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In recent years, biotechnological advances have offered safe and environmentally friendly alternatives for crop

production. Technologies such as RNA interference (RNAi)-mediated gene silencing have emerged as innovative

tools for agricultural pest management. Here, we provide an overview of RNAi as a promising approach for ACP

control and discuss the associated challenges.
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1. Introduction

Citrus juices act as the natural source of water, vitamins, minerals, sugars, acids, phytochemicals (e.g.,

polyphenols), and other organic compounds . Owing to these characteristics, citrus species are the most popular

fruit trees worldwide. In many countries, the citrus industry plays an important role in economic development,

generating employment opportunities, increasing household income, and ultimately minimizing social inequality 

. The conventional production methods of citrus fruits, such as oranges, mandarins, limes, and lemons,

generate several products and by-products, which are primarily exported overseas .

Major obstacles in citrus tree development include weather conditions and disease epidemics. In particular,

following its emergence, citrus Huanglongbing (HLB) disease has become the primary threat to citrus production in

majority of the main global citrus-producing areas, including Brazil, the USA, and China .

HLB is caused by a Gram-negative bacterium of the genus Candidatus Liberibacter  and spread by the insect

vector Diaphorina citri Kuwayama (Hemiptera: Leviidae), also known as Asian citrus psyllid (ACP) . Within the

plant, the bacterium is restricted to the phloem and cannot be cultured in artificial media. Moreover, there are no

effective tools to control the spread of the insect vector and no commercial citrus varieties resistant to HLB have

been developed to date, which further hamper disease control . Nonetheless, integrated management

involving the cultivation of trees in certified protected nurseries, monitoring of ACP populations and citrus tree

shoots, application of biological and chemical measures to control insect population, and rapid removal of

symptomatic trees from the field has been implemented . Insecticides are a critical component of ACP

management ; however, as insects can develop resistance to insecticides over time, new chemicals and protein-

based molecules with different modes of action are essential to maintain disease control efficiency and provide

sustainable solutions. In this light, biotechnological tools developed during the last two decades have proven useful

in agriculture to overcome the various challenges of pest resistance, disease spread, weed control, and stress

tolerance and thereby improve product yield and quality . For instance, RNA interference (RNAi) is based on the
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silencing of target gene expression through the intervention of double-stranded RNA (dsRNA) . This technology

has been tested as a novel approach in different eukaryotic species and, thanks to its high specificity, may serve as

a potent tool for crop protection by managing insect pests or controlling the spread of vector-borne diseases 

. RNAi presents great potential for ACP management because most of the core machinery genes are present in

insects . Therefore, insect control can be achieved through the cultivation of genetically modified citrus plants or

application of dsRNA-based pesticides, similar to the conventional ones . However, the second approach can be

considered easier for application in the field from the perspective of different regulatory processes across

countries. RNA-based pesticides can protect trees while reducing the use of chemicals to control ACP , serving

as an effective yet sustainable agricultural technology . Despite its many benefits, however, some challenges

related to the use of RNAi for insect control remain. For instance, lack of an efficient method for the delivery of

dsRNA to the insect action site, off-target and non-target analytical effects, potential development of resistance,

and cost of dsRNA synthesis are some of the shortcomings of RNAi . In this mini review, we discuss the

recent advances and major challenges in RNAi tools for ACP control.

2. RNAi Machinery

In RNAi, an RNA molecule inhibits mRNA translation, thus hindering protein synthesis . Fire et al.  first

described RNAi using dsRNA-mediated gene silencing in the nematode Caenorhabditis elegans . Briefly, once

inside the cells, the dsRNA is cleaved by endonuclease III DICER into a small interfering RNA (siRNA) of 20–23

nucleotides. Then, the double-stranded siRNA is separated, and the guide strand binds to the Argonaute (AGO)

protein, forming the catalytic component of the RNA-induced silencing complex (RISC) . Next, the siRNA –AGO

complex recruits other components of RISC and mediate mRNA degradation, mRNA translational repression, or

chromatin modification, leading to post-transcriptional gene silencing (PTGS) .

The systemic effects of RNAi are essential for the practical application of RNAi-mediated silencing in pest and

pathogen management. One of the pathways of systemic RNAi effects involves secondary dsRNA synthesis from

the remaining mRNA molecule or the passenger strand of siRNA through the activity of RNA-dependent RNA

polymerases (RdRPs) . This secondary source of dsRNA has been reported in most eukaryotes, including plant

pathogens and pests. However, no RdRP orthologs have been detected in hemipterans, suggesting that secondary

dsRNA synthesis does not occur in these insects and that they present another as yet unreported system that

amplifies dsRNA synthesis . Although the precise mechanism underlying the amplification dsRNA synthesis

remains unknown, several studies have reported the success of RNAi-mediated silencing in hemipterans, including

ACP. Given that these insects harbor the core components of the RNAi machinery, namely DICER and AGO family

proteins, RNAi-mediated gene silencing may indeed be used to manage ACP .

