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Abstract

M aize w eevil (S ito p h ilu s  zeam ais, M otsch.) is a ub iquitous and cosm opolitan  field-to-store pest 

o f  m aize o f  econom ic im portance in tropical and subtropical reg ions o f  the w orld. T he current 

renew ed interest to  rep lace synthetic  insecticides has served as the  im petus for the evaluation and 

in tensification o f  eco-friend ly  an ti-w eevil m easures such as the  use o f  p lan t based bio

insecticides. T his study w as therefo re , designed  to  investigate the insecticidal and repellent 

potency o f  le a f pow ders o f  R uta  graveo lens  and A zad irach ta  indica  in single treatm ents and 

com binations o f  various p roportions under am bien t laboratory  cond itions against Sitophilus  

zeam ais  in both con tac t and vap o u r form s. For both p lants, 100 g  each o f  m aize grains w ere 

m ixed w ith le a f pow ders at d iffe ren t doses o f  1.0, 3 .0, 5.0, 7 .0 and 10.0 g. T he bio-potential o f  

th ree com binations o f  1:1, 1:2 and 2:1 o f  R. graveo lens  and A. indica  le a f  pow ders incorporating 

into the dosage level o f  lO.Og w as also  evaluated. M aize grains treated  w ith R. graveo lens  lea f 

pow der caused  100 %  con tac t and 68 %  fum igation m ortalities w ith in  24 hours o f  exposure 

w hilst repelling  97 %  and  96  %  w eevils w ith in  an  hour in bo th  con tac t and  vapour form s 

respectively . A. ind ica  pow der w as less efficacious com pared  to  tha t o f  R. graveo lens  causing 

significantly  low er repellency  w ith in  an hour and m ortalities afte r 10 days o f  storage. 

A pplication  o f  2:1 com bination  o f  R. graveo lens  and A. ind ica  p roduced  respective levels o f  100 

%  and 73%  contact and fum igation  m ortalities w ith in  24 hours and  h ighly  sign ifican t repellent 

effects on S. zeam ais, o ffering  g reater potential for large-scale storage since such com binations 

are relatively  cheaper than  using  e ither o f  the bo tan icals singly. L ea f pow ders o f  the tw o  plants 

under presen t investigation  revealed  their im proved grain  p ro tec ting  capacity  w hen used 

individually  and in m ix tu res as b io-ra tional leads in large-scale pro tection  o f  stored m aize.
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1. In tro d u c tio n

M aize (Zea m ays  L), a  w idely  cultivated  coarse grain in Sri L anka is the  th ird  m ost globally  

im portant cereal grain after w heat and rice (G olob et al., 2004). It is referred  to  as the cereal o f  

the future for its nutritional value and utilization o f  its products and by-products (Lee, 1999) as 

m aize provides an estim ated  10 %  and 15 %  o f  the w orld ’s calories and protein, respectively  

(N uss and T anum ihardho , 2010). M aize cultivation in Sri Lanka has expanded  over the last 

several years, becom ing  a highly com m ercialized venture for w hich 69 ,970  ha o f  land ex ten t was 

devoted w ith the production accounting for 261,000 M T in 2015 (D epartm ent o f  C ensus and 

S tatistics, 2016). H ow ever, there is a significant unm et dem and for m aize to  m eet the co u n try ’s 

grow ing requirem ents especially  in the poultry  feed industry and for export that can be harnessed 

in supplying shortages o f  w o rld ’s biofuel production requirem ents, w hich is an enorm ous 

opportunity . H ence, the co u n try ’s im port o f  m aize is bound to  be a huge drain  on Sri L anka’s 

foreign exchange. In m ost o f  Sri Lanka, the greater proportion o f  m aize production  is currently  

dom inated by sm allho lder farm ers w ho heavily  rely on rain fed cond itions w ith lim ited use o f  

im proved seeds, fertilizer, m echanization and post-harvest sto rage facilities w hich often m ake 

them  incur trem endous post-harvest losses and average yields well below  attainable levels 

(M inistry  o f  A griculture, A nim al Production, and D evelopm ent, Industries, F isheries and 

Tourism  o f  Eastern Province, 2016). G lobally , it has been observed that the greatest losses o f  

storage grains are due to  insects that can dam age grains over a short period o f  tim e (Suleim an et 

al., 2013). It is estim ated that stored grains o f  1 -  5 %  and 20 -  50 %  are lost in developed and 

developing countries respectively  due to  insect dam age (N ukenine, 2010). A m ong the key 

insects in m aize storage, S itoph ilus zeam ais  is classified as a prim ary and  m ajor pest due to its 

ability  to  destroy a w hole grain kernel (K anyam asoro et al., 2012).

