles 

84.1 26.2a 

90.0 25.4b 

84.5 25.2b 

75.7 25.2b 

65.2 24.9ab 

75.7 24.1ab 

83.0 24.lab 

87.5 24.1ab 

86.7 24abc 

89.4 23.9abc 

88.8 23.8abc 

84.9 23.6abcd 

90.9 23. abed 

85.1 2 . .Sub de 

87.0 23.1 bed· 

83.1 22.8bcde 

95.2 22.6bcdef 

86.8 22.-7cdef 

76.9 -l.lcdef 

77. _0.7cf 
_0.1 f 

00 o.o7 

ntl ll\~lh 



7 .4. Discussion 

Statistical analysis revealed significant differences among the cultivars for plant height. 

There were also differences in the maturity periods. This is consistent with the findings of 

(El - Malky et a!. (2008) who in a study of 46 rice lines from four populations reported 

that maximum range of variation was observed for the number of filled grains per panicle 

followed by white head, grain yield per plant, plant height and maturity days. The findings 

in this study of few white heads in M27615 which was 78 em is in agreement with the 

results of Ntanos and Kourtoubas (2000) who in a study on resistance of 257 lines for the 

yellow stem borer, Scirpophaga incertulas (Walker) found that resistance was negatively 

correlated with plant height and that low infestations occurred on semi dwarf plants which 

were less than I 00 em. 

The positive correlation between day to maturity with the p rcentagc tunneled tiller · und 

percentage white heads is similar to the finding of tano · and Kourtouba · (2000) , h 

reported that stem borer resistance was correlated with the heading date and that lm, 

stem borer infestations occurred in the mid- ea on rice cultivar ( 0-8- da s to heading). 

Dhuyo (2009) reported that the medium maturing oar e ri \' rietit.: \\t.:r• more 

su ceptible than the early maturing coar 

and (El - Malky et a/. 2008) found hi hi) 

he d p rccntagc and h · din ' dat . P 

b fort; a •cncmtion i 

fin lin 

r ullin in th 

th t l m t n 
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Grain yield potential is one of the most important breeding objectives in rice. The results 

of this study indicated that the resistant genotype M27615 compared favourably with other 

test cultivars thus indicating its potential in stem borer resistance breeding work. Cultivar 

M27608 had the highest yield of all the genotypes evaluated despite the high number of 

white heads and stem tunneling. This suggests that this genotype was able to compensate 

when attacked in early growth stages and this is in agreement with Asghar, et al. (2009) 

who reported the ability of some rice varieties to compensate for stem borer infestations. 

Litsinger et a!. (2011) in an experiment investigating how cultural practices mitigate 

irrigated rice insect pest losses in the Philippines found that there was yield increase in 

tolerant cultivars de pite the high stem borer pressure and that this was as a result of increased 

panicle den ity and filled grains per panicle, similar to M27608 in thi tudy. I - Malky 

et a/. (2008) sugge ted that selection of yield in genotype would be m t cfTcctive if 

accompanied by observation of the number of tillers per plant, number of grain· p ·r 

panicle, the weight of the grains and through clu ter analy i , the) confirmed the 

usefulness of these traits for selecting stem borer resistant line . The r.: ults of thi stud 

indicate that the t\vo cultivars M27615 and 27608 p s m trait that Ciln be 

exploited in breeding for resi tance again t M. 5 pararel/a. It n b on ludcd ftom this 

tudy that rice cultivar that were of hort t turc nd h d h 

les damage from st m borer d m 

carl 
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CHAPTERS 

MANAGEMENT OF MALIARPHA SEPARATELLA RAG USING EFFECTIVE 

ENTOMOPATHOGENIC NEMATODES AND RESISTANT CULTIV ARS 

Abstract 

Current pest control methods rely on single-technology pesticide dominated paradigm and 

there is need to adopt a more ecological approach based on renewable technologies such 

as host plant resistance and natural biological control which are available even to resource 

poor farmers. Resistant cultivars complement natural enemy action in lowering pest 

infestation wh ile intrinsic rate of increase of pest species on resistant varieties is lower. A 

field experiment was set up at KARI-Mwea to test whether the African white rice tem 

borer (Maliarpha separate/la) can be managed by u e of r ·i ·tant ri e varictic in 

combination with entomopathogenic nematode · ( · PN ). The tud ' a · arranged a · a 4. 4 

factorial design and each treatment replicated three time . Fir t factor wa rice cultivur . at 

four levels, resistant cultivar (M27615), second re i tant cultivar ( 1276-8), the high! 

