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Abstract
Background and Objectives: The entomopathogenic fungi are convenient and safe source for the controlling of plant sap sucking insects.
So,  this  study  aimed  to  investigate  the  field  control  efficiency  of  entomopathogenic  fungi  against  Aphis  gossypii  Glover
(Hemiptera: Aphididae) and to assess effects of environmental factors such as relative humidity and temperature on the pathogenicity
of fungi. Material and Methods: Based on previous studies an optimum concentration of 1×107 conidia mLG1 was sprayed on
Pittosporum tobira  plants. The declining percentages of insects were calculated by the online percentage change calculator. Whereas,
level of significance among treatments were obtained by Tukey test using Minitab software at a significance level of p<0.05. Results: Both
fungi  Isaria  fumosorosea  strain (Ifu-13a) and  Beauveria  bassiana  strain (Bb-202) showed high pathogenicity against  Aphis  gossypii.
The maximum reduction of 95 and 91% in insect population was noticed in Ifu-13a and in the Bb-202 treatment, respectively, after 6 days
of application of fungal conidia. Conclusion: A good field control indicates that the entomopathogenic fungi have a strong ability to
induce an epizootic fungal disease in targeted insects and provide efficient control under favorable environmental conditions.
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INTRODUCTION

Aphis gossypii  Glover (Hemiptera: Aphididae) is one of
the most destructive insect pests of vegetables, agricultural
field crops and forest trees worldwide1-4. Nearly 1,100 aphid
species, belonging to 268 genera, are known in China5. Their
short lifecycle and ability to produce many generations
through  asexual  reproduction  is  another  cause  of  high
aphid  populations6.  For  example,  A.  citricola  can  produce
15-18 generations/year and it causes severe losses to host
plants in the spring and autumn, while A. gossypii can
produce up to 60 generations/year under favourable
conditions. Aphids attack more than 400 host plants and may
contribute to up to 90% of crop losses, depending on the
infestation rate and crop stage7-9. Damage occurs either
through the sucking of sap from the host plant leaves or by
transmission of various viral diseases10. Both, adults and
nymphs, feed on plant tissues by the insertion of a needle-like
stylet and sucking the phloem content from the vascular
system  of  the  host  plant.  Toxins  present  in  the  saliva  can
cause concurrent thickening, crumbling and downward
curling of leaves11,12.

In recent decays entomopathogenic fungi are being
considered as promising biocontrol agents of many insect13.
These fungi can be found naturally in most of the regions
worldwide either below or above the ground level14. And used
in inset control as alternatives to synthetic insecticides, these
insect pathogenic fungi are relatively safe to human, non-toxic
to non-target insects and environment15,16. It is estimated that
about 1,000 entomopathogenic fungal species are known
worldwide17,18.  They  represent  a  large  portion  of  current
bio-pesticide in the market worldwide19.

More than 100 conidia based insecticides are registered
in the market17. And being used against various insect control
associated with agricultural crops and forest trees, also control
some other parasitic microbes20,21. These insecticide kill’s
targeted insects by coming into contact with the fungal
conidia either by fine spray droplets or by moving on a
sprayed area. The virulent spores attached to host insect’s
cuticle and penetrate into the insect’s body, it takes few days
to infect susceptible host till its death. The germinated spores
on the infected host cadaver acts as a secondary source of the
fungus in the field22,23. Pathogenicity and infection efficiency
of fungi depends on many factors such as the host species, life
stage, environmental conditions24,25.

Generally  farmers  rely  on  chemical  insecticide  for
insect control to minimise crop losses26,27. Of these chemicals

pose severe adverse effects not only on human beings but
also on non-target organisms28-30. Beside that their frequent
use also cause insect resistance against certain insecticidal
formulations31,32.

As a consequence, safe alternative strategies are required
for the control of insects to minimize the crop losses and
reduce the environmental pollution caused by synthetic
pesticides. These adverse stress emphases the need of
efficient and safer insect control strategies, in current era of
insect control rather than using inorganic insecticides to
manage insect pest in field crops and in forest ecosystem.
Therefore, considering the above problems the present study
was aimed to investigate the pathogenicity of fungi, Isaria
fumosorosea  Ifu-313a and Beauveria bassiana  strain Bb-202
against Aphis gossypii  in open field condition to obtain a
highly virulent fungal stain to control pest population and
minimise the use of chemical pesticide.

