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Abstract

LC ESI Q-TOF metabolomic profiling of pomegranate (Punica granatum Linn.) fruit peel (PFP) aqueous extract was per-
formed to elucidate the possible metabolites present in the PFP, which could be responsible for its acaricidal property against
two-spotted spider mites (Tetranychus urticae). Efficacy of PFP aqueous extract has also been evaluated against aphids (Mac-
rosiphum roseiformis), thrips (Scirthothrips dorsalis) as important sucking pests of ornamental rose and for two generalist
predators of these pests viz., Coccinella septumpunctata and Orius insidiosus. Toxicity bioassays PFP at 24 h showed high-
est value of lethal concentrations LCs, for aphids (876 mg/ml) followed by thrips (57 mg/ml) and the least for spider mites
(4.5 mg/ml), which shows its high toxicity for spider mites. UHPLC-QTOF/MS analysis has confirmed of several standard
and new compounds including presence of genistein, rutin, 2-hydroxy-5-methylquinone, limonene, quercetin 3-O-glucoside,
myricetin, kaempferol and alpha-pinene. Kaempferol, quercetin and myricetin confirmed high toxicity towards all the three
pests tested. PFP is a biodegradable eco-friendly source that has a promising role in the management of spider mites on roses.

Keywords Punica granatum - Flavonoids - Plant extracts - Metabolomics - Natural pest management - Botanical

insecticides

Introduction

Roses (Family: Rosaceae) are cherished for their beauty
and scent. Rosaceae comes third after peas (Fabales) and
grass (Poaceae) as the largest plant family with respect to
the distribution and its economic importance (Affeld 2014).
The rose plant is susceptible to attack by several species
of insects and mites including aphids, thrips, scale insects,
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spider mites, chafer beetles, gram caterpillar, slug caterpil-
lar, castor semilooper (Bhutani and Dadlani 1983; Gupta
2013). An array of synthetic chemicals is available for pest
management on rose. However, emphasis needs to be laid
on economically safe approaches. Among such approaches,
plant extracts are established as eco-friendly, have less
impact on non-target organisms and are biodegradable
compounds. Some plant extracts are highly selective and
specifically affect the pest populations without affecting their
predators (Smitha and Giraddi 2006).

Plant extracts like lemon oil, bakain leaf (Melia aza-
darach), neem (Azadirachta indica) oil and leaf extract
(Fiaz et al. 2012) and kalmegh (Andrographis panicu-
lata) (Singh et al. 2014), showed repellent and phagode-
terrent effect for Thrips tabaci. Extracts of Allium sativum
(Dhembare et al. 2011), Carica papaya (Gupta et al. 2020),
Azadirachta indica, Achillea santolina, Salvia officinalis,
Thymus vulgaris and Senecio vernalis were found toxic to
aphids (Ateyyat et al. 2012; Sohail et al. 2012). In addition,
acaricidal activity against spider mites was also evaluated
and reported for different plant extracts (Reddy et al. 2009).

Punica granatum (Punicaceae family) is natively
from India and Iran (Holland and Bar-Yaakov 2008) and
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commonly known as pomegranate. In India it is cultivated
mainly in Maharashtra state and the small-scale planta-
tions are also found in states like Andhra Pradesh, Haryana,
Gujarat, Karnataka, Punjab, Rajasthan, and Uttar Pradesh
(Sharma and Dhillon 2002; Mir et al. 2012). Pomegranate
has also been found to have insecticidal (Gandhi and Pillai
2011; Mohammad 2012), acaricidal (Abo-Moch et al. 2010;
Al-Yousuf et al. 2010) and antifeedant property (Gupta and
Kumar 2021).

To the best of our knowledge, we are the first to report
that many compounds having insecticidal properties are pre-
sent in the aqueous extract of pomegranate fruit peel. This
study preferred aqueous extraction method of fruit peel com-
ponents which is largely because of its translational value
owing to being cost effective, producible, more stable and
less toxic and ease of adoption by end users as compared
over other organic solvents. A flood of information is present
in literature which shows usage of many organic solvents
viz; n-heptane, methanol, ethanol, acetone etc. against vari-
ous insect/mite pest in agriculture however, aqueous extracts
of pomegranate have not been reported against these insect
pests of rose.

In present study the use of pomegranate fruit peel aque-
ous extract (PFP) was elucidated against economically seri-
ous pests (aphids, thrips and spider mites) of an ornamen-
tally important crop, Rosa hybrida. In addition, metabolomic
profiling was performed to elucidate the metabolites present
in the PFPAE, which could be responsible for its insecticidal
property. Also, individual flavonoids and their mixture were
tested against these pests and LCs,, values were calculated.
These observations will be helpful in developing a biora-
tional pest management system with possibilities of incor-
porating plant extract in ornamental greenhouse crops. This
research holds significance in economic and eco-friendly
pest control as pomegranate fruit peel is just a waste product
and can be obtained by poor farmers at very cheap rates from
juice industries for further use.