susceptible but tolerant cultivar (M27608) and omm rcial he k Ba mati 70 variet , 

which were planted in lxlm exp rimental plot . e nd f; 1 r' • ppli ~ltil n or p 

(Hetrerorhabitidis indica) a a u pen ion in di tilled \ h.: r the ulth a1 • 1 tour 

differ nt tim :.. after they ,., ere Iran pi nt 

(W 'J ), 5 W 'J und > \\' 

on cultiv tr 127 ,1 

111 lunn lin • in 
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8.1. Introduction 

Evolution of insect pests in response to mortality factors makes reliance on single control 

strategies unsustainable in the long term. Integrated pest management (IPM) entails use of 

combination of host plant resistance, cultural methods and biological agents. It advocates 

minimai use of insecticides especially with known action thresholds. Reports from 

(Litsinger et al. (2009) indicated that rice hoppers Nilaparvata lugens bred slowly on rice 

cultivars which were recognized as very resistant and there was no yield loss even with 

infestations of 30 hoppers per plant. Koppenhofer and Kaya (1998) described a strong 

synergistic effect on the mortality of two scarab species, Cyclocephala hirta LeConte and 

C. pasadenae with combinations of imidacloprid insecticide and entomopathogenic 

nematodes. ft ha been reported that inoculative relea e which involve releasing mall 

numbers of natural enemies into a crop cycle in combination with rc ·i tant varicti~.: , i able 

to protect the crop from pest infestations (Litsinger el a! .. 2011). a· ·mann eta!. (2008) 

found that improved resistance management for Bacillu · lhuringien ·is crop \\a achieved 

with IPM strategies that incorporated entomopathogenic nematodes in non-Br refugia, 

while Cory & Hoover (2006) reported that host plant can influenc u~l:eptibilit . of 

insects to pathogens including entomopathogenic n m, t dt: . 'I u tht: list: ot r~.:sistant ril:. 

cultivars in combination with a biologic 

pe t manag ment programs th t r du 

evaluate u cornbin:tti n re i t nt ri 

effie, y , • tin t M. 1JOI 1t •/11 in 

lit rim~.: •r.H~.:d 

ut. 
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8.2. Materials and Methods 

8.2.1. Study site and experimental plots lay out. 

The experiment was set up at KARl-Mwea field testing site (Kirogo) (037.22760E, 

0039.00S, Altitude 1150 A.S.L). The study was arranged as a 4x4 factorial design and 

each treatment replicated three times. First factor was rice cultivars at four levels, resistant 

cultivar (M27615), second resistant cultivar (M27628), the highly susceptible but tolerant 

cultivar (M27608 (chapter 7 in thesis) and a commercial check Basmati 370 variety. The 

experimental field (30x30m) was divided into 72 plots of lxlm with 0.5m between the 

plots. The cu ltivars were planted in the field in a randomized complete block design at a 

spacing of 20x20cm. Second factor was application of EPN (Hetrerorhabitidis indica) to 

the cultivar at four different times after they were tran planted (no application, 3 weeks, 5 

and 6 weeks after tran plant date (WA 1 ). 

8.2.2. Entomopathogenic nematodes application 

Heterorhabitidis indica rate of application in infective juvenil (IJ ·) p r quare meter wu . 

calculated as: 

N h*(p*.t i)*k 
( . I) 

where = Number of IJ:~ required 

h=numb r of hill per plot (25 t 2 m ·2 m P m 

p= 11. indica JJ c Jll Ill tti n 

t i• c tirn ttcc.J nurn r 1. f till 1 in 

h pt I 7 

k uml ·r 

hi h ' 
IJ 



Heterorhabitidis indica nematode suspension from the laboratory was then diluted to 6.7 

x104 IJs per liter of distilled and applied to the cultivars at 3, 5 and 6 WAT. 

