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Whitefly, Bemisia tabaci, has become a notable pest impacting cotton on a global scale. Despite the 
development of transgenic cotton strains that display improved resistance to numerous insect pests, they 
have not adequately dealt with the challenge posed by growing menace i.e B. tabaci. In the current study, we 
assessed nine different transgenic cotton genotypes; FH-492, FH-444, FH-152, FH-5096, FH-Lalazar, FH-
326, FH-490, FH-494 and FH-142 in field to examine how the population of B. tabaci fluctuates throughout 
the seasons and also check the oviposition preference by genotypes in semi natural conditions. None of 
these varieties remained free from B. tabaci population throughout the crop duration, but they exhibited 
notable variations in population levels over the months. The emergence of B. tabaci populations began in 
the first week of June, with a substantial increase that surpassed the economic threshold level (ETL) of 5 
nymphs/adults per leaf during the last week of July. A significant surge in population was observed from 
July to August, reaching its peak in August. Genotype FH-494 (4.1/leaf) displayed significantly lower 
mean populations per plant during the peak activity period of pest while FH-lalazar (10.9/leaf) presented 
the highest population. In case of oviposition preference FH-494 and FH-326 were the least preferred 
genotypes with mean egg lying (62.11, 69.66) and (86.88, 85.9) during July and August, respectively.

INTRODUCTION

Agriculture plays a vital role in the economies of many 
countries, particularly in developing nations, with 

cotton being one of the key crops in this sector (Ahmad et 
al., 2017; Abbas and Ahmad, 2018). In certain countries, 
cotton is referred to as white gold due to the significant 
revenue it generates (Ali et al.,  2014). Pakistan is a 
major producer and consumer of cotton, the indus valley 
civilization is where the earliest known cotton cultivation 
has been traced (Ahmad et al., 2018; Ali et al.,  2014). 
Fifteen percentage of the country’s land is dedicated to 
cotton cultivation. The average cotton yield per hectare 
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are remain below average due to factors; such as insect 
pest infestation, improper fertilizer management, water 
scarcity and weed encroachment (Rehman et al., 2017). 

The whitefly, Bemisia tabaci (Gennadius) 
(Homoptera: Aleyrodidae), emerges as a significant 
pest responsible for crop damage through direct feeding 
(Nwezeobi et al., 2020). It leads to yield reductions, 
contaminates produce and cotton lint with honeydew, and 
transmits plant pathogenic viruses. It has the potential to 
cause losses of up to 60% in seed cotton yield (Khan and 
Wan, 2018).

Out of the over 1,500 identified species of B. tabaci 
(Martin and Mound, 2007). It is recognized as world widely 
one of the destructive pest to agriculture crops (Nauen et 
al., 2014). The pest cause direct harm to plants by feeding 
on them and also causes indirect damage, particularly by 
transmitting various viruses. In severe cases impact can lead 
up to 100% of crop loss (Lourenção et al., 2015). B. tabaci 
is notable for its extensive polyphagous behavior, as it can 
infest a broad spectrum of plant species, encompassing 
agricultural crops, ornamental plants, vegetables and even 
weed species (Abd-Rabou and Simmons, 2010). Due to its 
wide array of hosts and remarkable adaptability to diverse 
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environments, it is considered one of the most invasive 
and widespread cryptic species in the world (Sani et al., 
2020). It has a significant track record of displacing native 
cryptic species over an extended period (Wang and Yang, 
2017). As a multivoltine insect that doesn’t enter inactive 
phases or diapause, B. tabaci population thrive year-round 
by continuously utilizing various hosts. Its dispersal is key 
to its ability to colonize diverse environments (Naranjo et 
al., 2010).

Especially considering that cotton is the second 
most extensively grown crop in the country. Therefore, 
understanding the interaction between the pest and 
its host crops is essential for grasping the population 
dynamics of this insect and for developing effective 
management strategies in agriculture.The current study 
was planned to evaluate cotton genotypes under field 
conditions to understand population dynamics in relation 
to native climatic conditions and oviposition preference 
by genotypes in semi natural conditions. The findings will 
provide valuable insights for growers to better comprehend 
the B. tabaci trend and devise effective solutions.

MATERIALS AND METHODS

Crop cultivation and land preparation
Nine cotton genotypes were used in this experiment. 