MATERIALS AND METHODS

The experimental trail was carried out in the garden of
Anhui Agricultural University, Hefei, China, in September, 2017
to investigate the pathogenicity of entomopathogenic fungal
species Isaria fumosorosea Ifu-13a and Beauveria bassiana
strain Bb-202 against Aphis gossypii  Glover.

Preparation formulation of Insect pathogenic fungi: The
entomopathogenic fungal species I. fumosorosea  Ifu-13a and
B. bassiana  strain Bb-202 were selected after screening initial
lab bioassay test published data33,34, which were obtained
from the Research Center on Entomogenous Fungi (RCEF)
Anhui Agricultural University, Hefei, China. The fungal strains
were originated from the Aleyrodidae (Hemiptera) and
Cerambycidae (Coleoptera) species respectively and preserved
at -70EC prior to use. About 200 µL of the conidial suspension
were inoculated to sabouraud dextrose agar in 9 cm diameter
Petri dishes, comprising agar (20 g), peptone (10 g) and
dextrose (40 g) and kept at 24±1EC in an incubation chamber
for 12 days. Fully-grown conidia were harvested from the
upper  surface  of  the  culture  by  scraping  and  diluted  in  a
500 mL conical flask containing 300 mL 0.05% Tween 80. The
flask containing the conidia were homogenised a vortex  for
15 min. The diluted conidia were filtered through a sterile
muslin cloth into a sterile beaker. A suspension was adjusted
to defined concentrations using a hemocytometer and a
microscope. Conidial suspension was standardised at 1×107

conidia mLG1.
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Fig. 1(a-c): (a-b) Experimental field

Site selection and fungal inoculation procedure: To evaluate
the  pathogenicity  of  2  fungal  isolates  I.  fumosorosea  and
B. bassiana  for this purpose the infested Pittosporum tobira
plants were chosen which were grown in the garden of Anhui
Agricultural University, Hefei, China. Overall 3 treatments were
conducted. For each fungal treatment, the 10 plants were
selected and same numbers of plants were selected for
control. And each treatment was 10 times replicated About
300 replications were done in this experiment. The selected
plant branches were checked for aphid infestation and
selected for the treatment. To make sure easy count of aphid
population the only the 50 aphids were left on one treatment
while other aphids were removed from the branch of plant
with help of a small chines soft brush. To avoid the attack of
predator the branches covered with plastic bags and close
with help of stapler punch machine. To avoid the suffocation
of the insect’s the tiny holes were made on the tope of plastic
bags for air crossing with help needle. An optimum rate of
1×107  conidia  mLG1  was  selected  for  target  insect  control.
The conidial spores were sprayed on treated plants while
control was treated with distal water. The data were recorded
at 3 days interval (Fig. 1).

Statistical  analysis:  The  declining  percentage  in  insect
population  was  calculated  by  online  percentage  change
calculator by using equation:

nn on 100
on
 

Where:
C First: Work out to compute the difference (increase)

between the numbers as:
C Increase = New number-original number
C Then: Increase number is divided by the original number

and answer multiplied by 100:

IncreaseIncrease (%) = ×100
Original number

https://www.skillsyouneed.com/num/percent-change.html.
Data further analysed by performing one way-ANOVA,
followed  by Tukey  test  to  compare  the  means  of  the
treatments using Minitab software version 18.0 at p<0.05.
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RESULTS

Both   myco-insecticides   based   on   B.   bassiana    and
I. fumosorosea  showed a significant control in the open field
condition  Fig.  2.  The  environmental  conditions   played   an

important role in causing fungal infection, data shown in the
(Table 1). A cloudy weather and rainfall increased the relative
humidity, promote the fungal disease development and
mycelial growth on dead insect cadavers (Fig. 3). The
maximum  reduction  percentage  in  aphid  population  was

