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Pyrosequencing Uncovers a Shift in
Bacterial Communities Across Life
Stages of Octodonta nipae
(Coleoptera: Chrysomelidae)

Habib Ali*s, Abrar Muhammad*=, Nafiu Bala Sanda'?, Ying Huang** and
Youming Hou*=*
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Bacierial symbionis of insects afiect a wide array of host fraits including fitness
and mmunity. Octodonta nipae (Maulik), commonly known as hispid leaf bestle is a
destructve paim pest around the world. Understanding the dynamics of microbiota is
essantial to unravel the complex intarplay batwean O. nipae and its bacterial symbionts.
In this study, bacterial 16S rRNA V3-V4 region was targeted to dacipher the diversity
and dynamics of bactarial symbionts across different life stages feggs, larvas, pupas,
and adult {male and femalel] and reproductive organs (ovaries and festis) of O. nipas.
Clustering analysis at >97% smitarity threshold produced 3,959 operational taxonomic
units (OTUs) that belonged to nine difierent phyla. Protecbacteria, Actinobacteria,
and Firmicutes represanted the bulk of taxa that underwent notable changes during
metamorphosis. Enterobacteniaceae and Damabacteraceas were the most abundant
families in immature stages (eggs, arvae, and pupas), while Anaplasmataceae famiy
was dominated in aduis {male and female) and reproductive organs (ovaries and testis).
The genus Sarratia and Lactococcus wera most abundant in eggs, whereas Pantoea
and Brachybacterium representad the buk of larvae and pupae microbiota. Interestingly
the genus Woibachia found positive to all tested samples and was recorded extramely
high (>84%) in the adults and reproductive organs. The baciera varied across the
exarted by the insact host as a result of its age or developmental stage could be
the main reason to ascartain the shift in the bactaria populations. Maternaly inherited
Wolbachia was found to ba an obiigate endosymbiont infecting all tested life stages,
body parts, and tissues. Thesa outcomes foster our understanding of the intricate
associations between bacteria and O. nipae and wil incorporate in devising novel pest
conirol strategies aganst this paim pest.

Koyworde: Ocfodonts nipoe, microblota, 168 rRNA geno pyrosaquencing, Wodachia, Bfe stagos,
reproductive organs
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Exploring the Role of Relish on
Antimicrobial Peptide Expressions
(AMPs) Upon Nematode-Bacteria
Complex Challenge in the Nipa Palm
Hispid Beetle, Octodonta nipae
Maulik (Coleoptera: Chrysomelidae)
GPEN ACCESS Nafiu Bala Sanda'*, Bofeng Hou*, Abrar Muhammad'*, Habib Ali*# and Youming Hou'™
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Roviowad by
et Ao b e The humoral immune responses of the nipa paim hispid beetie Octodonta nipae
Agoromique R4, Face INvONveS the inducible expression of the genes coding for antimicrobial peptidas (AMPs)
m""m which are mediated by immune deficiency signaling pathways. In insects, the nuciear
Ewm factor-xB (NF—xB) transcription factor, Ralish, has bean shown to regulate AMP gene
“Comespondance:  SXPrEsSions upon microbial infections. Hare, we dissect the expression patterns of
wumngHow some AMPs in O. nipae during infections by entomopathogenic nematodes (EPNs)
; ITHAEBLEK  and their symbionts, before and after Ralish knock down. Our results indicate that,
R ey i wes, PHiOr 10 gene slencing, the AMPs attacin C1, altacn C2, and defensin 2B were
especially expressad to great extents n the insects challienged with the nematodes
Speclally section:  Stainamama carpocapsae and Hetarorhabditis bactariophora as well as with their
e o2 respective symbionts Xanorhabdus nematophita and Photorhabdus luminescens. The
o cramomaney,. Study also established the partial sequence of OnRelish/NF-xB p110 subunit in O. npas,
n;’::”"‘"‘“"" with an open reading frame coding for a protein with 102 amino acid residues.
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A typical Death domain-contaning protein was detected {as seen in Drosopiia) at
the C-terminus of the profein. Phylogenelic analysis revealed that in O. nipae, Relish
is clustered with registered Relish/NF-xB p110 proteins from other species of mnsact
especially Leptinotarsa decomineata from the same order Coleoptera. Injacbon of
OnRalish dsRNA remarkably brought down the expression of OnRalish and also reduced
the magnitude of transcription of aitacin C1 and defensin 2B upon S. carpocapsag
and H. bactanophora and their symbionts infections. Altogether, our data unved the
expression pattern of OnRelish as well as that of some AMP genes it influences during
immune responsas of O. nipae aganst EPNs and thar symbionts.

Koyworde: Isect fmmunity, Relish, Sta aits

symbdotic
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ARTICLE INFO ABSTRACT

Kepwonds Adalt dagonflies (Ankep tera) were colleced from difle Biries of Sauth Ching covesng aight provinces
Odumams Represesmtive saquences were sidyone, indodleg 16 species, 11 genera and twee Qllies (Acshoidae
Croxhmon mdos mba | Gomphidae and LideSlulidae), under cymchrome o dase subumit 1(00T) gene. After alignment of saguences by
Illﬂ-di_dblh HoRdit v6, genatic and gence wWere comg by MEGA 7 whereas all the Indices of genetic
:*"i"'"""‘" diversity wes calonlzed by DnaSP vS softwaz. ¢ vees were cosroctd Swough Neighibos Jaining
< s merhod under Jukes Caminr moded, and all apecies of mapertve fimilies wem assembled with each other nw
dual grougs. FL was obierved by Nihemis genus (1869%), followed by Orshetrum
geoun (181 6%) wh 2 minim um vadoe of e was noted for Pantda genas 0.31%) On the aher
hand, genatc ¥ was ded for Orsheonum gesus up © 142 muntions, fodlowed by Trishemis
gemx (126 ) while the mintmum valoe @'wo munsions) was olserved for Pouls genns Genetic
diversity for overa land Libel ulidae Sy saquences wias much hi gher, o p1o 404 sumations and 344 mumons,
respecgively. mmhmah"vmudﬂ-lnummmduﬁm
valuable in gaining a taral obl y o Adan ob and of this lnsect

$oup.
1. Introduction life cyde. Till now, many insects p & igration pat-
tern and inter.population ,q““* bl May, 2003

Odonata (Anisoptera), a diversified group of insect, widely dis-
tributed in different ecalogical zanes, consists of mare than 6000 spe-
cles globally (i jkstra et al, 201 3). Order Odanata can be divided into
two main sub-arder Zygoptera (damselfiies) and Epiprocta, respectively
(lnhnunn 19913. Epiprocta is further divided into two sister group

agonflies) and Anisozygop (Handlimch, 1906)
(d-ndd:guﬂe:).}m Anisoptera can be further divided into
11 families and five superfamilies. The most dominated Smily is Li-
bellulidae, that is divided into 11-13 suhfamilies (Praser and Tillyard,
1957 Bridges, 1994; Swinmann 19497), whereas Aeshnidae and
Gamphidae cansist of 55 and 100 genera, respectivdy (Scharr and
Paulson, 2018).

Majarity of insect species have annual and long distance migration
ability, while the census sizes seem to be maximum in many insact
spedes. Insect spedes from different orders and families show long-
distance and multi ational migrations as their essential part of the

45

T

Pheiler and Markow, 2017). The integrity of od is
b of rich phenatypic and ecalogical diversity in a single insect
order and widdy used as 2 model species in various areas of ecalogy
and evalution, such as the evalution of flight, sexual selection and life
histary (Cordoba. Aguihr M&Odmwd:equw
model & integr y genomics with ecalogy © study the
imamhﬂmhmhvem.ylzyhumimhﬂqm
phenctyplc and ecological diversity, historie phylogenetic po-
sition,, exceptional evaln easy to study in usefulness
and wild as bio-indi Y warldwide {(Eybes
et al, 2006}

Dragonflies bdanging to Aeshnidae family are worldwide dis
tributed and diverse insect group (Von Ellmrieder, 2002) and known as
“darner” (Kohli =t 2l , 201 4). The males are large with blueor ydlow-
spatted body, wh females are having mare frequent yellowspotted
and a single distinctive golden yellow vein at the edge of wings rarely

f fresin

*Comwponding mna w S Koy Loty of Ecdogicd Pet Conenl Sor Fojun md Tewas Crops, Facdhos, Chim,

Emafl addeascr dahoga ) DAG AL com (2 De) wosdan i) Boom (L Wal
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ARTICLE INFO ABSTRACT

Kepwondx Awdmm-(wmcahumnmmmdoummm
Odomsee seven rep qies were ®lecaed D sey Shelr mive bonts ol widase subunit 1(COT)
Cythmaw acdwe mbana | An of e result lwnmmywﬂmuum
:""-“'"’“‘ ge0ea, twn fumilies, Libel e and Gomphidae. S o using Closal W in BicEdlt
D —_— ¥6. The phylogmes wee was consinctad throngh Naighha-Jol ning method by vaiag Jukes Cantor modd, and
,:’d_ genedic diwergence was caloulated via Kimura 2 pammetes wiin g MEGAT, while Genesie diversity wias caloul ated
by DoaSP v5. The maximum gensic divergence was olverwed for Cocodents senilie, at 20.49%, followed by
Lvellulidoe sp with 22 30% while minimum divergence (0.82%) was obaerved for Malligomphes ardes. Likewise,
-ﬂnwmmwuuwumu.mmuuw
vaoe (176 by Iidellubdee spp. (150 mén i valoe 3
mumdond was observed by Orsh #y, e ty of C sevile, adll of which are col-
mm.*umdmummmummm—:amdms
mmm.wm;mmmmm-gmﬂumnulmu

e global diverdty of drag and e o consenrndon measares of this insece
1. Introduction of the Gomphidae was brought sbout by paralle] shifts in behavior and

Order Odanata, consisting of mare than 6000 species, are widely
distributed all over the warld and ly named 25 dragaonfiies ar
damselflies ((njkstra et al, 2013} The arder Odonata was further di-
vided into two subarders, namely Zygoptera (Selys Longchamps, 1854)
(damselflies) and Epiprocta, respectively (Lohmann, 1996). Epiprocta
comprises two sister groups named Anisoptera (S&lys Longchamps,
1454) (dragonflies) and Anisczygoptera (Handiirsch, 1906), respec
tivedy. Anisoptera has 11 families which were grouped into five super.
families (D1jkstra et al | 201 9). Accarding to different authars (Eridges,
1994 Carle ot 2l, 201 % Fraser and Tillyard, 1957; Steanmann, 1997),
the family Libellulidee can be divided into 11-13 subfamilies. Likewise,
Gamphidae is divided into 100 genera (Schorr and Paulson, 2018)

md&fﬂy&mnmmjn&m

niche space: the mymphs acquired the habit of hiding within or
sprawling on aquatic substrages (Carie ot 21, 2015)

Similarly, Libellulidae family is distributed hroughout the warld
and reparted from all aquatic hahitats. However, this &mily is mare
asbundant within Anisoptera having mare than 900 described species.
FPar comprehensive classifietion of Libellulids, between 1909 and
1919, Ibs(l9l2)vmd:ﬁ!schdnvdnm&amumﬁmnd
designs the Hundation for . While in 1917, the first
classification of Libellulidse was established by Tillyard (1917, in-
cludi jon and definifion of subfamilies. However, some authars
M.mcmdﬁmuwudnmkhmuy
characters are varizhle within subfamily or found in other subfamilies
as well 25 dueto lack of diagnostic, unique ch states, but usually,
subfamilies are not well defined.

B of the large size, calorful body and high visibility, it i mare

males of which usmally have expanded apical abdaminal

give the appearance of a club. Owing to this, dzyuem)ykmm
as club4aik Previous wark has suggested that relatively high diversity

popular insects in public, and fr this reason, Odonates are more ©-
cused in conservation efforts (Ngiam ot al, 2017). All Odonat nymphs

*Comwponding mtne st Sum Koy Liborsngy of Ecdogiod Mot Omerd for Figian aad Tewas Cog, fudoe, (hiss
o

= Corwpuading
Emafl addesce dahoga | DAGIEL com (L Do) wosdan i) Boom (L Wal

kspe//dolng /M0 10164 s=eropics M KOI0OM

Reaived 2 Janary 2008; Reostved i mvisd oen 12 Sebroery 2008 Acceptad 12 Fobraey 2018
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ARTICLE INFO ABSTRACT

Wolachia pipks & a dvers, ubiguitons and most p
Proechacteria that is concersed with many biologicd p in ardh ds. The hispine beatle
(CHB), Brondpa bag &an aly imp pest of palm exltvagon worldhide. In the
present stody, we comprehonalvely swveyed @ Walbackednfeson peevil and mivchondrial DNA
(meDNA) polymorphism in CHE from five diffesat geogmphicd & ding Cind's dasd and
Taiwan, Viemam, Thafund Maliyda and Indonesia A mtdl of 540 sequences were xreenad In this smdy
Swrough fwee different genss, Le, cytochrome axidase abunit I (001} Walbarhis cuter surface prosein (wip)
and madriioon s sequencing type (MLST) genes. The COI genedc divergence ranges from 0.08% o 067%, and
Mkowise, 3 dgnificant genegic diversity (2= 0.00082; P = 0.049) was notad within and benween ol anatwed
ples In the ten diflerens hapl arypes (H) hamaenizad (haplotyy iy = 0.4379) fom
nmmu--;mue(aua‘)u-m. mber of p
chusters than others. aquesdy, re mummummdmm
mmnm-&nwummmum Bockia Walba ba
results (wsp gene) revenled a high level of nucleotide diversity (x = ummu-rpnmuo-un;
Mearwhile the trend of ¥ (% = 0.00041) was obaerved in Wollachis concasenated MLST
locs. Rumhermore, phylogenesic andjels (wip and concarenated MLST genes) revedied thatall collecsed sam.-
ples of CHB amrued © same Wollockia B-supesgroup. Our results stoagly suggest $at Wollachio bacteria and
meINA were highly concordant with each other and Wollachia can aflect the genatic strocture and diversity
within the CHB populagions.