Before EPNs application soi l samples from the experimental plots were baited with 

Galleria mellonela L to determine whether there were any EPNS in the plots before 

application of the treatments. Application was by spraying the mixture of H indica 

suspension in cool sterile water with a 15 liter knapsack sprayer. Application was done at 

5.30PM, just before sunset as EPNs are rapidly inactivated by ultraviolet light 

(Greenwood and Rebek, 2008). Control plots were sprayed with distilled water without 

EPNs. The study was carried out from 18 August 2010 to 21 December 2010. 

8.2.3. Sampling and data collection 

ata was collected on M separatella infc tation (number of egg batchc , white head , 

tunnelled tillers and larvae/pupae) M separatella damage (number· of non-pr ducti c 

panicles, empty panicles, unfilled grains and 1000 grain weight) and ) ield (grain weight, 

dry matter weight and harvest index). At harvest. all stem were di ected and number 

with tunnels, number of larvae and pupae record d. The number of prt ducti\ e panicle , 

filled grains, empty grains and 1000 grain'' ight from 10 rand ml: de ll.:d tiller \, s 

al 0 recorded. 'I he infi tation wa cxpre d numb 1 h. t 

white heads calculated by the omlul ; 

p rccnt "hitchc•td 

o. of tilkrs \\ ith I ill 



8.2.4. Data analysis 

Analysis of variance (ANOVA) was conducted to determine the differences in pest 

infestation, damage levels, yield components and yield between the different treatments. 

Least significant differences (P .:::.._0.05) were used to the separate means when found 

significant. The statistical analysis was performed with Genstat Version 12 statistical 

software. 

8.3. Results 

The highest number of egg batches was on Basmati 370 while the lowest was on M27615 

where no H indica had been applied. Analysis of variance indicated that cultivar had 

ignificant influence on the number of egg batche (d.f47, 3, p<O.OOI), while effect ofthe 

time of ·PN application wa not ignificant (d.f 47, 3, p 0.547) and thcr wa no 

interaction between cultivar and the time of EPN application (d.f 47, 9, p 0.0 4). asmati 

370 cultivar had significantly high number of egg batchc than the thcr culti ur 

(p<0.05). (Table 8.1) 

Table 8.1: The effect of cultivar and time of H. indica application on th numb r of 

egg batches at KARI-Mwea field tation in 2010 hort rain on. 

Cultivar 
Ba mati 370 
M27608 
M27628 
M2761 5 
p 
L.S .I 

., h 

n ult i • r 

' Il l hit h I n 1111 11 II ulti 

hi 

h 



The highest number of percent white heads and the percent tunneled tillers were in 

Basmati 370 where there was no application of H indica. Analysis of variance showed 

that cultivar and time of H Indica application did not have any significant influence on 

the percent white heads and percent tunneled tillers (p>0.05) (Table 8.2) 

Table 8.2: The influence of cultivar and time of H. indica application on the percent 
white beads and percent tunneled tillers at KARI-Mwea field station in 
2010 short rain season. 

H. indica application Percent Percent tunneled 

Cultivar date (WA1) white heads tillers 

M27615 0 12.8 10.8 

3 9.3 8.3 

5 10.3 9.7 

6 10.3 9.7 

M27628 0 14.8 12.9 

3 II 10. 

5 12.3 II. 

6 13.3 12.7 

M27608 0 17.7 16.8 

3 12.5 11.5 

5 13 1 

6 17.7 15.7 

0 19.2 I .7 

3 11.3 11. 
BA MATI 370 

5 

6 

p 



This cultivar did not show any M separatella damage as it has been reported in chapter 7 

(Table 8.3). 

Table 8.3: The effect of cultivar and application time of H. indica on the percent 
empty grains and 1000 grain weight at KARl Mwea field station in 2010 
short rains season. 

