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HIGHLIGHTS GRAPHICAL ABSTRACT

/ i

e This study explains the transfer of Cd
through a food chain consisting of
plants (eggplant and tomato), pink
hibiscus mealybug (Dysmiceccus
neobrevipes) and its predator (Cryp-
tolaemus montrouzieri).

eThe Cd transfer was effectively
reduced in shoot-mealybug — lady-
bird food chain.

eThe Cd body burdens in
C. montrouzieri adults were lower
than mealybugs showing a consider- Biomamfer of i acrns t
able bio-minimization of Cd.

o The percentage of Cd body burden
lost in pupal exuviae decreased with
increase in body burden of adults.

e Tomato plants were more tolerant to
the Cd amendments when compared
to eggplants.

ARTICLE INFO ABSTRACT

Article history: Agro-ecosystem contamination by the heavy metals present in different agricultural products is a serious
Received 30 July 2016 challenge faced by the living organisms. This study explains the cadmium (Cd) transfer from soils
Received in revised form contaminated with different cadmium concentrations through a plant (eggplant and tomato) - mealybug
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Available online 15 November 2016 transfer through tomato plant. Cadmium was biomagnified during soil-root transfer while bio-
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mealybug-ladybird multi-trophic food chain increased in a dose dependent manner. Qur results

* Corresponding author. Key Laboratory of Biopesticide Innovation and Applica-
tion, Engineering & Technology Research Centre of Agricultural Pest Biocontrol
Guangdong Province, College of Agriculture, South China Agricultural University,
Guangzhou 510642, PR China.

E-mail address: aliscau@scau.edu.cn (S. Ali).

! Can Zhang is joint first author.

http://dx.doi.org/10.1016/j.chemosphere 2016.11.005
0045-6535/© 2016 Elsevier Ltd. All rights reserved.




Ecotoxicology and Environmental Safety 143 (2017) 289-295

Contents lists available at ScienceDirect

Ecotoxicology and Environmental Safety

journal homepage: www.elsevier.com/locate/ecoenv

Transfer of lead (Pb) in the soil-plant-mealybug-ladybird beetle food chain, a
comparison between two host plants

Can Zhang®, Xingmin Wang®, Umair Ashraf®, Baoli Qiu®, Shaukat Ali*>%*

ing Research Centre of Biological Control, South China Agricultural University, Guangzhou 510642,

& Key Laboratory of Bio-Pesticide I
P.R. China

" Department of Grop Science and Technology, College of Agriculture, South China Agricultural University, Guangzhou 510642, P.R. China

© Scientific Observing and Experimental Station of Crop Cultivation in South China, Ministry of Agriculture, Guangzhou, 510642, P.R. China

< Guangdong Engineering Research Centre of Microbial Pesticides, Guangdong New Scene Biological Engineering Co. Ltd, Yangjiang 529932, P.R. China

ion and Application, Engi

ARTICLE INFO ABSTRACT

Keywords: Contamination of soil with heavy metals has become an issue of concern on global scale. This study investigates
Bio-transfer the translocation of lead (Pb) along the soil - plant (eggplant and tomato) - mealybug (Dysmicoccus neobrevipes) -
Lead ladybird beetle (Cryptolaemus montrouzieri) food chain. Soil amendments used for this study were adjusted to 0,
Bio-minimization 25, 50 and 100 mg/kg of Pb (w/w). The results revealed significantly higher transfer of Pb in tomato when
g:;?:‘n;ﬁl;?:: compared to eggplant. Bio-magnification of Pb (2—4 times) was observed for soil - root transfer whereas Pb was
bio-minimized in later part of food chain (shoot — mealybug - ladybird transfer). A dose dependent increase in
transfer of Pb across the multi-trophic food chain was observed for both host plants. A decrease in coefficients of
Pb transfer (from root - shoot and shoot - mealybug) was observed with increase in Pb concentrations. Our
results also showed removal of Pb from the bodies of ladybird beetle during metamorphosis. Further studies are
required to explain the mechanisms or physiological pathways involved in the bio-minimization of Pb across the

food chain.

1. Introduction

Heavy metals constitute a major part of the Earth's crust; however,
contamination of soil with heavy metals has become an issue of concern
on global scale. Ecosystem is being constantly contaminated with heavy
metals as a result of different activities like smelting, metalliferous
mining, injudicious use of agricultural chemicals (like fertilizers) and
compounds released from these sources (Anjum et al., 2016a). Because
of higher affinity with organic matter, heavy metals can accumulate in
soil for longer periods which can affect the growth, reproduction and
community structure of living organisms and often results in oxidative
damage (Santorufo et al., 2012; Anjum et al., 2016b). Heavy metals like
copper (Cu) and zinc (Zn) are essential elements for the growth of
different living organisms, while lead (Pb) is a non-essential element
with high toxicity (even at low concentrations) against humans as well
as other organisms of ecosystem. Lead is absorbed by plants from soil
through roots (Ashraf and Tang, 2017) and the absorbed Pb is further
transferred to herbivores as these organisms feed on aerial parts of
plants (Wang et al., 2006). Therefore detailed insight on transfer of Pb

across a food chain is required to know its effects on an ecosystem
(Green and Walmsley, 2013).

A clear knowledge about the effects of Pb on general processes of
communities as well as specific species is required to observe the effects
of increased Pb exposure on different processes of an ecosystem (Gorur,
2006). As one of the classic examples, the soil - plant - herbivore -
predator food chain can offer information about the effects of increased
Pb concentrations on model ecosystem (Dar et al, 2015). Plants
normally serve as a route of Pb transfer from soil to herbivores while
the trophic level of herbivores in Pb contaminated ecosystems serve as a
source of Pb accumulation as well as transfer to organisms at higher
trophic levels (Devkota and Schmidt, 2000). Insect predators are
important component of an agro-ecosystem because of their role in
pest management (Wang et al., 2017). The feeding of insect predators
on food/prey contaminated with Pb can influence their growth and
reproduction which in turn can inhibit the beneficial role of insect
predators in agro-ecosystem (Dar et al., 2015). Although phytophagous
as well as predatory insects perform key ecosystem functions by
transferring energy and contaminants to higher trophic levels. A few
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: The sweetpotato whitefly Bemisia tabaci (Gennadius) was challenged with different combinations of

. matrine (insecticide) and Lecanicillivm muscarium (entomopathogenic fungus). Our results revealed

Ca synergistic relationship between matrine and L. muscarium on mortality and enzyme activities of B.

: tabaci. To illustrate the biochemical mechanisms involved in detoxification and immune responses of

. B.tabaciagainst both control agents, activities of different detoxifying and antioxidant enzymes were

. quantified. After combined application of matrine and L. muscarium, activities of carboxylestrease

. (CarE), glutathione-s-transferase (GSTs) and chitinase (CHI) decreased during the initial infection period.
. Acetylcholinestrase (AChE) activities increased during the entire experimental period, whereas those of
. superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) decreased during the later infection

. period. The increased mortality and suppression of enzymatic response of B. tabaci following matrine

: and L. muscarium application suggests a strong synergistic effect between both agents. The strong

. synergistic effect is possibly related to the disturbance of acetylcholine balance and changes in AchE

. activities of the whitefly as both matrine and L. muscarivm target insect acetylcholine (Ach) receptors

. which in turn effects AchE production. Therefore, our results have revealed the complex biochemical

: processes involved in the synergistic action of matrine and L. muscariuvm against B. tabaci.