3. ACP Control Using RNAi Technology

Since the first report of the use of RNAi-mediated gene silencing for pest control , the application of this

technology has been extensively studied for the control of insects, including ACP. Indeed, the success of this
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technology depends on several factors that affect the dsRNA delivery method, and target gene selection is crucial.

Several studies on the RNAi-mediated control of ACP are summarized in Table 1 . Additional factors including the

characteristics of the dsRNA molecule, such length and concentration, must also be appropriately adjusted to

ensure pesticide effectiveness.

Table 1. Asian citrus psyllid (ACP, Diaphorina citri) control via RNAi technology.

Target Gene Gene Target
Function

dsRNA
Delivery

Developmental
Stage Result Reference

Abnormal wings disc
(awd)

Essential for
adult wing
formation

Topical
application

Fifth instar
nymphs

Increased nymph
mortality and

abnormal wing
development in

adults

Cytochrome P450
gene family 4

(CYP4)

Detoxifying
enzyme related
to insecticide

resistance

Topical
application

Adults
Increased insecticide

susceptibility

Arginine kinase Energy
mobilization

In plant
system

Adults
Increased adult

mortality

Superoxide
dismutase (SOD)

Antioxidant
defense

In plant
system

Adults
Increases adult

mortality

Pterin-4-alpha-
carbinolamine
dehydratase

(PCDB1)

Cell metabolism
In plant
system

Adults None

Tomosyn Nervous system
In plant
system

Adults None

Vitellogenin Reproduction
In plant
system

Adults None

Cathepsin D Metamorphic
events

Ingestion
through
artificial

diet and in
plant

system

Adults and
fifth instar
nymphs

Increased insect
mortality

Chitin synthase Chitin synthesis Ingestion
through
artificial

diet and in

Adults and
fifth instar
nymphs

Increased insect
mortality

[29]

[30]

[26]

[31]



RNA Interference for ACP Control | Encyclopedia.pub

https://encyclopedia.pub/entry/14009 4/10

Target Gene Gene Target
Function

dsRNA
Delivery

Developmental
Stage Result Reference

plant
system

Inhibitor of apoptosis
Regulation of the

apoptotic
machinery

Ingestion
through
artificial

diet and in
plant

system

Adults and
fifth instar
nymphs

Increased insect
mortality

Esterase FE4-like
(EstFE4);

acetylcholinesterase
(AChe)

Detoxifying
enzyme related
to insecticide

resistance

Topical
feeding

Fourth and
fifth instar
nymphs

Increased mortality of
nymphs and,

consequently, of
emerged adults

Muscle protein 20
(DcMP20)

Encodes a
cytoskeletal

protein
Soaking

Third and
fourth instar

nymphs

Increased nymph
mortality

Abnormal wings disc
(awd)

Essential for
adult wing
formation

Topical
feeding

Adults and
fifth instar
nymphs

Increased nymph
mortality and

deformed adults

Boule Fertility
Feeding in

artificial
diet

Adults

Increased adult
mortality, but no

effect on number of
eggs

Sucrose hydrolase
(DcSuh)

Enhanced
absorption of

sucrose from the
midgut

Topical
application

Fifth instar
nymphs

Increased nymph
mortality and

shortened insect
lifecycle duration

Laccase-1-S

Detoxification of
secondary plant
compounds in

insects

In plant
system

Adults None

DcSnf7

Transport of
proteins for

degradation via
the endosomal

autophagic
pathway

In plant
system

Adults None

Calreticulin Calcium ion
chelation, which
helps maintain

In plant
system

Adults None
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Initial studies on the RNAi-mediated control of ACP focused on the delivery of dsRNA via topical application. In the

first study using dsRNA, the abnormal wing disc ( awd ) gene, which is essential for adult wing formation, was

successfully silenced through topical dsRNA application in fifth instar nymphs, leading to wing deformation and

flight arrest in adults . Successful silencing of several target genes at different insect developmental stages

using various dsRNA delivery methods has been tested ( Figure 1 ).

Figure 1. Novel approaches to RNA interference (RNAi)-mediated insect control—delivery strategies. GMO-based

strategies: use of genetically modified plants is the best-known approach to RNAi-based control of insect pests or

Target Gene Gene Target
Function

dsRNA
Delivery

Developmental
Stage Result Reference

phloem
circulation

Trehalose-6-
phosphate synthase

Energy
synthesis;

metamorphosis

Feeding in
artificial

diet

Fifth instar
nymphs

Increased nymph
mortality and

deformed adults

Odorant-binding 7

Host plant
volatile

compound
recognition

Ingestion
through
artificial

diet

Adults

Suppressed
electrophysiological

responses of
antennae and

disrupted insect
behavioral responses
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vectors. GMO-free strategies: specific genes of target in an insect are silenced using novel approaches.