H. indica application Mean percent empty Mean 1000 grains 

Cultivar date (WAT) grains weight(g) 

M27615 0 21.89 20.48 

3 14.33 22 .05 

5 15.67 21.88 

6 16.00 21.16 

0 20.33 19.56 

3 15.33 21.85 
M27628 

5 17.67 21.17 

6 19 20.56 

0 25.33 20.58 

3 17 .67 23.00 
M27608 

5 19.33 2 1.57 

6 19.67 20.02 

0 22.11 19.72 

3 18 21.6 
BA MATI 370 

5 21.00 20.82 

6 24.33 19.44 

0.098 o.o:-
p 7.47 

37.2 - ')7 
CV (%) 

rain yield and dry \: ight of traw in th ulti re in 1u n l I I II. indtt , 

application at diflercnt P ri 
in II th ulth .tr . 

110,\c cr it , , 1 hi h t in ulth r 

, 1o\\c tin ulti r 



Table 8.4: The effect of cultivar and application time of H. indica on the weight of 
grain, straw and harvest index KARl Mwea field station in 2010 short 

rains season. 

H. indica application Mean grain Mean straw dry Harvest index 

Cultivar date { WAT) }:ield {g/m2
} weight {kg/ m2

} {%} 

0 107.67 9.33 12.15 

M27615 3 128.6 9.61 25.09 

5 124.6 9.10 19.40 

6 109.6 9.30 15.04 

M27628 0 97.27 8.5 10.36 

3 217.8 10.1 14.31 

5 
188.0 9.13 11.31 

6 
175.9 8.9 11.14 

M27608 0 85.6 8.7 13.93 

3 
148.4 10.4 18.09 

5 
136.33 9.73 15.73 

6 
132.2 8.8 15.55 

BA MATf 370 0 113.68 8.93 12.26 

3 
153.3 11.4 18.08 

5 
146.8 .9 16. 8 

6 
130.3 9.4 14.0 

0.07 0.096 0.089 
p 

.E 
3.10 1.1 6.8 

CV {%} 
46.8 42.1 49.-8 

8.4. Discussion 

White head and st m tunn lin' d t indi tc th t th r 

s paratella darnagt.: in pi ts "h r Ill 

trun. pl mtin' (~ 
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The subsequent reduction in grain yield and increase in dry straw weight is consistent with 

similar findings, where the pest infestations at the early stages of plant growth stage lead 

to production of many nodal tillers which may have few productive panicles (Nwilene et 

al., 2011 ). It was found in this study that there were low levels of infestations on resistant 

cultivars and this contradicted the results in chapter 7 where there were no white heads in 

M27615. This finding is consistent with the reported lack of complete resistance and that 

only partial resistance to stem borers exist in most rice genotypes. (Shafiq et al., 2000). 

The cultivar M27615 in this study indicated partial resistance while M27608 indicated 

tolerance and this is supported by findings of (Litsinger et al., 2009) who reported that 

host plant resistance to stem borers in rice is highly variable. 

The effectiveness of the combination of rc i tant cultivar and I ~PN in the ntr 1 of M. 

separatello is supported by the result of Thoma (1999) \ hich 'hawed thut h t plant 

resistance and natural enemies were able to reduce aphid population and that the 

effectiveness of individual mechanisms in uppressing pe t p pulution gr "th rate 

depended on the pest life history. He al o hewed that biologi ontrol and host plant 

resistance can be compatible and can combin 

pe t control. It has b n argu d th 1 p, rti 

potentially import nt for ho t pi nt f r it 

uld I 

n.ttur I n 'Jllit: 

imlnl nc ' hi hi nt 

Ill 

dditiH:Iy or ~ nePi tic, lly to imprO\ ~:: 
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• lin ti n ul 
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The results of low levels of infestation on resistant cultivars where Heterorhabitidis indica 

was applied is supported by the results of Gassman et a/. (2008) which indicated that 

presence of entomopathogenic nematodes in refugia increased the fitness cost of Bacillus 

thuringiensis resistance, indicating that their presence may slow pest adaptation to B. 

thuringiensis crops. They suggested that the presence of Entomopathogenic nematodes in 

refugia may delay resistance by pests to B. thuringiensis crops. 