Insect pest control in stored grain products heavily  relies on the use o f  gaseous fum igants and 

residual contact insecticides. M oreover, given that m aize is used as hum an food and feed for 

livestock renders, the use o f  potentially  toxic synthetic insecticides is unacceptab le since these 

w ould defin itely  lead to  serious problem s such as toxic residues, health  and environm ental



hazards, increasing  cost o f  app lica tion  and erratic supply in develop ing  coun tries due to  foreign 

exchange constra in ts (O beng-ofori e t al., 1997; A slam  e t al., 2002 Udo, 2005; N ton ifo r e t al., 

2010). D ue to  the com plications o f  synthetic insecticides, resource poor farm ers in developing  

countries like Sri L anka w ould  be m ore inclined to  m ix their g ra ins w ith  p ro tectan ts m ade up o f  

arom atic local p lan ts that are long though t to  possess insecticidal and repellen t p roperties prior to 

storage (N tonifor e t a l., 2010; N to n ifo r e t al., 2011). P lant p roducts are being  used to  control 

m any insect pests in the  field  and also  in storage since tim e im m em orial (Y ohannes e t al, 2014). 

T his accentuates the im portance o f  seek ing  alternative pest m anagem ent techno log ies such as the 

use o f  plant derived natural insecticides for effective pro tection  over stored  m aize, that are 

readily available , affo rdab le , and non-tox ic  to  hum ans and to  the  env ironm ent (N iber, 1994; 

T alukder and H ow se, 1995; A slam  et al., 2002).

Hence, the p resen t phy tocen tric  study  w as undertaken to  evaluate  le a f  pow ders derived from 

garden rue {Ruta g raveo lens)  and neem  (A za d ira ch ta  indica) for th e ir insecticidal and repellent 

activ ities against S ito p h ilu s  zea m a is  as w ell as to  test the potency o f  various com binations o f  

p lant pow ders for po ten tial large-scale explo itation  in in tegrated  insect pest m anagem ent 

program s.

2. M a te r ia ls  a n d  M e th o d s

A series o f  experim ental designs w ere conducted  at the insect pest m anagem ent laboratory o f  

D epartm ent o f  Z oo logy , Faculty  o f  A pplied  Sciences, U niversity  o f  Sri Jayew ardenepura , Sri 

L anka from  June to  O ctober 2015. T he relative hum idity  and am bien t tem peratu re  during  the 

experim ental period  w ere 84 ±  2% R H  and 29  ±  2°C respectively . A ll the assessm ents carried  out 

in th is study w ere rep licated  ten  tim es.

2.1 C ollection  o f  P la n t M a ter ia l

Fresh, m ature and healthy  leaves o f  R uta  graveo lens  (Sapindales: R utaceae) and A zad irach ta  

indica  (Sapindales: M eliaceae) w ere co llected  from  B andaraw ela region and university  prem ises 

respectively . T hese  w ere shade dried  and coarsely  pow dered by using  a dom estic  electric grinder 

(M ultinational® , 2101 , India). T hen the  pow ders w ere packed in g lass con tainers w ith tigh t lids 

and stored in a re frigerato r at 4°C p rio r to  use.



2.2 Culturing o f Insects

Sitophilus zeam ais  used for the study w ere obtained from infested stock  o f  m aize in the local 

m arket and then reared on un-infested m aize grains in glass ja rs  covered  w ith  m uslin  cloth held 

in place w ith rubber bands for the passage o f  air and prevention o f  the w eevil escape. O ne w eek 

old adult w eevils w ere used for all experim ents.