Materials and methods
Insects/mite material

Natural populations of rose aphids (Macrosiphum rosei-
Sformis), thrips (Scirthothrips dorsalis) and two spotted spi-
der mites (Tetranychus urticae) were collected from rose
garden of Panjab University (Chandigarh, India) as and
when available and needed for the experimentation. In addi-
tion, two generalist insect predators viz., lady bird beetle;
Coccinella septumpunctata and Minute pirate bug; Orius
insidiosus, were collected from mustard fields nearby to
Chandigarh.

Plant material

Tea hybrid rose plants, Rosa sp. were bought from nursery
(Bagia nursery, Sector 25, Chandigarh) in April 2016 and
allowed to grow in earthen pots (3 gallon) using normal cul-
tural practices in an open space outside the Zoology Depart-
ment, Panjab University, Chandigarh, India. Pomegranate (P.
granatum Linn.) fruits of variety ‘Kandhari Kabuli’, were
brought from the local market (mandi) and were sent to the
Department of Botany, Panjab University, Chandigarh for
identification and a catalogue number (8583) was obtained.

Components tested &vonoids)

Three flavonoids Kaempferol, Quercetin and Myricetin were
purchased from Sigma- Aldrich India with catalogue num-
bers 60010, Q4951 and M6760 respectively.

PFPAE preparation for bioassays

Pomegranate fruit was cleaned with distilled water and then
with pure ethanol and then peel was removed with the help
of cutting knife. Fruit peel was air dried to get rid of extra
water. For preparations of extract, 100 g of dried peel was
taken in mixer-grinder along with 250 ml of distilled water
and ground for 5 min slowly. It was then sieved through
a muslin cloth. This original concentration was labelled X
(0.4 g/ml). Further, five serial dilutions (making half the
concentration taken each time serially) were made to obtain
0.5X, 0.25X, 0.125X, 0.0625X and 0.03125X, respectively.
Each extract was kept in the refrigerator for further use only
up to 7 days and after that it was discarded. Fresh extract
was made for further experimentation. The above prepara-
tion was used for efficacy assay. For all three flavonoids the
highest concentration tested was 1 mg/ml (X1) and further
five serial dilutions were made (making one tenth the con-
centration taken each time serially) the concentrations made
were labeled as X2, X3, X4, X5, X6 respectively. Similarly
for mixture 1 mg of each flavonoid was mixed in one ml of
distilled water and then further serial dilutions were made
accordingly. For predatory insects bioassay only high-
est three concentrations X, 0.5X and 0.25X were taken of
PFPAE extract and three replications were made along with
one untreated control treatment.

PFPAE preparation for LC ESI Q-TOF MS/MS analysis

Pomegranate was washed with distilled water and ethanol.
PFP were kept in the oven for 6-7 days at 50 °C. Dried
material was ground to powder in a mixer grinder. 100 g of
dried material was mixed with 400 ml of distilled water. It
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was kept soaked for 24 h and then mixed gently in a grinder
for 5-7 min. After straining through a muslin cloth, these
extracts were sieved through filter paper (Whatman filter
paper 125 mm). The filtrate obtained was lyophilized for
about 1 week period until the solution became semisolid and
then was preserved in capped glass vials in a deep freezer
(= 20 °C) for further use.

E cacy bioassays
Leaf dip bioassays for pests and predators

Methods of performing these bioassays were followed
from Gupta et al. (2017b). Compound rose leaflets were
collected and washed thoroughly with water. These were
treated with above mentioned six concentrations (X1-X6)
of PFPAE extract and flavonoids. After air drying, these
treated leaflets were kept in a petridish (90 X 15 mm). For
control treatment leaflets were washed with water only. Ten
insects/mites (aphids, thrips and spider mites) were released
in each petridish. Observations on number of aphids, thrips
or spider mites that dead were obtained at 24, 48 and 72 h
after the release. For each experiment, three replications
were planned, and three biological replicates were done at
different dates (Sample size (n) =90 insect/mites for each
concentration). Insects/mites were judged to be dead if they
did not respond to prodding with a camel hair brush or slight
heating under the table lamp. In addition, a X10 capacity
of lens/binocular microscopes were used for proper iden-
tification of live and dead spider mites. Median lethal dose
(LCs) values were calculated by the computer programme
POLO-PC (Copyright LeOra Software 1987). For bioas-
says of predators, LBB and MPB the same procedures were
followed. Six lady bird beetles and minute pirate bug were
released in each petridishes. In addition, immature stages of
aphids were given to these predators as feed in each petridish
and provided ad-libitum. Observations on number of insects
survived were recorded at 24 and 48 h after release. For each
experiment three replications were planned. Data were ana-
lyzed by all replicates combined with ANOVA and means
were compared using Tukey’s HSD test; data were analyzed
for homogeneity using Welch’s tests (JMP SAS 2005).