Host plants can influence susceptibility of insects to pathogens (Cory and Hoover 2006) 

including entomopathogenic nematodes. As such, it would be important to know the 

fitness and fecundity of the adult moths of M separatel/a emerging from cultivar where 

antibiosis and antixenosis is high. Information on fitne and fe undity of 

entomopathogcnic nematode infecting the larvae of M separatella feeding on re i ·tunt 

rice varieties will also be important. These tudies including the effect · of the- • culti urs 

on Trichogramma sp which is an important M ·eparatella egg para itoid w uld ·hcd fight 

on the compatibility of H indica andre istant rice culti ar in the management of the p t. 

While this study has demonstrated that an integration of ent mopathog nic nemutod !i , nd 

resistant or tolerant cultivars can reduce M. epararel/a int t. ti I. su1 ~:!it that 

their efficacy can b impro-.cd by modi ) in ultu I p flo\ ll r th~.: ir 

integration in flo d d ri c ultiv ti n. 

II 
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CHAPTER9 

GENERAL DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS 

9.1. General discussion 

Rice cultivation at Mwea irrigation scheme is carried out on small holding ranging from 

0.25 to 1.6 hectares of land (Mwangi, 2011). Maliarpha separateila Rag infestation is one 

of the major factors that limit production. Farmer knowledge of M separatella and its 

management was found to be inadequate and there was a tendency to routinely spray 

pesticides. Farmers also used the least expensive and most toxic compounds to spray 

against the pest, in disregard to their health and the effect on natural enemies. The decision 

to pray was guided by the belief that huge losses would occur from stem borer infestation 

in the ab ence of control. This finding was consistent with the finding of fleong and 

cal ada ( 1999) who reported that farmer in Phillipinc ' pent heavily on pc tic ide:; in th 

belief that lack of controlling pests would result in total lo · · of the rice crop und that 

perceived benefits from insecticides were directly related to in ·ecticide u e. 

'fJorute/la d ·n ity \ 

v ur I 

·I int 

II 
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The high rice yield losses in this study even at low infestations is consistent with reports 

of Umeh et al (2000), who indicated that the economic threshold for 2 ton ha-1 rice yield 

should be 8.6 egg masses per I 00 tillers which was equivalent to an infestation of 59% at 

the end of the critical infestation period. The findings in this study of economic injury 

level of 6 egg batches and 8 egg batches per square meter of rice plants for the early 

infestation (3 W AT) and the late infestation (6WAT) respectively are lower than the 

thresholds of Ritchie and Hunt (2009) of 2 egg masses per 20 hills for Scircopophaga 

incertu/as in irrigated rice fields, a pest that causes damage similar to damage from M 

separatella infestations. Possible reasons for this might have been the absence of natural 

enemies as the study was in an insect proof screen hou e and about three kilometers from 

the neare trice fields and it wa likely that natural enemie of M separatella were ab nt. 

The high mortality caused by If. tndica which wa the ·pl.!cie ' ith th high<.! 1 

reproductive rate in M. ·eparatella host cada er i con i ·t nt \Vith the finding. of 

hapiro-Jlan and Gaugler {20 1 0) that showed quantiti,·e \'ariation in repr ducti 11 b) 

different p pecies. ·fficiency of II indica i al o d man trated by the finding of 

dcritu et a/., (2009) of igni ficant efficacy of thi in t c .ll '~' pwu rit ol!i., 

in w . t potato field at Kib\\ zi in K 11) • imil IJ /ml • rc 

con i!-.ll.:nt ' ith th findin • 

de crt lo u t Schi tv '" a un 1h t II 11 I l 

IJ r mi. 
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The finding in this study of low M separatella infestation on M27615 which was short in 

stature and had short maturity period is in agreement with the work of Ntanos and 