2.3 Assessment o f  Contact Mortality

C ontact toxic action w as assayed by adm ixing  100 g o f  un-infested  m aize grains w ith pow dered 

leaves o f  plants w eighing 1.0, 3.0, 5.0, 7.0 and 10.0 g correspond ing  to respective levels o f  1.0, 

3.0, 5.0, 7.0, 10.0 %  w /w  in the plastic containers (height 8cm , d iam eter 7 .5cm ) and 20 adult 

w eevils w ere in troduced into each. T he containers w ere then covered w ith  m uslin  cloth held 

firm ly w ith rubber bands to  prevent the escape o f  the w eevils and to  ensure adequate aeration. 

M aize grains w ithout any p lant pow der w ere served as the control. T he contact m ortality  o f  the 

w eevils was recorded at 3 hour intervals up to 24 hours and at 24 hour intervals up to  10 days o f  

post treatm ent for R. graveo lens  and A. indica  respectively.

2.4 Assessment o f  Fumigation Mortality

T he bio apparatus for the fum igation tox icity  test consisted  o f  a sm all plastic con tainer (height 

4cm , d iam eter 5cm ) attached to  a plastic cup (height 8cm , d iam eter 7.5cm ). T he bottom  o f  the 

plastic cup w as cut o f f  and replaced w ith a nylon cloth to  allow  the vapour o f  p lant pow ders in 

the container to  pass through the cloth and reach the w eevils. L ea f pow ders (1 .0 , 3.0, 5.0, 7.0 and

10.0 g) w ere placed in the  separate plastic containers w hile 100 g m aize grains w ere placed in the 

plastic cups. Tw enty  adu lt w eevils w ere then introduced into each p lastic cup. T he bio apparatus 

was covered w ith m uslin  cloth held in place w ith rubber bands. A sim ilar set up w ithout the leaf 

pow ders w as used as the positive controls. Fum igant m ortality  o f  the m aize w eevils w as 

evaluated after every  3 hours up to  24 hours and every 24 hours up to 10 days o f  w eevil exposure 

for lea f pow ders o f  R. graveo lens  and A. indica  respectively.



2.5 Assessment o f  Contact Repellency

C ontact repellency w as tested  accord ing  to  the standard m ethod  adopted  by M ohan and Fields 

(2002) w ith  som e m odifications. Portions o f  1.0, 3.0, 5.0, 7.0 and 10.0 g o f  le a f  pow ders w ere 

w eighed and each added  into a  sm all plastic cup (height 8 cm , d iam eter 7.5 cm ) w hich contained 

100 g o f  m aize grains w hich  correspond  to  1.0, 3.0, 5.0, 7.0 and 10.0 %  w /w  respectively . The 

grains in the contro ls con tained  no le a f  pow ders. T he top % height o f  the  sm all plastic cup w as 

perforated using a so ldering  gun (220V /240V , 40W , C hina). T hose ho les w ere m ade to  allow  the 

w eevils to  escape from  th e  p lastic cup  i f  they  w ere repelled  by the le a f  pow ders. T his small 

plastic cup w as then p laced  inside a large p lastic bottle (height 15 cm , d iam eter 7.5 cm ) to  trap  

the w eevils that w ere m oving  ou t through the holes o f  the sm all p lastic cup. T w enty  adult 

w eevils w ere in troduced into each sm all plastic cup. T he b io -apparatus w as then covered w ith 

m uslin  cloth held in p lace w ith rubber bands to  allow  the a ir passage for w eevils. T he num ber o f  

repelled  w eevils in the  large p lastic  bottle w as counted one hour afte r th e ir in troduction.

2.6 Assessment o f  Fumigation Repellency

T he bio apparatus used for th is study w as som ew hat s im ilar to  the setup  used in the contact 

repellency bioassay bu t w ith  som e alterations (M ohan &  Fields, 2002). T he bottom  o f  the sm all 

p lastic cup w as rem oved  and rep laced  w ith  a  nylon cloth w hich  w as then  fitted w ith  a small 

plastic con tainer (he igh t 4  cm , d iam eter 5 cm ) to  p lace the  le a f pow ders inside the latter. This 

ad justm ent allow ed the  vapour o f  le a f  pow ders inside the con tainer to  pass th rough  the  cloth and 

reach the  w eevils. L ea f pow der w as then  put in the plastic container, 100 g o f  m aize grains w ere 

placed in the  sm all p lastic  cups and 20 adu lt w eevils w ere in troduced into the sm all p lastic cups. 