Determination of metabolites by quadrupole

resolution high definition) analytical column (2.1 X 50 mm,
95 A, particle size 1.8 micron) was used. 1.5 ul of sample
was injected into the system for LCMS analysis. The column
compartment temperature was kept at 35 °C, and the room
temperature was maintained at 21 °C. Metabolite separation
was performed using gradient elution process of solvent A
(90% water, 10% ACN, 0.1% FA) and solvent B (90% ACN,
10% water, 0.1% FA) ranging a gradient program of 95% A:
5% B at 0 min, 60% A: 40% B at 4.5 min, 40% A: 60% B at
8 min, 20% A: 80% B at 10 min, 100% B at 12 min, 50% A:
50% B at 13 min, 95% A: 5% B at 14 min, with the flow rate
maintained at 200 pl/min. Then, for the equilibration and
washing of the column, methanol was injected and processed
by the same gradient before the next injection to avoid any
cross contamination.

Analysis and interpretation of untargeted metabolomics
data was performed with Agilent MassHunter™ qualitative
analysis software version B.05.00, using its three different
algorithmic features viz., Recalibration, Molecular feature
extraction MFE and Molecular formula generation MFG.
The extracted accurate mass list was uploaded in two differ-
ent publically available metabolite and tandem MS databases
of METLIN and PMN (Plant Metabolic Network- PlantCyc).
These are most comprehensive database for metabolite char-
acterization and contains validated information, generated
using experimental high resolution mass spectrometry, accu-
rate mass, and tandem MS data. Metlin also includes links
to several other databases. Masses, as defined by the MFE,
were searched against both the databases within a very nar-
row mass tolerance window of 2 ppm. Selection and iden-
tification was done for those metabolites which were com-
monly present in both METLIN and PlantCyc. Further to
confirm the identity only those features of the metabolites
were considered whose raw MS/MS precisely matched with
the METLIN MS/MS spectral library and assigned a MET-
LIN score value. MS data of those metabolites which were
not found in METLIN library were then applied to qualita-
tive analysis software Agilent MassHunter™ for empirical
molecular formula generation.

ChemMine analysis methodology

Clustering of metabolites by their physiochemical and struc-

time-of-" ight mass spectrometry (UHPLC-QTOF/MSiural properties is an efficacious approach for correlating the

For LC ESI Q-TOF MS/MS analysis PFP aqueous extract
sample was first filtered by 0.2 micron filter and then sepa-
rated by RP (reverse phase) chromatography. Metabolite
separation was carried out using UHPLC Agilent Technolo-
gies 1290 infinity system with TCC (thermal column com-
partment) and an auto sampler. For chromatographic elution
process, an Agilent’s Zorbax Eclipse plus C18 RRHD (rapid
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structure of compounds with their activities. To meet this
objective an online service ChemMine web tool was used
for analyzing metabolites by physiochemical similarities.
ChemMine provides a clustering toolbox which includes
hierarchical clustering, multidimensional scaling (MDS)
and binning clustering. In this toolbox only hierarchical
and MDS allows the “all against all” similarity clustering
on the basis of some structural descriptors and similarity
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Table 2 Average percentage survival (= SEM) of Lady bird beetle and Minute pirate bugs released on rose leaves treated with three concentra-
tions of pomegranate fruit peel aqueous extract (PFPAE) by leaf dip method

Treatment Average % survival
Lady bird beetles Minute pirate bugs
24 h 48 h 24 h 48 h
PFPAE (0.25X) 100+0.0a 100+0.0a 75.6+7.3ab 57.7+8.5b
PFPAE (0.5X) 94.4+3.7a 91.7+4.2a 68.9+7.5bc 42.2+7.7b
PFPAE (X) 100+0.0a 97.2+2.8a 51.1+£5.9¢ 42.2+7.0b
Control 100+0.0a 100+0.0a 96.7+5.1a 96.7+2.3a
F (df), P trt (ANOVA) 2.6 (3,38), 0.0703 2.8 (3,38), 0.0525 11.7 (3,38),<0.0001 18.4 (3,38),<0.0001
F (df), P trt (Welch) NS NS 19.5 (3,15.5),<0.0001 15.2(3,31.9),<0.0001

Means in the same column followed by different letters are significantly different, Student’s t LSD test, a=0.05

Fig.1 Total ion chromatogram of pomegranate fruit peel extract.
TIC of PFPAE and blank corresponding to a retention time of 0.5 to
5.5 min. The full chromatogram for the entire method is highlighted

and listed in Table 3. Additionally, two more compounds
(pelletierine and quercetin 3-O-glucoside) were extracted
from the database on the basis of their high abundance in
the extract and either of the above two parameters to impart
confidence. However, these two compound were present

@ Springer

in the inset. Molecular formula of metabolites identified in PFPAE
and common in Metlin and PlantCyc databases have been depicted
corresponding to the retention time

only in METLIN database. Among these 33 4+ 2 metabolites
genistein, rutin, 2-hydroxy-5-methylquinone, limonene,
quercetin-3-0-glucoside, myricetin, kaempferol-3-O-beta-
p-galactoside, kaempferol-3-glucoside-7-rhamnoside,
kaempferol-3-rhamnoside-7-glucoside, (—)-alpha-pinene
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Fig.2 Mass spectra of pomegranate fruit peel extract. Mass spectra
of UHPLC PFPAE extract corresponding to (A) 0.85-2.85 min and
(B) 2.56-5.44 min retention window. Metabolites identified in pome-
granate fruit peel aqueous extract both in Metlin and PlantCyc data-

and alpha-pinene, are 11 metabolites which have proven
insecticidal properties, and been reported to be present in
the different plant extracts or non-aqueous solvent extracts of
pomegranate (Kotkar et al. 2002; Zhou et al. 2011; Ateyyat
et al. 2012).

