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Operations Research

Operations Research is the
application of analytical methods
designed to help the decision
makers choose between various
courses of action available to
accomplish specified objectives

In simple term it describe as
“The Science of better”
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Operations Research - Methodology

Operations
Research

'

Solution
m===)>  Development \
Solution
Validation

Evaluation

.

Insect

Microbial
&l Herbal

Control

Laboratory




Mohan lal

Sukhadiya

University,

Udaipur

Malaria burden in India

»Malaria continues to remain among the top three
infectious diseases (Malaria, tuberculosis and HIV) affecting
billions of people globally.

»The World Health Organization estimates that over 300
million new cases of malaria arise every year in world.

»80.5 % of the 109 billion population of India lives in
malaria risk region.

»in India, NVBDCP, (National Vector Borne Diseases Control
Programme) indicate 1.5-2 million confirmed cases and
about 1,000 deaths annually.
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Distribution of major malaria vectors in India
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Source: Dev & Sharma, 2013
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Map showing intensity of malaria in Rajasthan on the bases of Annual
Parasite Index (API) in 2010) (Data source: NVBDCP).
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Malaria in Udaipur

CMHO report of Udaipur
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Mosquito control research in our

laboratory

»Bionomics of Anopheline mosquitoes in south Rajasthan

» Bacterial control of Anopheline mosquitoes
» Mycopesticide control of Anopheline mosquitoes

» Phytopesticide control of Anopheline mosquitoes
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Bionomics study of Anophelines
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Adult mosquito collection using aspirator in human dwellings

Mosquitoes

collection
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Breading
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Identification
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Vector

Incrimination

Detection of sporozoites from Salivary gland dissection of Mosquito

study
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Incidence of Anophelines in Udaipur (Southern

Rajasthan)

S.No. Mosquitoes Season Vector
collected Infectivity
rate
Rainy % 0OC Winter % 0OC Summer % 0OC (%)
1. An. stephensi 172 9.16 68 4.42 218 14.47 0.46
2. An. culicifacies 357 19.01 257 16.70 547 36.30 0.61
3. An. fluviatilis 79 421 158 10.27 26 1.73
4. An. subpictus 592 31.52 167 10.85 462 30.66
5. An. annularis 422 22.47 640 41.59 201 13.34
6. An. splendidus 141 7.51 104 6.76 18 1.19
7. An. barbirostris 66 3.51 78 5.07 23 1.53
8. An. jemesai 33 1.76 41 2.66 7 0.46
9. An. pellidus 7 0.37 10 0.65 1 0.07
10. An. tessellatus 1 0.05 4 0.26 0 0.00
11. An. nigerrimus 8 0.43 11 0.71 4 0.27
12. An.turkhudi 0 0.00 1 0.06 0 0.00
Total 1878 100 1539 100 1507 100

Insect

Microbial
&l Herbal

Control

Laboratory




Mohan lal

Sukhadiya

University,

Udaipur

Season wise species specific breeding preference of Anophelines from

different habitats in of Udaipur, South Rajasthan (July, 2012-June, 2014)

Season Mosquitoes Stream | Rocky | Grassy | Season | Tree | Cattl | Clay | Tanka | Total
collected & its pits | pools | ponds |al ponds| holes e pots breedin
tanks g sites

Rainy An. stephensi + + + + + 05

An. culicifacies + + + + 04

An. fluviatilis + + + 03

An. subpictus + + + + + 07

An. annularis + + 04

An. splendidus + + 03

An. barbirostris + + + 03

An. jemesai + + 02

An. pellidus + + 02

Total species 08 01 09 05 04 02 02 02 33
Winter |An. stephensi + + + 03

An. culicifacies + + + + + 05

An. fluviatilis + + + 03

An. subpictus + + + + 05

An. annularis + + + 04

An. splendidus + + + 03

An. barbirostris + + + 03

An. jemesai + + 02

An. pellidus + 01

An. nigerrimus 01

Total species 06 03 10 05 02 02 01 01 30
Summer |An. stephensi + + + 05

An. culicifacies + + 04

An. subpictus + + + + 05

An. annularis + 02

An. barbirostris + + 02

Total species

04

01

05

03

02

01

02

18
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Goal of vector control

»Reduce vector-human contact by targeting the different

stages of Anopheles.
» Control mosquitoes in safe, efficient and cost-effective

mannetr.
»Prevent damage to humans, animals, land and natural

environment.
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Biological control

Bio-pesticides are certain types of pesticides derived from
natural material such as animals, plants, bacteria, and
certain minerals. Many bio-pesticides are less toxic and pose
a lower risk than conventional pesticides which can be quite
toxic.