Kepwordx Suiar bacterial graup of aipha-
Cocats Mapine boade

Walladit plpncs
Cysxchmon axdae mbani |
Multloos soqence Gpe
e ——
Fhylogew s malyds

o rttd

1. Introduction

The cmmut hispine beetle (CHB), Bromtipa kwgisima (Gestro)
{Coleopterx Chrysomelidae), is 2 devastating insect pest of palm plants
(Nakamurs ef al, 2006), and its larvae and adultdamage ddicate parts
of the plant. After maturity of ald frands, the larvae and adults shift to
otapmgﬁadx&vaem of beetles leads ward the e

d deve of palm culth due to browning and curling
of leaves. 1'he ssive leaf dam ds the growth, production
losses and eventally camses Ile&ﬂhofpah tree (Nakamura =t al,
2006). The CHB has bemn suppased to be bocal © Papua New Guinea
and Indonesia, and after that, it has spread worldwide (Naka mura efal,

2006 Zhang =t al, 201 5). During 2002, CHB was first time reparted
from Hainan province (China), and it caused substantial destructions to
palm trees, exclusively the mconut plants (Hou et al, 2011, Wan etal,
2015). later on, the palm plantations fram other provinces of China
(Fujian, Yunnan, Guangxi, and Guangdong) were dama ged by CHE (Lo
etal  2004; Fou et al | "OII Chen ot al, 2015). Recendy, the invasion
of CHB is alarming, due to which it is listed in the Global Imvasive
Spedes Database (2010).
Wolbackia is is a gr
(Rickettsiaceae; Rickettsizles), and cﬂ:khad to be the most ubiqui-
tous obligate bacterizl gerus amang other endosymbionts (Cordau
et al, 2001; Rowley e al, X)04; Wemren and Windsar, 20000,

Dy, PR

* Corresponding auhor at Sme Xey laboratory of Ecological Pest Control for Pujian and Taiwan Qrops, Pujian Agriculnwe and Forestry Usiversity, Puzhou

350002, China
E-nudl address: yotoofiatueduon (Y. Hou)

b/ Aol arg 101 016/) ympew 201 R07.000

Received 18 Aps] 2018; Recefvad in revised foam 3 July 2018; Accepaed 5 July 2018

Avaiiable coline 06 July 2018
1055-7903/ © 2018 Elsevier Inc. All rights reserved.
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Infection Density Dynamics and Phylogeny of Wolbachia Associated
with Coconut Hispine Beetle, Brontispa longissima (Gestro) (Coleoptera:
Chrysomelidae), by Multilocus Sequence Type (MLST) Genotyping8

Habib Ali*, Abrar Muhammad™, and Youming Hou™™
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Reviced: Decacde 82007
Retisal: Febvuary 28,2008 The intracellular bacterium Wollackat pipientis is widespread in arthropods Recently,
R SUs 2R possitilities of novel Wolbachis-mediated hosts, their distribution, and natural rate have been
Farmt problodad aice anticipated, and the coconut leaf beetle Brontipe longisima (Gestro) (Coleoptersx
Agen. 208 Chrysomelidae), which has garnered attention & a serious pest of palms, was subjected to this
tive interrogation. By adopting Wolluchia surface protein (wsp) and multilocus sequence type
m‘—""ﬂ (MLST) genotypic systems, we determined the Wolwchia infection density within host
Bk oo ki o developmental stages, body parts, and tissues, and the results revealed that all the tested
ples of B. longissima were infected with the same Wolluckin strain (wlog), suggesting
complete vertical transmission. The MLST profile elucidated two new alleles (#32-234 and
coxA-266) that define a new wequence type (SI483), which indicates the particular genotypic
amociation of B. bngissima and Wolbadiie. The quantitative reaHime PCR analysis revesled a
higher infection density in the eggs and adult stage, followed by the abdamen and
reproductive ti pectively. H , 7o significant diff were olserved in the
infection density beh sexes. M , the wsp and concatenated MIST alignment
analysis of this study with other known Wolluchiz-medisted arthropods revealed similar
clustering with dstinct monophyletic supergroup B. This & the first compre hensive report on
the prevalence, infection dynamis, and phylogeny of the Wollacdhit endosymbiont in
B_ longissima, which & trated that Wollwchia is ubiquitous acrass all developmental stages
Floriemtasy aea e 9 and distributed in the entire body of B. longissime. Undemstanding the Wolwchia infection
P el eeiSoslyst  dynamics would provide wseful insight to build a framework for future investigations,

PEEN 1017785, I 5N 1 78-872

understand its impacts on host physiology, and exploit it as a potential biocontrol agent.

CipysightD 2018 by Keywords: Wolbadhis, Brontspa longisime, quantitative PCR, MLST, hiocontral agent, symbiont-
The Xirmee Sooty A Mendology host intersctions
! Enainciogy

Introduction ormamental palm cultivation, the pest has gamered a ot of

attention [2]. Among the Chrysomelidae family, the genus

Members of the family Chrysomelidae (Insecta: Cdeoptera),
also known as leaf beetles, ame one of the most plentiful,
diverse, and successful phytophagous Coleopteran insects,
encompassing more than 35,000 species reported wordwide
[1]. Owing to its devastating impacts on commercial and

J. Microbiol. Biotedhnol.

Bront spa has 22 described species, out of which 17 species
have been reported cawsing considerable damage to
vadous palm species [3]. Bromtispa bngisima (Gestro)
(Cokeoptera: Chrysomelidae), commonly known as coconut
hispine beetle, & a notorious pest and key defoliator of the
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ARTICLE INFO ABSTRACT
Article Mz ory Smudies on the insec pollinors diversity and their relative abundance in Bnum sativa il (Arugula) and
Received 12 july 2063 Bracsion rapa L (field mustard) was carried out duringspring season from Febnary ta April consecutively
W“*""”"u during all the three years of 2016-18. Insect pallinators observed belonged © four arders ie
:u:;:ltmln’llo ois Hymenoptera, Diptera Lepidoptera, and Coleoptera. A &l of 20 major speces of insect pollinztars were
e . recorded The highest shundance of pollinatar species belonged o Hymenoptera. The most praminent
= - insect poliinator speces were Apis malliera fol lowed by ather three honey bee species of A zrma A, flo
m’a = rea, and A dorsata respectively. Some speces of salitary bees were alo recorded. From Diptera, four spe
Diversizy des of syrphid fly and ane species from Musadae &mily wes 2lso remrded. Insect palli natars recarded
Hymenopea from order Lepidoptera were Piesis brassime, V-muﬂi.xdwmhdyhﬂue
Dipea Coccindls mta was ded from Coleoy order as jonal visitor. 1t was noticed that
Colcopen Eﬂanmmﬂm&mlmmebeﬂ“mdet
Lephdaptera wchmpmdmudmmdpohm&mdmmmdbﬁm
Bruscaoae Further e needed to confirm the for higher pollinator visition to £ sathva than & rpa
Crucifemes cops through chemical analysis of nectar, amount of paflens, flower physialogy and phenology of both crops.

© 2018 Production and hasting by Elsevier AV. on behalf of King Saud University. This i an open acaess
artide under the CC BY-NCND license (http | krestivecamman sorgflicensss/by-nond K0/ )L

1. Introduc tion and some other plant parts like leaves which are edible and can
be used x¢ fodder crop. The oil extracted from their seeds is con-

Brassica rapa (Fekd mustard) belongs to family Brassicacese sumed by humans from centuries in the Asian continent. Seeds
This crop is economically important because of seed oil contents  after oil extraction are changed to the shape of cake which is very
nutritious and used to feed animals (Ramachandran e al_ 2007)

Erua sariva (Arugula) also belongs to amily Brassicacese Local

¢ Conesponding Juthor. name of E sativa is Taramira This crop has medicinal and em-
E-mal adfres: SSoupsd@y oo com (W. Blam). nomic value and can be consumed as salsd and vegetable by
Peer mview under responaibiity of King Saed Universty. humans. It can akso be used as green fodder for feeding animals

(Ghazali etal, 2014)
!' Insects help in pollination of these crops Crops belonging to

8 & x family Brassicaceae are predominantly dependent on insect polli-
Sam—— Production and hosting by Elssvier nation (Entomophilous). Increase in seed quality and quantity is

s Melog /101016 gk I0TE08 002
131956200 2013 Podaction and hating by Buevier BV, on bedull of Mng Saed
Thiti is an open 200 % amide srder e OC BY-NC-ND license (1o vuummnnmargﬂkrranbyrxmunl
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Brontispa longissima (Gestro) Using Restriction
Site-Associated DNA (RAD) Genotyping in
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Abstract: To determine population genomic structure through high-throughput sequencing techniques
has revolutionized research on non-model organisms. The coconut leaf beetle, Bronfispa longissima
{Gestro), is a widely distributed pest in Southern China. Here, we used restriction site-associated DNA
(RAD) genotyping to assess the invasion pathway by detecting and estimating the degree of genetic
differentiation among 51 B. longissima accessions collected from Southern China. A total of 10,127 SNPs
were obtained, the screened single nudleotide polymorphism (SNP) information was used to construct
the phylogenetic tree, FST analysis, prindpal component analysis, and population structure analysis.
Genetic structure analysis was used to infer the population structure; the result showed that all
remained stable, only the Sansha population differentiated, and the non-Hainan populations have
gradually difierentiated into smaller sub-populations. We concluded that there am two sources of
invasion of B. Iongissima into mainland China: Taiwan and Hainan. With the increase of the invasion
time, the Hainan population was relatively stable, and the Taiwan population was differentiated into
three sub-populations. Based on the unrooted phylogenetic tree, we infer that Taiwan and Hainan
are the two invasive base points. The Taiwan population invaded Fujian, Guangdong, and Guangxi,
while the Hainan population invaded Yunnan and Sansha. Our results provide strong evidence for
the utility of RAD sequencing (RAD-seq) in population genetics studies, and our generated SNP
resource could provide a valuable tool for population genomics studies of B. Iongissima in the future.

Keywords: Bron tispa longissma; restriction site-associated DNA sequencing; SNPs; population structure

Insects 2000, 11, 230; dor10 3350/ ineects1 1040230 www.mdpicomyjournal/ insects
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In-vitro assessment of food consumption, utilization indices and losses
promises of leafworm, Spodoptera litura (Fab.), on okra crop
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ARTICLE INFO ABSTRACT

Kepwonds The lepidopteran insect pests have significant lmp in wegetahle produ mmnﬂynp-

Lepdoptirmn e pats foromad e base dies about the of feeding and

&:—- m-ummammmmummmmgmﬁm

Fondinyg pooes
ETL
B

food vt Bzxaton and corsumption indices as well & keases of d Mievent karval
© gistical analysis. The reads showed Sat, in the beginning the & ‘-’d
mm"lmqﬁumlmh:-(&mmmlm
Umlmﬂm._unhpuhﬂ.ﬁq-&ymdmdwmwm
Ingested food into blomass varied sigadficandy. The index in time
um:mumm-uduummmwrhh X nl‘v i d
of gérd (10013306, 832-11.9]1 mg) Sbws (11.27-17.28 109653403 mg) and Oft 026019.40,
11.93-15.28 mg) larvil ismrs The af wel ght of od feawes d with a gain in body weight
However, in the Sird lsnr, a decline wis obeerved on the Lt day of Seading. Maximum leaf area wias con-
sumed by ffth ingar larvae (4466 c”) bllowed by fowrth (35.41 am®) and third (27.98 cx’) ksmrs In
o all te & = mnmtunmmmummm
mmhmmmmmnuu-n s d the re-establidum ceet of fun
threshold level: ETL, i Injory level EIL) imegrared pest

Introduction

(Purseglove, 1987, Banjawan =tal, 2007, Qureshi, 2007). In the warld,
its production is about six millon tons per year (Benchasn, 2012). In

Olra is mative © Africa, Narth Australia to the Pacific and South- 2009-2010, theares under akracrop was 0.43 million hectares, and the
East Asia (Kaleri et al, 2011) and commercially grown in many coun- production stood at 4.54 million tons (Benchasn, 2012). India was the
tries of the warld soch as Turkey, Bangladesh, Malaysia, Southern firstcountry in thewarld, with 3.5 million tons of ckra production from
United States, Afghanistan, Pakistan, Brazil, Thailand, India, Ethiopia, over 0.35 million hectares of land (FAOSTAT, 2008). India is the most
Iran, Western Afria, Yugaslavia, bpen, Myanmar and Cypns impartantcountry in the world for akra production and shares 2 partof

* Corvesponding authors

Emil addresses: atonad rawm 1793400 adu pk (A Nawaz), habid i) €17 yatos.com (H AN).
! These authors have conariduted equally to this wod.
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Potential of Moringa (Moringa oleifera: Moringaceae) as plant
growth regulator and bio-Pesticide against wheat aphids on
wheat crop ( Triticum aestivunry, Poaceae)

Mujahid Manzoor, Habib Ali, Abrar Muhammad, Intikhab Alam, Shalzada Hasnain
Khalid, Atif Idrees, Muhammad Arif

ABSTRACT

Moringa oleifera commonly known as Moringa is a multipurpose plant Field trials
were conducted to assess the potency of Moringa leaf (MLE) and root extracts (MRE)
as plant growth regulator (PGR) and a Bio-pesticide on wheat crop. At distinct crop
growth stages (tillering, booting, and heading) with different concentrations (5, 10,
12.5, and 25% v/v or w/v or w/w) of MLE and MRE were applied. Results showed
statistically significant increase in crop growth traits and reduction in aphid infestation
(booting, milk, and heading stage). As plant growth regulator maximum leaf area
duration (LLAD), leaf area index (LLAT), and total dry matter accumulation (TDM) were
recorded at all growth stages for MLE 25%. Highest crop growth rate (CGR) (24.91
gm’zday") at tillering was achieved for MLE 5%, 13.04 gm‘zday" for MRE 10% at
booting stage and 8.76 gm’day’ for MLE 10% at heading stage. Maximum thousand
grains weight (57.33g), highest number of spikes per plant (9.67plant”) and maximum
grain yield (4446Kg hac') were determined for MLE 25%. The heading stage of the
crop was heavily infested with aphids and MLE 5% significantly reduced pest
infestation compared to other concentrations of MLE and MRE and control group.
Overall, MLE and MRE proved very effective as plant growth regulator and a Bio-
pesticide against wheat aphid on wheat crop.

MS History: 27.10.2015 (Received)-28.10.2015 (Revised)-24.11.2015 (Accepted)

Key words: MLE, MRE, Plant Growth Regulator, Bio-Pesticide, Wheat.

Citation: Mujahid Manzoor, Habib Ali, Abrar Muhammad, Intikhab Alam, Shahzada Hasnain Khalid. Atif Idrees,

Muhammad Arif. 2015. Potential of Moringa (Moringa oleifera: Moringaceae) as plant growth regulator and bio-

Pesticide against wheat aphids on wheat crop (Triticum aestivum; Poaceaz). Jowrnal of Biopesticides, 8(2): 120

127.
INTRODUCTION

It is crucial to explore the potential of
botanical and bio-pesticides in agriculture pest
management (Jacobson and Crosby, 1971;
Chakraboraty and Basu, 1997: Habib er al,
2015). Green pesticides provide materials for
natural and beneficial pest control and
increased production per unit area (Isman and
Machial, 2006). Broad spectrum synthetic
insecticides have consequences which badly
affect human health, environmental cause
pollution. destroy the food chain and kill
beneficial insects (Sexena e al, 1974;
Chauhan et al., 1987).