MDS and hierarchical clustering

MDS and hierarchical clustering was performed with 35
highly confident metabolites, 11 of which are reported
for insecticidal property in literature in other extracts
(Fig. 3). There was significant structural proximity

bases and confirmed on the basis of MSMS match, or MFG algorithm
have been highlighted. The compounds reported in the literature for
insecticidal attributes have been marked with an asterisk

observed amongst the rest 24 with these 11 known can-
didates particularly for group 5 and 4: While limonene
and pinenes known to possess insecticidal property were
together in group 5; kaempferol 3-glucoside-7-rhamno-
side, kaempferol 3-rhamnoside-7-glucoside, rutin also
known to possess insecticidal property and were together
with luteolin 7-neohesperidoside in group 4. Group 3 also
showed compounds isoorientin, bracteatin 6-O-glucoside,
luteolin 7-glucoside, aureusidin 6-O-glucoside, and gen-
istin which showed significant grouping with kaempferol
3-0O-beta; -p-galactoside and quercetin 3-O-glucoside
reported to have insecticidal properties in other extracts.
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Table 3 List of metabolites

. 8 . . S.no. MSMS Retention time Name Mass  Molecular
i\(/i[ent}ﬁed in PFPAE common in formula gen-
etlin and PlantCyc databases erated
1 NO 0.950 L-1-Pyrroline-3-hydroxy-5-carboxylate 129.0 C5H7NO3
2 NO 0.994 Gamma-Coniceine 125.1 C8HI5SN
3 NO 1.092 (+)-Gallocatechin 306.1 CI15H1407
4 NO 1.092 Leucocyanidin 306.1 CI15H1407
5 NO 1.456 2,4-Dihydroxybenzoic acid 154.0 C7H604
6 NO 1.456 3,5-Dihydroxybenzoic acid 154.0 C7H604
7 NO 1.515 2-Hydroxy-5-methylquinone* 138.0 C7H603
8 NO 2.037 1-Hydro-1,1a-dihydroxy-9-fluorenone 214.1 C13H1003
9 NO 2.578 Bracteatin 302.0 CI5H1007
10 NO 2.578 Tricetin 302.0 CI5H1007
11 NO 2.782 Bracteatin 6-O-glucoside 464.1 C21H20012
12 NO 2.927 Lacinilene C 246.1 CI5H1803
13 NO 2.976 Kaempferol 3-glucoside-7-rhamnoside* 5942 C27H30015
14 NO 2.976 Kaempferol 3-rhamnoside-7-glucoside* 5942 C27H30015
15 NO 2.976 Luteolin 7-neohesperidoside 5942 C27H30015
16 NO 3.158 Aureusidin 6-O-glucoside 448.1 C21H20011
17 NO 3.158 Isoorientin 448.1 C21H20011
18 NO 3.158 Kaempferol 3-O-beta-p-galactoside* 448.1 C21H20011
19 NO 3.158 Luteolin 7-glucoside 448.1 C21H20011
20 NO 3.578 Alpha-Terpinene 136.1 CI10HI16
21 NO 3.578 (+) Limonene* 136.1 CI10H16
22 NO 3.578 (—)-Alpha-Pinene* 136.1 CI10H16
23 NO 3.578 (E)-beta-ocimene 136.1 CIOHI6
24 NO 3.578 (Z)-beta-ocimene 136.1 CIOHI6
25 NO 3.578 Alpha-Pinene* 136.1 CI10HI16
26 NO 5.227 Alpha-curcumene 202.2 C15H22
27 NO 0.901 Lotaustralin 261.1 CI11HI9NOG6
28 NO 0.905 Conhydrinone 141.1 C8HI5SNO
29 NO 0.905 Hygrine 141.1 C8HI5SNO
30 NO 0.905 Pseudotropine 141.1 C8HI5NO
31 NO 1.452 Phloroglucinol 126.0 C6H603
32 NO 1.457 1-Phenylethyl acetate 164.1 C10H1202
33 NO 1.733 (+)-Dalbergioidin 288.1 CI5H1206
34 NO 1.733 2,6,7,4\'-Tetrahydroxyisoflavanone® 288.1 CI5H1206
35 NO 1.733 3,4,2\",4V,6\'-Pentahydroxychalcone 288.1 CI5H1206
36 NO 1.733 Dihydrokaempferol 288.1 CI5HI1206
37 NO 1.733 Eriodictyol 288.1 CI5HI1206
38 NO 1.898 (—)-Catechin 290.1 CI15H1406
39 NO 1.898 cis-3,4-Leucopelargonidin 290.1 CI15H1406
40 NO 2.027 Phthalate 166.0 C8H604
41 NO 2.037 2\'-Hydroxydaidzein 270.1 CI5HI1005
42 NO 2.037 5,7,3\"-Trihydroxyisoflavone* 270.1 C15H1005
43 NO 2.037 Sulfuretin 270.1 C15H1005
44 NO 2.567 Kaempferol 3,7-diglucoside 610.2 C27H30016
45 NO 2.567 Kaempferol 3-O- beta;-p-gluco- 610.2 C27H30016
syl-(1->2)-&beta;-p-glucoside