Larva Killed by NP Virus

Bacillus bacteria

Botanical
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To study the occurrence of Anopheline mosquito larvae
in relation to their habitat in different zones of
Udiapur (South Rajasthan)

»Udaipur city of

Insect
Mohan lal | South Rajasthan
. Microbial
Sukfiadiya provided good
favorable sites for &l Herbal
University, .
malaria vector
. 0 Control
Udaipur | larvae to breed. —
Closer view of water body
Laboratory

»The abundance
and occurrence of
anopheline
mosquito  fauna
was maximum in
semi urban areas
(followed by
urban and rural
areas.

Anopheline larvae (closer view) Rear view of larval colletion site
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Effect of various abiotic factors on the different

developmental stages of Anopheles stephensi (L.)
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1 2 |27.02|6521| 12 |29.42|66.49| 3 |2809|6522| 5 | 22 |28.18] 65.64
2 3 |28.00|69.72| 12 |27.06|67.82| 2 |2765|6637| 4 | 21 |27.60]|67.97
3 3 |2042| 706 | 10 |2742|7188| 2 |2842|6820| 6 | 21 |28.42]|70.59
4 2 |27.82|71.02| 11 | 2869|7366 | 2 |28.26|6844| 6 | 21 |28.26|71.04
5 2 | 2720|7279 | 12 |27.75| 69.80 | 3 |27.49|7028| 5 | 22 |27.48|70.99
6 2 |2873|6844| 10 |26.98|7003| 2 |2764|7280| 3 | 17 |27.78| 70.45
7 3 |2745|6982| 12 | 275 | 7262 | 3 |2843|71.33| 3 | 21 |27.79| 71.26
8 2 |28.92|71.00| 13 | 2806|7160 | 2 |[2859|7038| 5 | 22 |2852|71.05
9 2 | 2749|7044 | 13 | 2844|7145 2 |2863|6982| 4 | 21 [2819]7057
10 2 |28.05|7402| 11 |2789|6983| 3 |27.37|6988| 5 | 21 |27.77| 71.24
Mean 28.02 | 70.42 27.92 | 70.54 28.06 | 69.29 28.00 | 70.08
2.30 11.60 2.40 4.60 | 20.90
R 0.263 |-0.010 0.381 |-0.096 -0.382 |-0.042 0.224 |-0.170
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Rearing of mosquitoes

=Larvae were collected from different
water bodies; they were be brought to
the laboratory and kept for rearing.

"The larvae
were fed on dog
biscuits and
yeast powder in
3:1 ratio.

s Adults were
provided with 10%
sucrose solution

"Mosquitoes were held at 28
+2°C temperature, 70-80% RH,
with a photo period of 14h
light: 10h dark
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Mycopesticide
Beauveria bassiana (Balsamo)

An ubiquitous, >  Pathogenic to insects

> \ery diverse and large host
Hemibiotrophic, range

Mitosporic fungi » Low virulence against non
target insects

» Grows naturally in soil

Insect-pathogenic,

With a very diverse and
large

host range
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Rearing of mosquites

in Rearing Room

Larval Treatment

Experimental plane

Development of Beauveria bassiana

Rearing of Anopheles Larvae in BC (Balsamo) in tlieLaboratary

Incubator

Serial Dilutions of Beauveria bassiana

Experimental Observations
P (Balsamo)
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Larval mortality

Probit Analysis

Instar Intercept X2 LC, | LCqyy
-0.7058 + 0.6180
Egg 21.87 | 1.14 | 3.22
(Conc.)
-0.8047 + 0.0937
| Instar 542 | 8.59 | 22.27
(Conc.)
I -0.9148 + 0.5489
30.71 | 1.67 | 4.00
Instar (Conc.)
1] -0.9542 + 0.6725
50.53 | 1.42 | 3.32
Instar (Conc.)
\Y -0.6415 + 0.7395
19.40 | 0.87 | 2.60
Instar (Conc.)
-0.5541 + 0.5529
Pupa 37.54 | 1.00 | 3.32