Botanical insecticides like neem (A zadirachia
indica A. Juss) has been proved to be useful as
bio-pesticide, efficiently reported (more than

© 481

400 species) against insects (Martinez, 2002)
but there is an increasing need to discover
some new bio-pesticides and their toxicity
against insects, birds, fish and mammals as
they are environment-friendly, economical,
and pose no hazardous threat to human health
and other non-targeted organisms (Tang et al.,
2002). Different plant species belonging to
family Meliaceae such as Tillia americana, A.
indica, Melia volkensii, and Azadirachta
exelsa are effective against noctuid
caterpillars, Trichoplusia ni and Pseudaletia
unipuncta (Akhtar et al., 2008). Without
experimental clarification these bio-pesticides
cannot be registered.
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Role of primary metabolites in plant defense against pathogens
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ARTICLEINFO ABSTRACT
Kepwords Plaon ender nasurd esvirooment faciog varkons pathogess tend © profoce defense © maintaln their fimex
Chemical and minimize pathogenic damage Plarcpathogess ineracton & gaining more importance by researches as,
Dbz Shelr mears of S figt ase primary mersboliees The ultimare resull of either means of defesse & pathogenesis
Sy or resistance. Plant defense mechanisms can be gouped elther fnd indoshle and w defesse or che-
et mécal, and morphological defense Mujarity of defense mchanisms have & passive role, Le. ondy
umwmh:.f—ummmqumuu;munm
y mde. Deeplndy of ch fnvolved during the plast-parhogen sysiemis nead of

umuu-ummmnnwmnammnmm:n.
chanismn o action in plant deferse.

1. Introduction regulation of carbohydrates, protein and lipids to infection by patho-
gens [6]. Mant growth and yield is affected by primary and secondary
HMants respond o various biotic and harmful envi 1 bal tsm during pathagen infection [91. Energy supply is compulsary
conditions through various biochemical rphological and malecular h&ﬁmw[lol?‘wmﬂymﬂ&phm
mechanisms [1]. Specific signaling and recognition sy are pr bolizm in 2 imieed supply of nutrients, which & the
that make it passible 0 detect pathogen access and start an efficlent demand for assimilation [11]. Metsbalism sinks because after the in.
dehgwhpha[’lhmpm&mdmby&em fcnmoﬂ-hnpz.“ ynthesis & tic and chlaroti
of ch comp: 7. tissue develop which change the acumulation of sugar [12].
Hnmndﬂhmdplh‘uidcdmnndmdﬁtm Rale of primary bolic pathways in the regulation of plant de.
other [4]. Nutrition i the basic requirement of a pathogen from the fense resp for develop ndynnb-veyh&mm
host [5] and plant metabolism affect this nutrition availsbility [£]. present review focuses on the rale of primary metabolism in regulating
Energy supply i the key factor required for def of plant agai plant defi 2gainst pathogen derived elidor or patential pathogens.
pathogens and this requi fulfilled by primary metsbalic activities
["thny halites perform their function as malecules signaling 1.1 Primay metmbolites qgainst plant wrus
to trigger d s byfwul duction and pathogen re
ogniti [41. Productk primary Ml‘dhﬂ ocours &m’llp‘lwy:uhhdhupmdmdlyphhlihmhohym
duiqtexﬂum;ha(mltqtn)mdbduhdzpm proteins, and lipids but anth are p only in
mocdlupmdmnauinlm dium. Primary metabaolism is proteins and palysaccharides [1 7). Defe duced by the
mp for growth, devel and reproduction of cells The muﬂmspedfxwifmplndhmxdpﬂhnp[lll.
primary metabalits puq-e in the primary response by the There are 17 families belongs to defi lated proteins (DRPs) [ 151
* Corresponding anhor.
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Spatio-temporal distribution of the peach fruit fly,
Bactrocera zonata ( Diptera: Tephritidae)
infesting citrus orchards at Sargodha, Pakistan
Muhammad ARIF"" | Muhammad SIDDIQUE AASI*, Muhammad FAROO(Q®,

Habib ALI", Saif UL ISLAM', Muhammad ASAD',
Muhammad SHAKEEL' | WU Zu-Jian'

(1. Cdlege of Plamt Prosection, Fujian Agriculture ad Forestry University, Fazhou 350002, China ;
2. Caxn Research Station, Fasalabad, Pakistan;
3. Callege of Agricukure, Sauth China Agricubural University , Cusngzhou 510642, China;
4. Department of Pest Waming and Quality Contrd of Pesticides, District Sargpdha, Punjeb | Pakistan )

Abstract; [ Aim] This study was conducted to monitor the population changes of mast d pe of the
peach fruit fly, Bactrocera sonata digributed at seven localities (Sargodha- | , Sargodha- [| , Bhagtanwala,
Sakesar, Chak#t 75-SB, Chak#t 46-SB and Chak#t 104 -NB) of Tehsil Sargodha from 2009 10 2011. [ Methods)
Papulation o B. ta was recorded on weekly basis using medlyl uxgﬂnl pheromone traps charged
at fartnight intervals. [ Resukis] The results revealed that the high d. of B. zonata was
recorded st Sargodha- | (53.67, 45,82 and 45.47 ﬂxu/lr.p) [db-d by Sakessar (41.13, 33. 87 and
35.75 flies/trap ) whereas C'h&.'lS-SBhdlhe lowest population occurrence (15,78, 19. 18 and 19.15 flies/
trap) during all the three years (2009 -2011), respectively. The highest peaks were observed during Apnl
(76.08, 71.94 and 61.51 flies/wrap, respectively) bllowed by May (60.74, 52.63 and 64. 00 flies/trap,
mpeulvelv) u\d the lowest during Fd:ru-ry and October each year. Moreover, there were strang positive
P the i and 1 and B. zomams population abundance where

mpne asociation was duaved for the relative lmmdxly ud minfall. Similarly regression coefficient
d that the maxi was the major ibuting factor influencing B. ta population

occurrence and rainfall contributed ile lowest share. [ Conclusion) unhnnlpdnn d B. zonata population

dhi- 10 163830/ kexh 201712 (12

should be camied out lhmdnn the year, especially when empemture stanted to rise m Apnl —
factors grealy infl of B. at

Key words; Tep)mnd.- Bcdmczmanam population dynamics; weather f;

1 INTRODUCTION

Pakistan having 2. 1 million tors of production
is the sixth largest producer of mandarin and oranges
in the world. Among all countries, Pakistan shares
0.9% and 3.6% value and volume of mandarin and
oranges, respectively. With respect to very famous
variety of citms, Citrus reticulata , locally known as
“Kinnow" Pakistan stands the first for its production
in the wold. Approximately 95% kinnow is
produced in Pakistan, of which Distrit Sargodha
contributes to about 70% of total kinnow production
and average yield of kinmow per hectare is nine tons
which is lower than some developed countries
(Anenymeus, 2012). Citrus is frequently attacked

*Comgoadn wde, Lol adf 1821cd@ pdon con
Heccived . 201702-15 ; Accxgead. 2017-11-15

May as weather

; citrus; p tap

by a vanety of pests such as citrus psylla, citrus leaf
miner, lemon buttedly, fruit fly, ete. Fruit fly was
not a serions pest of citrus before some years because
of its thick skin and nind oil, which can kill eggs and
larvae but now due to famers ' negligence and poor
quarantine policies, fruit fly has become a major
threat in citrus growing areas of Pakistan during
recent years. Citrus orchards are heavily infested by
the attack of fruit fly and estimated fruit losses due to
fruit fly at farm level in patticular areas are 18%
(mango ), 30% —35% (guava), 25% - 35%
(melons) and 6% — 11% (citms). Losses may
vary from few percent to 100% depending on severity
of the pest ( Hardy and Jessup, 2012). About 80%
fruit loss has been recorded where citrus and mango
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ugmwumxmmmnumuuﬂywqm

wmmur‘“ Actinody
Bl & o Caret, C¥ mla-;mmmuu. Mdloures) and
wmuuupu 5 'y g oy Yeaxs, Molds) Some
b ofa ary wh:w—amuumm
& © eshance the und enn-qhu.n hiot2, 1o accd erate bee mi and

mmnmunuwummmhnmm

1. Introduction maintaining biodiversity by pallination of numerons plants. Haney bees

are crudal for mankind b af biological and economic reasans [11

Honey bees belong to family Apidae, subarder “Apocrita® in the Honey bees nat anly prodoce honey and other bee products [2,7] but
imsect arder Hymenoptera. Honey bees, 2 part of the insect fmily 2lso add in agriltural productivity and prafitability through increase
Apidae, are msmopalitan eusocial insects and are very important for of the quality and quantity of different agricnltural crops, horticultural
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Synergetic effects of various plant extracts as bio-pesticide against
Wheat Aphid (Diurophous noxia L.) (Hemiptera: Aphididae)
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Human health and environment are greatly affected by extensive used of synthetic insecticide, which is why the
alternative way of pesticides, such as botanical pesticide consumption increase with the passage of ime to
control of insect pests. The insecticidal impact of Moringa (Moringa oleifera), Neem [Azadirachia indica) and
Euclyptus (Eucalypius globules) leaves extracts were investigated on Diwrophous noxia (Hemiptera:
Aphididae). This study was aimed to evaluate the efficiency of bio-pesticide instead of synthetic chemicals
against 0. noxia. Experimental resulis showed that the percentage of mortality fluctuate with the fluctuation of
concentration with time intervals and have great impact on the population of D. moxia. Single, doubled and
tripled combinations of leaves extract were tested at two different concentrations (25 and 50%). The results
suggested and concluded that from all the application of single botanicals A. indica give better result as
compared to other single application while application of double combination M. olerfera with A. indica give
significance result instead of other double mixture, meanwhile the triple combination (M. olerifera, A_ indica and
E. globules) performed excellent result as the others triple mixtures. The study revealed that combine used of
M. olerifera, A. indica and E. globules leaves extract were very effective against D. poxia and surge as an
alternative way of pesficides instead of synthetic chemicals.

Key words: Wheat aphid, plant exctract, mortality, M. olenfera, A. indica, E. giobule.

INTRODUCTION

Wheat is the staple food of Pakistan, which is being
used 128 kg per head annually and this crop covers
more than eighty percent of country. In 2008-2008,
wheat were cultivated ower an area of B.458 milion
hectares giving 23.03 m. tones production (Zeb et al.,
2011). Wheat is great source of income in the rural
areas of Pakistan and as well as in the word. Yield per
acre of wheat in Pakistan is much lower than the other
wheat growing countries. Many factors contribute to the
low yield of wheat in Pakistan including, method of
cultivation, improper imigation facilities, low level of soil
ferfility and particuarly insect pest attacks.

All over the world, wheat is faced with many problems
related to insect pest attacks such as weeds, pathogens
and insects, which are main causal agents in yield
reduction (25-50%) (Pimentel et al, 1881; Oerke,
2006). Thus, wheat is drastically being affected by
sucking insect pesits and dominated by wheat aphid,
Diuraphiz noxia (Mordvilko) (Homoptera: Aphididae).
There are six species of wheat aphid that incude
Russian wheat aphid (0. moxig), the English grain ear
aphid (Siobion avenae), common green wheat aphid
(Schizaphiz graminuwm), bird chemy-cat aphid
|Rhopalosiphum padi), and rose grain  aphid
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Temperature-dependent development of Asian citrus psyllid on various
hosts, and mortality by two strains of Isaria
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Kepwords The Asian ctros payl id (ACP), Diaphontng ciorf Xowayama (Hemdp
Oewinpnetad cmm Spp. The @im of pesent study was © bvestgase e devel cpment and Bty of ACP on eltrus (Qres sinemsis)
Diarta famom aea (healtry and Hodeghingbing- (HLB) disazed) and jasmine ( fasa) plases af vadous semperatres.
Rearla jomaica Mu-rnmnmmummmdmmmmumm
werifiad by runming PCR foar 165 gene of Candidanes Libershy (Qas) 7
were recorded for egg, nymph and adult stages on all planm and thee diflerent emperatures (20, 25 and 30 °C)
nmmmmmmuumpmmmmmnmnstn«
collected Baria swains wes belooged m p aly rep Mmu-ﬂummy(w)
and Maximom Liked Bood methods, 235 well &, O bolwes wes belonged 1o pr d Chinese
mmwmwummn.mmmmuwum
disensed plants whereas longes time was tiken by devel and on jasmine plans at
nl—mn-mmmamw(uwmunm)uwm
nnu.dtumnantnzuu&s_\s-s.esa-auunaawmnn
20 °C mm;mua-m;mmm-—mdmpmm
G221 + 447%and 1933 + 451%)on H1B-& dpl of 1 x 10" coméctia ml. ™"
M:dn-"&mﬂﬂy tummnnmumhms-mmm»mm
e and dity of AP o0 & d plasm b Clas & @an be supportve ©
qnh-ulpl‘—m-pua-

Paylidae) & ad @ pex of s

1. Introduction around the world dtrus growing areas, including Afia [7], Amstralia

[4], Bhutan [9], Brazil [10], Califamnia [11], Ethiopia [12], Florida

The Asian citros peyllid (ACP), Digphorina citi Kuwayama
(Hemipterx: Psyllidae), & a2 major pest of Citns spp. worldwide [11
ACP feeds on dtrus and also is the main vectar of the bacterium Can
didatrs Liberib =i ati (Clas), a agent of “Hudn.
glénghing™ (HLB), which & 3 serions disease of dtrs in the warld
Citrus & one of the most impartant econamic crops all over the warld,
and ACP causes heavy Josses to citrus production [2-4]. The lass cansed
by HLB was recarded 30%-100% in the yield production, depending
upon the infected condition of orchards [5,6]. HIB & distributed 21l

[13], India [14], Indonesia [1%], Iran [16], Japan [17], Kenya [18],
Malaysia [19], México [20], Oman [21], Pakistan [22], Somalia, Texas
[22], USA [24). himdednlomdlmpnﬂaiﬂ!yﬁmfd
lowing prowvi Pujian, Guangd, G Hunan,
Jiangxd, Sidunn. Taiwan, Yunnan and Mq [25.27], Hainan,
Henan, Hong Kong and Macu [20,29]. ACP feeds on 2 wide range of
hosts, and it & alko observed that it feeds for long time on diseased
plants as compared © healthy plants [0]. However, the development
of ACP has significant consideration under various hast plants, but

Ok
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The Endosymbiotic Wolbachia and Host COI Gene
Enables to Distinguish Between Two Invasive Palm Pests;
Coconut Leaf Beetle, Brontispa longissima and Hispid
Leaf Beetle, Octodonta nipae
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Abstract

To eluckiste taxonomic eminence of identical past spacies is essential for many ecological and consenvation
studies. Without proficient skills, socurate molecular Identification and charactarization sre laborious and time-
consuming. The coconut leaf beetle, Bonsps longissima (Gestro) (Cofeoptera: Chrysomelidae], is biologicaily
and marphologically identical to hispkd leaf beetle, Octodonta nipge (Maullkj (Coleopiera: Chrysomelkias), and Is
Known as tha most harming nulsances of paim cultivation woridwide. The present examination was to estabilsh
Woibschiz ganotyping analysts slong with host cytodrome oxidase subunit 1 {COH gens for accurate identification
between thase individuals of the same family (Chrysomelidae). Hare, we have cloned and sequenced a gene coding
Woibachiz surface proteln (wsp) 2nd COI gena regions ampilfled from both species by polymerase chain reaction.
The nudlectide saquences were directly determined {~800 bp for wsp and =804 bp for COIj and aligned using the
muftiple alignment aigosthms In tha ESPrpL2 package and the MEGAS program. Comparative sequence analysis
Indicatad that the representative of wSp and COl sequences from these two beeties were highty vaniable. To ensure
this bactertal variation, multliocus sequence typing (MLST) of bacterial genes was conducied, and the results
vindicatad the same trend of variations. Furthermore, the phyiogenetic analysis also Indicates that 2 jongfssima
and O. nipse being the two difisrent species harbors two distinet Whibachls Hertig and Burt (Ricketisiales:
Anaplamatacese) supergroups B and A, respectivefy. The presant outcomes quickly discriminate between these
two spacies. Conskiering s simpiicity and cost-effectiveness, it can ba usad a5 3 diagnostic tool for discriminating
such Invasive spacies particulasly £. longissima and 0. nipas which has overispping morphologic characters.