Seeds of Bt-Cotton varieties ((FH-142, FH-444, FH-152, 
FH-5096, FH-Lalazar, FH-326, FH-490, FH-494, FH-
492) were obtained from the Cotton Research Institute, 
Ayub Agriculture Research Institute, Faisalabad, Pakistan. 
Sowing was done by dibbling method in early May 
conducted at Research Area of Entomological Research 
Institute, AARI, Faisalabad, Pakistan (31.4140 N, 73.0487 
E), employing a randomized complete Block Design with 
three replications. Field was distributed into 18 plots, each 
with size of 6m × 4m and 1m space was maintained among 
plots. Plant to plant and row to row distances were set at 
22.5cm and 76 cm, respectively. Weeding was carried out 
throughout the crop season to prevent any competition 
between the crop and weeds for nutrients, light, water and 
space. Standard agronomic practices, including fertilizer 
and irrigation application, were adhered during the season 
as per the crop’s requirements and no plant protection 
measures were employed to manage B. tabaci infestation.

Data recording
Data was gathered on a weekly basis by randomly 

selected, five plants from each replicate, to count B. 
tabaci in lower, middle and upper sections of eachplant 
(Akhtar et al., 2004). The observations were made during 
early morning by gently tilting the cotton leaves without 
any disturbance to B. tabaci, as during the early morning 

hours B. tabaci are least active. The mean population 
was employed to assess the varietal response to B. tabaci 
populations. Meteorological data, related to humidity, 
rainfall and temperature were sourced from the Pakistan 
Meteorological Department in Islamabad. 

Oviposition preference
The experimental genotypes were cultivated in 

earthen pots filled with a mixture of soil and farmyard 
manure in a 1:1 ratio until they reached a standardized 
stage with 06 leaves, following the method described by 
Jindal et al. (2009). To prevent any external infestation by 
B. tabaci, the pots were placed in a screened enclosure. 
The plants received daily watering. Each genotype was 
represented by five plants randomly positioned within the 
screen house, totaling five replications. Pairs of B. tabaci 
(males and females), sourced from B. tabaci colonies 
maintained on unsprayed cotton plants in a separate 
screened enclosure were collected. The B. tabaci were then 
released onto the test genotypes, ensuring equal access to 
all plants, with 10 pairs released per plant.

Data for egg count was recorded on weekly basis. 
Five plants from each replicate were selected and two fully 
developed leaves from the apical part of each plant were 
collected. These leaves were placed in transparent bags and 
sent to the microscopy laboratory for B. tabaci egg count. 
One leaf was used to evaluate the total egg count, while 
the other was used for trichome counts. To standardized 
the observed area, two 4.9 cm² leaf disks were taken from 
the leaf and trichomes were counted using a stereoscopic 
microscope at 40x magnification.

Statistical analysis
The data of adult population and oviposition were 

analyzed using Statistix 8.1 software, employing analysis 
of variance (ANOVA) and the Tukey’s honest significant 
test (HSD) test at a 5% probability level. Correlations 
were computed to explore the potential impact of abiotic 
parameters on B. tabaci population. 

RESULTS AND DISCUSSION

Oviposition preference
The result of oviposition preference of B. tabaci 

during the month of July and August represents significant 
differences between tested genotypes (Table I). The first 
week observations after release of the B. tabaci represent 
the maximum number of eggs laying was recorded on FH-
lalazar (105.27) and minimum on FH-494 (32.61) followed 
by FH-326 (64.01). The genotypes FH-444, FH-490 and 
FH-492 were statistically at par. After the 3rd week, the egg 
laying remains highest on FH-lalazar while low level of
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Table I. Ovipositional preferences by Bemicia tabaci on cotton gentoypes during July and August 2021.

Genotypes Eggs laid/leaf (Mean number (± S.E) (week after plant germination)
1st 2nd 3rd 4th