. The sweetpotato whitefly Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae) is a serious pest of agricultural
: crops in different regions of the world'2. From the 1980s, B. tabaci Middle East-Asia Minor 1 (MEAM1) cryptic
. species (previously known as ‘B biotype’) has drastically increased in distribution. This has been attributed to the
: development and increase in global trade. Direct damage by B. tabaci occurs as a result of sucking plant sap from
: the phloem and secretion of honey dew which serves as a substrate for growth of sooty moulds®*, In addition,
. adults can transmit more than 150 plant viruses to commercial crops®. Management of B. tabaci has been domi-
. nated by the frequent use of broad spectrum conventional chemical pesticides®”. The consistent use of synthetic
. chemicals for B. tabaci management has resulted in environmental pollution and adverse effects on humans,
. mammals and other non-target organisms®. This injudicious use of chemicals leads to the intermission of natural
. biological control systems and outbreaks of B. tabaci®. All these factors have necessitated research and develop-
. ment of environmentally secure, biodegradable and indigenous methods for insect pest management?. Hence,
© the search for effective chemical constituents of naturally occurring entomopathogenic fungi based biopesticides
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e Effects of heavy metals on biology
and life table of Cryptolemus
montrouzieri.

o The developmental periods of
C. montrouzieri were affected by
heavy metals.

e The age stage specific survival rates
were also influenced by heavy
metals.

o Female longevity and fecundity were
reduced by different heavy metals.

e All the heavy metals significantly
affected different  life  table
parameters.
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Life table

The current studies were carried out to observe the variations in development, biology and life table
parameters of ladybird beetle, Cryptolaemus montrouzieri, feeding on pink hibiscus mealybug (Dysmi-
coccus neobrevipes) contaminated with heavy metals (cadmium, lead, and nickel) bio-transferred across a
multi-trophic chain. The developmental time required for immature life stages (1st, 2nd, 3rd, 4th instar
nymphs, pupae) and total developmental period (egg-adult) differed significantly among different heavy
metal treatments and control. The accumulated survival rate of C. montrouzieri immature life stages also
differed significantly among different heavy metal treatments and control. Different parameters of adult
female biology (Pre-oviposition period, fecundity, female longevity) were adversely affected by different
heavy metals. Life table analysis revealed that all the heavy metals caused significant reduction in net
reproduction rate (Ro) and intrinsic rate of increase (r) while the mean generation time (T) and doubling
time (D) were significantly higher than control. The results obtained provide possible insight into the
implications of heavy metals on the population dynamics of insect predator (C. montrouzieri) in a multi-
trophic food chain. However, further research is required on genetic as well as physiological processes
involved in the regulation of growth and development of C. montrouzieri.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

Heavy metal contamination is an important component of
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Abstract

The present study reports the sublethal effects of the entomopathogenic fungus, Aschersonia aleyrodis (Webber) on
Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae). A fungal suspension of A. aleyrodis isolate Aa005 containing
1x107 conidia mL~" was sprayed against B. tabaci on eggplant leaves under greenhouse conditions. The effects of fungal
application on survival as well as life table parameters of the whitefly were observed at different post inoculation periods.
The results indicated that A. aleyrodis can significantly affect the survival of 1st, 2nd, and 3rd nymphal instars of B. tabaci.
Developmental periods of different instar nymphs were not affected by fungal application. A. aleyrodis spores persisted
well and significantly affected the survivorship of young instar nymphs of B. tabaci at different post incubation periods. Life
table results suggested that A. aleyrodis has no impact on general fecundity and longevity of B. fabaci. When the pathogen
was exposed to the open environment and maintained for a relatively longer period, a reduction in the reproductive rate
and intrinsic rate of increase was caused by the fungal spores, though the sublethal effects were not as good as the control
treatment. The results suggest that the ability of spores to suppress an increase in whitefly population persists well after
incubation of spores to the external environment (up to 9 days).

Keywords: entomopathogenic fungi, Aschersonia aleyrodis, Bemisia tabaci, life table

1. Introduction

The sweet potato whitefly, Bemisia tabaci (Gennadius)
(Homoptera: Aleyrodidae) is a worldwide pest of economically
important crops (Naranjo et al. 2010). Since the 1980s,
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B. tabaci Middle East-Asia Minor 1 (MEAM1) cryptic species
(formerly ‘B biotype’) has caused significant damage to
host plants through defoliation, stunting and yield losses
(Toscano et al. 1994; Cahill ef al. 1995). B. tabaci feeds
on the phloem sap of plants and produces honeydew,
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Isaria fumosorosea-based zero-valent iron
nanoparticles affect the growth and survival
of sweet potato whitefly, Bemisia tabaci

(Gennadius)

Xiaoshuang Wang,? Jing Xu,® Xingmin Wang,? Baoli Qiu,®>
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Abstract

BACKGROUND: Nanoparticles can be used for effective pest management as a combined formulation of metal and some other
material that has proven efficacy against a given pest. This study reports the synthesis, characterization and efficacy of Isaria
fumosorosea-based zero-valent iron (ZVI) nanoparticles against sweet potato whitefly Bemisia tabaci (Gennadius).

RESULTS: The /. fumosorosea-ZVl nanoparticles showed a characteristic surface plasmon absorption band at 470 nm during
UV-visible spectroscopy. The scanning electron micrographs of nanoparticles showed spherical shaped nanoparticles with sizes
ranging between 1.71 and 3.0 pm. The EDX analysis showed the characteristic peak of iron at 0.6 and 6.8 KeV. The XRD analysis
showed characteristic peaks at 44.72°, 65.070°, 82.339° and 82.65°. The bioassay results indicated that the percentage of larval
mortality of B. tabaci challenged with I. fumosorosea ZVI nanoparticles was both concentration and age dependent. Isaria
fumosorosea ZVl nanoparticles showed high pathogenicity against second and third instar nymphs, and pupae with LC,, values
of 19.17, 26.10 and 37.71 ppm, respectively. The LT;, was lowest for second instar nymphs (3.15 days) and highest for pupae

(4.22 days) when inoculated with a concentration of 50 ppm.

CONCLUSION: Isaria fumosorosea ZVl nanoparticles can be an eco-friendly tool for effective B. tabaci management.

© 2019 Society of Chemical Industry

Keywords: /saria fumosorosea; LCy,; microbial control; nanoparticles; whitefly

“

1 INTRODUCTION

Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae), consisting of
more than 36 cryptic species within a species complex, is a major
crop pestacross the globe."2 Bemisia tabaci Middle East-Asia Minor
1(MEAMT) cryptic species (previously known as ‘Biotype B"), which
is the most notoriously invasive species of the Bemisia species
complex, has drastically increased in prevalence over the past
20years.® This increase in B. tabaci MEAM1 population has been
largely attributed to the continuous increase in global trade from
the 1980s onwards.* Bemisia tabaci MEAM1 causes direct damage
to plants by feeding on the phloem sap and indirect damage by
secreting honey dew, which leads to sooty mould production.2’
Furthermore, B. tabaci MEAM1 adults are known to be the vector of
viral diseases of commercial crops.® Management of heavy white-
fly infestations is still mainly dependent upon broad-spectrum
conventional insecticides, which has led to the development of
insecticide resistance by B. tabaci.” Moreover, the harmful effects
of these chemicals on the natural environment as well as impacts
on non-target organisms have promoted the need to replace
chemical insecticides with environmentally secure, biodegradable
and indigenous methods for pest management.? Therefore, find-
ing alternative pest control strategies such as entomopathogenic
fungi or their application in combination with other natural

Pest Manag Sc¢i 2019; 75: 21742181

www.soci.org

chemicals is necessary in order to try and overcome these
problems.®

Almost 90 fungal species have been described as pathogenic
to insects. Isaria fumosorosea is a well-documented ento-
mopathogenic fungus that has been widely commercialized
for whitefly control.'® Strains of I. fumosorosea have also been
proven to be pathogenic against various insect species in different
regions of the world.""""* Huang etal’? studied the virulence
of I. fumosorosea against B. tabaci. Their results indicate that
strain PFO1-N4 is virulent against B. tabaci having a LC,, value of
2.16x 10° and 1.10 x 10* conidia mL~" after 6 and 12 days, respec-
tively. Since the 1990s commercial preparations of I. fumosorosea
have been used against whiteflies infesting different crops.'415
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Heavy metals transported through a multi-trophic food chain
influence the energy metabolism and immune responses
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Abstract

Contamination of environment with heavy metals is increasingly becoming an issue of major concern across the globe.
Heavy metals are highly toxic to humans as well as other organisms of the ecosystem. The translocation of heavy metals
from soil to predatory insects via multi-tophic food chains can influence the growth, reproduction, metabolism and innate
immune systems of the predators. This study was performed to observe the changes in energy metabolism and immune
responses of Cryptolaemus montrouzieri feeding on heavy metal (Cd, Pb, Ni and Zn) contaminated pink hibiscus
mealybug (Dysmicoccus neobrevipes). The average concentrations of Cd, Pb, Ni and Zn in mealybugs used for feeding
assays were 30.57, 32.64, 31.47 and 33.19 mg/kg, respectively. The results showed a significant increase in total protein,
glycogen, cholesterol and triglycerides content of C. montrouzieri feeding on heavy metals contaminated mealybugs
compared with control groups. The activities of endogenous enzymes (acid phosphatase and alkaline phosphatase) as
well as antioxidant enzymes (SOD, POD and CAT) were significantly higher in beetles feeding on heavy metals
contaminated mealybugs. Our results provide basic insight into the influences of heavy metals (Cd, Pb and Ni) on energy
metabolism and the innate immune system of the insect predator (C. montrouzieri) in a multi-trophic food chain. Further
research on genetic processes involved in the regulation of metabolism and innate immune system of C. montrouzieri is
still needed.