Keywerds Brontisps lnglssims, Octodonts nipse, Wbachia, multocus SEqUENCE type, Invasiva species

Und, ding the exact i status of msect pests is funda- as cytoch id bunit 1{COI) and other come into play as
mental to devise efficient control or management measures against more relmble ways for ic dlassiication (Zhang et al. 2015).
them (Rossman and Miller 1996). Pest management studies rely on Anath hmque such as poly chain ion {PCR) restric-
the fact that taxomomically, mdividuals are correctly identified and tion fragment-length polymorphism is also regularly utilized for this

Cownloaded from bibpe. [/
- T-:q—z 208

having a scientific name, and that their ecology along with other
binlogical features is known. Any misidentification or faiture to dis-
tinguish between closely related species can obscure and obstroct
the management of pests (Miller and Rossman 1995). Recently,
moephologically indistinct oe fundamentally similar insect group
(such as a species, clade, or biotype) can be segregated by wtilizing
DNA successian mformation (Yassin et 2l. 2008, Takano et al. 2011,
Zhang et al. 2015). Since the availability of reliable methods based
the morphologxal characters & rare, the molecuk thods such

purpose (Scheffer et al. 2001, Takano e al. 2013).
Mmbngm((‘am) (ermrndvdn: Coleoptera) is a
lintr i pest on palm culti m Southern China
and workiwide (Wan et al. 2015, Zhang et al. 2015). Being, among
ﬂlcnnﬁmpuxofmphl,(hmt-mmetm
Arecaceae), B. lomg: pe d from Indonesia and
Vm&mnﬂdhnbﬂmpwtdfmmmnyodwrmlnd
islands mcluding, Southeast and East Asia and the Pacific region
(Nak etal 2006) where the host plant (C. mucifera) is cultivated

£ Tha Authoris) 2018 Published by Dxford Univarsity Press on botalf of Entomological Sccisty of Amenca. 1
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A nation-wide genetic survey revealed a complex population structure of

Bemisia tabaci in Pakistan
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ARTICLE INFO ABSTRACT

Keypwondx The whitefly, Benide mbari (Gennadiug) (Hemip Aleyrodid ‘h-qp:qthwum

Whinsly workdwide. In Pakismn, B. sshacl poses 2 serious theeat © ag o d i diversity in

Crypeic pacie Mlmlh:’uhﬂmﬂwmmaa“ = dll!e- of the countzy and

Dévarsity Mitoch Y aidase T (meCON) 3 g was wed © & ine the whiefles genetcaly.

;-: The smdy Jed the pu of five ditle mwhmmn-ﬂ;mn-l Asia -5, AdaTi7,

ity Adall8 and MEAM, mspecsvely Amangthem Adalll, which was previously mpored from a few areas in

e countyy, M&ntﬂﬂmukm&du.emmﬂ&ﬁdﬂl&md

samples. Based on the meCOL od hses, the diverdty of Asla 01 ch gmaser
mnmmmmuqh--m

1. Introduction et al, 2014s). The reason regarding the evalution of begomo viruses and

Whitefly, Bemisia mbnd (Gennadius) (Hemiptera: Aleyrodidae), s
one of the m&mp‘ofmmhllyimphuh
Tndi ls and househald plants warldwide
(Chm&mda 2015 Cuthbertson snd Vanninen, 2015; lslam et al,
20172). Besides damaging host plants via phloem feeding or secreting
honeydews that promote the growth of fungal pathog 8. mbad
transmits several economically important groups of viruses including
begomoviruses, which camse great yield lasses in tropical and sub-
trapical regions (Arif et al, 2017 klam and Wa, 2017 Islam et al,
2017b; Varun and Saxena, AN 7). Albcndnhe transmission of bego-

emergence of new msmhhdmudoﬁuviun,vm

h_:,new vector species, ch 1 conditions and
Jtural ot (Joms, 2014).
Onudy.lﬁ‘lu idered as a speci plex (Polson

et zl, 2014 Tay et al., 2012) embedding mare than 35 (da Fasem
Barbosz etal , 201% Qin et al , 201& Hu et al, 2017; Mugerwa et al,
"olm .- { — B  Indistds ) ht Fndb dbd
aypd:qﬂh(Lxet:L 2012; W:.mge!al. 211 1). Histarieally, a region
is dominated by one ar 2 few native cryptic spedes. However, the =i-

tion is changing rapidly b of the highly invasive namre of
some B. tabad cryptic species. The hnchnimofnewuypxq;duk

moviruses is 2 F the 3 parts of A mbad sometimes disastrous ©o aregion b the introduced may be
allow or facili the isition and ission of the viruses :dmmbdmmmmddwmdh!umd
(Czomek etal, 2007) Wlilﬂy its by in a circul fi that favor virus transmission (Gotz and Winesr, 2016). Far

dvepadnmtmu((’nuaaLiﬂl").Thvmhxma_mﬂ
barmiers and checkpaints fully, while i ing with the var
ious receptors and other whisfly prossins. However, the bulk of the
wvirus remains associated with éhe insect midgut and the fileer chamber
{Ghanim, 201 4). In these tissues, viral g may be ribed and
may replicate (Czomek et al, 2017) TI: whisfly ﬁyxmﬂa&
role in dispersal of beg: i to the agro l zones,

example, the worldwide st distribution of Middle East Ma Minar-1
(MEAM-1) has been blamed far the in T
of begomovirmses (Gilbersson et al |, 2015; Ishm 7).

Various DNA-based techniques have been utilized to identify B. to-
baci cryptic species (Almned et 2l 201 1; Ashbg etal, 2014 lubel\o
ot al, 2008). H analysis of minchandrial

ied

further spreading them © long distanaes through u&&uvhﬁ(lslam

xid. l(‘m)pwl-vem most widely applied (Anndaxb etal,
201 & Chintkuntla, 2015 Prasanna et al |, 2015; Qin et al_, 2016). The
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A novel bacterial symbiont association in the hispid beetle, Octodonta nipae
(Coleoptera: Chrysomelidae), their dynamics and phylogeny
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ARTICLE INFO ABSTRACT

mmum:.a-d—*m(mc:. Sdae) b a & ting pest of palm
Wabadha bacveria in the gesus Wabadkia are argaably one of e moa abundant
ummmmmnwmunem-mmummmu
N X o d moch aeation 33 4 proapecve futwre tod for lnsect management However, their assocation,
FEs oy Mkt banision dection dy: and fu abity remain wikn uusur:puun.-mu-cnum
Micolinkyid agest e i and of Wolhachia in O, nipae. Bxp fewd b of
wpvuumanummummwdwmm-
1 with shared a common Walbachis graia (wNip) Moreoves, MIST (g8, SpA,
Mﬁluﬂm) hysis enabled the dn- g 1ype (ST-484), suggesting & parteular
Mﬁ:umdu*u"‘*‘ Sub EY w raaliime PR (QPCR) asay de
wmmammmmmmmmmmnmut-m
hmpu(mmmmmn-(mmumucum-’mhm
and female adullt stage, a3 well asabd and ductive Sasne: od © other &y,
mwa-wh-—amnemumunwmammw
between male and female body pars and Scsoes Phylogeny of Wollachis infection associased with O. aduae
rectifiad fram all esed ke gages wee unique and fall within ®e same monophyleic supemroupA of
Wolbackia clades. The danaity of symblont & amonyg the ool 1o und d their bologied
ummmuumm—mmummmummu
sy béond comnplic ions and s prosp rdexsa gical agent to raduce pest populatons.

1. Introduction Nypaideae, and Calamoideae) bdanging to the family Palmae [1591
Among them, O. mipae preferably attacks Califomia fan pelm, We-
shingtonia filifera (Linden ex. Andre), rattan, Calomus manan (Miquel)
[10], queen paim, Syagr offiana (Ch ) Glas ) [11],
Chinese windmill palm, Trachy forame (Hooker) H. Wendland)

The nipa palm hispid, Ocodontn nipar (Maulik) (Caoleopterx
Chrysomelidae), native to Malaysia [1] and initially described from
Penirsular Malaysia [2], is aneconsidered of the most damaging pestof

palm cultivations in Southeast Asia. In China, this invasive pest was
highlighted for the first ime in 2001 in the forest nurseries of Hainan

[1], and subssquently the damaging d&i ] reached to Pu-
jhpmdmedwilgﬁd?[u].ndmﬂdumrhasmuﬂy
to be infested. Owing to its gregarious natwe, aduls and lxrvae fa.
vorahly attacks on the middle mnopenad epidermal parenchyma [57
and ultimately leaflets of furled fronds appear withered, and gray.
brown with ralled edges, which can result in stunted plant growth and
even tree death [#] (Pig. 1). A ding © the i O. mpas can

ndcmzylll-ﬂdnepahx.ﬁonxcm(wnhﬁ
Symbiasis frequently ocours in insect, and there are mare than 10%
of insects repored entirdy relying on symbiatic interactions for their
dadqw[l']&xdryhnah@dq&ofoqedm-\d
q of general lutionary histary. It &
bndmbmmkmmtd.dhmwuhdvm
obtained by the host, such as éhe suppl of missing or in-
suffident nutrients in ﬁcbndh.ubmammfﬂn,ndh
cm.ﬂhdphluethetnmﬂﬂdcmm [13). In-

infest a ol of 15 genera in 4 subfamilies (Coryphaideae, Arecaides

*Commpneding mtne P Poviocd Kay Labarstary of st Solagy, Collige of Pl P

B addeaz o buragiefamlu s (. Hoa).
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ymb are fu dly known 25 obligate ar facultative
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ABSTRACT

mvestizated from all insect species. The gems Wolbachia are oblizatory mtracellular bacteria
that indixce evolutionary aiterations and have been frequently reported in eggz cytoplasm's of various
invertebrates inchuding insects, spiders, mites, scorpions, crustaceans and nematodes, which exert a
profound mpact on host biology and behavior through a mmber of phenotypic akemations. Due to its
ubiquitous phenotypic behavior, Folbachia becomes a novel and prongsing natural micro-biocoetrol
age w0 induce cytoplasmic incompatbdry, kiling of male embryos, parthenogenssis, amd
feminization Amtopomous tramsgenic capability, survival on several host spacies and the ability to
modify the host reproductive systems makes it the most promsnent and focusing scientific genomic
research from last few decades. The aim of this review is to sunmarize the significance and recent
discoveries of Wolbachia related to vanious arthropods which lead positive directions to be exploited m
fusture for meezrated pest management (TPM) strategies. Further, this review also discussed the biology,
phylogeny, distnibutions, classifications and types of Wolbachiz mfections on insect orders and
coleopterans in pargcular.
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Abstract. Among the mtracellular bacterial symbionts, the genus Wolbachia (Rickettsiaceae:
Rickettsiales) is one of the most abundant taxa associated with reproductive systems of various insects. It
is cytoplasmic mherited endosymbiont that induce various reproductive alterations. Characterization
analysis has revealed that a mumber of arthropods harbour Wolbachia sp. estimates from 20-80%, with
emphasize on Coleopterous insects (41 species have been reported so far). Therefore, in the context of
broad existence and mmique phenotypic actions to alter reproductive systems of various imsect, we aimed
to determine the intriguing possibility of this endosymbiont from one of the deadliest palm pest, i.e. red
palm weevil (RPW). Rynchophorus farrugineus (Curculionidae) from different geographical locations
using polymerase chain reactions (PCR) with four sets of Wolbachia-specific primers (SPs) along with
one pair of universal bacterial primer (BP). Parallel analysis was also camied out with Wolbachia strain
isolated from whitebacked plant hopper, Sogatelia furcifera (Homoptera: Delphacidas). as a positive
control. Our analysis confirmed the absence of Wolbachia sp. across the vanous life stages of RPW
reared in laboratory or captured from the field Moreover, the phylogenetic analysis of all closely related
Wolbachia-mediated weevils were compiled and retrieved from NCBI database indicates the extent of
transfection of this bacterium mto RPW for the fature work on biological control of RPW. This study
may facilitate to understand further evolutionary consequences of Wolbachia infection in weevils.
Keywords: RPW, biological controi, endosymbiotic bacteria, Wolbachia, PCR

Introduction

A mumber of symbiotic bacteria associated with msects profoundly influence their
host physiology. Among these endosymbionts, Wolbachia sp. belongs to order
Rickettsiales, is widely distnbuted in mvertebrates (Arthropods). The evidences are
mounting that Wolbachia can infect a number of insect species (20-80%) (Werren and
Windsor, 2000; Jiggins et al, 2001; Tagami and Miura, 2004; Hilgenboecker et al.,
2008; Zug and Hammerstem 2012) from different orders mcluding Diptera,
Hymenoptera, Coleoptera, Lepidoptera, Orthoptera, and HemipteraHomopter (Werren
and Windsor, 2000). Extrapolations of this percentage among the total number of
msects and nematode species make Wolbachia one of the most abundant endosymbiont.
This gemus has also been reported from filarial nematodes, the causative agents of river
blindness and elephantiasis m human (Fenn et al., 2006). Wolbachia has the potential to
distort the host reproductive system by various phenotypic effects (Blagrove et al,
2012; Al et al. 2016) such as cytoplasmic incompatibility (Pomsot et al, 2003) (CI),
parthenogenesis induction (Stouthamer et al. 1999) (PI), male killmg (MK) (Jiggins et
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= - 1 against ABW. The present study was conducted to assess the comparative efficacy of NPV and
EpmmeL Spinosad 2405C (with the concentration of 250mL. ha 1) against ABW in the cortrolled environment
Bio-pesticide Mmedmdﬁmmmmmdeww P ty and in 2 combinats
Insacticde of NPV with 0.1% Spinasad. The results Jed that highest b i highest moetality
Microtial control (95!]bl|onmdby95!.9&84182$:nd781mnzhynlxu? 1x10% 12107, 1 10P and 1 x 10°

NEV POBs, respectively. Spinosad when mixed in diet give 1002 mortality at 0.8% followed by S0.872, 42.10Z,
2982%, 2631% and 22.80R mortality at 0.4Z, 0.2%, 0.1%, 0.5% and 0.025% respectively. The results of this
study revealed that microbial control of ABW through NPV is an effective tool. The repeated use of syn-

thetic pesticides caused the of many insect pests, and this study results would provide useful
insight to build 3 fra vk for future & igations for the b of many major insect pests.
© 2019 Sociedade Brasileira de E logia. Published by Elsevier Editora Ltda. This is an open

access article under the CC BY-NC-ND hcrluz(hup | Jereativecommons ooy licensesfby-nc-ndf 4.06).