July 2021
FH-142 68.83±3.20 cd 126.17±5.04 c 143.13±2.11 c 94.31±1.67 d
FH-444 72.00±5.53 c 140.1±2.70 b 257.83±3.44 b 152.33±3.08 c
FH-152 65.13±2.40 d 125.33±4.48 c 173.83±2.59 c 180.67±3.05 c
FH-5096 92.23±2.55 b 116.12±1.32 c 175.00±2.33 c 235.21±4.02 b
FH-Lalazar 105.27±2.08 a 254.12±5.95 a 361.63±2.38 a 448.23±5.66 a
FH-326 64.01±5.39 d 94.21±2.86 d 103.33±2.38 cd 86.33±8.92 d
FH-490 74.61±6.56 c 145.00±1.53 b 72.33±1.89 d 123.31±2.98 c
FH-494 32.61±8.14 e 73.67±4.50 e 66.83±1.91 c 75.33±1.28 d
FH-492 71.13±5.28 c 117.10±1.50 c 129.50±1.47 c 108.36±2.54 cd
August 2021
FH-142 88.13±1.16 b 153.12±5.14 b 156.43±2.01 c 114.11±1.27 c
FH-444 93.10±5.21 b 154.14±2.17 b 271.13±4.04 b 144.23±3.08 c
FH-152 66.37±1.30 cd 138.33±4.44 b 168.54±1.09 c 174.63±3.15 bc
FH-5096 89.43±2.15 b 121.22±1.12 b 155.20±4.13 c 251.11±5.12 b
FH-Lalazar 127.17±2.38 a 236.01±3.05 a 374.64±2.08 a 341.63±5.36 a
FH-326 71.31±1.23 c 91.35±2.06 c 111.53±3.08 c 69.41±3.12 d
FH-490 87.64±4.16 b 123.10±1.03 b 77.22±1.19 d 163.38±1.08 c
FH-494 44.61±4.14 d 89.17±4.10 c 62.33±1.11 d 82.31±1.18 d
FH-492 77.13±5.23 c 109.16±1.03 c 118.50±1.27 c 168.16±2.04 b

oviposition was recorded on FH-494 with 94.21 fecundity 
rate. After the 4th week of experiment, observations 
represents that the number of eggs laid varied from 86.33 
on FH-326 to 448.23 on FH-lalazar. Based on the average 
fecundity rate of 4 weeks, FH-lalazar and FH-5096 were 
assumed to be the most preferred genotypes for B. tabaci 
egg laying, whereas FH-494 and FH-326 were considered 
the least preferred genotypes. 

The data observations for the month of August 
show that egg laying after one week of adult release was 
found significantly higher on FH-lalazar (127.17) with 
comparison to other tested genotypes and had lower 
rate of egg laying on FH-494 (44.61). During second 
week, the maximum egg laying was observed on FH-
lalazar (236.61) followed by FH-5096 (121.22) and the 
minimum from FH-494 (89.17) and FH-326 (91.35). 
Correspondingly, after third week, FH-lalazar was found 
the most preferred for oviposition and the least favored 
was FH-494. On the basis of average fecundity rate, 
the genotype FH-lalazar (341.63) followed by FH-5096 
(251.11) were found the most favored for oviposition, 
however, FH-494 (82.31) and FH-326 (69.41) were 
found the least chosen. 

Seasonal incidence 
The findings revealed a statistically significant 

difference in B. tabaci populations among all cotton 
genotypes and none of the varieties remained free from B. 
tabaci population throughout the crop duration. However, 
the weekly data reveals that B. tabaci began to emerge 
during the 1st week of June and the population remained 
below the threshold level until the second week of July 
(Fig. 1A, B). There was a significant increase in B. tabaci 
populations during the third and fourth weeks of July 
(Fig. 1B), surpassing the economic threshold level (ETL) 
of 5 nymphs/adults or both per plant. During July the 
maximum B. tabaci population (5.1/leaf) was recorded on 
FH-lalazar during 3rd week of July while, the minimum 
population (1.2/leaf) was found on FH-494 during first 
week of July (Fig. 1B). The B. tabaci decreases from 2nd 
week of September to November but remains above the 
economic threshold level (ETL) (Fig. 1C, D, E, F). During 
October, a decline in B. tabaci populations occurred in all 
cotton varieties. The minimum population was recorded 
in FH-494 (0.7/leaf) and FH-326 (0.8) during the last 
week of October, whereas FH-lalazar (7.31) exhibited the 
maximum B. tabaci population during the first week of 
October (Fig. 1E). 

Bemisia tabaci on Cotton: A Case Study 3
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Fig. 1. Weekly population trends of Bemicia tabaci: (A) 
June, (B) July, (C) August, (D) September, (E) October, 
(F) November, 2021.