Fig. 2: Mean populations of A. gossypii  on different treatments in open field
Means that do not share a letter are significantly different at 0.05 levels

Fig. 3(a-d): Infected  cadavers  with  mycelial  growth  found  on  host  plant  during  data  collection, (a-b)  Mycelial  growth  on
A. gossypii  cadavers caused by I. fumosorosea  and (c-d) Mycelial growth on B. bassiana
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Table 1: Weather conditions in the month of September in the year, 2017
Parameters Values
Average rainfall (days) 8.8
Average rainfall (mm) 74.6
Average humidity 78%
Average max temperature 27.3EC
Average min temperature 19.3EC
Average UV light index 9.0
Sun shining 5.2 h
Daily light duration 12 h
Source: Weather data is obtained from https://www.weather-atlas.com/en/
china/hefei-weather-September

noticed in both treatments. The initial decline of 27.2% was
observed on 3rd day and 95% on 6th day in I. fumosorosea
treatment.   While   B.   bassiana   showed   28.6%   decline   on
3rd day and 91.2% on 6th  day,  respectively.  While  over  than
100% increase in insect population was observed in control
treatment (Fig. 2). However, statistical results revealed that
there was no significant difference between fungal treatments
(Df = 2, F = 18.1, p = 0.001), while both treatments were
significantly different from the control.

DISCUSSION

As we observed that both fungi have good control
against targeted insect. The environmental condition
especially high relative humidity and favourable temperature
favoured the fungal infection process. The initial 27-28%
decline in insect population on 3rd day in insect population
indicated that the conidia based insecticide greatly effect on
targeted insect. That provided a pathway for fungal infection
and stopped further development and reproduction process
of target insects.

Lin  et  al.35  conducted  an  experiment  on  different
environmental  conditions  and  reported  that  infection
process and spore germination of B. bassiana on the larvae of
Dendrolimus  punctatus,  was  highly  influenced  by
environmental factors and found that temperature above then
10EC and over 92% relative humidity was suitable and ideal
environmental   condition   for   fungal   infection.   Similarly,
Cui et al.36 studied the pathogenicity of B. bassiana  by placing
Spodoptera exigua  larvae at different relative humidity and
temperature levels. Their results suggested that temperature
ranged from 24~27 and relative humidity over than 90% were
high infectious to target insect and provide a good control.
Whereas, Mishra et al.37 reported that B. bassiana  infect both
adult and larvae of house fly and caused 100% mortality at RH,
90 and 100% at temperature of 30EC.

During the field experiment the weather condition was
cloudy after the 48 h application of fungal conidia it was a
slow rained which increased the relative humidity and
enhanced the fungal infection. The fewer decline percentage

was recorded in aphids’ population on 3rd day after
application of conidia. However no dead insect with mycilial
growth was found.  A  sudden sharp decline was noticed on
6th day after application of conidia. Whereas, Ali et al.38

reported that fungal conidia need time to penetrate in host
cuticle after in host cuticle the infection process need 3-5 days
to kill the host and conidia were produced on the cadaver39.

As we observed that high relative humidity favoured the
fungal infection process and a decline of 27-28% was
observed in ifu-13a and Bb-202, respectively in treated plots
on 3rd day, while over 31% increase was observed in control
treatment.  The  decline  in  insect  population  indicated  that
the  conidia  effect  positively  and  at  initial  stage  fungal
infection  stopped  the  growth  and  reproduction  process  of
the target insects.

Similar results were reported by Tooyama et al.40 that
initial time 48-82 h are most important for fungal infection
process.  Nearly  90%  conidial  germination  was  observed  in
B. tabaci  population exposing them in 99% relative humidity
for 48-82 h. From the results it was concluded that the
favourable environmental condition helped in fungal infection
process and conidial germination. The both fungal strain
showed strong control against target insect.

CONCLUSION

Both fungal strains showed strong pathogenicity to target
insects. Relative humidity played key role in fungal infection
and posed a great influence on the fungal pathogenicity and
ensured a successful fungal disease development in targeted
insect population.