Keywords Heavy metals * Ladybird beetle - Metabolism - Endogenous enzymes - Antioxidant enzymes

Introduction lead (Pb) and nickel (Ni), also known as non essential ele-

ments, are highly toxic to humans as well as other organisms

Contamination of environment with heavy metals, in con-
sequence of natural as well as human activities, is increas-
ingly becoming an issue of major concern across the globe
(Wang et al. 2017). The persistence and toxicity of heavy
metals makes them a serious threat to ecosystem (Can et al.
2017; Sang et al. 2018). Heavy metals like cadmium (Cd),

Shaukat Ali
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Key Laboratory of Bio-Pesticide Innovation and Application,
Engineering Research Centre of Biological Control, South China
Agricultural University, 510642 Guangzhou, China
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@ Springer

of the ecosystem (Anjum et al. 2016a, b). The influences of
these metals on any ecosystem can be observed by studying
their effects on general processes of communities and spe-
cific species (Gorur 2006). The relationship between host
plants, herbivorous insects and predatory insects can serve
as a model ecosystem to study the effects of heavy metals
on different trophic levels of ecosystem (Sang et al. 2018).
In the above mentioned multitrophic food chain, heavy
metals move from soil to herbivorous insects through host
plants. The trophic level of herbivorous insects in heavy
metal contaminated ecosystems is linked with accumula-
tion and transfer of heavy metals to higher trophic levels
(Devokta and Schmidt 2000). Wang et al. (2017) and Can
et al. (2017) showed that heavy metals (Cd and Pb)
were absorbed by plants (tomato and eggplant) from soil
which were later transferred to the herbivorous insect
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Matrine Enhances the Pathogenicity
of Beauveria brongniartii Against
Spodoptera litura (Lepidoptera:
Noctuidae)
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! Key Laboratory of Bio-Pesticide Innovation and Application, Engineering Research Centre of Biological Control, South
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The repetitive application of pesticides at high doses against Spodoptera litura
Fabricius has resulted in development of pesticide resistance and harmful effects to
the natural environmental. Hence, finding alternate pest control strategies, such as
entomopathogenic fungi or their application in combination with other natural chemicals,
is of great importance to solve the abovementioned problems. This study presents the
toxic effects of Beauveria brongniarti and matrine (individual or in combination with
each other) against tobacco cutworm (S. fitura). Different matrine treatments caused
a dose dependent increase in S. litura mortality at different time intervals. The biological
parameters of B. brongniartii (germination rate and average daily mycelia growth)
were not inhibited by different matrine treatments. Different conidial concentrations of
B. brongniartii caused significantly different mortalities of 2nd instar S. Jitura larvae at
different time intervals. Different combined treatments of B. brongniartii and matrine
showed a significant synergistic effect against S. fitura under laboratory and semi-
field conditions. The current findings showed a strong synergistic action for combined
application of B. brongniarti and matrine against S. litura. Our results will provide
baseline information on combined application of entomopathogenic fungi and natural
chemicals in integrated pest management programs against S. litura.

Keywords: natural chemicals, entomopathogenic fungi, matrine, synergism, Spodoptera litura

INTRODUCTION

Spodoptera litura (Fabricius) (Lepidoptera: Noctuidae) also known as tobacco cutworm is a major
threat to majority of cropping systems because of its generalist herbivores behavior. Almost 389
plant species from 109 families have been documented as host plants of S. litura (Qing et al,
2006).The management of S. litura is mostly carried out through heavy pesticide which is causing
many adverse effects to human health as well as to other components of our environment (Ishtiag
et al, 2012; Ahmad and Mehmood, 2015). Apart from this, the repetitive pesticide application is
making S. Jitura resistant to these chemicals. Zhang et al. (2014) has reported the development of
moderate to high insecticide resistance by S. litura against different pesticides such astubefenozide,
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Abstract: Megalurothrips usitatus (Bagnall) is one of the most harmful pests of leguminous plants.
In order to expand our knowledge on the infection of M. usitatus by entomopathogenic fungi, two
newly identified isolates of Akanthomyces attenuatus (Zare & Gams) were tested for their pathogenicity
against M. usitatus. Both isolates of A. attenuatus (SCAUDCL-38 and SCAUDCL-56) were isolated from
soil and were identified by morphological and molecular analyses. The adult females of M. usitatus
were treated with five different concentrations (1 x 10%,1x 10%,1x 10¢,1x 107, and 1 x 108 conidia/mL)
of the isolates. Our results revealed 76.25% and 57.5% mortality of M. usitatus after five days of
treatment with 1 X 10® conidia/mL of SCAUDCL-38 and SCAUDCL-56, respectively. The median
lethal concentrations (LCsp) of SCAUDCL-38 and SCAUDCL.-56 calculated through linear regression
analysis after five days of fungal treatment of M. usitatus were 1.9 x 10° and 1.5 x 107 conidia/ml,
respectively, whereas the median lethal time (LTsq) observed for 1 x 108 conidia/ml. of SCAUDCL-38
and SCAUDCL-56 were 3.52 days and 4.9 days, respectively. A. attenuatus isolates SCAUDCL-38 and
SCAUDCL-56 are highly pathogenic strains of M. usitatus. These findings offer valuable information
on the development and commercialization of alternative control measures against M. usitatus.

Keywords:  Megalurothrips usitatus; ~Akanthomyces attenuates; entomopathogenic fungi;
biological control

1. Introduction

Megalurothrips usitatus (Bagnall) (Thysanoptera: Thripidae), also known as bean flower thrips,
is a major threat to snap bean and cowpea in southern regions of China [1]. Direct damage by thrips
reduces the photosynthetic ability of the host plants [2]. Indirect losses due to fruit malformation
and scarring caused by thrips are of greater economic significance compared to the direct losses [3,4].
The frequent use of conventional broad-spectrum chemical pesticides has dominated the management
of M. usitatus [5]. The long-term use of synthetic chemicals to manage the M. usitatus is causing
environmental pollution and adverse effects to live organisms [6]. This heavy application of pesticides
has also resulted in the interruption of the biological balance between natural enemies and insect
pests [5,7]. The above-mentioned circumstances have increased the awareness of the necessity as well
as the desire to develop pest control strategies that are environmentally safe and biodegradable [5].

Many recent studies have shown that entomopathogenic fungi such as Metarhizium anisopliae
Sorokin, Metarhizium brunneum Petch, Beauveria bassiana (Balsamo) Vuillemin, and Isaria fumosorosea
Wize are effective against different thrips species [9-15]. Akanthomyces attenuatus Zare & Gams
(previously known as Lecanicillium attenuatus, now designated as belonging to Akanthomyces clade,

Insects 2019, 10, 168; doi:10.3390/insects10060168 www.mdpi.com/journal/insects
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gradually decreased 120 h post-adult emergence.