The mean monthly population is illustrated in 
Figure 2, clearly indicating an upward trend in B. tabaci 
populations from July to September. The figure also 
highlights the substantial mean B. tabaci population 
across all varieties each month. Throughout June-July, 
the B. tabaci population remained below the economic 
threshold level (ETL) and showed a significant increase 
in August, although it stayed below the ETL (4.1/leaf) in 
the case of variety FH-494 while the highest population 
was recorded on FH-lalazar (10.9/leaf). In September, 
the mean lowest B. tabaci population was observed in 
variety FH-494 (3.4/leaf) and FH-492 (5.3/leaf), while 
the highest mean population (8.6/leaf) was recorded in 
FH-lalazar. Conversely, during October, a decline in B. 
tabaci populations occurred in all cotton varieties, but the 
overall population remained above the ETL. The average 
minimum population was recorded in FH-494 (1.8/leaf) 
and FH-326 (2.7/leaf) during the last week of October, 
whereas FH-lalazar (4.8) exhibited the maximum B. tabaci 
population during the first week of October. Similarly, in 

November, all varieties experienced B. tabaci attack below 
ETL. The average minimum population was recorded in 
FH-494 (0.2/leaf), while the maximum population was 
observed in FH-lalazar (2.12/leaf) and FH-492 (1.14/leaf).

Fig. 2. Monthly pattern of Bemicia tabaci population from 
June to October, 2021.

It is evident that high B. tabaci population can lead 
to significant damage to cotton, potentially causing up 
to a 50% decrease in boll formation. Additionally, bolls 
from robust plants produced 33.3% more lint than those 
obtained from infested plants. 

The selection of more suitable genotypes for 
oviposition experiment was done in semi-natural 
conditions. The high rate of eggs laying was found on 
genotype FH-lalazar throughout the growing season and 
as well as reported in the month of August. Toscano et al. 
(2003) also reported in their research about resistant cotton 
genotypes that exhibiting the antixenosis mechanism 
based on oviposition. 

The B. tabaci begin to emerge during the 1st week 
of June and the population remained below the threshold 
level until the second week of July (Fig. 1A, B). Similarly, 
in India during June the onset of B. tabaci was observed 
in cotton fields, when crop was sown in the early May 
(Janu and Dahiya, 2017). There was a significant increase 
in B. tabaci populations during the 3rd and 4th weeks of 
July the B. tabaci population continued to exceed the 
ETL throughout August (see Fig. 1C). Roomi (2014) also 
reported his research results about the rising trend in B. 
tabaci population during August and September that is 
pretty similar to our findings. 

The correlation matrix between B. tabaci population 
and other abiotic factors; relative humidity, rain fall and 
temperature revealed a significant (Pearson correlation 
r, at p≤0.05) correlation (Table II). Abiotic factors have 
a substantial impact on the development of insect pest 
populations. Our study’s results align with the findings 
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Table II. Correlation matrix, between seasonal Bemicia 
tabaci population, temperature, relative humidity and 
rain fall.

Pest 
population

Temperature Relative 
humidity %

Rain

0.1480** -0.1176 -0.0414**

of Ashfaq  et al.   (2010). He also identified a positive 
correlation between the B. tabaci population and mean 
temperature, while noting a negative correlation with 
mean relative humidity. The increase in B. tabaci 
population with rising temperatures can be attributed to 
their accelerated reproduction and development rates. 
Additionally, somewhat higher temperatures can promote 
rapid multiplication and activity of B. tabaci. Conversely, 
a negative correlation was found between the B. tabaci 
population and rainfall, including total rainfall and the 
number of rainy days, as reported by Kaur et al. (2010). 
This may be credited with destruction of B. tabaci eggs, 
nymphs and pupae during unremitting rains.

The intervals of rainfall that led to destruction in B. 
tabaci populations may disrupt the insect’s life cycle. With 
a development period of approximately three weeks (from 
egg to adult), the observed decrease in adult numbers in 
the field suggested that rainfall may inhibit egg-laying, 
increase mortality among nymphs, adults, and cause 
insects to migrate. 

CONCLUSIONS

Findings exhibited that the peak period of B. 
tabaci activity is July and August and B. tabaci started 
to appear on crop after 1-2 week of crop germination. 
Pest population was present in all varieties throughout 
the entire crop cycle and none of the varieties appeared 
to exhibit resistance against B. tabaci. Nevertheless, the 
findings indicated that FH-494 and FH-326 performed 
relatively better in resistance to B. tabaci as both genotypes 
were less preferred for oviposition. This information 
can guide farmers in selecting varieties with lower pest 
population and understanding the infestation pattern of B. 
tabaci on cotton that will assist in implementing effective 
management strategies at the appropriate time.

DECLARATIONS

Acknowledgements
The authorS would like to express their sincere 

gratitude to Dr. Qurban Ali, Principal Scientist at the 
Entomological Research Institute, AARI, Faisalabad, 

Pakistan, for his invaluable supervision and guidance 
throughout this research.