Introduction fecundity rate, multiple generatsons and can develop the resistance
against insecticides. It is estimated that annually, 2.5 million bales
losses were caused by this insect pest to the cotton crop (Karim.

2000; Muhammad 2t al, 2009).

American bollworm (ABW), Helicoverpa armigera {(Hubnper)
(Lepidoptera: Noctuidae), has been observed most dangerous pest

and yield decliner of the field crops and vegetables in Pakistan since
the 1990s and early 21st century. It has become the most haz-

ardous pest due to its polyphagous nature, migratory behavior, high
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Different levels of resistance (moderate to high) to a wide range
of insecticides have been reported worldwide, including Pakistan,
among the field population of ABW (Sayyed and Wright, 2006;
Damalas and Eleftheroharinos, 2011; 1shtiag and Saleem, 2011).
Therefore, the management of this pest for an extended period with
reduced risk of insecticides is the dire need of time and a prag-
matically suggested option. Among the various biological control
agents used as an alternative to synthetic insecticides (Ali et al.
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Comparative effectiveness of entomopathogenic
nematodes against red palm weevil
(Rhynchophorus ferrugineus) in Pakistan

Mujahid Manzoor, Jam Nazeer Ahmad, Muhammad Zahid Sharif,
Dilawar Majeed, Hina Kiran, Muhammad Jafir and Habib Ali

Abstract
In this mvestization the effectivensss of EPNs (entomopathogenic nematode species) including
Steimernema carpocapsae, Heterorhabditis bacteriophora and Smmuﬂmlmtheﬂomhapm
Jermuginews larvae and adults were scrutinized. While during bicassays, plastic boxes of 9x5x5 cm size
were used Whatman filter paper was retained at the base of each culture box and 3%, 6* and 10* instar
larvae ofred palm weevil (RPW) (R ferrugineus) were placed. EPNs were inoculated to weevil larvae of
mentioned in stars and also to the adults at the concentration level of the 100 Islarva+adult and then
incubated at temperature of 25°C. Later the EPNs inoculation, larval instars and adults were tested after
12 hours of time Jength and their mortality were noted. This investization was terminated at the end of 8%
mwcwsmWMMumENszmem
variant mortality on each larval instar and adult stage of red palm weevil. The maximum and ménimum
Yzage mortality of R at 3% and 10® larval instars were 96.5% and 88.17% by inoculation of
S. carpocapsae, 85.75% and 74.4% by application of H. bacteriophora while 38.68% and 35.35% by
employing S. feitiae respectively. On the other hand, mininmm mortality of aduit red palm weevil by
application of mentioned EPNs was noticed Furthermore, we observed increasing trend of %cage
mortality of R frrugineus populace after time length of 12 to 192 houss (8 days) by utilization of EPN
species. At the end, we resuited that the credible application of EPNs against palm weevil should be

Keywords: R firrugineus, Montality, S. carpocapsae, S. feitine. H bacteriophora, EPNs

1. Introduction
The date palm (Phoenix dactyljfera), an ancient plant was reported before 5000 years ago,
heterogeneous in nature and having no propagation ability like other plants '), The attack of
insect pests and diseases exerts severe (30%) yield losses aroumnd the world ') It was
reviewed that R ferrugineus has been spotted globally in range of 15- 50% in case of cocomut
producing and date-growing countries respectively 5]
The insect pests of coleopterans are placed among the rapacious pests of economically
imperative crops. Among these invasive pests, R farrugineus is regarded as the extremely
dangerous tissue borer, firstly detected on Cocos nucjfera from southern parts of Asia later on
it became the pest of Middle East (*4. Afterward, infestations of the RPW were reported in
India and different districts of Pakistan including Muzaffargarh Dera Ghazi khan and Multan
(%) After 2 years, this pest was also identified in the orchards of date palms from Iraq. RPW
exert massive losses (SUS 130 million) in Middle East ['* 'l It has ability to destroy 29
species of palm trees most importantly date palms, the significant crops in Africa, South East
part of the Asia and Middle East " '* *3 DPlace of original reported home of RPW is
particularly southern parts of Asia, destroy a number of coconut plantations B').
In P. dactyljfera, control methodologies circle around the usage of food lured pheromone
traps, while in case of P. canariensis (Canary Island date palm), palm weevil control is mostly
undertaken by the utilization of insecticides. Both, the environmental as well as non-target side
effects claim for development of management practices which are sustainable and environment
friendly |”) The RPW pest shows cryptic behavior so, it is the reason that synthetic pesticides
were found bogus for its management [?). Alternatively, microbial control agents’ including
entomopathogenic fungi (EPFs) and nematode (EPNs) shows great potential against different
insect pests 1% .33}
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ABSTRACT

Two species of gemus Monomorium Mayr, 1855 namely Monomorium mdicum Forel, 1902 and Monomorium sagei
Forel, 1902 have been recorded for the first time from Pothwar region of Pakistan. Currently a total of five species of this
gemus have been documented from Pakistan Conservation status of two newly recorded species has also been discussed.
Bo&mhwhm&nﬁdhemgBm@um(l%S)MmprpddnmofmmM
metasoma were used for the identification of the species. Description has been supported with micrographs of
identification characters, morphometric, world distribution and GPS coordinates of Pakistan Trophic associations of
both species with aphid partmers are also reported for the first time from Pakistan M. indicum was found to be associated

with 2 aphid species namely, 4phis gossypii Glover, 1877 and 4phiz fabae Scopoli, 1763 while Af sagei Lived in
associations with Greenidea (Trichosiphum) psidii van der Goot, 1917, Aphis gossypii, A fabae and 4 fabae solanella

Theobald, 1914.

Key words: Monomorium, Myrmicinae, Aphid associations, Pothwar, Pakistan.

INTRODUCTION

Gemus Monomorium was first descnibed by
Mayr in 1855. Monomorium is considered as diverse and
taxonomically the most difficult ant gemms in the
subfamily Myrmicinae, having 384 reported species and
subspecies throughout the worid (Antweb, 2019)
Monomorium ants mostly occur in Old world, tropics,
and temperate zones (Brown, 2000).This gems contains
world's most widely distibuted and successfully
established tramp-species, sharing terrestrial habitats and
microhsbitats. Species of this senus are generalistic in
feeding behaviour, more rarely granivorous and several
species have been reported as lestobiotic or parasitic
(Ettershank, 1966; Bolton 1987).These ants prefers
nesting in leaf Litter, in the soil, under stone and in rotten
wood (Collingwood, 1985; Collingwood and Agosti,
1996; Aldawood and Sharaf 2011).

Members of this genus can be classified on the
basis of following characters: workers monomorphic to
polymorphic; 3-5 teeth at mandibles which decrease in
mﬁommmrmpommyn,dmmmm
clypeal seta; clypeus raised 5 antennae 10-12
segmented (mostly 12) with 3 segmented club; propodeal

dorsum mnot spinose; petiole pedunculated amteriorly
(Bolton, 1987; Bingham 1903).

Various scientists have done a lot of work on
this genus regarding revision and exploration of these
ants like; Aﬁvaulregmn(Bolm,wm,Anstnhn
and Malagasy region (Heterick, 2001, 2006), North
Ammca(Dans,l%O).Neonupxnlmpm(Fm
2007) and for Samdi Arabia (Collingwood, 1985;
Collingwood and Agosti, 1996).Ac(a'dingm80hn
(2018) this genus is native to Afrotropical, Australasia,
Indomalaya, Malagasy, Nearctic, Neotropical, Oceania
and Palearctic bioregions. Forty three species belonging
to genus Monomorium have been reported from Australia
(Hetenick, 2001; Heterick, 2003), forty species described
from Saudi Anbu (Collingwood and Agosti, 1996;
Sharaf et al., 2018),imrspecsﬁnm5nhnh
(Antweb, 2019), eight species from Afghanistan
(Pisarski, 1970), nineteen species from Iran (Paknia eral.,
2010) and twenty species have been reported from India
(Bhart et al, 2016; Bolton, 2018). However in Pakistan
ants have been poorly smdied A limited work on ants in
Pakistan includes new distibutional records, new country
records of ants, their associations with sucking imsects
etc. (Umair ef al., 2012; Bodlah et al., 2016; Bodlzh et
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Entomopathogenic nematode Steinernema carpocapsae surpasses the cellular
immune responses of the hispid beetle, Octodonta nipae (Coleoptera:
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mmmuqu—muumu-wmmpuuphmmh

mmma mmoe mmuwunmmmm pathogens via In » be dis-
S tsnemem crpocquas Duogen > mm-n—udmadmu
Amtaicalid paytide mmmqmmme‘u—cwda*a’ns
Vil wsing Feal, biochemical and ches Ow data
Oadistrgad reveal thar 5. arpanapase efisenty resists being dlated and melanized within the hoat's hamal yengh and
-n.dthnnnﬁumwnmhdyhuw“nﬂhpnlm
Coesistently, isolated coticdes fom e p ako sulatian by the O. ndpoe hamocyres & all-
Sme points. However, significant P and son of the isdated cuscles were menrded il
lowd ng heat treasment of the cuticles. The hoats phesodoxidace act ity was found © be 4igh gy suppressed doe
o 5. carpocapsae infection Purdermoe, the expmssion levels of some antimic mbial pepd de (AMP) gones were
signific acaly upreg d in the §. cupacapise-challmnged O. npoe. Taken Dgeder, our dam suggest hax §
poc g dulases and susy e O. alpoe lmpane respordes and hence can erve & an exwellent bo-

logical conrol agent of the pest
1. Introduction The most common cantral method & the use of nsecticides.
However, other control agents have repartedly been wed [5]. These
Nips palm hipid, Oaodontn amjpae (Maulik) (Caleop include Tetractichs b pae (an endop itoid of O. mipae) and the
Chrysomelidae), & an invasive species of palm trees of the Pal fa. pathogenic fungus, Meswhiz ousopice  [12-16]. En-
mily in South Asian [1,2]. 1t is native to Malaysia and was atho geni des (EPNs) are hiclogical contral agents far

firstidentified 25 2 forest invasive pest in Hainan provines of China [J1.
It was reparted to have spread to other provinces including the Fujian
province in 2007 [4]. The palm trees that were reparted o be d. d

dﬁmtmmﬂyw@mﬁdp&ﬁm bbaratary to
field levels [16]. The most widdy used EPNs are fom the families

by the attack of this pest inchude the qoueen paim, Syagus romanzoffiana
(Chamisso) Gl ) [5], Calibmia fan palm, Washingtonda filifera
(Linden ex. Andre), Canary island date palm, Phoemix conarimscs
(Chaband) [4,6], Chinese windmill paim, Trachycapus fovtane (Hooker)
H. Wendland) and rattan, Calowss manan (Miquel) [7]. However,
adults and larvae of this pest cause the most remarkable damages by
fedqmuwmqi&nﬂpnuﬂqm-ﬂldﬁaﬂs.

Stedn tidae and Hi rhabditidee. EPNs are reporied to be used
for cantrol of quarantine leaf eating caterpillars and other m pests
on many crops [17] such as adult com k

virgifera [14], fiem beefles Fiyllatrata spp. [19, 2]and Colorado potato
bectie Loptinotarm decemlineat found in hfauhws[’l]. It is gen.
erally known that i defend th Ives ag. bacterial, fungal
and de infections through their innate immune system which &
mmd in© cellular and humoral systems [2227]. The cdinlar

re=ction i “‘-‘ﬂupcmn. lysis, nodulation and en-

which leads to hing and d h and, in some s
subsequent death ddzubdem[ﬁ 11]
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Evaluation of imidacloprid and entomopathogenic
fungi, Beauveria bassiana against the red palm weevil
Rhynchophorus ferrugineus (Coleoptera:
Curculionidae)

Mubashar Abhmad Malik, Mujahid Manzoor, Habib AL, Abrar
Muhammad, Saif ul Islam, Muhammad Qasim, Nazir Ahmad, Atif Idrees,
Arif Muhammad, Hafiz Sohaib Ahmed Saqib