PR

The predatory species, Clitostethus brachylobus Peng, Ren & Pang 1998 (Coleoptera: Coccinellidae), native to China,
has been reported as a predator of the whitefly species, Bemisia tabaci (Genn.). Present study describes the
development and biological characteristics of C. brachylobus. Developmental periods of different immature stages
showed significant differences, when fed on different life stages of B. tabaci. Prey consumption capacity was
reduced by the increase in prey age. Female longevity was 193.5 days, whereas fecundity was 154.70 eggs/female.
Net reproductive rate was 53.60, whereas the mean generation time was 102.64 days. The daily adult survival rates

Keywords: Clitostethus brachylobus, Bemisia tabaci, Life table parameters

J

Background

The whitefly species, Bemisia tabaci (Genn.), is well
known as an economic pest on crops, vegetables, and
fruits. It prevails across whole China with a tendency for
annual outbreaks (Qiu et al. 2011). B. tabaci exists in 31
provinces or municipalities of China, causing economic
losses to different crops (Qiu et al. 2011). Agrochemicals
are mostly used for whitefly management throughout
the world. They affect natural environment in many
harmful ways (Liang et al. 2012; He et al. 2013). This has
necessitated requiring alternate control measures and
applications of biocontrol agents, as safe options for en-
vironmentally sustainable whitefly management (Her-
nandez et al. 2013). Previously, many workers have
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successfully used coccinellid predators (Serangium par-
cesetosum Sicard, Nephaspis oculatus Blatchley, Delphas-
tus catalinae Leconte, and Axinoscymnus cardilobus Ren
and Pang) for whitefly management (Liu and Stansly
1999; Gerling et al. 2001; Simmons and Legaspi 2004;
Huang et al. 2006; Huang et al. 2008).

Different species of tribe Clitostethus have been proved
as specialized predators of whiteflies under laboratory
and field conditions (Yazdani and Zarabi 2011). C. bra-
chylobus was identified, on the basis of its adult morph-
ology by Poprawski et al. (1998), as a new species and an
indigenous potential whitefly predator in China. To date,
majority of information regarding predatory potential of
this beetle has been restricted to their feeding capacity.
Very little information is available on the morphology of
immature stages, biology, and life history of C. brachylo-
bus. Biological studies and life table variables can be
used to determine the predatory potential as an insect
predator in terms of a detailed analysis of age-specific

© The Author(s). 2020 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit httpy//creativecommons.org/licenses/by/4.0/.
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Matrine, a naturally occurring heterocyclic compound, has been shown to enhance the
pathogenicity of the entomopathogenic fungus Beauveria brongniartii against Spodoptera
Iitura. In the current study, the biological impacts and synergism activities of these two
agents on nutritional efficiency and antioxidant enzymes in S. litura were explored. Our
results showed a high antifeedant activity of B. brongniartii and matrine on S. fitura. The
S. litura larvae were unable to pupate and emerge when treated with combinations of
matrine and B. brongniartii. Following on, we measured the activities of five important
antioxidant enzymes [superoxide dismutase (SOD), peroxidase (POD), catalase (CAT),
acetylcholinesterase (AChE), and glutathione-S-transferase (GST)] when treated with
B. brongniartii SB010 (1 x 10° spores/ml), matrine (0.5 mg/ml), and B. brongniartii SBO10
(1 x 10° spores/ml) + matrine (0.5 mg/mi). The results indicated the detoxification activity
of the five enzymes in the fat body and hemolymph of S. Jitura when facing a combined
B. brongniartii and matrine challenge. The activities of the enzymes were significantly
lower than that of the control group 7 days post-treatment, indicating the inhibitory effect
of the two xenobiotics. Matrine had better inhibition effects than B. brongniartii in a majority
of the trials. The improved detoxification activity of the five enzymes may be the internal
mechanism of synergism of matrine on B. brongniartii.

Keywords: Spodoptera litura, matrine, Beauveria brongniartii, antioxidant enzymes, nutritional efficiency

INTRODUCTION

The tobacco cutworm, Spodoptera litura (Fabricius; Lepidoptera: Noctuidae), is a serious
polyphagous herbivore, which has caused significant economic damage to cropping systems
around the world. As a result, over the past decades large quantities of chemical pesticides
have been applied for the control of S. litura. However, overuse of synthetic pesticides has
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Abstract: This study reports the effects of seed treatment with Cordyceps fumosorosea on seed
germination, growth, colonization of eggplant (Solanum melongena), and growth of Bemisia tabaci
(feeding on fungal colonized eggplant leaves). Germination rates of eggplant seeds were similar
among different treatments. The growth parameters such as root length, shoot length, and number
of leaves) differed significantly after 15, 30, and 60 days of seed treatment. The total dry weight of
eggplant in response to treatment with C. fumosorosea isolates increased significantly when compared
with the control. Both isolates of C. fumosorosea colonized different plant tissues, although the extent
of colonization decreased during the experimental period. The colonization of eggplants by both
C. fumosorosea isolates resulted in a significant reduction of B. tabaci incidence. This study possibly
provides the first report of increased plant growth and increased insect mortality in eggplants
inoculated with C. fumosorosea isolates.

Keywords: Cordyceps fumosorosea; Solanum melongena; Bemisia tabaci; entomopathogenic fungi;
endophytic isolates

1. Introduction

The development of sustainable strategies to improve crop protection is a major challenge facing
agricultural scientists [1]. The use of entomopathogens for pest control can provide an environmentally
friendly alternative to chemical pesticides [2]. Several species of entomopathogenic fungi are being used
or developed as biopesticides against different insect pests [3]. Entomopathogenic fungi are normally
applied in spray formulations as pest control agents for a short period of time [4]. Recent advances in
research have shown that entomopathogenic fungi can play a role in plant-microbial symbioses by which
they can protect plants against different insects and diseases [5]. Furthermore, there is growing evidence
that entomopathogenic fungi enhance plant growth by improved nutrient uptake, hormone production,
and tolerance to different abiotic as well as biotic stresses [2,6]. These entomopathogenic fungal
endophytes are classified as non-clavicipitaceous because they are usually transmitted horizontally [7].
Different species of fungi are known to enhance plant growth as well reduce insect pest growth when
colonized into plants [2,8-10]. For example, B. bassiana acted as an endophyte to wheat seedlings by
increasing plant spike production and effectively controlling Spodoptera litura larvae [2].

Bemisia tabaci (Gennadius) (Homoptera: Aleyrodidae), also known as sweet potato whitefly,
is a major crop pest worldwide [11]. Furthermore, B. tabaci acts as a vector of around 150 plant
viruses [12]. In China, MEAMI1 B. tabaci is well distributed across 31 provinces or municipalities where

Insects 2020, 11, 78; doi:10.3390/insects11020078 www.mdpi.com/journal/insects
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Simple Summary: Metal-based nanoparticles of different microbial pest control agents have been
effective against several pests. This study reports the synthesis of Beauveria brongniartii based Fed
nanoparticles (Fe’NPs) and their bio-efficacy against Spodoptera litura that was observed during
this study. The median lethal concentration (LCsg) of Fe®NPs against S. litura after 7 days was
59 ppm, whereas the median survival time (LTsp) for 500 ppm concentrations of Fe'NPs was 2.93 days.
B. brongniartii Fe"NPs caused a significant reduction in feeding and growth parameters as well as
detoxifying enzyme production by S. litura at the end of the experimental period. These findings
suggest that B. brongniartii Fe’NPs can potentially be used in environmentally friendly S. litura
management programs.

Abstract: Nanotechnology has clear potential in the development of innovative insecticidal products
for the biorational management of major insect pests. Metal-based nanoparticles of different microbial
pest control agents have been effective against several pests. Synthesis of Beauveria brongniartii
based Fe nanoparticles (Fe’NPs) and their bio-efficacy against Spodoptera litura was observed during
this study. Beauveria brongniartii conidia were coated with Fe®NPs and characterized by applying a
selection of different analytical techniques. Ultraviolet (UV) spectroscopy showed the characteristic
band of surface plasmon at 430 nm; Scanning electron microscopy (SEM) images showed spherical
shaped nanoparticles with a size ranging between 0.41 to 0.80 wm; Energy-dispersive X-ray (EDX)
spectral analysis revealed characteristic Fe peaks at 6.5 and 7.1 Kev; the X-ray diffractogram showed
three strong peaks at 20 values of 45.72°, 64.47°, and 84.05°. The bioassay studies demonstrated
that mortality of 2nd instar S. litura larvae following Fe?NPs treatment increased with increasing
concentrations of Fe?’NPs at different time intervals. The median lethal concentration (LCsg) values
of Fe®NPs against S. litura after seven days of fungal treatment was 59 ppm, whereas median
survival time (LTsq) values for 200 and 500 ppm concentrations of Fe?/NPs against S. litura seven
days post-treatment were 5.1 and 2.29 days, respectively. Beauveria brongniartii-Fe®NPs caused
significant reductions in feeding and growth parameters (relative growth rate, relative consumption
rate, and efficiency of conversion of ingested food) of S. litura. Beauveria brongniartii FeNPs induced
reduction in glutathione-S-transferase activities throughout the infection period whereas activities
of antioxidant enzymes decreased during later periods of infection. These findings suggest that
B. brongniartii Fe®NPs can potentially be used in biorational S. litura management programs.