46 NO 2.567 Quercetin 3-rhamnoside-7-glucoside® 610.2 C27H30016
47 NO 2.709 5-Deoxystrigol 330.1 C19H2205
48 NO 2.709 Gibberellin AS51-catabolite 330.1 CI9H2205
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Table 3 (continued) S.no. MSMS Retention time Name Mass  Molecular
formula gen-
erated

49 NO 2.813 7-Hydroxy-2\',4\',5\'-trimethoxyisoflavone*  328.1 C18H1606
50 NO 2.813 9-Demethylmunduserone 328.1 C18H1606
51 NO 2.816 (—)-trans-Carveol 152.1 CI10H160
52 NO 2.816 (—)-trans-Isopiperitenol* 152.1 CI10H160
53 NO 2.816 (4)-Camphor 152.1 C10H160
54 NO 2.816 (+)-cis-Isopulegone 152.1 C10H160
55 NO 2.816 (+)-trans-Carveol 152.1 CI10H160
56 NO 2.816 Carveol 152.1 CI10H160
57 NO 2.816 Dihydrocarvone 152.1 CI10H160
58 NO 2.816 Geranial* 152.1 C10H160
59 NO 2.816 Limonene-1,2-epoxide 152.1 CI10H160
60 NO 2.816 Neral 152.1 CI0H160
61 NO 2.816 Perillyl alcohol 152.1 CI10H160
62 NO 3.127 3-Hydroxy-beta-ionone 208.1 C13H2002
63 NO 3.329 Isovitexin 432.1 C21H20010
64 NO 3.591 Afzelechin 274.1 CI5H1405
65 NO 3.591 Epiafzelechin 274.1 CI5H1405
66 NO 4.087 Fagopyritol A3 666.2 (C24H42021
67 NO 4.087 Fagopyritol B3 666.2 C24H42021
68 NO 4.087 Lychnose 666.2 C24H42021
69 NO 4431 (+)-Pinoresinol 358.1 C20H2206
70 NO 4.431 (+)-Pinoresinol 358.1 C20H2206
71 NO 5.292 2-Mercaptobenzothiazole 167.0 C7HS5NS2
72 YES? 0.905 Ala-Gly 146.1 C5HION203
73 YES? 0.905 p-Glutamine 146.1 C5HION203
74 YES? 0.905 L-Glutamine 146.1 C5HION203
75 YES? 1.457 eugenol*® 164.1 C10H1202
76 YES? 1.457 Isoeugenol* 164.1 C10H1202
77 YES? 1.969 ANETHOLE 148.1 CI10H120
78 YES* 2.019 (#)-Taxifolin 304.1 CI5H1207
79 YES* 2.816 (S)-(—)-Perillyl alcohol 152.1 CI10H160
80 YES* 3.522 4-Hydroxycoumarin® 162.0 C9H603
81 YES* 3.522 UMBELLIFERONE 162.0 C9H603
82 YES* 4.087 Maltotetraose 666.2 C24H42021
83 YES* 4.087 Stachyose 666.2 C24H42021
84 YES* 4.431 Matairesinol 358.1 C20H2206
85 YESP 0.905 Tropine 141.1 C8HI5SNO
86 YESP 1.009 L-Phenylalanine 165.1 CY9HIINO2
87 YESP 2.037 Genistein* 270.1 CI15H1005
88 YESP 2.328 Myricetin* 318.0 CI5HI1008
89 YESP 2.567 Rutin* 610.2 C27H30016
90 YESP 3.329 Genistin 432.1 C21H20010
91 YESP 3.329 Vitexin 432.1 C21H20010
92 YESP 3.591 Epiafzelechin(2R,3R)(—) 274.1 C15H1405

Metabolites 1-26: Software Generated molecular formula (only on the basis of msms) matched with data-
base available formula. But MSMS is not present in METLIN

*Metabolites already known to have insecticidal properties from other extracts

“Metabolites 72-84: msms not acquired because of less abundance however msms was available in MET-

LIN

®Metabolites 85-92: means MSMS acquired and also matched with METLIN and generated some score
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Fig.3 Multidimensional scaling of 35 metabolites identified in pome-
granate fruit peel aqueous extract both in Metlin and PlantCyc data-
bases and confirmed on the basis of MSMS match or MFG algorithm.
Group 1: 2,4-dihydroxybenzoic acid; 3,5-Dihydroxybenzoic acid;
Group 2: (+)-Gallocatechin, Leucocyanidin, Myricetin, Tricetin,
Bracteatin, Epiafzelechin; Group 3: Isoorientin, Bracteatin 6-O-glu-
coside, Luteolin 7-glucoside, Quercetin 3-O-glucoside, Aureusi-

The compounds in group 1 and 2 however showed consid-
erable grouping in both MDS and hierarchical clustering
within them, with only one compound reported to have
insecticidal property, which is myricetin in group 2.