Koutroubas (2000) who reported that varieties of short stature suffer less stem borer 

damage. The high yields from M27608 despite heavy M separatella could be explained 

by its short maturity period and compensatory tillering. These findings are similar to a 

report by (Ntanos and Koutroubas, 2000) that rice cultivars with short maturation periods 

escape stem borer attack and those with high tillering ability compensate for stem borer 

damage. The high infestation levels in Basmati 370 is also supported by the findings of 

Ohuyo and oomro (2007) who reported that varieties that are aromatic and have long 

maturation periods are more susceptible to stem borers. 

he re ult from this study of two-way c mbinati n f m dcratcly rc i tant ultivar 

M2761 5 and tolerant culti var M27608 with H. indica applicati n at 3 W "I abilit to 

reduce M. separatella damage is consistent v ith the finding · of a · man eta/. (2008) that 

entomopathogenic nematode increased the fitne s co t of Ba illu tlmringiemi (Bt) 

re i tance and their presence in refugia slov·.:ed pe t adaptati n t Br 

ugg stcd that · P arc more effective wh n th y r in orpo 

on-farm Integrated Pc t ana 'Cmcnt (IP 1 

le h 

I nt . 
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9.2. Conclusions 

1. The results of this study demonstrated that there were gaps in farmer knowledge of 

Maliarpha separatella at Mwea irrigation and that the most important source of 

information was from other farmers. The spraying of pesticides was routine rather than 

on a need basis and farmers tended to use pesticides more for risk aversion than for 

profit. 

2. The pest's spatial and temporal fluctuations were influenced by irrigation water 

provision and planting regime, which resulted in asynchrony in rice cropping leading 

to the presence of the pests broods in different cohorts throughout the year. The 

highe t concentration of the pest was in areas where there was sporadic water 

pr vi ion and where a econd crop of rice wa planted within the year. 

3. Maliarpha separatella cau ·ed ignificant yield I · even at I w infe ·tati n I vel ( 11 

egg batch). The intensity of infestation was found to be influenced by th • time r 

infestation, with infestations at the early infestation period of 3 W T being more 

evere than the 6 WAT. The conomic Injury Le el ( IL) wa 6 egg batche · per 

square meter of rice crop for the 3 W AT infe tat ion peri d and egg rna s s for 6 

WA1. 

4. Heterorhahtidi.~ indica had significant ti : o \f. 

field ondition . 

5. ulti tr 27 > 15 h I I ,., 1 lui ulti • r 1 7(1() 

in t 1 
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9.3. Recommendations 

I. Information on M separatella management at Mwea irrigation should be 

disseminated. The method of dissemination should exploit the sharing of information 

among farmers that exist the scheme. 

2. Double cropping of rice in the same area should be discouraged and farmers should be 

encouraged to synchronize rice cultural practices within the scheme. The developed 

rice cropping and management calendar should be adhered to. 

3. A suitable non rice dry-land crop that can compete effectively in terms of monetary 

value should be sought and the crop used in rotations with rice. 

4. Farmer should be trained on M separatella scouting and pest monitoring using the 

developed economic thre hold . Thi would guide the farmer on whcth rand wh 11 to 

pray again t the pc t. 

5. Use of a combination of re istant or tolerant rice cultivar · and entomopath genic 

nematodes to manage M separatella should be explored further and the two rice 

cultivars, M27615 and M27608 be used to improve resi tance in Ba mati 70 through 

conventional breeding or use of biotechnology techniqu 
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APPENDIX 
Questionnaire used for assessment of farmer knowledge and management of Maliarpha 

separatella at Mwea irrigation scheme. 

No Start time - -

End time -
Background information 

1. District Division Location Sub-Location -------- -------- -------- -------

Village ____ _ 

2. Longitude _____ Latitude ____ Altitude ________ _ 

3. Name of respondent. _______________________ Age in years. ______ _ 

4. List number of all house hold members resident and involved in rice farming. 

5. I lou c hold member by 

6. Name 

7. Male/Female 

8. Age in years 

9. Relationship to the House hold head 

I 0. Involved in rice farming 2=not in olved in ric f< nning 

II. umber of years in chool 

12. Years xpcrience in ric fanning 

13. Maj r o cup.ttion o the h td I h hi n l ri rm in 

up, ti )fl 2 tl tri I 

n 

f' . 