SIGNIFICANCE STATEMENT

This study will help the researcher to understand the
control efficacy of entomopathogenic fungi as a strong
alternative candidate to chemical pesticide with least harmful
effects on non-target organisms, as well as range of
environmental condition. Furthermore the entomopathogenic
fungi can be safely used in integrated pest management as
microbial control agent against sucking insects.

ACKNOWLEDGMENTS

The authors would like to thanks, Provincial Key
Laboratory of Microbial Control, Anhui Agricultural University,
Hefei, China for providing fungal strains. This work is
financially supported by The National Natural Science
Foundation Project of China Grant No. 31471822.

24



J. Entomol., 17 (1): 20-26, 2020

REFERENCES

1. Wu, H., Y. Li, S. Ding and H. Li, 2007. Risk analysis of woolly
apple aphid (Eriosoma lanigeru (Hausmann)), an alien
invasive species, in China. J. Shanxi Agric. Univ. (Nat. Sci. Edn.),
4: 368-371.

2. Lordan, J., S. Alegre, F. Gatius, M.J. Sarasua and G. Alins, 2015.
Woolly  apple  aphid  Eriosoma  lanigerum  Hausmann
ecology and its relationship with climatic variables and
natural enemies in Mediterranean areas. Bull. Entomol. Res.,
105: 60-69.

3. Chen, X., M. Tie, A. Chen, K. Ma and F. Li et al., 2017. Pyrethroid
resistance associated with M918L mutation and detoxifying
metabolism  in  Aphis gossypii  from  Bt  cotton  growing
regions of China. Pest Manage. Sci., 73: 2353-2359.

4. Lu, Z.Y., W.X. Liu, H.F. Ran, Z.G. Qu and J.C. Li, 2013.
Investigation of the population dynamics of Eriosoma
lanigerum and its parasitoids Aphelinus mali in apple
orchards in Central Hebei. J. Agric. Univ. Hebei, 36: 87-91.

5. Liu, Z., X.L. Huang, L.Y. Jiang and G.X. Qiao, 2009. The species
diversity and geographical distribution of aphids in China
(Hemiptera, Aphidoidea). Acta Zootaxon. Sin., 2: 277-291.

6. Zhang, Y., D. Li, G. Chen and G. Zhang, 1997. Studies on the
population   dynamics   of   spirea   aphid   in   apple   yard.
Acta Agric. Univ. Henanensis, 31: 197-200.

7. Rana,  J.S.,  2005.  Performance  of  Lipaphis  erysimi
(Homoptera: Aphididae) on different Brassica species in a
tropical environment. J. Pest Sci., 78: 155-160.

8. Hossain,  M.A.,  M.K.  Maiti,  A.  Basu,  S.  Sen,  A.K.  Ghosh  and
S.K.  Sen,  2006.  Transgenic  expression  of  onion  leaf  lectin
gene in Indian mustard offers protection against aphid
colonization. Crop Sci., 46: 2022-2032.

9. Dutta, I., P. Majumder, P. Saha, K. Ray and S. Das, 2005.
Constitutive     and     phloem     specific     expression     of
Allium sativum  leaf agglutinin (ASAL) to engineer aphid
(Lipaphis erysimi ) resistance in transgenic Indian mustard
(Brassica juncea). Plant Sci., 169: 996-1007.

10. Ghosh, A., S. Chakrabarti, B. Mandal and N.K.K. Kumar, 2017.
Aphids    as    Vectors    of    the    Plant    Viruses     in     India.
In: A Century of Plant Virology in India, Mandal, B., G.P. Rao,
V.K.  Baranwal  and  R.K.  Jain  (Eds.).  Springer,  Singapore,
ISBN: 978-981-10-5671-0, pp: 515-536.

11. Sekhon, B.S., 1999. Population dynamics of Lipaphis erysimi
and  Myzus  persicae  on  different  species  of  Brassica.
Proceedings of the 10th International Rapeseed Congress,
September 26-29, 1999, Canberra, Australia.

12. Mossler, M.A., 2005. Florida crop/pest management profile:
Specialty brassicas (Arrugula, Bok Choy, Chinese Broccoli,
Chinese Mustard, Napa). Document No. PI-70, Pesticide
Information Office, University of Florida, Gainesville, FL., USA.,
November 2005.