Discussion

Effects of PFP aqueous extract seemed promising with
respect to pests of Rosa spp. Results of toxicity bioassays
against pests proved that PFPAE has acaricidal property and
also had moderate toxicity towards aphids and thrips. The
percentage mortality in all the cases was directly propor-
tional to the increase in the concentration and the exposure
time of treatment (Supplementary Figs. 1, 2 and 3). On
the basis of LCsy, values (Table 1) PFPAEs showed high
toxicity towards spider mites at all the time of exposure.
However for aphids it was less toxic and for thrips it was
moderately toxic at 48 and 72 h after exposure. Mixtures of

@ Springer

din 6-O-glucoside, Kaempferol 3-O-,beta; -p-galactoside, Genistin;
Group 4: Kaempferol 3-glucoside-7-rhamnoside, Rutin, Kaempferol
3-rhamnoside-7-glucoside, Luteolin 7-neohesperidoside; Group 5:
Limonene, alpha-Pinene, (—)-alpha;-Pinene. The compounds reported
in literature for insecticidal attributes have been made bold and
marked with an asterisk. 0.6 Tanimoto similarity cut off was used to
generate 3D scattered plot by item-item distance matrix

all three flavonoids showed 100 times more toxicity to thrips
(0.0018 mg/ml) and spider mites (0.0019 mg/ml) in compar-
ison to aphids (0.61 mg/ml) at 24 h observation time. This
proves that flavonoids exhibit more toxicity to spider mites
and thrips than aphids. In case of PFPAE, similar pattern
of mortality have been observed as spider mites are highly
susceptible among these three pests and showed least LCy,
values at all the time of observations. Interestingly, PFP did
not show any toxic effect for predators LBB. However, MPB
were highly susceptible to PFPAE, and this extract is not
compatible with this predator.

The results obtained conform to Abo-Moch et al. (2010),
where efficacy of crude extracts (96% ethanol) of seven
pomegranate (P. granatum L.) accessions was evaluated
against the carmine spider mite Tetranychus cinnabarinus,
under controlled conditions. Acaricidal activity of pome-
granate was proven by Al-Yousuf et al. (2010) with the phe-
nolic extract of pomegranate at 1% concentration leading
to 70% mortality in adult spider mite at 72 h of treatment.
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Conclusion

For the first time we are reporting the toxic effect of PFP
aqueous extracts against spider mites. In this study, UHPLC-
QTOF/MS analysis has confirmed of several standard and
new compounds. Indian native plants and plant parts are
source of biologically active agents that may have a promis-
ing role in the management of various insect pests and can
be safe, biodegradable eco-friendly and natural insecticidal
agent.
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Acknowledgements The authors of this manuscript have no compet-
ing or conflicting interests. Financial support was provided by DST
(Project# SR/WOS-A/LS-359/2011), Ministry of Science and Tech-
nology, India. Mass spectrophotometer facility provided by IMTECH
CSIR. Facilities and workspace provided by Chairperson, Department
of Zoology, Panjab University, Chandigarh. Above all are thankfully
acknowledged.

References

Abo-Moch, F., Saadi, I., Holland, D., Mansoura, F.: The potential of
pomegranate peel and heartwood extracts as a source of new bio-
acaricides to control the carmine spider mite Tetranychus cinna-
barinus. Isr. J. Plant Sci. 58, 13—-17 (2010)

Affeld, M.: Economic importance of rose plants. (2014). http://www.
ehow.com/about_6705214_economic-importance-rose-plants.
html

Akhtar, Y., Isman, M.B., Lee, C.H., Lee, S.G., Lee, H.S.: Toxicity
of quinones against two-spotted spider mite and three species of
aphids in laboratory and greenhouse conditions. Ind. Crops Prod.
37, 536-541 (2012a). https://doi.org/10.1016/j.indcrop.2011.07.
033

Akhtar, Y., Isman, M.B., Niehaus, L.A., Lee, C.H., Lee, H.S.: Anti-
feedant and toxic effects of naturally occurring and synthetic qui-
nones to the cabbage looper, Trichoplusia ni. Crop Prot. 31, 8-14
(2012b). https://doi.org/10.1016/j.cropro.2011.09.009

Al-Rawahi, A.S., Edwards, G., Al-Sibani, M., Al-Thani, G., Al-Harrasi,
A.S., et al.: Phenolic constituents of pomegranate peels (Punica
granatum L.) cultivated in Oman. Eur. J. Med. Plants 4, 315-331
(2014)