Keywords: biological control; entomopathogenic fungus; feeding; growth; toxicity
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Synthesis of Cordyceps
fumosorosea-Biochar Nanoparticles
and Their Effects on Growth and
Survival of Bemisia tabaci
(Gennadius)

Xingmin Wang, Jing Xu, Tingfei Sun and Shaukat Ali*

Key Laboratory of Bio-Pesticide Innovation and Application, Engineering Research Centre of Biological Control, College of
Plant protection, South China Agricultural University, Guangzhou, China

Nanotechnology can offer an environmentally sustainable alternative to synthetic
chemicals for pest management. Nano-formulations of different microbial pest control
agents have been effective against several insect pests. Synthesis of Cordyceps
fumosorosea-biochar (BC) nanoparticles and their bio-efficacy against Bemisia tabaci
was observed during this study. The characterization of C. fumosorosea-BC
nanoparticles through different analytical techniques showed successful synthesis of
nanoparticles. UV spectroscopy showed a characteristic band of surface plasmon
petween 350 and 400 nm; SEM images confirmed the synthesis of spherical shaped
nanoparticles; X-ray diffractogram showed strong peaks between 29 values of 20°-
25°; and atomic force microscopy (AFM) analysis revealed particle size of 49.151 nm.
The bicassay studies demonstrated that different concentrations of C. fumosorosea-
BC nanoparticles caused significant reduction in hatchability of B. tabaci eggs as well
as survival of immatures emerging from treated eggs when compared with controls.
The results also revealed that C. fumosorosea-BC nanoparticles were highly pathogenic
against 2nd and 3rd instar nymphs and pupae of B. tabaci having LCsqy values of
6.80, 7.45, and 8.64 ppm, respectively. The LTsp values for 20 ppm concentration
of C. fumosorosea-BC nanoparticles against 2nd and 3rd instar nymphs, and pupae
of B. tabaci were 3.25 + 0.29, 3.69 + 0.52, and 4.07 + 0.51 days, respectively.
These findings suggest that C. fumosorosea-BC nanoparticles can potentially be used
in biorational B. tabaci management programs.

Keywords: Cordyceps fumosorosea, microbial pesticides, nano-formulation, Bemisia tabaci, toxicity

INTRODUCTION

The use of nanotechnology can change the future of both agricultural and food industries by
producing novel products/nanoparticles with a wide range of applications (Chinnamuthu and
Boopathi, 2009). Nanoparticles may occur in different particulate systems (monomeric, oligomeric,
or polymeric) with a specific size and unique physical properties (e.g., uniformity and conductance)
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Abstract: Cordyceps fumosorosea, an insect pathogenic fungus, produces different toxins/ secondary
metabolites which can act as pest control agents. This study reports the extraction and characterization
of crude mycelial extracts of C. fumosorosea isolate SP502 along with their bio-efficacy against Bemisia
tabaci and Aphis craccivora. Fourier transform infrared spectroscopy, liquid chromatography, mass
spectrometery and nuclear magnetic resonance analysis of C. fumosoroses isolate SP502 extracts
showed the presence of five major compounds—Trichodermin, 5-Methylmellein, Brevianamide F,
Enniatin and Beauvericin—which all may potentially be involved in insecticidal activity. The HPLC
analysis of C. fumosorosea mycelial extracts and Beauvericin standard showed similar chromatographic
peaks, with the content of Beauvericin in the crude toxin being calculated as 0.66 mg/ml. The median
lethal concentrations of C. fumosorosea mycelial extracts towards first, second, third and fourth instar
nymphs of A. craccivora were 46.35, 54.55, 68.94, and 81.92 ng/mlL, respectively. The median lethal
concentrations of C. fumosorosea mycelial extracts towards first, second, third and fourth instar
nymphs of B. tabaci were 62.67, 72.84, 77.40, and 94.40 ug/mL, respectively. Our results demonstrate
that bioactive compounds produced by C. fumosoroses isolate SP502 have insecticidal properties and
could, therefore, be developed into biopesticides for the management of B. tabaci and A. craccivora.

Keywords: biological control; Cordyceps fumosorosea-SP502; toxin; whitefly; aphids; toxicity

Key Contribution: This study reports the extraction and characterisation of crude mycelial extracts
of C. fumosorosea isolate SP502 along with their bio-efficacy against Bemisia tabaci and Aphis craccivora.

1. Introduction

Bemisia tabaci Gennadius (Hemiptera: Aleyrodidae), a species complex containing
36 or more cryptic species, continues to be a major threat to field crop production across
the globe [1,2]. Population levels and infestation by B. tabaci Middle East-Asia Minor 1
(MEAM]I) (previously known as “Biotype B”) is by far the most common. It is the most
notoriously invasive species of the Bemisia species complex, having increased greatly
during the last twenty years [3,4]. Bemisia tabaci MEAM1 damages plants directly through
feeding on cell sap, and indirectly by honey dew secretion which leads to sooty mould
growth on plant surfaces [5]. In addition, B. tabaci MEAMI1 is also a vector of over 150 viral
crop diseases [6].

Aphis craccivora Koch (Homoptera: Aphididae), also known as cowpea aphid, is a
major pest of cowpea and other crops in different regions of the world [7]. Both nymphs
and adults can damage the crops. Aphis craccivora causes economic damage either by

Toxins 2021, 13, 220. https:/ /doi.org/10.3390/ toxins13030220
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Abstract

Background: Entomopathogenic fungi are widely distributed and well described within the fungal kingdom. This
study reports the isolation, characterization, and virulence of 4 Purpureocillium filacinum isolates against the sweet
potato whitefly, Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae).

Results: Four strains of Purpureocillium lilacinum (XI-1, XI-4, XI-5, and J27) were isolated from soil samples from
different localities of China. The morphological studies observed that four strains showed essentially the same
morphological characteristics. After 7 days of cultivation, the colonies were purple, round, and bulged. Conidia were
single-celled, oval to spindle-shaped, chain-like, and the spore size was about 2.0-2.3 x 3.1-4.0 um. The genome-
based identification results showed that ITS sequences of XI-1 (GenBank accession # MW386433), XI-4 (GenBank
accession # MW386434), XI-5 (GenBank accession # MW386435), and J27 (GenBank accession # MW386436) were
similar to another P. filacinum. The newly identified strains of P. lilacinum proved pathogenicity to B. tabaci under
laboratory conditions. In addition, the P. filacinum isolate XI-5 was the most virulent one against different nymphal
instars of whitefly having median lethal concentration (LCs) values of 499 x 106, 482 x 10° and 2.85 x 10°
conidia/ml, respectively, 7 days post application.

Conclusion: The newly isolated strains of P. filacinum can be developed as a potential biopesticide against the
whitefly although extensive field bioassays as well as development of proper formulation are still required.