Abstract
mxedtheevﬂsammofd!d&pﬂmnhhmm»kmdm
application effects of Beauveria bassiana (Balsamo) Vuillemin (Hypbomycetes) and sub-lethal dosages
of Imidacloprid azainst the second and fourth instar larvae of Rigymchophorus ferrugineus Olivier was
mvmgandm laboratary. Additionally, the in vitro of B. bassiana amended with three
different concentrations (50, 250, 500 ul L) of Confidor® 200 SL was also assessed. The results showed
significantly higher mortality for the second and fourth instar larvae of RPW when B. bassiang and
Imidacloprid applied together compared to their sole application. The highest mortality level (100%) for
the second instar was recorded after 15 days of treatment with B. bassiana (110" conidia'ml) and
Imidacloprid (1 ul L") in combination, while for the fourth instar larvae it was achieved afier 20 days of
qﬂm&m&meofhﬂx@ddﬂmnm&dmwmﬁﬂ
bassiana on Sabouraud Dextrose Apr(SDA).mdmcdmy compared to untreated control
were recorded in all cases. The maximum mmber of sporulatiom (173, 159.83 comidia mi') and
percentage (89.15, 79.4%) of mycosed R frrugineus cadavers was observed at Jower dose rate (1-10°
conidia'ml) of B. bazsiana, exhibited the potential to be exploited for the control of RPW.
1. Introduction
The invasive Red Palm Weevil (RPW) Ripmchophorus ferrugineus Olivier (Curculiomidae:
Coleoptera), is considered as economically important and destructive pest insect of date palm
in Pakistan 44 It was first reported in 1992 from Khairpur Sindh P, from where the pest
spread to other date palm growing areas of Pakistan At present the pest has successfully
invaded many areas including Asia, Africa Oceania, and Europe ['¥l, and more recently it has
been reported from California and Australia 5 *). The female RPW lay their eggs singly in
the apertures made with their rostrum at the leaf base ). On hatching the larvae made their
way into the center of palm and make galleries by feeding inside the trunk, the mature larvae
made their cocoons from the chewed fiber and pupate at the leaf base 1**). The adult emerged
from the cocoon, resided on the same tree and reproduced till the death of host ['¥].
The existing methods of RPW management largely rely on the IPM strategies, which include:
phyto sanitation, use of conventional insecticide, pheromone traps and bio-control agents. The
chemical control method against RPW, include repeated fumigation, spraying and injecting of
synthetic insecticides into infected palms '), These approaches are not enough as under this
category the use of certain chemicals causes the of resistance in the pest and
further have negative environmentsl and human impacts !/, Neonicotinoids, comparatively
new group of synthetic insecticides, similar to natural product nicotine present in the insect
nervous system, agonists the nicotinic acetylcholine receptors (nACHR) . The peculiar mode
of action and Chemorational ability of the neonicotinoid insecticides make them a better
choice in pest management, especially in case of concealed borers. Imidacloprid [1-(6-chloro-
3-pynidylmethyl)-2-nitroimino-imidazolidine] possess both systemic and contact mode of
action and is compatible with different application methods for example foliar application,
seed treatment [°], soil drench and stem application in different crops and trees [,

i
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the anfi-insact impact of a protein extracted and purified partially from an entomopathogenic fungus
(EPF) Lecaiallisen lecani (Zimmemmm) against B tabaci. Three different concentrations (ie, 7.43,
1115 and 22.31 pg mL ") of this protein wem bicassayed to assess its effect on the fecundity rate of
B. tabaci on cotton (Gossypium hirscfum L) plants. Furth the possible implication of this fungal
pmﬁmm&hmpa&waysdmﬂmplmhwswdmﬁﬁby&mhempmﬁb
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scription gPCR (RT-gPCR). A ccording to the Its, all pro&ein c trations exerted a significant
(Fa 232 = 62.51; p < 0.001) and negative impact on the fecundity rate of B. fibacl females. At the highest
protein concentration (2231 pg mL™"), the minimurm rate of facundity (e, 246 eggs female~day )
of B. tabad was noted on the th day, wh fecundity rates for the other two protein con-
centrations (ie, 1115 and 7.43 pg mL ") wem, respectively, 3.06 and 390 eggs day ™" female1.
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The rate of fecundity (6.01 eggs fmale 'day ') was mcorded in untreated (control)
treatments. In addition, the foliar application of L lecanii derived protein significantly upregulated
all SA linked genes (OPR3, PPOT and COIN) and slightly triggened up the JA linked genes (LOX1,
UBQ7 and AOS) in the cotton plants. These findings nevealed that this L. leaoni extracted partially
purified protein triggemd systemic msistance against B. inhari in the cotton plants, proposing its
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Abstract

The use of pesticides may pose a serious threat to soil and water quality, human health, food safety, aguatic species and
beneficial insects. Biological control is an effective component of integrated pest management comprising importation,
augmentation and conservation. Conservation of natural enemies could enhance or limit the efficiency of herbivorous insect
pests. The present study was designed to evaluate the efficiency of Diaeretiella rapae (McIntosh) and other food resources
impacts on parasitoid’s fecundity, survival and efficiency. The effect of different insecticides [Carbosulfan, Imidacloprid,
Diafenthiuron and Lufnuron] was also evaluated in a laboratory controlled experiment. The results revealed that females
fed on aphid honeydew proved to be of poor quality as compared to other sugar sources, including honey and sugar solution
and has a positive impact of mating on monogenesis. The negative impact was observed on oviposition activity by female
reared in the laboratory having less number of mature eggs than females collected in the field. ATl msecticides demonstrated
dose-dependent mortality of D. rapae. In conclusion, food and host availability and imsecticides affect the efficiency of D.
rapae. These results could lead to the hypothesis that D. rapae females have a high mortality rate in the field due to lower

aphid hosts.

Keywords Biological control - Natural enemies - Diaerefiella rapae - Fecundity - Monogenesis - Insecticides

Background

Ahmad Naww: and Habib Ali a2 authorx have contributed equally Agriculture is the backbone for the economic development

Sty ok of Pakistan, which share 21.4% to GDP, and provides 45%
3 Hishib Al employments of the total labor force (Anomymous 2013).
habib_ali1417 @yushoo.com The insect pests are the major factors affecting the yield of
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cash crops. The development of genetically modified (GM)
crops (Fiaz et al. 2020) and climate change has changed
the pest status of different insect pests. The GM crops can
develop resistance against insects pests having chewing
mouthparts; however sucking insect pests remain to be
managed. Use of pesticides to control these insect pests
could have several disadvantages, including the develop-
ment of resistance against insecticide, hazardous for non-
target organisms. Among sucking insect pests, aphids are
the most serious pests of many crops caosing huge damage
by sucking cell sap and create a sooty mold on its honeydew
secretions. All over the globe, around ten thousand insect
species were reporied to effect the major crops, among them
10% are considered as a major pests (Dhaliwal et al. 2010).
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Apomixis and strategies to induce apomixis to preserve hybrid vigor for

multiple generations
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Hybnd seeds of several crops supreme qualities including abiotic 2020
important biotic and Recetved Slune
mmmmmwmmm:mmwwmdssm Revised 4 August 2020
they do not have the ability to produce plants with the same qualities over subsequent Accepted 6 Aogust 2020
Apomixis, an asexual mode of reproduction by awoiding mesosis, exists naturally in flowering KEYWORDS

and ultimately leads to seed production. Apomiis has the potential to preserve hybrid for wigor, fowering
multiple generations in economically important plant The evolution and genetics of apomiss; CRISPR/
asexual seed production are undear, and much more effort will be required to determine the genetic  CAS system
architecture of this phenomenon. To fix hybrid vigor, synthetic apomixis has been The

development of MiMe (mitosis instead of meiosis) hasbemmiudhduﬂgzmaa

production. However, the identification and parental ongin of genes responsible for synthetic
apomias are little known and need further darfication. Genome modifications wutilizing genome

ecﬁutgwdmdo;stcﬂslm:sm@:i(mpndmmw
mmmm(mxamthMthywm
utilization of emerging technologies in plant molecular biology. Over the last decade, several genes in
important crops have been edited. The vast availability of GETs has made functional
gzm:smﬁesasytocmdtnnaopsmpomhfood . Disruption in the expression of

genes spedfic to egg cell MATRILINEAL (MTL) through edmgsymm
mumdhﬂdmmmmdh Boom

BBM1, BBM2, and BBM3 cause amest and abortion, which can be resmedbynﬂe-
transmitted B8M1. The establishment of synthetic apomixis by engineering the MiMe genotype by

genome editing of BBMT expression or disruption of MTL mdmdsaedplodummm
heritability for multiple generations. in the present review, we discuss cument developments related

to the use of CRISPR/Cas technology in plants and the possibility of promoting apomds in crops to

preserve hybrid vigor. In addition, genetics,
MiMe genotype development are discussed in detail.

1. Introduction

Scientific, logistical, and humanitarian approaches
are simultaneously involved to ensure food secur-
ity, starting with farmers and breeders and further
extending to policymakers and governments.
A universal solution for sustainable food security
is difficult owing to differences in cultural values
and geographical regions, environments, and tech-
nologies. Although these challenges are substan-
tial, there is great potential to increase the
efficiency and productivity of current agricultural

epigenetic modifications, and strategies for

products. The powerful breeding techniques that
we have at our disposal are being used to exploit
heterosis in commercially important crops. Hybrid
seed production is a successful technology, and
hybrid seeds produced either by three-line or two-
line systems to achieve supreme qualities, i.e., pre-
mium yield and quality along with resistance
against biotic and abiotic stresses, have been culti-
vated for a long time.' Among the two-line and
three-line hybrid development systems, the former
is more advant than later because in
this system, photoperiod-dependent/thermogenic
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Abstract

Polymorphism of tissue plasminogen activator(t-PA), gene-induced myocardial
infarction (MI) is not well-defined in patients suffering from high blood pressure.
Plasminogen activator generates the active enzyme by Limuted proteolysis of
Zymogen plasminogen to plasmin Plasmin then degrades the fibrin network of a
clot to form soluble product in thrombi. This action of t-PA can be suppressed by
plasminogen activator inhibitor typel(PAI-1). This study determined the potential
msertion/deletion of polymorphism that may contmibute to the development of MI
in Pakistani population. The study analyzed blood samples oniginating from three
hundred and fifty patients with ML, two lumdred and fifty healthy individuals as
controls, and bundred hypertensive study subjects. The genomic DNA was
extracted from the blood of each individual and a Polymerase Chain Reaction
was camed out to study polymorphism of Tissue plasminogen Activator (t-PA)
gene. The Chi-square method was used to reveal the demographic differences
among the groups. Cholesterol’s higher levels, miglyceride, LDL-cholesterol, and
lower HDL-cholesterol levels had been investigated in cases/patients in contrast
with controls. In some cases, the mput allele frequency ("I") is higher with MI (p
= 0.0354). Diabetes, high blood pressure, family history, and smoking had a
strong association with MI (p<0.01). No sigmificant association between
myocardial infarction and InsertionDeletion (I'D) and Deletion/Deletion (D/D)
polymorphism of t-PA gene significant association found between
Insertion/Insertion('T) and ML which supports the results of previous MI studies.

T This work is licensed under the Crestive Commons Attributon Noe-
. Commercal 4.0 intesnational License.
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Abstract

Energy security i a prime focus of policy makers to support agriculture, ndustrialisation, and transportation. Due © limited
conventional energy sources, there is a need © hamess non-conventional energy sources. In this regard, one of the proposed
approaches is using biomass (eg. enargy crops) to produce biofiel—a renewable source of energy. Sunflower has several
agronomic features to be exploited for a renewable, non-conventional, and environment-friendly source of bioenergy. Sulphur
(S) fertilisation holds key for realising sunflower potential for seed and oil yield. In response to varisble S supply rates, herewe
compared and quantified sunflower yield (seed, oil, and biodicsel) and biodiesel quality accarding to the ASTM intemational
standards. We used a cambined appreach of field experimentation and rigorous lsb analysis Firstly, in a field experiment laid out
in mandomisedcomplete block design with split-plotarmangement, response of two local sunflow er hybnids (FH-331 and FH-689)
© four S supply rates (0, 25, 50, 75 kg Slu")wasev:lwedinmmoftgmnnicmu Experimental data showed that
fertilisation of S significantly influenced growth and yield(seed, oil) traits, the resporse was different between two hybrids which
slso interacted with S supply rate. FH-331 recorded the highest achene yield at S fertilisation of 75 kg S ha ', whereas FH-689
recorded fhe highest achene yield at 50 kg ha™"; achene yield of FH-331 was 13.6% higher than FH-689. Compared to control, S
at 75 kg Sha ' increased oil yield of FH-331 by 22% wheress S at 50 kg ha ' increased oil yield by 23% of FH-689. Seed
samples were analysed for different biodiesel quality parameters. The rangesof all quality parameters of sunflower biodiesel such
as viscosity, calorific values, acid valwe, iodine value, saponification value, cetane number, and pour point were in ASTM
standard range. We conclude that sunflower & a promising and sustainable option for producing biodiesel, the potential of which
can be increased by optimal S management under field conditions.

Keywords Oil content - Oil yield - Biodiesel yield ha™* - Saponification value - lodine number - Cetane value
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Comparative pathogenicity of four entomopathogenic fungal species
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Abstract

Paronychus citr (citrus red mite) s a devastating pest of citrus orchards The conventional chemical acaricides have been
strongly forbidden for the management of agricultural insect pests in China. Therefore, we evaluated the susceptibility of adult
and nymphs P. cierf in laboratory against eight isolates of four fungal species, Akantromyces lecanil, Metarkizhom anisopliae,
Beauveria bassiana and Aschersonia aleyrodis. Each citrus seedling having 40 adulss (2-¢ old) and nymphs (on separate plants)
were sprayed with isolates at the concentration of 10*— 10* conidia mL™ whereas controlled seedlings were sprayed with 0.02%
Tween-80. After 9 days of fingal exposure, the four fungal isolates caused more than 50% mortality of mites such as; 85.6%,
87.9%, 64.6% and 79.7% by A. lecanii (V3450), B. bassiana (BFZ0409), M. anisopliae (MFZ0706) and A. aleyrodis
(AsG0910), respectively. The nymphal mites were less susceptible to applied fungi compared to adults The LCsqs of the tested
solates were determined by fhe fited time-concentration-mortality relationships, which declined over days after spray. LT s
were decreased witha high concentration of isolates. After the 9-d inoculation, two isolates of B. bassfana (BFZ0M09 and D1344)
and one isolate of A. lecanil (V3450) were highly effective at the minimal dose of LC of 10 conidia mL™" and are promising
candidates to control mites, as compared © other tested fungal isolates.

Keywords Citrus seedlings - Time-concentration-mortality - Panomyehus ciori - Metarkizhom anisopliae - Beawveria bassiana -
Aschersonlaaleyrodis

Introduction 50,000 species of mites, which are predatory, parasitic, sa-

prophagous, herbivores, necrophagous, fungivores, coproph-

Mites belonging to Arachnida class (Ruppert et al. 2004) con-
sist of four stages, i.e. egg, larva, nymph and adult Nymphs

(protonymph, deutonymph, and witonymph) and adult are
most feeding and damaging stages. There are more than
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agous as well as phoretic species (Dhoonia 2016).

Mites that attack citrus plantations worldwide include
Panonychus cltl McGregor, Eotetranychus kankitus Ehara,
Polyphagotarsonemus lates Banks, Tetranychus kanzawal
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Abstract
Background

Pink bollworm, Pectinophora gossypiella (Lepidoptera: Gelechiidae) is a nafive pestofAsia
and preferably invasion on cotton (Gossypium hirsutum L.) crop as a commendatory host
plant. Commerdally, G. hirsutum isknown as white gold and is an important cash crop all
over the globs. Limited studies were published 10 focus on certain dietary compositions
against different cotion pests. Therefore, the present study was undertaken in the laboratory
under controlied condiions (lemperature: 27 £2°C and relative humidity: 60 + 10%) to deter-
mine the impad of three different freatmentdiets (wheat germ meal, okra, and chickpaa) on
the biclogical aspects (lifetime, develop mental pariod) of P. gossypiefia.

Results

Results revealed that the shortest larval time of P. gossypiefla was dbserved on the olkra
feed diet while the longe st period was recorded on the wheat germ diet. Meanwhile, the
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Addition of zinc-alleviated salt toxicity is more conspicuous in okra
Anmol as compared to vaniety Haseena as demonstrated by increasing
MSI, K/Na ratio and activities of antioxidant enzymes. Our results suggested
that zinc induced salt tolerance in Okra which can serve as a potential source
to get sustainable production from sait-affected lands.