13. Biswas, C., P. Dey, B.S. Gotyal and S. Satpathy, 2015. A method
of multiplex PCR for detection of field released Beauveria
bassiana, a fungal entomopathogen applied for pest
management in jute (Corchorus olitorius). World J. Microbiol.
Biotechnol., 31: 675-679.

14. Augustyniuk-Kram, A., I. Mazurkiewicz, K.J. Kram and G. Uss,
2013. Species structure of entomopathogenic fungi in the soil
of Jata Nature Reserve. Sylwan, 157: 572-577.

15. Loc, N.T., V.T.B. Chi, P.Q. Hung and N. Thi, 2002. Effect of
Beauveria bassiana and Metarhizium anisopliae on some
natural enemies of rice insect pests. Sci. Technol. J. Agric.
Rural Dev., 6: 490-493.

16. Wu, S., Y. Gao, Y. Zhang, E. Wang, X. Xu and Z. Lei, 2014. An
entomopathogenic strain of Beauveria bassiana against
Frankliniella occidentalis  with no detrimental effect on the
predatory mite Neoseiulus barkeri: Evidence from laboratory
bioassay and scanning electron microscopic observation.
PLoS ONE, Vol. 9. 10.1371/journal.pone.0084732.

17. Jaronski, S.T., 2010. Ecological factors in the inundative use of
fungal entomopathogens. BioControl, 55: 159-185.

18. Shang, Y., P. Feng and C. Wang, 2015. Fungi that infect
insects:  Altering  host  behavior  and  beyond.  PLoS  Pathog.,
Vol. 11. 10.1371/journal.ppat.1005037.

19. Muniz-Paredes, F., F. Miranda-Hernandez and O. Loera, 2017.
Production of conidia by entomopathogenic fungi: From
inoculants to final quality tests. World J. Microbiol.
Biotechnol., Vol. 33, No. 3. 10.1007/s11274-017-2229-2.

20. Kajuga,   J.,   A.   Hategekimana,   X.   Yan,   B.W.   Waweru   and
H.  Li  et  al.,  2018.  Management  of  white  grubs
(Coleoptera:   Scarabeidae)   with   entomopathogenic
nematodes in Rwanda. Egypt. J. Biol. Pest Control, Vol. 28.
10.1186/s41938-017-0003-2.

21. Medo, J. and L. Cagan, 2011. Factors affecting the occurrence
of entomopathogenic fungi in soils of Slovakia as revealed
using two methods. Biol. Control, 59: 200-208.

22. Sevim, A., I. Demir, E. Sonmez, S. Kocacevik and Z. Demirbag,
2013.    Evaluation    of    entomopathogenic    fungi    against
the  sycamore  lace  bug,  Corythucha  ciliata  (Say)
(Hemiptera: Tingidae). Turk. J. Agric. For., 37: 595-603.

23. Long, D.W., E. Groden and F.A. Drummond, 2000. Horizontal
transmission of Beauveria bassiana  (Bals.) Vuill. Agric. For.
Entomol., 2: 11-17.

24. Sosa-Gomez, D.R. and S.B. Alves, 2000. Temperature and
relative  humidity  requirements  for  conidiogenesis  of
Beauveria       bassiana       (Deuteromycetes:       Moniliaceae).
An. Soc. Entomol. Bras., 29: 515-521.

25. Bai, Y., Y. Cui, N. Cao, Y. Liu, G.A. Bugti and B. Wang, 2016.
Effects of humidity and temperature on the pathogenecity of
Beauveria bassiana  against Stephanitis nashi  and Locusta
migratoria manilensis. Chin. J. Biol. Control, 32: 735-742.

25



J. Entomol., 17 (1): 20-26, 2020

26. Bruck, E., A. Elbert, R. Fischer, S. Krueger and J. Kuhnhold et al.,
2009. Movento®, an innovative ambimobile insecticide for
sucking insect pest control in agriculture: Biological profile
and field performance. Crop Protect., 28: 838-844.