Keywords: Entomopathogenic fungi, Purpureocillium lilacinum, Isolation, Bemisia tabaci, Virulence
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ABSTRACT ARTICLE HISTORY
Entomopathogenic fungi are widely distributed and well described Received 24 June 2020
within the fungal kingdom. Different species of fungi belongingto ~ Accepted

the Genus Cordyceps are well known pest control agents. This study
reports the isolation, characterisation as well as virulence of six : -
fungal isolates belonging to three different species of Cordyceps g:3;25?22%2’75&7%2110.
genus including three C. farinosa isolates; two C. fumosorosea virilerice: isolstion '
isolates; and one C. tenuipes isolate against P. xylostella. The

newly identified strains proved pathogenic to P. xylostella under

laboratory conditions. In addition, the C. fumosorosea isolate

SCFU-1 was virulent against eggs, 1st, 2nd, 3rd, 4th instar larvae

and pupae of P. xylostella having LCs, values of 1.27 x 10°, 2.78 x

105, 2.59x 10°, 2.87x 105 1.22x 107, and 1.71 x 10° conidia/mL,

respectively 7 days post application. The newly isolated strains

can be developed as potential biopesticide for P. xylostella

although extensive field bioassays as well as development of

proper formulation is still required.

KEYWORDS

1. Introduction

Entomopathogenic fungi are widely distributed and well described within the fungal
kingdom. The proper isolation and correct identification of entomopathogenic fungi is
an important skill for the development of biopesticides (Dunlap et al., 2017; Goettel
et al., 2005). The isolation and identification of entomopathogenic fungi have evolved
from morphological studies through selective media and genotypic identification by
amplification of highly conserved DNA sequences, at the species level, which code for
rRNA subunits during the past decades (Bidochka & Khachatourians, 1994; Canfora
et al,, 2016). The traditional, morphological character-based methods of fungal identifi-
cation are time-consuming, laborious and often require a lot of expertise, whereas
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Effects of temperature, pH and culture media on growth and
sporulation of Paecilomyces penicillatus strain SP053

DU Cai-lian', ZHANG Can', YUAN Fang?, LI Jia-ying®* , SUN Ting-fei',
YUE Yang', Shaukat Ali"*

("College of Agriculture, South China Agricultural University/Key Laboratory of Bio-pesticide Innovation and
Application/Guangdong Engineering Technology Research Center of Pest Biocontrol, Guangzhou 510642, China;
*Yongzhou Branch, Hunan Tobacco Corporation, Yongzhou, Hunan 425000)

Abstract: [ Objective] The effects of temperature, pH and culture medium on the growth characteristics of Paecilo-
myces penicillatus strain SP053 were examined in order to provide theoretical basis for the large-scale fermentation of mi-
croorganisms and the development of microbial pesticides. [Method ]SP053 strains were used as materials. Using common
plate culture technical procedure, effects of six different temperatures(17,20,23,26,29 and 32 °C) , five pH levels(5,6,
7,8 and 9) and three different culture media including potato dextrose agar(PDA), SDAY, Czapek dox agar(Czapek) on
the spore germination rate, colony expansion and sporulation of SP053 were observed. [Result] Temperature, pH and
medium type had obvious influence on the growth characteristics of SP053 strain. The results showed that high tempera-
ture(32 °C) and low temperature(17 °C) were detrimental to the growth of SP053 strain. The optimal growth temperature
ranged between 23 °C to 29 °C and the spore germination rate ( 94.50%) , colony diameter(47.5 mm) and spore production
amount(4.450x10° spore/dish) were the maximum at 26 °C. At 26 C, SP053 strain grew fast and produced a large amount
of spores on PDA and Czapek media. On PDA and Czapek media, the colony diameters were 47.7 and 46.3 mm respec-
tively while the spores yield were 5.357x10° and 2.570% 10° spore/dish. The optimum pH for strain growth, germination
and spore production ranged between 7 and 8. [ Conclusion] SP053 strain has the best growth and sporulation effect on
PDA medium at 26 °C and pH 7-8. .

Key words: Paecilomyces penicillatus ; SPO53 strain; temperature; pH;culture medium; growth
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Category International (Regional) Cooperation and Exchange Projects
Program Research Fund for International Y oung Scientists

Application code C1406 Expenditure (unit: 10,000 yuan)
Direct costs 40 (unit: 10,000 yuan) | Indirect costs |0 (unit: 10,000 yuan)
Period (M/D/Y) From 01/01/2018 To 12/31/2019

Page 1



A Plan Report for NSFC Awarded Project

Abstract

Abstract (limited to 4000 wor ds):

Entomopathogenic fungi are one of the most promising biological control agents
because they are safe, environment friendly and have low chance of development
and selection of resistant insect populations. Entomopathogenic fungi mostly
attack their insect hosts by penetration through the cuticle, covered by an
outermost lipid layer mainly composed of highly stable, very long chain
structures. Although the major bulk components of the insect cuticle are
protein and chitin, the outermost epicuticular surface layer comprise a
complex mixture of non—polar lipids. These fungi are apt to grow on straight
chain hydrocarbons (alkanes) as the sole carbon source. Insect-like
hydrocarbons are first hydroxylated by a microsomal P450 monooxygenase system,
and then fully catabolized by peroxisomal B -oxidation reactions. Fungi have
to pay a high cost for hydrocarbon utilization; high levels of reactive oxygen
species are produced and a concomitant antioxidant response is triggered in
fungal cells to cope with the stress. Therefore the present study will be
conducted to investigate the possible mechanism/pathway involved in the
degradation of alkanes present in diamondback moth (P. xylostella) cuticle by
three different species of entomopathogenic fungi (Isaria fumosorosea,
Metahrizium anisopliae and Lecanicillium muscarium). During the last part of
the study efforts will be made to study the effect of hydrocarbon utilization
on fungal germination and virulence apart from tolerance against antioxidant

stress tolerance.

Keywords: Entomopathogenic fungi; Alknaes; Stress

tolerance: Gemination: virulence
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Reference Number/Granted Number: 31750110475

Budget Justification

PI:Shaukat Ali

Unit: 10, 000Yuan

Item Sum
No.
(1 2)
1 [. Direct Costs 40. 0000
2 1. Equipment 0. 0000
3 (1) Purchase 0. 0000
4 (2) Trial 0. 0000
5 (3) Modification and Rental 0. 0000
6 2. Materials and Supplies 14. 00
7 3. Test / Calculation / Analysis 8. 00
8 4. Power Consumption 0.00
5. Travel / Conference / International
9 ) 5. 00
Cooperation
10 6. Publication / Reference / Information 300
Dissemination / Intellectual Property '
11 7. Labour Cost 8.00
12 8. Consulting 0. 0000
13 9. Miscellaneous 2.00
14 II. Funding from other Source (s) 0. 0000
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ROMKH &, BNZ107 TR EF A EHATHFHERH, TREFEF MM T

Budget justification (Unit 10,000 Yuan)

I- Equipment: 0.00

II- Materials and supplies: 14.00

Including the materials for fungi cultural medium: agar, glucose, sucrose, Tween 80, yeast
extract, Glycine and L-Alanine, budget amount 20,000 Yuan;

The organic solvent for extraction including dichloromethane, hexane, hydrogen peroxide
methanol, ethanol, sulfuric acid, acetic acid, budget amount 20,000 Yuan;

The glass flasks, vial, Petri dishes, etc., Total budget amount 10,000 Yuan.

The inorganic reagent like EDTA, KH,PO,, NH4sNO;, MgS0O4, ZnSO,, FeSO,, MnSO,,
CuSOy, fatty acid methyl esters, Triton X-100, budget amount 10,000 Yuan

other standard reagent: B-NADH, Hexadecane, n-ocatcosane, n-tetracosane, and the bovine
albumin serum will be bought from Sigma (USA), budget amount 30,000 Yuan.

The analysis of protein, enzymes kits, including SOD, CAT, GSH-Px, LPO, etc., budget
amount 20,000 Yuan.

Other materials used for insect culture, biological study, fungal stains isolated, budget amount
20,000.

III-Test/calculation/analysis:8.00

The HPLC test cost, 100 Yuan per sample x 50 samples = 5,000 Yuan; the test fee including
the GC-MS fee, about 600 Yuan per sample x100 samples = 60,000 Yuan; data analysis fee
about 15,000 Yuan.