(Conc.)
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Experimental Plan

¢ Isolation of soil bacteria

*»Bioassay of isolated bacterial strains for their
insecticidal activities

*sEvaluation of three most toxic bacterial strain

against different developmental stages (egg,

larvae and pupa) of Anopheles stephensi (L)
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Bacterial pesticide
* Anopheles stephensi larvae
was tested with bacterial
esticide. Insect
Mofian faf | P
* Most potent bacterial groups Microbial
Sukhadiya : . .
 taav; was Actinobacteria, Bacillus
_ _ & Herbal
University, | and Pseudomonas in detail
: screening procedure. Control
Udaipur
LC,, Values LCy, Values LdﬁOfdtO?}’
S.No Actinobac Bacillus | Pseudomona | Actinobacteri Bacillus Pseudom
teria strain B, | sstrain P, astrain A, strain B, | onas
strain A, strain P,
1 Egg 1.662 1.835 2.004 3.301 3.780 3.351
2 ISt Instar 1.648 1.814 1.996 3.427 3.759 4.158
3 [I"d Instar 1.618 1.794 1.965 3.373 3.807 4.141
= E 4 1" Instar 1.645 1.858 2.116 3.513 3.990 4.614
L 5 IVth Instar 1.721 1.891 2.112 3.687 3.975 4.374
6 Pupa 1.805 2.008 2.202 3.473 3.972 4.331




Bacterial pesticide field bioassay

The field bioassay was conducted to assess the efficacy of Streptomyces

indiaensis in the field conditions to control Anopheles stephensi (L)

mosquito population. Insect
Mohan lal
Pupal Emergence Adult Emergence Microbial
Su/{ﬁadiya Dose Resu Dose
Concentratio | Mean | SD F df . Concentratio | Mean D F df Re:”' 62:.7{81'5(1[
o o n
University, n
Control 44.67 | 1.53 Control 41.00 | 1.00 Control
Udaivur 1.0gm | 22.67 | 3.06 1.0gm 13.00 | 2.00
pu 14:'4 38 | *Hx 397.33 | 3,8 | ***
2.5gm 14.00 | 2.00 2.5gm 8.00 | 1.73 Laﬁomtory
- 267 | 250 5.0 gm 200 | 1.00

Results obtained from field trial
showed that different
concentrations of Streptomyces
indiaensis were highly toxic to

larvae of Anopheles stephensi (L.).
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According to the report of Xclaris Lab Actinobacteria strain A, was
identified as Streptomyces indiaensis type strain LMG19961 (Gen Bank
Accession Number: AJ781344.1).

Similarly Bacillus strain B, was identified as Bacillus subtilis type strain

IF5 (Gen Bank Accession Number: FJ951435.1) .

The sequence of identified bacteria Streptomyces indiaensis type strain
LMG 19961 and Bacillus subtilis type strain IF5 were registered in
NCBI (National Center for Biotechnological Information U.S.A).

NCBI assign an Accession Number which is KJ170314 for Streptomyces
Indiaensis strain LMG19961 and KJO22639 for Bacillus subtilis strain
IF5.
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Press Note

Rill Mosquitoes

MLSU Researchers discover two new strains of Bacteria to

2 bacteria strains that ¢
mosquito populatlon fou
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Researchers and Zoologists at Mohanlal
Sukhadia University, Udaipur have
discovered two new bacterial breed
effective in controlling the mosquito
population.
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Experimental Plan

s Extract preparation from plant (Moringa Oleifera L seed,

flower and leaves)
+*» Bioassay of extracted plant materials for their
Insecticidal activity

¢ Evaluation of Repellant properties of extracts of most

effective plants against adult mosquito.
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Phyto-pesticide

Evaluation of Repellant properties of extracts of most effective plants
against adult mosquito

In Moringa oleifera (Lam.), further seeds were most effective among
all the three plant parts considered i.e. leaves and flowers
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Screen tunneled method

Leaves
30ppm 10
60ppm 20
90ppm 50
T 120.00
% 100.00
J|f ] 80.00
1Tl ‘ “ | Percent . o
IRl | * | A8 Repellency
Ol 3 40.00
[ L |
¥ 20.00

0.00

Flowers
30
50
90

Seeds
80
120
160
——30
X =60

=e=90

10 30 50 70 90 110 130 150 170 190

Time (minutes)

Graphical representation of the Moringa oleifera (Lam.) seeds against

Anopheles stephensi (L.)
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Experiment with the Moringa olefera (Lam.) incense
sticks

Leaves Flowers Seeds
Sample 1 28 18 14
Sample 2 16 14 8
Sample 3 14 10 4
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Parasite control
An another aspect of ma[ana contro[

We have explored the antmalarial properties of some easily
available plants with the help of Plasmodium yoelii infected
Swiss Albino mice.
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Experimental

»Plant Extract preparation
»Dose preparation

» Passaging of mice with
plasmodium

»Dosing of extracts

» Monitoring of mice
»Blood slid preparation

» Present suppuration
study

1
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» Catharanthus
rouses flower was
found most affective
with highest present
suppuration followed
by Catharanthus
rouses leaf.
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