Introduction

Soil salinization is the most threaten abiotic aspect to agricultural yield across the globe,
particular in arid to semi-arid regions (Zhu et al. 2017). Salinization is escalating rapidly causes
loss of 10 million hectares of land annually and will results in 50% loss of arable land up to 2050

(Ahanger et al. 2017). Upon the exposure to saline conditions, the water absorption rate of
plants is reduced drastically. This affects inter- and intra-cellular water level and inhibits the cell

expansion followed by decline in stomatal activity. High salt concentration in the growth
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ABSTRACT

Entomopathogenic fungi (EPF) specifically infect and kill insects can serve as a potenfial
biological control agent. Several biotic and abiotic factors affect their occurrence, persistence,
and epizootics caused by them. In biotic factors. fimgi characters (host range. latency, spore
density and dispersal. mainly host-pathogen compatibility), insect host factors (behavioral,
morphological, and physiological). plant-mediated effects (plant architecture, surface
chemistry. and leaf topology) are included supports or causes the barmer to mycobiopesticide.
Abiotic factors which affect the EPF field persistence are mainly environmental (temperature,
sunlight, humidity, rainfall) physical and chemical soil properties (soil texture, pH, E.c,
moisture, C/N content, and organic matter) that greatly influence the entomopathogenic
fungi. To use them as biocontrol agents. we have to overcome these factors by providing them
nuirients, protectants, and using different control practices.

Keywords: Entomopathogemic fingi, biotic factors, abiotic factors, epizootics, biocontrol
agent.

INTRODUCTION

ic fungl specifically infect and kill insects can serve as a potential
biological control agent. EPF are environmentally sustainable because they have goal-specific
behaviour, high reproductive abilities. and no effects on beneficial and non-target species
They also have resting stage or saprobic process generation abilities, allowmgthunto
survive forlongpaiodsofﬁmewithmtahost(Mudgaletal 2013). EPF can be present in a
variety of environments (from terrestrial to aquatic, arctic to temperate climate, and and to
tropical), infect a wide vanety of insects and colonize a wide range of plant species
(Mantzoukas et al., 2015). There are several biotic and abiotic factors that affect their
occurrence, persistence, and epizootics of EPF (Sharma et al, 2020). Biotic factors directly
effects the EPF also includes insect host factors and plant-mediated effects (Cory and
Encsson. 2009; Herlinda, 2010; OrtizUrquiza and Keyhami, 2013). Abiotic factors like
environmental factors including temperature (Bayissa et al., 2017). sunlight (Fernandes et al.,
2007). humidity. ranfall (Inglis et al, 2001). and soil properties (Quesada Moraga et al,
2007) cause damage directly to the fimgal spores. In this review, we focused on all the
expected factors in detail which affect the epizootics caused by EPF.
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Abstract Asan idant, alpha-tocopherol (a-Toc) protects plants from salinity-induced oxidative

bursts. This study was conducted twice to determine the effect of o-Toc as a foliar spray (at 0
(no spray), 100, 200, and 300 mg L) to improve the yield and biochemical constituents of fresh
gren capsules of okra (Abedmosdius esculenius . Moench) under salt stress (0 and 100 mM). Salt
stress significantly reduced K* and Ca?* ion concentration and yield, whereas it increased H,O,,
malondialdehyde (MDA), Na*, glycine betaine (GB), total free proline, total phenolics, and the
activities of catalase (CAT), guaiacol peroxidase (GPX), and protease in both okra varieties (Noori
and Sabzpari). Foliar application of a-Toc significantly improved the yield in tested okra varieties by
increasing the activity of antioxidants (CAT, GPX, SOD, and ascorbic acid), accumulation of GB, and
total free proline in fruit tissues under saline and non-saline conditions. Moreoves, a-Toc application
as a foliar spray alleviated the adverse effects of salt stress by reducing Na* ¢ tration, MDA,
and HyO; levels and improving the uptake of K* and Ca?*. Among the tested okra varieties, Noori
performed better than Sabzpari across all physio-bioche mical attributes. Of all the foliar-applied
o-Toc levels, 200 mg L " and 300 mg L™ were more effective in the ameli of salinity-induced
adverse effects in okra. Thus, we conduded that higher kevels of a-Toc (200 mg L™! and 300mg L")
combat salinity stress more effectively by boosting the antiocidant potential of okra plants.

Keyw ords: antioxidants; alpha-tocopherol; foliar spray; salinity; okra varieties
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1. Introduction

Okra [Abadmoschus esculentus (L) Moench] is the most popular mallow crop and a
common food crop in Asia. Its finger-like fruits, called capsules, are mainly consumed as a
vegetable. These capsules are a rich source of vitamins, minerals and dietary fibe, and ame
low in calories. The mucilage’s properties have medicinal enormous value [1]. The high
mudlage content sets okra apart from other vegetables and makes it suitable for various
medicinal and industrial aj prhcanms[ZL

A 90% loss (6.5 dSm™*) in okra yield has been reported under high salt levels [3].
Sail salinity is one of the most prominent obstacles suppressing plant productivity. It
remarkably affects the production of crops by disrupting the overall cellular metabolism of

Rants 2001, 10, 1362 hittps:// dotorg/ 10.3350/ plants10071352
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Abstract

This study aimed to estimate penetic variability, heritability, and penetic
advance for morphological characters in Brossico coringto L. A total of 22
genotypes comprised of six parental lines and their 16 bulk F; populations
were evaluated im a randemized complete block design with three
repliations at The University of Agriculture Peshawar during 2013-14. Data
werm recorded on days to 50% flowering, primary branches plant?, main
raceme kength, pods on main raceme, pod length, number of seeds pod,
100-seed weight, and seed yield plant . Significant genetic differenes wen
ohserved for all the traits studied. Among parental lines, C-93 performed
better for primary brandches plant? (11 branches), main raeme length
(559.57 cm), pods on main raceme {33 pods), and seeds pod™ (15 seeds), -
95 for pod length (4.04 om) and seed yield plant® (12.26 g). Among F;
populations, C-97 x C-88 perfformed better for main raceme length (73.20
cm), pods on main raceme (41 pods), C-88 x C-93 for pod length (4.55 cm),
seeds pod™? (18 seeds), and seed yield plant? (14.71 g). Moderate (30 < h?
<= &0} to high (h* > 60) broad-sense heritability was observed for all
morphological traits with maximum genetic advance, hene indiated that
selection could be effective in the early peneration for the improvements of
these studied traits. Generally, oross combinations C-88 x C-93, C-97 x C-95,
C-90 x C-93, and C-597 x C-88 performed better than their parental lines for
morphological (primary branches plant®, seeds pod-?, and seed yield plant?)
traits and could be exploited for varietal development in future brassica
breeding programs.

- Keywords: Genetic variabiity, gemetic advance, heritabiity, pod length,
seedspod®
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Abstract

Several studies demonstrated that in incects cuticdle melanizm iz interrelated with
pathogen resistance, as melanin-based coloration and innate immunity possess
similar physiclogical pathways. For some insects, higher pathogen resistance was
observed in darker individuals than in individuals with lighter cuticular coloration.
Here, we investigated the difference in immune response between two color morphs
|black and red) and between the life stages [pupa and adult) of the red palm wee-
vil Rhynchophorus ferrugineus {Coleoptera: Curculionidas). Here in this study, cuticle
thickness, microbial test [antimicrobial activity, phenoloxidase activity, and hemocyte
density), and immune-related gene expression were evaluated at different stages of
RPW. Study results revealed that cuticle thickness of black phenotype was thicker
than red phenotype at old-pupa stage, while no significant difference found at adult
stage. These results may relate to the development processes of epidermis in differ-
ent stages of RPW. The results of antimicrobial activity, phenoloxidase [PO) activ-
ity, and hemocyte density analyses showed that adults with a red phenotype had
stronger pathogen resistance than those with a black phenotype. In addition to anti-
microbial activity and PO activity, we tested relative gene expression in the fat body
of old pupae. The results of hemolymph antimicrobisl analysis showed that obd pupas
with a red phenotype were significantly different from those with a black phenotype
at 12 hr after Staphylococcus aureus injection, suggesting that red phenotype pupas
WEre more sensitive to 5. aureus. Examination of gene expression in the fat body also
revealed that the red phenotype had a higher immune response than the black phe-
notype. Our results were inconsistent with the previous conclusion that dark insects
had increased immune function, suggesting that the relationship between cuticle pig-
mentation and immune function in insects was not a direct link. Additional possible
factors that are assodated with the immune response, such as life-history, develop-
mental, physiological factors also need to be considerad.
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In silico analyses of predicted substitutions in fibrinolytic protein
‘Lumbrokinase-6’ suggest enhanced activity
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In vitro virulence of three Lecanicillium

lecanii strains against the whitefly, Bemisia

—

tabaci (Genn.) (Hemiptera: Aleyrodidae)
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Trinh Duy Nam' and Dewen Qiu™

Abstract

greenhouses and in open fields.

Background: Whitefly, Bemisia tabao {Genn) (Hemiptera: Aleyradidae), s one of the most harmful pests in

Main body: The present study aimed to asess in vitro virulence of 3 entomopathogenic fungal ains (EPFg of
Lecanicillum lecanii 3 (V-3), 4 (V-4), and 5 (V-5) against the whitefly, Bemisia tabac {Genn) Hemiptera Aleyrodidas),
by spray method. The 3 disparate bioassays were performed encompassed of conidial concentrations and fungal
filtrate of the stmins, V-3 V-4, and V-5 and akso their binary combinations. Intheﬁkratebnoasay 2mi of fungal
fittrate of each strain was used. In the conidial bicassay, 3 disparate concentrations (1 x 105 1 x 105, and 1 x 107
conidia mi~") were used foreach fungal strain, while in the binary combinations (1 mi filtrate + 1 mi conidia) of V-3
x V-3 V-4 x V4, and V-5 x V-5 were used. Mortality rates against the whitefly were recorded on the 7th day. In the
conidial bioassay, maximum maortality rates were found at V-3 strain (906%), V-4 strain (78.4%), and V-5 stain
{83.6%) at the highest concentration {1 x 107 conidia mi~’) on the 7th day. In the filtrate bioassay, V-3 strain
revealed a maximum martality (93%), V4 strain (85%), and then V-5 strain 87%) on the 7th day. Moreower, in the
bioassay of binary combinations, the highest martality rate of the whitefly was counted in V-3 x V-3 strain (84.6%),
V-4 x V4 strain (70.8%) and V-5 x V-5 strain (79.8%) on the 7th day.

Condusior: All treatments had the patential to control B tabad significantly. In all bloassays, the V-3 strain was the
extreme virulent, and the fitrate application of V-3 strain was the utmost impressive against 8. tabaci.

Keywords: Entomopathogenic fungi, Virulence, Lecanicilium lecani, Bemisia tabadi, Biological control
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Badkground

Whitefly, Bemisia tabaci (Genn) (Hemipters: Aleyrodi-
dae), is one of the most serious pests of crops that
causes great losses (Oliveira et al 2001). [t causes direct
destruction by sucking the plant sap, and also indirect
destruction by encouraging the growth of black sooty
mold on their honeydew secretions (Varma and Malath|

* Cornecpondence- idaja 26@gmai com gldewengcaxo
'mu A Abdule and Talha Naoir constiuned equally to 95 work

'Sane Koy Labomrony for Bology of Flant Dsmes and et Fexs Insme
of Hare Prosection, Chinese Academy of Agfautusd Scences, Bajing
1000E), Peopie's Republc of China
Ful ez of ashor nfommation k& aalabie at the end of the asde

2003). It causes economic losses in many crops Includ-
ing lealy vegetables, cotton, beans, and tomatoes (Fontes
et al 2012). The application of chemical pesticides leads
to Increase resistance and has a negative environmental
impact that encourages the development of alternative
pest management strategies where microbial control
plays a key role (Nazir et al 2019b). Application of md-
crobial control agents mainly entomopathogenic fungl
isolates (EPFs) has been examined to control various or-
chard and fleld crop pests (Lacey and Shapiro-llan
2008). The use of EPFs In biological control is develop-
ing extremely due to food safety concerns, environmen-
tal awareness and the fallure of conventional chemicals
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Microbial Pathogenesis
Volume 159, October 2021, 105122

Insect-fungal-interactions: A detailed review on
entomopathogenic fungi pathogenicity to combat
insect pests
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ARTICLE INFO ABSTRACT

Rootknot nematodes lldaﬂegyn ha)pﬂ ()’aM and Mu) Chitwood and Rbimciomia bataticols
(Tauh ) Butler, fungus, are very danger
lish 2 chemical contral of these root deters h

SIS pRIees

Present study was planned to estab-
under Lb it

as well = in field

PRI

hmMmaneMbuﬂw' mbers of de eggs hatched were

s recrded in pltes weated with Cadwafs (Rughy® 100C) @12 2100 ml and Gneap® (42 C)
@9g/100 mlL Chemical of Rhizoctomia batati withT in + Teb le (Nativo™ )

m‘“"‘~“ @02 g/100 ml and Manazeh + Maslaxyl (Axiom) $0.25 gnmmlmﬁmﬂyomdkd the mycelial
Meloidogyme becogein growth in plates. The best tested inlab ,m:p‘ﬁd!nﬁddaspmu'dmrm
RAincona Aoarscals Results p d that ch d control of roat-knot nematode and root rot fungi by tested
M nageme chemicaks 2 recommended time and dase is 3 significant management technique under field conditions.
Synthesc chemicals © 2020 The Awthar(s ) Published by Elsevier B.V.on behafaof ¥ing Saud Umversity. This i an open acaess
aticle under the CCBY-NCND Beense (htgn ) foreativemmmaons o rg licenses/ by ncond 01}

1. Introduction agents of various crops worldwide (Jones et al, 2013; Mantelin

Sedentary endoparasitic plant parasitic nematodes (PPNs) of
genus Meloidogyne are highy polyphagous and root deteriorating

* Comesponding author
E-mall adfre s sl dhandorisan edu pk (MA Kan).
Peer review under resporcliility of King Saud Unive sty
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et al, 2017) Among PPNs, M. incognita is economically important
with high rate of reprodiction and broad host range (Abad &
Williamson 2010). Second stage juvenile (J2) attacks vascular bun-
dles in plants and produce multinucleated giant cells for uninter-
rupted supply of nutrents (Vovlas, 2005 jones, 2011). interaction
of PPNs with fungi has been numerously reported by several scien-
tists in different crops (Bond et al_ 2004; Back et al, 2006; Khan &
Haque, 2013). The most damaging and catastrophic plant parasitic
nematodes belong to genus Meloidogyne especially M. incognita
having more than 90 species (Taylor & Sasser, 1978, Hunt and
Manzanilla-Ldpez, 2005) In Pakistan, various researchers have
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Molecular identification of seven new Zygopteran genera from South China
through partial cytochrome oxidase subunit I (COI) gene
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ABSTRACT

The stady was curriad out in eight provinces of Ching, with 16 different Socalities. A toml of 150 adult dam-
seiflles were collected for the smod y faom the area. Mimchondrial (0D]) was e Qrget gens 10 eguence fom all
51 repmsentaive manples of e entire From the ssuled ten spacies b @D even
geen ad four familes were oantified The Gumilies are Calopaesygidae, Coenag: ¥F and
mwmwm-&mwumh by iog) el s
e ik of geneeie divy Fenetic radty was caloul @ed by DnaSP v Al species fram the
mmmueuwnﬁummmxmmnu-_pu
divergence (9.31%) was found (n the geans RAdweypha, followed by Hamerha with (8.23%), while, mindowm
divergence was daened for e geous Ceriggrion (0.32%) faliowed by Bolmra (0.45%). Howewer, significant
genede divesity was found for all seq at 346 ] ‘ty-vo-.npnnl-ﬂ\’sh
Maxi mum genetic divesity among gensra o0 obsered, e gy He genatic
nnmtmunmpn(s-mmu_pqcamqnwnm
gens Geriagrion © by P d resalts showed a highes of damelflies in the south
hina regions.