1 .0, 3.0, 5.0, 7.0 and 10.0 g o f  le a f  pow ders correlative to  1.0, 3.0, 5.0, 7.0 and 10.0 %  w /w  

respectively , w ere tested  separately . T he grains in the control test contained  no le a f pow ders. 

N um ber o f  repelled  w eev ils  in the  large p lastic bottle w as counted  one hour afte r introduction.

2.7 Bioassay with binary combinations o f  leafpowders

B ioassays w ere conducted  based on the procedure described by N to n ifer e t a l  (2010, 2011) w ith 

m inor m odifications. In the  light o f  A zad irach ta  ind ica  is often  used by trad itional farm ers to 

pro tect their g ra ins from  stored insect pests and prev ious experim ents w ith  10.0 g o f  R uta



graveo lens  caused around 100 %  w eevil m ortalities and repellencies, binary  com binations with 

proportions o f  1:1, 1:2, 2:1 o f  R uta graveo lens  and A zad irach ta  indica  lea f pow ders 

incorporating into 10.0 g w ere then evaluated. Each o f  the proportion w as then m ixed w ith 100 g 

o f  un-infested m aize grains in the b ioassay cham bers and 20 w eev ils w ere introduced. 

Experim ent was conducted  as in the previous assessm ents, in both contact and vapour form s 

evaluating the num ber o f  dead and repelled insects accordingly.

2.8 A n a ly s is  o f  D ata

All data w ere subjected to  one-w ay analysis o f  variance (A N O V A ) using the "M in itab” , version 

14.0. T ukey’s m ultip le com parison test w as used to  separate m ean values o f  the experim ents, 

w here significant d ifferences existed  (p<0.05). Probit analysis w as used to  estim ate LT5o values 

to determ ine the lethal tim e needed to kill 50%  o f  m aize w eevils.

3 .0  R esu lts  a n d  D iscussion

3.1 A ssessm e n t o f  C on tac t M orta lity

The cum ulative contact m ortality  o f  R. graveo lens  exerted on m aize w eevils w ithin 24 hours o f  

exposure is presented in F igure 1. L ea f pow ders elicited  clear dose dependen t m ortality  o f  adult 

S. zeam ais  p roducing end-poin t m ortalities am ounting  to  100% after 21 and 24 hours for the 

dosage levels o f  10.0 g and 7.0 g respectively. It was notable that after 24 hours o f  post treatm ent 

period, m aize seeds m ixed w ith 3.0 g o f  R. graveo lens  lea f pow der show ed over 50 % contact 

insecticidal activity .



Figure 01 .C ontact m orta lity  o f  S. zea m a is  caused  by trea ting  stored m aize grains w ith varied 

doses o f  R. gra veo len s  le a f  pow ders afte r every  3 hrs up to  24 hrs o f  w eevil exposure.

Insecticidal ac tiv ity  o f  A. ind ica  le a f  pow ders tested  against 5. zeam ais  a fte r 10 days o f  exposure 

period is p resen ted  in F igure 2. A lthough the le a f  pow ders produced  c lear and com plete w eevil 

m anagem ent (100 % ) w ith in  9 days at the h ighest dose level, the m ortality  ra te w as not as fast as 

the m ortality  produced  by R. graveolens. It is ev iden t accord ing  to  the resu lts o f  both botanicals 

that the m ortalities o f  crude pow ders w ere sign ifican tly  (P<0.05) influenced by plant, dose 

applied  and the con tac t duration . In addition , th is  phenom enon suggests the  presence o f  pungent 

secondary m etabo lites in the  p lan t that act as insecticides in fluencing  insect locom otion, 

oviposition , feeding behavior, developm ental and physiological p rocesses as w ell as behavioral 

patterns (U do, 2015). H ow ever, as the  exposure tim e increased, there w as progressive increasing 

in the tox icities o f  both  p lan ts to  test insects show casing  appreciab le m orta lity  o f  S. zeam ais.
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Figure 02 .C ontact m ortality  o f  S. zeam ais  caused by treating  stored m aize grains w ith varied 

doses o f  A. indica  lea f pow ders at 24 hour interval up to  10 days o f  w eevil exposure.