Funding
This work was funded by the European Union Next 

Generation EU through the Recovery and Resilience Plan 
for Slovakia under project No. 09I03-03-V02-00043.

Stament of conflict of interest
The authors have declared no conflict of interest.

REFERENCES

Abbas, Q. and Ahmad, S., 2018. Effect of different 
sowing times and cultivars on cotton fiber quality 
under stable cotton-wheat cropping system in 
southern Punjab, Pakistan. Pak. J. Life Soc. Sci., 
16: 77–84.

Abd-Rabou, S. and Simmons, A.M., 2010. Survey 
of reproductive host plants of  Bemisia 
tabaci  (Hemiptera: Aleyrodidae) in Egypt, 
including new host records. Entomol. News, 121: 
456–465. https://doi.org/10.3157/021.121.0507

Ahmad, S., Abbas, Q., Abbas, G., Fatima, Z., Atique-ur-
Rehman, Naz, S., Younis, H., Khan, R. J., Nasim, W., 
Habib ur Rehman, M., Ahmad, A., Rasul, G., Khan, 
M.A. and Hasanuzzaman, M., 2017. Quantification 
of climate warming and crop management impacts 
on cotton phenology. Plan. Theory 6: 1–16. https://
doi.org/10.3390/plants6010007

Ahmad, S., Iqbal, M., Muhammad, T., Mehmood, A., 
Ahmad, S. and Hasanuzzaman, M., 2018. Cotton 
productivity enhanced through transplanting and 
early sowing. Acta Sci. Biol. Sci., 40: 1-7. https://
doi.org/10.4025/actascibiolsci.v40i1.34610

Akhtar, K.P., Hussain, M.A.I., Khan, M., Haq, A. and 
Iqbal, M.M., 2004. Influence of plant age, whitefly 
population and cultivar resistance on infection of 
cotton plants by cotton leaf curl virus (CLCuV) in 
Pakistan. Field Crops Res., 86: 15-21. https://doi.
org/10.1016/S0378-4290(03)00166-7

Ali, H., Hameed, R.A., Ahmad, S., Shahzad, A.N. and 
Sarwar, N., 2014a. Efficacy of different techniques 
of nitrogen application on American cotton under 
semi-arid conditions. J. Fd. Agric. Environ., 12: 
157–160.

Ali, H., Hussain, G.S., Hussain, S., Shahzad, A.N., 
Ahmad, S., Javeed, H.M.R. and Sarwar, N., 2014b. 
Early sowing reduces cottxzion leaf curl virus 
occurrence and improves cotton productivity. 
Cer. Agron. Moldova. 47: 71–81. https://doi.
org/10.1515/cerce-2015-0006

https://doi.org/10.3157/021.121.0507
https://doi.org/10.3390/plants6010007
https://doi.org/10.3390/plants6010007
https://doi.org/10.4025/actascibiolsci.v40i1.34610
https://doi.org/10.4025/actascibiolsci.v40i1.34610
https://doi.org/10.1016/S0378-4290(03)00166-7
https://doi.org/10.1016/S0378-4290(03)00166-7
https://doi.org/10.1515/cerce-2015-0006
https://doi.org/10.1515/cerce-2015-0006


6                                                                                        

Onlin
e F

irs
t A

rtic
le

A. Abbas et al.

Ashfaq, M., Noor-ul-Ane, M., Zia, K. and Nasreen, 
A., 2010. The correlation of abiotic factors 
and physico-morphiccharateristics of (Bacillus 
thuringiensis) Bt transgenic cotton with whitefly, 
Bemisia tabaci (Homoptera: Aleyrodidae) and 
jassid, Amrascadevastans (Homoptera: Jassidae) 
populations. Afr. J. agric. Res., 5: 3102-3107.

Janu, A. and Dahiya, K.K., 2017. Influence of weather 
parameters on population of whitefly, Bemisia 
tabaci in American cotton (Gossypium hirsutum). J. 
Ent. Zool. Stud., 5: 649-654.

Jindal, V., Dhaliwal, G.S., Dhawan, A.K. and 
Dilawari, V.K., 2009. Mechanisms of resistance 
in cotton to whitefly (Bemisia tabaci): 
Tolerance.  Phytoparasitica,  37: 249-254. https://
doi.org/10.1007/s12600-009-0037-4

Kaur, L., Gill, K.K., Cheema, H.K., Dhaliwal, L.K., 
Sirari, A. and Kingra, P.K., 2010. Meteorological 
factors attributing yellow mosaic virus severity on 
greengram. Indian J. agric. Sci., 80: 1007-1009.