1. Introduction

Prom the Permian period, Odanates are the mast conspicoous, an-
mtndmrﬂincumduphs((tmldn and Engel 2005L

isting Od d as monophyletic (Devis et al, 2011), in-
chdq-badmlmpen” dflies) and Anisop @

.

was considered 25 a classificati

n 3

which leads towards
a camp lationship in optera (Dijkstra and Vick,
2006 Ware et al, 2007 Fleck =t 2l , 2008; Pilgrim and Van Dohlen,
2008 Blanks =t 2l | 2013) 25 well as Zygoptera. Thus, some systematic
challenges remain in the groups spedfically with the maximum basic

mal of Ok

vihorder Ari

flies)
having mmdmmwalnmhmlng.mdtedilﬂlb-

order is Anisczygoptera (damsel dragons) with merely four species
(Kalleman et al, 2008; Dijstra & al, 2013). Though, wing venation

tion (OGrady and Msy, 2003; Carle et al , 2008 Pessacg, 2006).
The first organism that acquired the functional wings was the in-
vertebrate, approximately 400 million years ago (mya) in the Devonian
period (Engel and Grimaidi, 20404). To mlonize in bath terrestrial and
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suggests that food and energy ity ame interdependent. While acknow kedging that food security
issﬁ.lll imary Pakistan, energy security is also a major issue. It is crucial to develop
stainable enengy for energy production. Among sustainabl s, bi i8 a promisi
m&akmhe&cﬁvﬂymdbrawuamhﬂy&mﬂlywpmdmmsmk
addresses the energy issues and potential solutions wsing crop residues, non-edible energy crops,
and animal and municipal solid wastes in Pakistan. The curmrent mesearch challenges, s levant
industries, opportunities, and the future share of energy production derived from renewable and
sustainable sources are emphasized with a focus on the potential of biomass energy. This article
mﬂut?akidmhn iderable potential to develop bicenergy crops on marginal lands without
comp g food ity, with considerable greenhouse gas (GHG) benefits. Pakistan has vast
hmnmms,m:hdmcop ad | waste, icipal solid waste, and forest residues,
which collectively produce 230 billion tons of biomass annually. There are about 72 million bovines
(cows and buffaloes), 81 million tons per year of crop biomass, and about 785 million birds in poultry
farms across the country Land that is currently non-productive could be used for energy crops, and
this has the potential to produce 2500-3000 MW of enengy. The utilization of waste cooking cil and
hlsstheMecmn:dly&nﬂ*opumfwobunmghodgsddmmmgnymddmmhe

ilability in Pakistan. Syst manag tis needed to collect this huge quantity of waste
cooking il and efficently t it to biodiesel. Similarly, molasses may be a promising source for
bicethanol production. Furth e, this study suggests that Pakistan’s energy policies need to be

mn&dbmn&mﬂnemgympp!ymﬂ:&mml In the future, massive energy projects
on bi based bicenergy need to be imp in Pakistan. To achieve its bicenergy potential,
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Phyto-derivatives: an efficient eco-friendly way to manage
Trogoderma granarium (Everts) (Coleoptera: Dermestidae)
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Abstract

Worldwide, stored products are attacked by a large number of pests resulting in significanteconomic losses Among these stored
grain pests, khapra beetle, Trogoderma granarium (Everts) (Cokoptera: Dermestidae) is one of the top ranked pests that has
ability to survive under diverse climate conditions. The management of this pest & mainly done by wing synthetic chemicaks
which have side effects on consumers, ecosystem and non-target organisms. However, phyto-derivatives were found i be the
effective environment friendly altematives againat T. granarium. Therefore, in this review, success of phyto-derivatives against
khapra beetle from conventional means to modern research has been critically snalyzed summanized and discussed. In context,
the different life stages of the insect starting from egg laying © adult development have boen briefly explained. The review
focuses upon recent rescarch conducted on the evaluation of dozens of phyto-derivatives. In addition, the articke has ako
highlighted some limitations of plant derived compounds and concludes via hoping that the future farmmulated pesticides will

be safer, economical, least taxic to human and our planet ecosystem.

Keywords Botanicals - Phyto-chemicals - Food security - Extracts - Stored products

Introduction

Agncultural and animal stored products are attacked by mare
than 20,000 field insocts including six hundred species of
beetles, more than 70 moth species and aromnd 353 species
of mites, resulting in quantitative and qualitative losses
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worldwide (Nagpal and Kumar 2012; Rajendran 2005).
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1. Introduction

Plant stress-tolerance to abiotic and biotic stresses is controlled by
multifarious signaling cascades [1]. Significant overlaps among gene
expression patterns during different stress conditions reveal the indue-
tion of genes individually as well as collectively. This coordinated in-
duction of genes and regulation of plant responses unveil complex
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gulatory mechans y for survival in changing emvironment
{2,7]. Induction of stress-related genes primarily takes place at the
Wwdkwunnﬂwhﬂmwn
any stress [4]. Theref: types
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many of them are unique to plants [1]. The TFs regulate transcriptional
reprogramming, linked with stress respomses im plants [¢]. Any
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Abstract

Whitefly, Bemisia tabaci (Hemiptera: Aleyrodidae), is a substantial pest of Okra crop, Abelmoschus esculentus, that
caused substantial losses through sucking cell sap. On the basis of susceptibility, a field experiment was carried out to
assess the different genotypes of A. esculentus during growing season (July-August) against B. tabaci. Plant genotype
resistance and vigor were also evaluated in this study. Meanwhile, morphological parameters were also recorded as
well as whitefly-infested and healthy leaves were collected for biochemical analysis. The obtained results revealed that
the Okra varieties A. esculentus OK-1304 and Pen Beauty were less infested (mean populations 410, 4.97 adultsfleaf,
respectively) while OK-1307 was highly susceptible to B. tabaci (10.22 adults/leaf). Meanwhile, comparative analysis
revealed that B. tabaci population was negatively correlated to relative humidity and positively correlated with low and
high temperature. The low concentrations (0.5%) of salicylic acid and citric acid effectively reduced the infestation to 4.63
adults/leaf and 4.87 adult/leaf, respectively, as compared to control (10.17 adult/leaf). The biochemical analysis represented
that the catalase concentration decreased in infested leaves and the concentrations of peroxidase, phenolics and superoxide
dismutase that act as resistant compound against insect feeding increased.

Keywords Bemisia tabaci - Biochemical analysis - Abelmoschus esculeatus - Resistance - Genotypes - Environmental
factors
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ABSTRACT

A smudy was camied out durimg 2014-15 and
2015-2016 at Government Agriculture Farm, old
Shujabad Road, Multan, Punjab-Pakistan to assess
the preference of five ber vaneties for fruit flies.
Fruit flies, Carpomaya vesuviana and Bactrocera
spp. (Diptera: Tephritidae) are comsidered as the
serious pest of ber that breeds on fruit and create
mterruption in fruit quality. So the choice of fruit
flies to ber varieties from fruit setting to maturity is
crucial. Four grafted and ome “Tukhmi® ber (Zigy-
phus jyjuba) wiz., ‘Eheen’, ‘Umn’, ‘Ajooba’,
“Dokil” and “Tukhmi™ were evahated for thewr suit-
ability for fruit flies. The results indicate that max-
mmum damaged fruits were recorded on “Umni” and
‘Dokil’ ie 18.8 and 14.6 percent as compared with
other vaneties and lower on “Ajooba’ and ‘Kheeri’
with 1040 and 9.7 percent damaged fruits. The
minimum damaged fruits were recarded on Tu-
khmi’ vaneties of ber ie 6.8 percent. Further, it
was also recorded that in the month of November,
December and Jamary only C. vesuviana attacked
the ber fruits but in the month of February along
with C. veswviana; Bactrocera zonata and Bac-
trocera dorsaiis attacked the ber fruits. The ranking
positions towards their suitability as host plant for
Bactrocera spp was observed: Umeri' > "Ajooba’ =
'Dokil> Kheen' > and Tukhmi'. So it is conchuded
that the special attention should be given on Umri '
2 high value variety, for the management of fruit
flies when devising an IPM program for the control
of fruit flies as well as a guideline for the horticul-
tural scientists/ breeders when developing new ber
varneties.

KEYWORDS:

Ber varicties; Feeding prufs hation demsity;
Host plant resistanca; Pmnﬂm.Sumn Punjab-
Pakistan

INTRODUCTION

The fruits of Ziziphus jiyuba (Rhamnaceae),
known as jujube or red date or Chiness date. are
being consumed globally due to their healthiness
benefits, both as food and herbal medicine. Usually,
one of the main functions of jujube is in herbal
medicine, which benefits our brain by calming
down the mind and improving superiority of sleep
[1.2]. Jujube have neuro-protective actions which
inchudes protection of neuronal cells agamst neuro-
toxin stress, stimulating neuromal differentiation,
increasing expression of neurotrophic factors, and
promoting memory and learning. These findings
imply that jujube is a potential candidate for devel-
opment of heailth supplements for prevention and/or
treatment of neurological diseases [34, 5. It &
widely consumed i Asian countries owing to the
remarkable health activities of its fruits. It is con-
sidered as the King of arid zone fruits, due to its
adaptations to tolerate the biotic and abiotic stresses

under rain fed conditions [6,7]. But in
Pakistan the quantity and quality of the fruit is low
as compared with other ber producing countries of
the world [8]. There are so many reasons of low
production like pruning, fertilization, intercropping
and imsect pest. The ocowrence of insect pest is the
key risk to lessen the quantity and quality of fruits,
fnally causing marvelous economic loss to the
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The genus Crypfogonus Mulsant (Coleoptera: Coccinellidae) from Pakistan, with
description of a new species and a new record
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Abstract

The new species of a ladybird beetle, Cryprogonus bhahwainensis Azad & Wang sp. nov. is described from Pakistan
from Pakistan are diagnosed and illustrated; a distribution map is also presented.

Keywords: Coccinelloides, Aspidimenini ladybird beetle, new species, new record, taxonomy

Introduction

Mulsant (1850) erected the genus Gryprogonus with C. orbiculus (Gyllenhal 1808) as the type species. This genus
can be distingmshed from related genera of the tnbe Aspidmmenni by the following combination of characters:
prostermum with two pawrs of caninae; antermal club clavate, as long as wadth of scape; trochanter and femur form a
continuous rounded line on inner margin Huo ef al. (2015a). Owing to their predatory habit, members of this tnbe
are used as biclogical control agents under vanous infegrated pest management strategies agamst msect pests hike
mealybugs, aphids, whiteflies and scale insects (Kapur, 1948; Huo e al. 2015b). Prior to the present study, 49 spe-
czes have been descnbed m the germs Cryprogonus mamly from South and Southeast Asia. In the present paper,
one new species along with a new country record have been descnibed and diagnoses of the genus with distribution
patterns are provided.

Materials and methods

Specimens exammed in this study were collected from vanious localities in Pakastan Type specimens designated m
the present paper are deposited at the Department of Entomology. South China Agnicnltural University, China Zeiss
Stereo Discovery V20 microscope was used for the morphological photographs. Gemtalia photographs were gener-
ated using Olympus BX51 microscope. The procedure for dissection of male and female gemitalia as m Azad et al.
(2017). Morphological terminology follows Slipinski (2007) and Shipinsk: & Tomaszewska (2010). The followmg
measurements were made with an ocular micrometer:
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3.1 Introduction

The global population is prediced to reach 10 billion by 2050, whereas the
available coltivable land and water resources are declining, requiring approxi-
mately 20%-70% of increase in food demand from present production level
(Hunter et al., 2017; Fiaz et al., 2019). Therefore, to ensure food security to
such a huge population, especially under drastic climate change is a big chal-
lenge. To tackle issue, it is much important to make improvement in classical
food production system though sustainable agriculture development (Flaz o al |
2020). In past the plant breeding was mainly based on selection as there was
seldom knowledge of genome, motations, and genomic manipulations but selec-
tion based on unique traits was vital for crop production. All the modern culti-
vable crops are the product of repetitive cycles of selection based on conducive
traits from wild relatives.

To resolve limitation of classical breeding, new plant breeding techniques
(NPBTs) have been developed by researchers which are faster, predictable, and
can be utilized to wide rmange of plant species (Ahmad ot ol 2020). Genome
editing through endonucleases are the most widely adapted technique in plant
sciences. These programmable endonucleases holds ability to canse double-strand
breaks in targeted gene (Ahmad et al, 2020) repaired through nonhomologous
end joining or homology-directed repair. The targeted mutagenesis may cause
Insertion, deletions, substitutions, and DNA recombinants in targeted gene of
interest (Pochty, 20035: Symington and Gautier, 2011). The revolutionary roke of
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Summary

Global food security is increasingly challenging in the light of population increase, the
impact of climate change on crop production, and limited land available for agriculoural
expansion. Plant breeding and other agricultural technologies have contributed
considerably to hunger reduction over the last few decades. The classical breeding
approaches lack the ability to meet global food reguirements. The complexities of different
cultural or geographic systems, combined with changing needs, technologies and
environments have made the application of broad, universal selutions for sustained food
security difficult. Therefore, genetic-engineering approaches are powerful tools that we have
at our disposal to overcome substantial obstacles in the way of efficiency and productivity of
current agricultural practices. The genome edited crops have shown economic benefits in
terms of yield, nutritional quality and resistance for biotic and abiotic stresses. The genome-
editing technology involves targeted changes in the genetic makeup in a very small and well-
defined manner. The knowledge of genomics has further improved our understanding for
modern and genome-editing techniques available to plant breeders. In this chapter, a
detailed highlight is given for genetic-engineering approaches widely utilized in the crop
production system. Moreover, the discussion has taken place on the importance of
genomics for the crop improvemnent programs. The knowledge of both classical and modern
breeding efforts can help to understand the underlying mechanism important to ensure
food security. The novel plant-breeding technigues (MPBTs) can help to accelerate breeding
programs with high efficiency and reliability.
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