27. Zhang,  G.F.,  F.  Xia,  J.L.  Shao  and  R.  Xu,  2014.  Study  on
control   effect   of   several   pesticide   granules   rose   aphid.
Sci. Technol. Eng., 14: 197-199.

28. Alavo,  T.B.C.,  2015.  The  insect  pathogenic  fungus
Verticillium lecanii  (Zimm.) Viegas and its use for pests
control: A review. J. Exp. Biol. Agric. Sci., 3: 337-345.

29. Antwi, F.B. and G.V.P. Reddy, 2015. Toxicological effects of
pyrethroids on non-target aquatic insects. Environ. Toxicol.
Pharmacol., 40: 915-923.

30. Baffour-Awuah,    S.,    A.A.    Annan,    O.    Maiga-Ascofare,
S.D.    Dieudonne,    P.    Adjei-Kusi,    E.    Owusu-Dabo    and
K.  Obiri-Danso,  2016.  Insecticide  resistance  in  malaria
vectors  in  Kumasi,  Ghana.  Parasites  Vectors,  Vol.  9.
10.1186/s13071-016-1923-5.

31. Cho, J.R., Y.J. Kim, K.J. Hong, J.K. Yoo, J.O. Lee and Y.J. Ahn,
1999.   Resistance   monitoring   and   enzyme   activity   in
field-collected populations of the spiraea aphid, Aphis
citricola  Van der Goot. J. Asia-Pac. Entomol., 2: 113-119.

32. Wang, K.Y., T.X. Liu, C.H. Yu, X.Y. Jiang and M.Q. Yi, 2002.
Resistance of Aphis gossypii  (Homoptera: Aphididae) to
fenvalerate and imidacloprid and activities of detoxification
enzymes   on   cotton   and   cucumber.   J.   Econ.   Entomol.,
95: 407-413.

33. Bugti, G.A., C. Na, W. Bin and L.H. Feng, 2018. Control of plant
sap-sucking insects using entomopathogenic fungi Isaria
fumosorosea  strain (Ifu13a). Plant Prot. Sci., 54: 258-264.

34. Bugti, G.A., W. Bin, H.F. Lin, C. Na and L.H. Feng, 2018.
Pathogenicity  of  Beauveria  bassiana  strain  202  against
sap-sucking insect pests. Plant Protect. Sci., 54: 111-117.

35. Lin, H., M. Fan, Z. Li and C. Hu, 1998. Pathogenic effect of
Beauveria  bassiana  infected  on  Dendrolimus  punctatus
under        different        temperature        and        humidity.
Chin. J. Applied Ecol., 9: 195-200.

36. Cui,   J.H.,   Z.J.   Tan   and   H.T.   Chen,   2012.   Pathogenicity
of  Beauveria  bassiana  to  Spodoptera  exigua  larvae  at
different  temperature  and  humidity.  Acta  Agric.  Jiangxi,
24: 41-43.

37. Mishra, S., P. Kumar and A. Malik, 2015. Effect of temperature
and humidity on pathogenicity of native Beauveria bassiana
isolate    against    Musca    domestica    L.    J.    Parasitic    Dis.,
39: 697-704.

38. Ali, S., Z. Huang, S. Zou, M.H. Bashir, Z. Wang and S. Ren, 2012.
The  effect  of  insecticides  on  growth,  germination  and
cuticle-degrading enzyme production by Isaria fumosorosea.
Biocontrol Sci. Technol., 22: 1047-1058.

39. Fytrou, A., P.G. Schofield, A.R. Kraaijeveld and S.F. Hubbard,
2005. Wolbachia  infection suppresses both host defence and
parasitoid counter-defence. Proc. R. Soc. London B: Biol. Sci.,
273: 791-796.

40. Tooyama, H., S. Mukawa, S. Numata and H. Kawamata, 2013.
Investigation of high humidity requirement for infection of
Bemisia  tabaci  (Hemiptera:  Aleyrodidae)  by  two
entomopathogenic  fungi,  Beauveria  bassiana  and
Lecanicillium  muscarium.  Jpn.  J.  Applied  Entomol.  Zool.,
57: 27-34.

26


	Journal of Entomology-Letter Size.pdf
	Page 1