Khan, I.A. and Wan, F.H., 2018. Life history of Bemisia 
tabaci  (Gennadius) (Homoptera: Aleyrodidae) 
biotype B on tomato and cotton host plants. J. Ent. 
Zool. Stud., 3: 117–121.

Lourenção, A.L., Krause-Sakate, R. and Valle, G.E., 
2015. Mosca-branca, Bemisia tabaci (Genn.) 
biótipo B. In: Pragasintroduzidas no Brasil, 
insetos e ácaros (eds. E.F. Vilela and R.A. Zucchi). 
FEALQ, Piracicaba, pp. 682–707.

Martin, J.H. and Mound, L.A., 2007. An annotated check 
list of the world’s whiteflies (Insecta: Hemiptera: 
Aleyrodidae). Zootaxa, 1492: 1–84.  https://doi.
org/10.11646/zootaxa.1492.1.1

Naranjo, S.E., Castle, S.J., Barro, P.J.D. and Liu, S.S., 
2010. Population dynamics, demography, dispersal 
and spread of  Bemisia tabaci. In:  Bemisia: 
Bionomics and management of a global pest (eds. 
P.A. Stansly and S.E. Naranjo). Springer, Dordrecht. 

pp. 185–226. https://doi.org/10.1007/978-90-481-
2460-2_6

Nauen, R., Ghanim, M. and Ishaaya, I., 2014. Whitefly 
special issue organized in two parts. Pest. Manage. 
Sci., 10: 1438–1439.  https://doi.org/10.1002/
ps.3870

Nwezeobi, J., Onyegbule, O., Nkere, C., Onyeka, J., 
van, B.S., Seal, S. and Colvin, J., 2020. Cassava 
whitefly species in eastern Nigeria and the threat 
of vector-borne pandemics from east and central 
Africa.  PLoS One,  15: 0232616. https://doi.
org/10.1371/journal.pone.0232616

Rehman, A., Chandio, A.A., Jingdong, L., Hussain, I., 
Wagan, S.A. and Memon, Q.U.A., 2017. Economic 
perspectives of cotton crop in Pakistan: A time 
series analysis (1970–2015) (Part 1). J. Saudi. Soc. 
Agric. Sci., 18: 49-54. https://doi.org/10.1016/j.
jssas.2016.12.005

Roomi, L., 2014. Population dynamics of different insect 
pests and arthropods natural enemies on various 
Bt cotton gene events. M.Sc. thesis, Chaudhary 
Charan Singh Haryana Agricultural University, 
Hisar, Haryana. 85: 203-209.

Sani, I., Ismail, S.I., Abdullah, S., Jalinas, J., Jamian, 
S. and Saad, N., 2020. A review of the biology and 
control of whitefly,  Bemisia tabaci  (Hemiptera: 
Aleyrodidae), with special reference to biological 
control using entomopathogenic fungi. Insects, 11: 
619. https://doi.org/10.3390/insects11090619

Toscano, L.C., Santos, T.M. and Boica, A.L.J., 2003. 
Preference of Bemisia tabaci biotype B oviposition 
in cotton cultivars.  Pesqui. Agropecu. Bras., 
38: 155–160. https://doi.org/10.1590/S0100-
204X2003000100020

Wang, X. and Yang, N., 2017. The whitefly  Bemisia 
tabaci  (Gennadius). Biol. Invas. Manage. China, 
1: 159–182. https://doi.org/10.1007/978-94-024-
0948-2_8

https://doi.org/10.1007/s12600-009-0037-4
https://doi.org/10.1007/s12600-009-0037-4
https://doi.org/10.11646/zootaxa.1492.1.1
https://doi.org/10.11646/zootaxa.1492.1.1
https://doi.org/10.1007/978-90-481-2460-2_6
https://doi.org/10.1007/978-90-481-2460-2_6
https://doi.org/10.1002/ps.3870
https://doi.org/10.1002/ps.3870
https://doi.org/10.1371/journal.pone.0232616
https://doi.org/10.1371/journal.pone.0232616
https://doi.org/10.1016/j.jssas.2016.12.005
https://doi.org/10.1016/j.jssas.2016.12.005
https://doi.org/10.3390/insects11090619
https://doi.org/10.1590/S0100-204X2003000100020
https://doi.org/10.1590/S0100-204X2003000100020
https://doi.org/10.1007/978-94-024-0948-2_8
https://doi.org/10.1007/978-94-024-0948-2_8