Al-Yousuf, A.A., Mhoesn, R.J., Redha, H.M.: Evaluation of toxic effect
of extracts of extracted plant phenol of Lawsonia inermis and
Punica granatum and its copolymer Tetranychus urticae Koch
(Acari: Tetranychidae). Basrah J. Agric. Sci. 23, 1-11 (2010)

Ateyyat, M., Wali, M., Antary, T.: Toxicity of 5 medicinal plants to
woolly apple aphid Eriosoma lanigerum (Homoptera: Aphididae).
Aust. J. Basic Appl. Sci. 6, 66-72 (2012)

Bhutani, D.K., Dadlani, N.K.: Pests of ornamental plants in India and
their control. Pesticides 17, 18-25 (1983)

Cantore, P.L., Shanmugaiah, V., Iacobellis, N.S.: Antibacterial activity
of essential oil components and their potential use in seed disin-
fection. J. Agric. Food Chem. 57, 9454-9461 (2009)

Cardenas, O.N.C., Sanchez, M.A.Z., Rivera, J.R.A., PearezGonzalez,
C., Pearez-Gutienarrez, S.: Chemical composition and antifungal
activity of essential oil of Chrysactinia mexicana Gray. J. Agric.

@ Springer

Food Chem. 53, 4347-4349 (2005). https://doi.org/10.1021/j£040
372h

Dhembare, A.J., Deokar, M., Kolte, P.: Efficacy of some plants extracts
against rose aphids Macrosiphum rosaeformes (Davis). J. Exp.
Zool. India 14, 325-327 (2011)

Dipak, G., Axay, P., Mandodeep, C., Jagdish, K.V.: Phytochemical and
Pharmaclolgical Profile of Punica Granatum. Int. Res. J. Pharm.
3, 65-68 (2012)

Fiaz, M., Hameed, A., Hasan, M., Wakil, W.: Efficacy of plant extracts
on some cotton (Gossypium hirsutum) pests: Amrasca bigutulla
bigutulla Ishida and Thrips tabaci Limdeman. Pak. J. Zool. 44,
277-283 (2012)

Fischer, U., Carle, R., Kammerer, D.: Identification and quantifica-
tion of phenolic compounds from pomegranate peel, mesocarp,
aril and differently produced juices by HPLC-DAD-ESI/MSn.
Food Chem. 127, 807-821 (2011)

Gandhi, N., Pillai, S.: Control of Rhyzopertha dominica (Coleoptera:
Bostrichidae) by pulverized leaves of Punica granatum (Lyth-
raceae) and Murraya koenigii (Rutaceae). Int. J. Agric. Biol.
13, 535-540 (2011)

Gupta, G.: Managing thrips on roses with combinations of neoni-
cotinoide and biological insecticides. J. Agric. Urban Entomol.
29(1), 16-24 (2013)

Gupta, G., Kumar, N.R.: Efficacy of pomegranate peel against
aphids, thrips and spider mites in rose. Indian J. Entomol.
(2021). https://doi.org/10.5958/0974-8172.2020.00210.2

Gupta, G., Dharma, K., Kumar, N.R.: Insecticidal effects of aqueous
extracts of wild pomegranate peel and seed (Punica granatum
L.) against Macrosiphum rosaeformis on rose. J. Appl. Nat. Sci.
9(3), 1397-1405 (2017a)

Gupta, G., Uday, A., Kaur, H., Kumar, N.R., Gupta, P.: Aphicidal
effects of terpenoids present in Citrus limon on Macrosiphum
roseiformis and two generalist insect predators. J. Asia Pac.
Entomol. 20(4), 1087-1095 (2017b). https://doi.org/10.1016/j.
aspen.2017.08.007

Gupta, G., Sharma, S., Kumar, N.R.: Carica papaya Aqueous leaf
extract as potential botanical insecticide against rose aphids
(Macrosiphum rosaeformis D.). J. Entomol. Zool. Stud. 8(3),
960-964 (2020)

Holland, D., Bar-Yaakov, I.: The pomegranate: new interest in an
ancient fruit. Chron. Horticult. 48, 12—15 (2008)

JMP SAS Institute: SAS for Windows, version 6.0.0. SAS Institute,
Cary (2005)

Jung, J.S.: Analysis of volatile compounds in the root peel, stem peel,
and fruit peel of pomegranate (Punica granatum) by TD GC/
MS. Int. J. Bio-Sci. Bio-Technol. 6, 169-182 (2014)

Kim, S.I., Yoon, J.S., Jung, J.W., Hong, K.B., Ahn, Y.J., et al.: Tox-
icity and repellency of Origanum essential oil and its compo-
nents against Tribolium castaneum (Coleoptera: Tenebrionidae)
adults. J. Asia-Pac. Entomol. 13, 369-437 (2010)

Klocke, J.A., Darlington, M. V., Balandrin, M.F.: 1,8-cineole (euca-
lyptol), a mosquito feeding and ovipositional repellent from
volatile oil of Hemizonia fitchii (Asteraceae). J. Chem. Ecol.
13, 2131-2141 (1987)