HI( prcxlu f un 



15. Where to plant, Variety to grow, Where to source seeds, Whether to spray 

insecticide, When to spray insecticides, When to weed, Whether to apply fertilizer, 

Where to source fertilizer, When to apply fertilizer, Whether to source for credit, 

When to source for credit, Where to source for credit, How to pay back, When to 

pay back, When to harvest, Whether to sell, When to sell. 

16. i.Decision 17.ii. Decision maker 17.iii. Decision ---------- ------------

Implementer _________ __ 

17. Do you have any rice crop in the field currently l=Yes 2=No 

18. i).Parcel no. 17.ii). Area (acres) 

19. Land tenure 1 =With Title deed 2= lnherited 3- Leased 4- Jua kali 

20. Name of variety currently in the field 

2 1. Variety attribute 

22. Planting material used at planting I seed 2:..: eedling 3 Both 

23. ource of the planting material neighbours 3= lB 4- Agro dealer 5=MR M 

24. urrent stage of development 

25. Are there any ri ce varieties that you u ed to grow and you no longer grow them 

!=Yes 2=, o 

26. If yes what i the main reason (one p r v ricty tor the , nd nm~nt 

27. I th rca timt.: th t you I J• Y 

28. It n •utoqu tin 2 

29. It y ' h d > u I 1 • it 

I I 

L 



32. If no which other crops do you grow on this plot 

33. Do you hire labour for rice farming l=Yes 2=No 

34. If Yes at what stage 1 =Nursery establishment 2=Transplanting 3= weeding 

4=Spraying 5=Harvesting 6=Land preparation 7=Ratooning 8=Threshing 

9=Leveling lO=Loading and unloading 

35. At what stage do you require the highest number of hired farm labourersl=Nursery 

establishment 2=Transplanting 3= weeding 4=Spraying 5=Harvesting 6=Land 

preparation 7=Ratooning 8=Threshing 9=Leveling lO=Loading and unloading 

36. Do you spray the rice crop with insecticides 1 =Yes 2=No 

37. b) IfYe , against which pests 

38. lfye list the pesticides (the ones u ed in the Ia t ea on only) 

39. o you usc fertilizers I Ye 2 No 

40. lfye li t them (For last season only) 

Investment and financing 

41. What is the source of capital for rice farming acti itie 1 Remittan e from 

relatives 2-0wn aving from other sources 3=Rice ale fr m I t loan 

6- a ual wages 

42. Have you ever obtain d cr dit for ri armin l=Y 2= 

43. I Yes \ hat arc th m in urc 

•roup 1• Mi ro fin n e in tituti n 

> 1-ri ·n I 

h nn in 

\h ll 

dit l• B 

ll 46) 

dl hdp 

luhipuq 



46. If no what is the main reason for not seeking credit 1 =Insufficient information 

2=High interest rates 3=lack of collaterals 4=Application process complicated 

5=No need for credit 6=lack of credit institutions ?=Fear of foreclosure 8=Rice 

farming is on a small scale 

4 7. What type of investments do you make with the money from rice sales 1 = Lease 