IV- Power consumption: 0.00

V- Travel / Conference / International Cooperation: 5.00

Details are as follows: (1) According to the needs of the project, in the collection of Plutella
xylostella, 3 times per year, an average of 3 days one time, each time 3 people,
accommodation and meals 350 yuan / day, transport costs 200 Yuan a day, insurance 5,000
Yuan, total 34,700 Yuan; (2) participate in the annual meeting of the Chinese Entomological
Society and the annual meeting of the Chinese Society for Plant Protection for project
researchers, including transportation and accommodation fees, 3 people per year, round-trip
transportation costs an average of 1,500 Yuan, 3 days, food subsidies 100 yuan / day,
accommodation costs 250 Yuan / person / day, a total of 6 people x [1,500 yuan (round-trip
transportation) +250 Yuan / Day x 3 nights (accommodation fee) +100 yuan / day x 3 days

(food subsidies and miscellaneous fees)] = 15,300 yuan.
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VI- Publication / Reference / Information Dissemination / Intellectual Property: 3.00
Includes the review fees, layout fees for publishing papers. For international SCI journals:
5,000 per article x 4 = 20,000 Yuan.

Purchase of refrence materials, printing charges and patent registration, 10,000 Yuan

VII- Labor Cost: 8.00

For PhD and master students participate in this research projects. For one PhD student, labour
cost are: 1 person x8months x2years x1250yuan per month= 20,000 Yuan; For three PhD

students, labor cost are: 3 person X10months X2years x1000yuan per month = 60,000 Yuan.
VIII- Consulting: 0.00

IX- Miscellaneous: 2.00

Management cost to be paid to the university 20,000 Yuan.

T H 5 N2 T BT A 5 WA 5 B 1 ) A
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Examination and Approval Form

Declaration

I hereby declare that I accept the
award from NSFC and will conduct the
research project (grand

number: 31750110475) and comply with
NSFC’ s regulations and rules. I will
ensure sufficient time and

cfforts, timely report of significant
cvents on the project. When the project
obtains the research achievements, it
will indicate that it is funded by the
National Natural Science Funds when it
is publicized.

Signature of PI
Date

Host institution’s consent

We are willing to act as the host
institution for the project. We will
comply with NSFC’ s regulations and
rules and be in line of our duty
including providing grantee’ s local
expenses, allowance, insurance and
necessary research facilities to ensure
the research activities related to the
project.

Stamp of the host institution

Date

Date

Decision of division of planning in the bureau of international cooperation

Signature of the representative

Decision of the bureau of international

Date

cooperation

Signature of the representative

Decision of the president

Date

Signature of the president
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2018 F1 M AP AIFT R REMESIH Bk
AN

COOPERATION AGREEMENT
RESESCESSERFLAKFE. BEE  BERNSREFERTNEERRZ
—ETHEFEESE RS, HSEIMBARNEE K AEREHEHNER 75

HERLAS (55| SCEFEFREAY (ZF ) BRARTHEL

Huanglong Ssesse csmsed a serious loss of citrus in Pakistan. According to the survey, one
of the mas cewses of Busnglong disease development is that citrus psylla have feed

seriously for yesrs I aefier w0 control citrus psylla and huanglongbing pathogen , after mutual

consultations. Soush Chms Agricultural University (Part A) and University of Sargodha,
Pakistan(Part B ) seacied the following agreement:

| HEZE ERESSEEE—HEARTRERRATRRA SN AR

| Subject - “Mesewcs snd Application of Sustainable Control Technology of Citrus psylla™

) ME=S88 ==FLAE  ARA : ShaukatAli

EFFSeS SESEFREAE  ARA: Muhammad Afzal

2. Unit Ome (O [ Sowth China Agricultural University, Director : Shaukat Ali

Unit Thres (Palismss T University of Sargodha, Pakistan , Director : Muhammad Afzal

5 REEE 74

(1) ES=SES=E=EERA2RalPgR (2) B Sabak , BERERA . =2
F(3) FESSESZEERATE (ER)

IZ Sgramre E 4 Signature:




3. Objective of the Project

(1) Provide a set of techniques and methods to control citrus psylla in Pakistan (2)
Popularize the techniques and cultivate talents (3) Develop or outpul these techniques and
products (devices)

4, SfEHIMR : 2018 F4 A 1 B2021 E3 A 31 B

5. BFABERREST

#@RlbRE (BE ) :

(1)JE B4R, TRARGEARE

(2) BIFHBAR BRSEENHEERER

(3 ) BIF#EARE LED ITHREA

(4) RICHBAIARLFEHITELRERA

(5) RAHERALEBFAERRERNARCRKEER
{ 6) BI#F L MEGHIAL BB LA BB IS B AR
(7) HEREDEREEASER

(8) HBARGEHEF~R (£E ) BRtEFEH
(9) EHBARMERERANTESHE

# 4 Signature: B4 signature:




EEFESFRSAR(Z25) :

(1) EEFSsEERFENRENE

(2)SASEEER LS DERERAR"R (¥R )

6. WERA

(1 SESASSESE oFEANTEMENERGE. MHRE. XBER.
%, B §EE cESrESEhEER oRATEE FIENTR (RE ), B
RAE.

(2 EESAER22% o BEAG KR AE RIFARER o BEATE KA
BAENFS=OSESFoSEBHAENNRRGHE,. NFRIREATEEEcBE
FEEANSER THAESN.

7. ERFRER

(i) HEZESEFFSENAREN , AERTES TER AN ARFNERER
. EEEET  EUTRE:

OEFRERMSRISENARSNAEREEEFE REHETRNDR=RFHE
PEAEEE

CEEEFRANARFONRKL, XS FESSFWHETRT , #A—FF8

FERE
FE Sgnature: S 4 Signature: |

b4
Jhmwwf | _ﬂ_;zi%z_




(i) IERRE[EREXEBERE , DHRARERAFEREEAAZTEE
R ERREmA NS,

8. M#HE : IRB/ANZAEHA  ARNEBURTABBXNAB S MK REE
TRERAHE  RERFEENEREFREANSH, DAY ZAAERER
BOFAEEFENHT

9. RE : RAENMARBORBANLE | AWAXBERBRERE.

All data and information shared by both Parties shall be considered confidential and
maintained in confidence subject to the terms of the Confidentiality.

10. AHR2017FSANBREN , FREE20215F3831H, DHFEENUADHURE

B, H-SREDEELSHEBE , FARERERRL , BITHXER.

Agreement executed by the Parties (the Confidentiality Agreement”) is dated May 31,
2017.The term of this Agreement shall be effective from the date of execution of March 31, 2017,
unless terminated sooner or later in accordance with the consents of both Parties contracts signed
by and between the Parties. The Parties will collaborate and negotiate the later contracts based on
the consents reached in this Agreement and in accordance with Project progress.

1L ADUARRIAEAREFER  BRAFAEEEND. AHU—ZAH , WEE
B=1.
The Agreement is made in two counterparts each in Chinese and English, each of which

shall be deemed equally authentic. The Agreement is in six (6) original copies for both parties,
each party holding three (3) copies.

% & Signature: 4 Signature:

pe et
Shouhe )™ P __;,_%‘—




Fh: 4FRLAS

2% . BEFEFERSEAE
Party B:University of Sargodha, Pakistan

Party A:South China mq{

| Depariment: Deparmment of Entomology, College of
| Agriculture

A A Shaukat Alf vi A A:Muhammad Afzal
Signature < Signature : ,/WE:—
2 RER il B¥RERERR

Department:  Department of Enfomology, College of |
Agriculture

R BFER
Job title: Associate Professor

|
RS BB |
Job title: Tenured Professor and Dean

KRRt : FE RS NTEARRILSISI 4R
RillAZE RERBERR 510642/
41 - 15918478202

E-mail : aliscau@scau.edu.cn

Address:Department  of Entomology, College of
Agriculture, South China Agriculural University, 483
Wushan Road, Guangzhou 510642, PR China,