Kotkar, E., Mendki, P.S., Sadan, S.V., Jha, S.R., Maheshwari, V.L.:
Antimicrobial and pesticidal activity of partially purified fla-
vonoids of Annona squamosa. Pest Manage. Sci. 58, 33-37
(2002). https://doi.org/10.1002/ps.414.abs

Kumar, P., Mishra, S., Malik, A., Satya, S.: Compositional analysis
and insecticidal activity of Eucalyptus globulus (family: Myrta-
ceae) essential oil against housefly (Musca domestica). Acta
Trop. 122, 212-218 (2012)

Mansour, F., Azaizeh, H., Saad, B., Tadmor, Y., Abo-Moch, F., et al.:
The potential of middle eastern flora as a source of new bio-
acaricides to control Tetranychus cinnabarinus, the carmine
spider mite. Phytoparasitica 32, 66—72 (2004)




Proceedings of the Indian National Science Academy (2021) 87:324-335

335

Midha, S.K., Usha, T., Pande, V.: HPLC evaluation of phenolic
profile, nutritive content, and antioxidant capacity of extracts
obtained from Punica granatum fruit peel. Adv. Pharmacol. Sci.
(2013). https://doi.org/10.1155/2013/296236

Mir, M.M., Umar, 1., Mir, S.A., Rehman, M.U., Rather, G.H., Ban-
day, S.A.: Quality evaluation of pomegranate crop—a review.
Int. J. Agric. Biol. 14, 658-667 (2012)

Mitchell, M.J., Daniel, P.K., John, R.C., Stan, L.S.: Effects of plant
flavonoids and other allelochemicals on insect cytochrome
P-450 dependent steroid hydroxylase activity. Insect Biochem.
Mol. Biol. 23, 65-71 (1993). https://doi.org/10.1016/0965-
1748(93)90083-5

Mohammad, H.H.: Insecticidal effects of different plant extracts against
Tribolium confusum (du val) (Coleoptera: Tenebrionidae). J.
Agric. Sci. Technol. A 2, 1175-1181 (2012)

Morsy, T.A., Mazyad, S.A., el-Sharkawy, I.M.: The larvicidal activity
of solvent extracts of three medicinal plants against third instar
larvae of Chrysomyia albiceps. J. Egypt. Soc. Parasitol. 28, 699—
709 (1998)

Noda, Y., Keneyuki, T., Mori, A., Packer, I.: Antioxidant activities of
pomegranate fruit extract and its anthocynidins: delphinidin, cya-
nidin and pelargonidin. J. Agric. Food Chem. 50, 166-171 (2002)

Reddy, G.V.M., Girish, R., Uma, M.S., Srinivas, N.: Acaricidal activ-
ity of aqueous extracts from leaves and bark of cinnnamonum
and jatropha against two spotted spider mites Tetranychus urticae
Koch Karnataka. J. Agric. Sci. 22, 693-695 (2009)

Schmidt, A., Mordhorst, T., Nieger, M.: Investigation of a betainic alka-
loid from Punica granatum. Nat. Prod. Res. 19, 541-546 (2005)

Sharma, K.K., Dhillon, W.S.: Evaluation of evergreen varieties of
pomegranate under Punjab conditions. Agric. Sci. Dig. 22, 42-44
(2002)

Singh, D.S., Sirear, V.S., Srivastava, S., Dhringa, S.: Biological efficacy
of botanical products against some important Insect pests. Indian
J. Entomol. 47, 444-451 (1985)

Singh, H.P., Batish, D.R., Kohli, R.K.: Allelopathic effect of two
volatile monoterpenes against bill goat weed (Ageratum cony-
zoides L.). Crop Prot. 21, 347-350 (2002)

Singh, D.K., Verma, T.C., Aswal, S., Aswani, G.: Effect of different
botanical pesticides against Thrips tabaci on Garlic crop. Asian
Agric. Hist. 18, 57-61 (2014)

Smitha, M.S., Giraddi, R.S.: Safety of pesticidal sprays to natural ene-
mies in Chilli (Capsicum annum L.). J. Biol. Control 20, 7-12
(2006)

Sohail, A.F., Hamid, S., Wahid, A., Ahmad, N., Aslam, N.: Efficacy
of different botanical material against aphid Toxoptera aurantii
on Tea (Camellia sinensis L.) cutting under high shade nursery.
J. Mater. Environ. Sci. 3, 1065-1070 (2012)

Xiaofeng, M., Liping, Z., Bingyong, G.: Studies on the metabolites
of actinomyces SIPI-9764. Chin. J. Antibiot. 24(173-174), 225
(1999)

Zahin, M., Aqil, F., Ahmad, I.: Broad spectrum antimutagenic activity
of antioxidant active fraction of Punica granatum L. peel extracts.
Mutat. Res. 703, 99-107 (2010)

Zhou, Y.Y., Luo, S.H,, Yi, T.S., Li, C.H., Luo, Q., et al.: Secondary
metabolites from Glycine soja and their growth inhibitory effect
against Spodoptera litura. J. Agric. Food Chem. 59, 6004-6010
(2011). https://doi.org/10.1021/j£200821p

@ Springer