3.2 A ssessm e n t o f  F u m ig a tio n  M orta lity

The percent m ortality  o f  w eevils to  the volatiles originated from  diffe ren t doses o f  R. graveo lens  

and A. indica  lea f pow ders is presented in Figures 3 and 4 respectively . A t dose levels o f  7.0 and

10.0 g, both plant m ateria ls caused m ore cum ulative insecticidal effects on S. zeam ais, w hile 

untreated control g iv ing no w eevil m ortalities over the exposure tim e period. H ow ever, R. 

graveolens  leaf pow der was com paratively  m ore effective than A. indica  as a fum igant by 

eliciting  satisfactory  results at a faster rate.



Figure 0 3 .Fum igation m ortality  o f  S. zeam ais  caused by trea ting  stored m aize grains w ith varied 

doses o f  R. graveo lens  le a f  pow ders afte r every  3 hrs up to  24 hrs o f  w eevil exposure.

T hough none o f  the  p lan ts  offered  com plete  protection over stored m aize from  m aize w eevils, 

there w ere sign ifican t d iffe rences am ongst the doses o f  R. g ra veo len s  and A. ind ica  le a f  pow ders 

used, from  w hich the level o f  dam age is quite high com pared  to  un treated  control. M oreover, 

fum igation m orta lity  o f  adu lt w eevils increased w ith the increase in dose level over the tim e. 

H ow ever the level o f  m orta lity  observed  could  be to lerab le and useful as successfu l fum igants in 

traditional sm all ho lder s to rage system s.



Figure 04 .Fum igation m ortality  o f  S. zeam ais  caused by treating  stored m aize grains w ith varied 

doses o f  A. indica  le a f  pow ders at 24 hour interval up to  10 days o f  w eevil exposure.

3.3 A ssessm e n t o f  R ep e llen cy

D ata in Figures 5 and 6 dep ic t the repellent activ ities em itted  by R. graveo lens  and A. indica  leaf 

pow ders adm ixed w ith  100 g o f  m aize seeds w ithin an hour o f  w eevil exposure period in both 

contact and vapour form s. A m ong the le a f pow ders tested, m axim um  percentage o f  repellency o f  

97 %  was recorded w ith  10 g/100 g o f  m aize seeds, in R. graveo lens  trea tm ent and a lesser 

am ount (74% ) in A. ind ica  w hen the lea f pow ders w ere in contact w ith S. zeam ais. In the sense 

o f  vapour form , m aize grains treated  w ith crude R. graveo lens  pow ders had the h ighest percent 

repellent value o f  96 % , w hile A. indica  caused 47 %  repellence o f  adult S. zeam ais. It is very 

rem arkable that R. gra veo len s  produced quite a considerab le repellen t effect over A. indica  

w hereas in the control b io-assay , the w eevils w ere m ore or less d ispersed  am ong untreated  m aize 

grains exhibiting  no repellence at all. R epellency percentage produced by both p lants was found 

to be dose dependent show ing statistical significance at 5 %  confidence level.



Figure 05 .C ontact repellency  o f  S. zea m a is  caused  by trea ting  stored m aize w ith  d ifferen t doses 

o f * ,  graveo lens  and A. ind ica  le a f  pow ders tested  singly w ith in  an  hour o f  exposure

Figure 0 6 .Fum igation  repellency  o f  S. zeam ais  caused  by trea ting  stored  m aize w ith d ifferen t 

doses o f  R. g ra veo len s  and  A. ind ica  le a f  pow ders tested sing ly  w ith in  an hour o f  exposure



3.4 Bioassay with binary com binations o f  leafpow ders

The com bined effect o f  bo tanicals on m ortality  o f  S. zeam ais  estim ated from  pooled data in both 

contact and vapor form s are illustrated  in T able 1. T he percentage m orta lity  recorded  in each 

proportion o f  each form  w as significantly  h igher than the m ortality  for the  experim ental control 

that had zero percen t w eevil m ortalities.