Mobile : 15918478202

BRI BRFEFRIAASE | RER , 40100/

FH:
E-mail: chafzal64(@yahoo.com
Adds - Uni " of
Pakistan

Maobile: +92-300-7634963

192-300-7634963

Sargodha-40100,

B8 : 2017-05-31

Date:2017-5-31

B8 : 2017-05-31

Date:2017-5-31

Ny

S




FREMRUFTEFLFETEEEHE

E%Wﬁﬁ%%ﬂm

MEBFR: REWAEYRE THEE B hO @

59T 2015809090342

TR B KFERAL: [ HRHESAEY TEERAT
TR Bt AR @%Kﬂkﬁ%ﬁ

I H thEBRAL 5 3R - Shaukat Ali

B AR LT 15918478202

E-mail: aliscau@scau.cdu.en

EIRER: 2015 £ 1 B & 2017 = 12 B




— WHEEER

RN B EFA S ERMAENE R R R EAR R E R RS
HMEER EXFIREEAR. FRFBMURBENRA LN FEEE 28T
BAFENEEAF H, UEFKRT. RETLRE. RE5S HRERFRNE
FEURT KFEMERAETEER, ARBANKXBEAR. ZFEERFAEER
RBEARE, UERBREOSRAEHENHENRFAETNE, BRI HE
ERPFEREBENFTZRGHETEAR, HES IR ENE R RGN LW
AP, BEIBENBZERG T LEFDRKE KR,

EIRAENZERRGHRIRE, ARENFRERATTFEINA, R EDD
F A Y F R F AR UB AN T R RAH B e R HH%Z
AN RABRBTHR, imRMENERRGTRES, WRTFFHE, Rt
REENRGF L EWAEAR RABELENRGHEREENAFEENE
;

—. BFREAE

(1) BAEHFMHRXESES TN FRRERENENTIENAE. BN
£, ZARE; FRFARBREMANEE . WEHE. HEME.
PT RO HE B E RN T 5 T A 2RI B R 2 A
RRBEANERZFFABNRRERLTE, EEXREILEEA
SR E £ iR FEE.

(2) BAEMRE R ZERANERE FRERS FENELERR, PHER BB
AN RESERANE. REEESRRRERGEH. FAKHNEE
R, @R ZG 5  H0H R BEAR R




(3) FABMEDRGFRA QA H FAEETELR, RERHRERH
HEA, REFRSASOERREN, HERR. RINIEEHK.
BES SR P AT RETH, AHANTRTHAXANEKRETSFS
WAE. FRHERFTHL. ZEMRGAETANE, AUEEER
5 ARG ERNE S, A BB YR 2RI

(4) ARG IRUBAZRBEEAUT AR ETTURERBKE
Y TR EF X BRI LRE, REFFEREWERENLE,
FRHEME AR EEAAENER, EXFRRERE

=. T ERfEEIaR (RENEEINERBARTKTE, MR, RE

HIRBEFIEMFAL, PRFABNEZRITER -

HAMER: ¥FEA 129 ARAX 238, Sl #HEERAGEAT 1-2
A

AW BRONERGHERE, FIPALNEER, RFENSHE,
EBRERLASTEFHUMBNEEE, BOXAFHRGRE, AHNTR
BEAe, RPAXEE. FEARBREVRGEAENRATLIHBLL, R
FEFH K AR, B AGTRON, ZS0AAH R A SR R

. R

2015 4¢

(1) BRBETERTERE. RE5FHTE;
2016 4

(1) AL RAEAHLKBELY;

(2) REELFHHFZHELY;




(3) STRAEAE DB it 5 BR3P T4

(4) AN REHF R RIELEEF4;

2017 £E

(1) HIBRAE MR B3 7= i 471

(2) TEAY R E Bt K

(3) &%

Ik,

. PMERARABAR

ws | w | e 2| v g | (IO | EamEs
Sawkat | B 19800 f | /| BORA | Al 6 | MEHEHA
CBEN | B |vnEend | /| & Rl ke 6 MEHF
SRE | B 9BEBH | /| mEeE 4L A, 6 TEEF
EXR | B 19824008 | / | BEOER | emil 6 T AT
W | & 1989406 H | /| it el | s BH&F
B | B 1990%12A | / | mtE el Aoy 8 e
W % 19wERA ]| /| Bk i,@r{[D"“[ 5 HE AT

N BMEZE

LRRHT AR, BIRAHRE &K 50 AI78, HA1 2016 4E 40 T, 2017 4
107 RRLRAE R FRE 33 T,




4. EFHEREN

PMERAT S TR AR,

BAR AL TN RS R I R R e A NSRRI L1
B REAFMEMEEE, BHRESTm g0
DRTUH H 5.

4

m@%&ﬁﬁk<%$>kﬁmwf4€;

R,

WM E ) REBRGG 5300 0 Fihizz

TH AR




Wbk SRmEE
- EERSUTER, BRAERIRA 50 7T, H 2016 4E 40 T, 2017 4
10T BB B T R B T

FRYVCTT BEAR X LR % Tl a7

Hbbk. | Hihk: TN R F 1L % 483 &
WtE15

HREIZRAS:  |529900 HREZRAS:  |510642

R i

& H £ H:

BT E4: HFE4E:

FFERL: || A BBl Lo AT TR R
T HRRARNEERTRBERA ) ) _
%Fﬁﬁ:_ﬁ FEPHRAT: | T RT3

k5 |80020000003033499 S 3602002609000310520




BRINTHE (i) SHBEA: 50.00 o
mERE WHZ% | MELH HE%RE CIVE TN

(—) HE#HA 0 0

1. &#&% 45. 00 15. 50 14. 00 0

Hep: WERLH 45. 00 15. 50 14. 00 0

3. k% 161. 00 9.75 141. 50 0

4. WRAR N T %% 45. 00 10. 00 25. 00 0

5. RBlEh % 0 0 0 0

6. ZEik# 29.10 4. 00 21.10 0

7. B 3. 50 1.00 1.50 0

8. Eil# 1.2 0 0 0

9. ERREESTRE 0 0 0 0

10. TS 0 0 0 0
11. HRR/ ST/ 15 B A48/ 4R

o 10.3 3.25 3.80 0

12. AR#% 40. 80 1. 50 37.80 0

13. BEREWH 7.24 0. 50 6. 24 0

14. HEHRA GREHEARR) 0 0 0 0

() [ 9. 00 13.94 0 0

He. RS S 5.00 2.50 0 0

Ky B RS, B 4.00 2. 00 0 0

XHE A | 352.14 50. 00 252. 14 0




)
2 A




ARG : 10564 ¥ 5. 20173089010
4 K 5 54356 %

B EXh4 kg
i+ % 45 % X

SO KR EEMRAREE LN EEBESE
TIE AT i%

=

MR E

BE—REHM: ShakatAl BIFFAR
BRI

¥ B £ W RE¥ER

BN EARH . REL

A . HEYRE
EMBEREER: KUK #®

HFE e M
2020 “E 6 B




ERAHS: 10564

4 2% 5. 8482.39

@%%krfé
A+ % 45 # X

35 tREBE EE L E R XTHIEMH B =5 HE kA
SRR

: 20183138045

B¥ dE
Jn

=

i EE R

B—WSEHIM: ShaukatAli IR R
B_REENT:

F OB OB R EOERER

T EAMRA: RLAFAL

A B BRI SEE
EMEREER: #HF

HE- M
2021 &£ 6 B




2% B 5V 8 3L

FR-IEH R BE AR T B ECH R B xRS A & Sl E

RLLE
201514090505

¥ S#T  Shaukat Ali BIFFSER

F BB W RER Tl & K EBRE

WIXRZ HH#A 20194 5 H 5 H I B H £ H H




¥hit it
AL

Fek-REESRN TR REERE KNS N E

&
201514090426

£ S#T ShaukatAli BIFFRR

¥ OB A K ORER T Wk B R EMRE

WIXIRAZHE 201945 A5 H WXERMHE 201945 H17H




¥Fhix k¥

2 Bt B b i 30

FHhH-BARERSRE TFHHYRBRNBANERE KB BN
20

TRE

201514090323

§S%If Shaukat Ali BIFF5L R

22

EHIRP (RERES
¥ O & W : L v & o
B 58M5ED
IR H #A 201945 A5 H WA H B £ H H




Fhixx#

2= Bt B b i 3C

RO R SUBIR S BE I 2 % LB IR S A0S BRI

R
201614130105

H3#UT  Shaukat Ali BIFFRRA

¥ B4 B g Tl s R mmme T me

WXRZEH 20204 5 A 23 WXEREN 20044 5 5 27