more land to grow more rice 2=Buy livestock3=Build rental houses 4= lease more 

land to Grow horticultural crops 5= Buy plot 6=Build residential house 7= Mill 

and sell rice 8=Buy motor cycle (Boda boda) taxi 

48. If you do not investment what else do you do with money from rice sales?l=Pay 

school fees 2=Buy consumer goods(Radio, Bicycle) 3=General household use 

4 Buy clothe 

Sources of information for rice farming 

49. List the main sources of information on rice farming 1--Radio 2- Per onal conta t 

with other rice farmers 3-Extension officers from Mini try of agricultur 4- lB 

5=KARI 6=Magazines 7 Agro inputs supplier 8-MRG 1 9=Field du 

I 0 Newspapers 

50. Which of these sources is the most important? 

51. What type of information i a ail bl from th 

l=Agr nomic 2=P st control 

•cncnl 6 htrrn pl1nnin n I inv tm nt 7 

52. II in It r m 11 i >n \\ nt hit ri 

. I th 

nnin in 



55. Have you ever participated in any agricultural training in the last 1 year? 

56. l=Yes 2=No 

57. If yes, was the training on 1 = African white rice stem borer 2=Efficient land use 

4=General rice growing 5=Maize growing 6=Upland rice growing 7=Agricultural 

practices and pest control 

58. Was the training adequate? l=Yes 2=NO 

59. If not what additional training do you require I =Pests and diseases of rice 2=Rice 

husbandry 

Farmer knowledge on pests and diseases 

60. What are the major constraints to rice production (tick one) 1 =Marketing 2= 

Weed 3 Irrigation water 4- Pests 6- Di ea e 7- perating capital 8 alini ty 

9 Paddy rice theft 

61. Which are the most important pests J Arthropod pe t 2= lug 3- th r( pecif ) 

62. Are you able to differentiate the di fferent arthropod pe t ( ho" photograph or 

specimens of different arthropod pests) !=Yes 2 o 

63. If Yes. Rank the listed pests in order of cot of managing th m 

64. How did you get the knowledge to b abl to di er nti tt.:: them l tion. I 

Irrigation Board 2- Mini try o 

4 Mw a Ri c 1r wcr ultipur 

5. n: you thlc I , lli tin •ui h th 1\ \ h i t~: ri \: 

I Ill l 1r 1 h 

h r1 



67. Are you able to distinguish the African white rice stem borer (WRSB) (Show 

specimens oflarvae and adults of stem borers) 1 =Yes 2=No 

68. What is its local name 1 =Caterpillar 2=0ther 

69. When was it first reported in Mwea l=Long time ago 2=Since NIB times 

3=Recently 4=Do not know 

70. How did you come to Jearn of it? 1 =from other farmers 2=NIB 3=From Field 

observations 

71. Are there any myths associated with it? 1 =Yes 2=No 

72. If yes what are the myths. 

GRADUATr r·r.~'"'~. nr-1-f LIBRARY' 
U_NIVEH\)11 r of NAIRQ~j .- J 

73. Can you distinguish the various developmental stages of African white rice stem 

borer I Ye 2 No ( how specimen of larvae, pupae and adult mixed with other 

arthropod pe t and let them pick the different tage ) 

74. How does it develop all the year round? l = gg-lar ae-pupa-Moth 2-Moth-lar a 

3=larva-pupa 4=Do not know. 

75. Are there particular stages of the rice crop" hen the African "hite rice tem b rer 

is most important 1 =Nursery 2=Tiller 3=Heading 4=Panicle formation tuturit · 

6= Harvest 7- throughout the rice crop cycle. 

Farmer management practice of tern bor r 

76. Do you control A fric n whit ri c t m r l=Y 

77. If Yc; what do you u · I 

78. If b n lh Ill I t Ill hr 

7 J. II m n • tim .. I I 



80. If by pesticides how much does it cost in shillings per season to control the 

African white rice stem borer 1 = 100-400 2=40 1-700 3=70 1-1000 4= 1001-1300 

5=1301-1600 6=1601-1900 7=1901-2200 8=.>2201 9=Do not know 

81. Are you aware of any indigenous methods of controlling the African white rice 

stem borer 1 =Yes, 2= No 

82. If yes what are they? 

83. Are you aware of any organisms that eat African white rice stem borers 1 =Yes 

2=No 

84. If yes. What are their names? 1 =Birds 2=0thers 

85. Are these organisms plenty 1 =Yes 2=No 

86. Do you thi nk they can be increased? I- Yes 2 No 

87. IfYe how? 

Conclusion 

At the end of the interview thank the respondent and explain that thi i for uni er it 

degree in the University of Nairobi but the information rna) be u ed b) 1ini tr f 

Agriculture, Kenya Agricultural Re earch Institute or the ni\ er ity of air bi t impro\c 

rice production at Mwea and other irrigation cheme in the untry. 