Table Ol.Mortality of S. zeam ais caused by treating stored maize grains with various 

proportional combinations of R. graveolens and A. indica leaf powders

*Mean % Mortality ± SD

Proportional Combinations (Ruta graveolens : Azadirachta indica)
l im e /

H A T
C o n tro l C o n ta c t F u m ig a tio n

0:0 1:1 1:2 2:1 1:1 1:2 2:1

3 0.00 ±  0 .00a 20.00 ± 4 .08a 11.00 ±  3 .94a 40.00 ±  3 .33a 0.00 ±  0 .00a 0.00 ± 0 .00a 3.00 ±  2 .58a

6 0.00 ± 0 .00a 24.00 ±  3 .94ab 15.00 ± 3 .3 3 a 49.00 ± 3 .94b 0.00 ±  0 .00a 0.00 ±  0 .00a 11.00 ± 4 .5 9 b

9 0.00 ±  0 .00a 28.00 ±  3 .49b 25.00 ± 4 .7 1 b 53.00 ±  2.58° 0.00 ±  0 .00a 0.00 ± 0 .00a 19.00 ± 3 .9 4 b

12 0.00 ± 0 .00a 46 .00  ± 3 .16c 39.00 ± 3 .16c 62.00 ± 2 .5 8 d 19.00 ± 2.1 l b 0.00 ±  0.00a 33.00 ± 3 .4 9 c

15 0.00 ± 0 .00a 56.00 ± 3.94d 40.00  ± 4.7 r 74.00 ±  3 .16e 34.00 ± 2.1 l c 9 .00 ±  2.1 l b 46.00 ±  3 .16d

18 0.00 ± 0 .00a 61.00 ±  3.94d 46.00 ±  2.1 l d 80.00 ±  0 .00 f 40 .00  ±  4 .08d 19.00 ± 2.1 l c 59.00 ±  4.59°

21 0.00 ± 0.00a 76.00 ±  2.1 l e 54.00 ± 6 .5 8 e 93.00 ± 2 .5 8 g 51.00 ± 3 .16e 22 .00  ±  3 .49d 70.00 ± 4 . r e

24 0.00 ± 0 .00a 92.00 ± 2 .581 70.00 ±  3 .33f 100.00 ± 0 .0 0 h 58.00 ± 5 .8 7 f 34.00 ± 2.1 l e 73.00 ±  3 .4 9 1

*M eans follow ed by the sam e letters in each colum n are not sign ifican tly  d ifferen t accord ing  to 

the T ukey’s test at P<0.05; *M ean Percentage C ontact T oxicity  ±  SD for ten  rep licates (n =  200); 

*H A T -  H ours A fter T reatm ent

Proportionate com bination  o f  1:2 incorporating into 10.0 g o f  R. g ra veo len s  and A. indica  (3.33: 

6.66 g) killed 70 %  and 34 %  o f  S. zeam ais  adults at 24 hours afte r trea tm ents in contact and 

fum igation assays respectively . An increased dose o f  R. graveo lens  in the m ix ture 2:1 o f  R. 

graveo lens  and A. indica  (6.66: 3.33 g) produced 100 %  and 73 %  o f  respective contact and



.\

fum igation w eevil m ortalities afte r 24 hours o f  post treatm ent. T his clearly  d iscern ib le  that each 

p lan t individually  influenced w eevil m ortalities w hile in proportional com binations, thus offering 

good grain pro tective ac tiv ity  in con trast to  w hat prevailed  in th e ir sing le assays.

T he LT50 values ob tained  from  the  p rob it regression  analysis o f  tim e-response for each plant 

w hen they  w ere tested  sing ly  and in com binations are given in T ab le  2.

T a b le  0 2 .C o m p a ra tiv e  m e d ia n  le th a l t im e  (L T 50) o f  S . zea m a is  d u e  to  le a f  p o w d e rs  o f  R. 

graveo lens, A . in d ica  a n d  th e i r  b in a ry  c o m b in a tio n s  a t  th e  d o sag e  level o f  10.0 g

T re a tm e n t
B io assay L T 50 C o n fid en ce  In te rv a l

F o rm (H o u rs ) L o w e r U p p e r

R u ta  g ra veo len s
C ontact 5.31 4.62 5.95

Fum igation 14.52 13.46 15.73

A za d ira ch ta  ind ica
C ontact 44.73 39.23 49.61

Fum igation 119.53 107.87 133.72

1:1 11.38 10.29 12.55

1:2 C ontact 17.82 15.81 20.62

B in a ry  co m b in a tio n 2:1 5.83 4.91 6.67

(R. g raveo lens:A . in d ica ) 1:1 20.39 19.23 21.87

1:2 Fum igation 27.74 25.34 32.06

2:1 15.53 14.43 16.79

95%  low er and upper fiducial lim its are show n in parenthesis 

LT50 -  Lethal tim e that k ills  50%  o f  the  population

R. graveo lens  le a f  pow ders caused  50 %  o f  con tac t and fum igation w eevil m ortalities w ithin 5 

and 14 hours o f  w eevil exposu re  respectively , w hile the proportional com bination  o f  2:1 o f  R. 

