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ABSTRACT

Pulses (family Leguminosae) are the major source of protein (20-30 %) in the everyday
Indian diet. They are also a good source of other nutrients, including fiber, vitamins, and
minerals. Pulses are susceptible to insect infestation during storage, deteriorating their
quality and quantity. The Coleopteran insects (Bruchidae family) are the most common
insects associated with stored legumes. Callosobruchus maculatus is very common and
highly detrimental to pulses during storage. Farmers in developing countries like India
have traditionally used various non-chemical methods, including plant-based materials
like leaves, spices, and essential oils, to protect their stored grains from insects. In
previous studies, essential oils such as eucalyptus oil demonstrated insecticidal and
repellant activity against various storage insects, including Rhyzopertha dominica,
Tribolium castaneum, and C. maculatus. Different chemical pesticides in large-scale grain
storage systems are currently employed to combat insect infestations; however, these
pesticides have proven detrimental to human health and the environment. Therefore,
developing eco-friendly holistic solutions for insect pest control during storage is
necessary. In the present study, research is carried out to develop a metallic bin and
eucalyptus essential oil-based nanoemulsion to control C. maculatus during pulse (Vigna

mungo) storage.

Initially, a field study was conducted in Nandgao (Uttar Pradesh, India) to
understand the current grain storage system for storing pulses domestically. It was found
that almost 75 % of farmers keep their legume grain in plastic bottles or jars. Jute and
polyester bags are also being used. Only 5 % of farmers (very small landholding) purchase
from the market as per their needs. It was noted that the traditional storage
methods/practices were insufficient to ensure complete protection during storage. The
findings highlight the necessity of developing a new storage bin specially designed for

pulse storage.

The C. maculatus infestation has a negative impact on the nutritional value of
stored pulses. Additionally, changes in the amino acid profile resulted in nutritional
deficiencies in the infested pulses, rendering them unfit for human consumption. In the
absence of insect infestation, most nutrients in stored black gram grain remained steady.

As the storage insects consumed the carbohydrates over time, the proportion of
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carbohydrates decreased. It was found that the level of insect infestation was negatively
correlated with the fat and carbohydrate proportions while positively correlated with the

protein content.

To determine their chemical composition, every essential oil underwent a
standardized investigation. The chemical composition of the chosen essential oils-Mentha
piperita, Eucalyptus globulus, Curcuma longa, Cymbopogon citratus, and Ocimum
sanctum, was confirmed by the results of the GC-MS data. The effectiveness of each
essential oil against C. maculatus was evaluated using bioassays for repellent activity,
contact toxicity, and fumigant toxicity. Eucalyptus globulus essential oil was the most

effective repellent against C. maculatus, whereas O. sanctum was the least effective.

Based on the results obtained after screening essential oils for insecticidal activity,
Eucalyptus globulus was chosen to develop a formulation against C. maculatus. Several
combinations (F1, F2, F3, F4, and F5) were tried and optimized to get a stable
nanoemulsion. The absence of phase separation, creaming, or crystallization
demonstrated the kinetic stability of F4 nanoemulsion. The spherical shape of the
emulsion droplets was validated by TEM imaging, and the nanoscale homogenous
composition was further confirmed by the small droplet size (17.16 nm) and low PDI
(0.313) values. Its stability was confirmed after six months of storage, as there was no
sign of crystallization, creaming, phase separation, or sedimentation. Testing at the

laboratory level verified the nanoemulsion's potency against C. maculatus.

Finally, based on the findings, a new metallic bin capacity of 20 kg was designed
for pulse storage to test the bio-efficacy of the nanoemulsion under simulated field
settings (in artificial infestation conditions). It was found that insect infestation caused
the moisture content (MC) of black gram stored in the negative control (NC) bins to
increase from 7.91 to 8.54 %. In contrast, insect feeding caused a significant decrease in
the 100-grain weight of infected samples (from 3.86 to 3.34 g). It was found that the
untreated bins had a higher population of insect pests and egg counts as compared to
untreated storage bins. This may be due to the development of favorable conditions for
insect multiplication in untreated bins. Both weight loss (less than 1 %) and grain damage
(less than 1 %) were minimal in treated bins (T) due to the arrested growth of insects at
earlier stages in the treated bins. Insect trap also effectively captures the insect, enhancing

the effectiveness of the newly designed bin. Thus, an integrated system based on a newly



designed storage bin and developed nanoformulation showed effective control of C.
maculatus during the storage period of three months. It indicated its feasibility for field
application. Also, the insect traps in the new design can act as insect monitoring devices

in the grain storage system.
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QMer-gRTer

aTel AR &fAsh 3R & W& (20-30 %) & 9H7@ & §1 9 $rsay, fAerfaa
IR @fAEt afga 3= 9ve doal &1 off e 3eeT O €1 HSRUT & el
aTel dhiet & WhAUT & Ui Hdea1eler gicl 8, forad 3e7ht [oradm 3R AEr

vfciehel JeITT TSl &1 HIAcereT e (Bruchid family) &Tel $SROT & [ @&
A P & SGH Falaigaa dFgelcd (Callosobruchus maculatus) TG
¥ O HeRd-erel & AU giidere g1 #Rd S fAeradier e &, fhaw
SiEIRA 31T B FIel @ SR & AT AT IRaRe ale ERIrar)
T SEJATS I &, ToleTd Us-glel & 9o |rHal S o, #drel 3 SURIge
3iaer 3nfe e §1 & seggat 7 Naflr (g@faew) b safme itae
o faffieet siERU-AIet (S8 TEoTvYl SRS crsaifad Fecaa IR
HFgeled) & [Gvg Hreaern-aor yeiRia fhd 81 addeT aRaer # arel-#sRoT
& eI hrel ¥ Auea & fav [Afder Taafas dieaanehl 1 3uder f&ar
STl §; W, & hieaneh Ag Ty iR @R & fav giasrs &g
gV &l gAieIT, HERUT & Rl Hel # Aafd aa & fov Rrarafas