graveo lens  and A. ind ica  p roducing  the sim ilar m ortalities also  w ith in  5 and 15 hours o f  post 

treatm ent at the  10.0 g o f  dosage level.

T he proportion o f  2:1 o f  R. g ra veo len s  and A. indica  le a f  pow ders w as the  m ost effective binary 

com bination tha t caused  sign ifican tly  h igher repellen t rates am ounting  fo r over 90 %  in both



m

contact and fum igation bioassays w ithin an hour (Table 3). A lthough d ifferences in effectiveness 

o f  leaf pow ders tested alone and in com binations w ere relatively  sm all, 2:1 proportional m ixture 

was found to  be the m ost effective.

Table 03.Repellency o f S. zeam ais caused by treating stored maize grains with various 

proportional com binations o f R. graveolens and A. indica  leaf powders within an hour of 

weevil exposure

*Mean % Repellency ± SD

Proportional Combinations Bioassay Form

(Ruta graveolens : Azadirachta indica) Contact Fumigation

1:1 88.00 ± 3 .49b 84.00 ± 4.59b

1:2 79.00 ± 3.94a 75.00 ± 5.27a

2:1 97.00 ± 2 .58c 94.00 ± 2.1 lc

*M eans follow ed by the sam e letters in each colum n are not sign ifican tly  d ifferen t accord ing  to 

the T ukey’s test at P<0.05; *M ean Percentage C ontact T oxicity  ±  SD for ten rep licates (n =  200)

Single and binary  m ixtures o f  lea f pow ders o f  R. graveo lens  and A. indica  caused varying 

degrees o f  m ortalities and repellencies on m aize w eevils. T he b io-potential o f  lea f pow ders w as 

based m ainly on the dose and the exposure period. The present study revealed  that R. graveo lens  

leaf pow der when used singly w as m ore effective against S. zeam ais  than w hen it w as com bined 

with the lea f pow der o f  A. indica. H ow ever, binary com binations considerab ly  reduced the 

quantity  o f  R. graveo lens  used in the m ixtures significantly  reducing the cost o f  the preparations, 

w hile m aintain ing th e ir potency alm ost at the level when R. graveo lens  le a f  pow der was used 

alone. In fact, at 10.0 g, 2:1 m ixture o f  R. graveo lens  and A. indica  w as alm ost on par w ith R. 

graveolens in the exertion  o f  potent lethal and repellent activ ities in both contact and vapour 

forms. Using a com bination  rather than using R. graveo lens  a lone w ould  be a cost effective 

advantage since leaves o f  A. indica  are m uch easie r to  obtain. It is also  advantageous to  use 

com binations o f  p lant pow ders, as it m ay delay  the developm ent o f  resistance in insects to these 

plant pow ders due to  the com plexities o f  the chem icals.



A s evidenced by the  resu lts, availab ility  o f  R uta  graveo lens  and A za d ira ch ta  indica  locally and 

their po tentials as b io -pestic ides m ake them  candidates in upgrad ing  post-harvest protection 

practices o f  stored m aize in Sri L anka. In the extended exp lo ration  o f  effec tiveness o f  those 

botanicals, b inary  com binations o ffer a  cheaper and easy control m ethod for farm ers and small 

scale en terprises thus enco u rag in g  them  to  develop  their ow n plan t-based  and eco-friendly  post

harvest insecticide fo rm ulations as supplem ents to  m ore tox ic  synthetic  insecticides. Further 

studies are still being  underw ay to  e lucida te  the active ingredients, m ode o f  action and their 

interactions o f  these p lan ts to  ensure a  steady  supply  o f  good quality  m aize grains enabling  their 

resourceful use in large scale stored product protection.
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