AT AR AT LT ITaRTh &1 & T MeT H, T T T &TeA-33R0T
& eRIeT & AFgelew 1 ARG A & v vh urg-AAT 9 (Metallic
bin) 3 F@ erredsdfRITe el ITRA AdlgHeerT AHTad Fe H JATH
feram &1

IAHT H B TR T ST-$HSRUT YOIl ol HAS & AT igaia
(3R S, ARA) H TH &HT eI HAT I-AT| §HeT 91T foh @191 75 %

fohaTeT 3Tl 3T &I Telli¥esdh T Aidell I1 IR # @A 81 $& fFaeT S

vii



3R gifuEey 91 &1 T SEAATT X &1 dhad 5 % fohare (BT Jld ara)
Tl &l HSRUT g X §; Slodh Tl T & A9 F IR & @IS &1
eIA H, 9T AT TR HSRUT & NI qUT AT FRARud w & fov
URYRe HSROT fafen/sonieorar 3radied 81 3, Teh a9y FeRe-ioe fanfad

A AT AT &, Slfeh T TR W S-SRI & AT 39 8|

H. HFZelcd THHAUT FI HSRA-GTell o Ueh-deal TR 3 gidsper yorra
ggT; g1y &, 3EH-uias Niwsd & Y oRads grar =T, S 39 ATg-39aeT
& TIT HTUgeFd STell &1 et & aieufd &, #usiRd 3e-arer & 3iferenier
diveh-deal W &S Ffcdhe TG AT 91T I-AT| HSROT & GRI, el g daed

% RO FISTEISIC TAT T HT TR HA G371 Ig 1 qrar =21 F Pre-we,

gar 3R FEfEEse TR & TTY ASRICHS, STdih el TAR & AT ThRIcHD
9 ¥ geHated Tl

T SART-3T & GHE JEIAS-3agdl Hl Sl & o
S.A-tH.TE. g S &Y aS| ShE.-uA.uy. ser & gRumaAr O sdfd-

3iaer (Her fA9Rer, FRereed Felsgerd, AT &, [araiaT arseed 3R
FHfAFA HFed) & g Taaf-e-3aaar # gt @1 7151 & HFgeeq &
foeg I+ ARTe-3iTer H gamaeherdr &1 Hodiha Qe ITas
(Contact toxicity, Repellence, and Fumigant toxicity) gwr forar = 3
Tolsgerdd SHRTA-HTTS, & HFgelew & favg Ta@ 3w g urn |

9Ied ARUMA & 3R W, & To/egerd SHRIAS-3TT @l dhieaaerh
farf@d e & o gar ) fafdesr @a@is=t (F1, F2, F3, F4 3R F5) &I
ITSTATR, Toh [RR-AAISHCIA AR fhar a/1| FA-SoisHoRlT H YR,
ShIfHaT AT ThEetoT T Uil 3aehT TERAT 1 gefar g1 AsisHeRr
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dr dal & MerdR @ AS.uA. A g7 weafa R ) §&f &1 ater

ISR (17.16 nm) 3R & dr3L3ME. (0.313) o AAThHA-EAT IR FHEIA
I IS S| S AT & HSRUT & §le; fohecelleor, shIfHT, JUFHIOT AT HadTce
I IS Hehel TET TTIT I1T, Sk sieilSHerT hr TERAT T 2T &1 Jaaremer-
TQeTT & AFgoled & favg dAedisHere H gHIaelerdr gl gl

3a H, st & HUR W, SIa-H8R0T & v 20 6.9 efHar &
#Ih (Simulated field settings) H slsiigHereT &I SAa-gHTaefierdr Hr grefor

forar arar| oAt & grr I 6 fe-H%ATT & FROT NC-fad 7 #usia
3G-gTel H oI & #AET (MC) 7.91 % & deax 8.54 % & 15, 3R 100-I+-
dc 3.86 & 3.34 U g I, Sifh Ieo@ad gl dret 3R ST Hr gEar
IqaaiRa-foe & IwaiRa-fde @ 3iftes ol o, TS #eg SR
IATATRA-TeT # dret & v ejehel aRTEUTTIT Al glar AT ST Hehel
gl YBINA H & AT & TG F et HI g T S & HROL,
3TAIRA-foeT (T) & de-olld (<1 %) 3R IT-SHAT (<1 %) Sl g =geAad urd
| Insect-trap T FIet FI Tehge H THTET 91T 3T, S 3T o7 T gHTaeirerar
Y FGI &l 81 SHIU el Sl Fohell § oh AT FERSI-oaT 3R AdhieereT o
e &9 O & HFgeled &1 T 9 & 07 fohar 3R syostRA-erer
&t &l A ATl 31T Ig FENR-I9e Ud AAIBIHRE HIFT TT § 8o T

W ETl-HUSROT & AT U 3UgFd FAT qee gl Fohell ¢l
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