RNAi-mediated ACP control has also been tested using feeding assays. Through the ingestion of an artificial diet,

several genes including cathepsin D , chitin synthase , inhibitor of apoptosis , boule , trehalose-6-phosphate

synthase , and odorant-binding 7 , in ACP were silences, leading to a lethal phenotype and/or an abnormal

behavioral response. Furthermore, knockdown of the arginine kinase and superoxide dismutase genes through

feeding and iPS reduced the ACP adult survival rate . In some other studies, despite successful gene silencing

using iPS , however, dsRNA delivery through this method did not affect the insect survival rate or the expression of

pterin-4-α-carbinolamine dehydratase , tomosyn , vitellogenin , laccase-1S , calreticulin, and Snf7 . These

contrasting results suggest that the RNAi-mediated ACP control also depends on target selection. Additionally,

successful Snf7 silencing in Western corn rootworm ( Diabrotica virgivera )  and lack of effect in ACP indicate

that silencing of a target gene in one organism does not necessarily work in others.

The dsRNA characteristics and delivery methods as well as the developmental stage of the insect treated with

dsRNA can directly affect RNAi-mediated gene silencing. In general, hemipterans present stronger ribonuclease

action at the adult stage, leading to higher dsRNA degradation and greater insect resistance when the dsRNA is

delivered through oral ingestion . In ACP, the early developmental stages (e.g., nymphs) exhibit greater

sensitivity to RNAi than the later developmental stages (e.g., adults) . Indeed, topical dsRNA application resulted

in successful target silencing of the awd gene . In addition, the mortality of third and fourth instar nymphs

increased after soaking them in a dsRNA solution targeting muscle protein 20 ( DcMP20 ) . In addition, at the

juvenile stages, topical dsRNA application resulted in the silencing of sucrose hydrolase ( DcSuh ), which reduced

survival rate of the fifth instar nymphs and shortened the insect lifecycle duration . Therefore, the application of

RNAi-mediated control at the early developmental stages of ACP is essential for HLB management in citrus

orchards. The fourth and fifth instar nymphs of ACP can spread the causal agent of HLB and increase the disease

transmission, by spreading the pathogen as both nymphs and adults .

4. Primary Considerations and Future Prospects of RNAi
Strategies for ACP Control in Citrus Orchards

RNAi can serve as a potentially biosafe strategy to manage ACP. It can help control this insect pest through two

modes of application: non-transformative (bioproduct) and transformative (transgenic plants) delivery. The non-

transformative delivery presents some advantages for use in pest management because of the rapid product

development, low cost, low resistance risk, and high viability for all crops , although there are no stringent

regulations in different countries .

In this context, innovation systems in food and agriculture actively seek to go beyond the financial targets .

Building a more sustainable citrus industry for the future is essential to conserve the environment as well as

respond to the demands of the food sector, which are increasingly focused on the environmental and social

aspects. Therefore, exploiting cutting-edge technologies such as RNAi is essential to reduce the use of pesticides

in orchards, thus generating minimal environmental impacts  and avoiding adverse effects on NTOs, such as
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pollinators. Finally, investment in scientific research is increasingly playing a relevant and significant role in

promoting the citrus industry and ensuring that citrus growers continue to supply good quality fruits to the

consumers and processors, overcoming the most relevant challenges in cultivation .

References

1. Rampersaud, G.C.; Valim, M.F. 100% Citrus juice: Nutritional contribution, dietary benefits, and
association with anthropometric measures. Crit. Rev. Food Sci. Nutr. 2017, 57, 129–140.

2. Neves, M.F.; Trombin, V.G.; Marques, V.N.; Martinez, L.F. Global orange juice market: A 16-year
summary and opportunities for creating value. Trop. Plant Pathol. 2020, 45, 166–174.

3. Chavan, P.; Singh, A.K.; Kaur, G. Recent progress in the utilization of industrial waste and by-
products of citrus fruits: A review. J. Food Process Eng. 2018, 41, 1–10.

4. Spreen, T.H.; Zansler, M.L. Economic analysis of incentives to plant citrus trees in Florida.
HortTechnology 2016, 26, 720–726.

5. Ozkan, B.; Akcaoz, H.; Karadeniz, F. Energy requirement and economic analysis of citrus
production in Turkey. Energy Convers. Manag. 2004, 45, 1821–1830.

6. Bassanezi, R.B.; Lopes, S.A.; de Miranda, M.P.; Wulff, N.A.; Volpe, H.X.L.; Ayres, A.J. Overview
of citrus Huanglongbing spread and management strategies in Brazil. Trop. Plant Pathol. 2020,
45, 251–264.

7. Graham, J.; Gottwald, T.; Setamou, M. Status of Huanglongbing (HLB) outbreaks in Florida,
California and Texas. Trop. Plant Pathol. 2020, 45, 265–278.

8. Zhou, C. The status of citrus Huanglongbing in China. Trop. Plant Pathol. 2020, 45, 279–284.

9. Bové, J.M. Huanglongbing: A destructive, newly-emerging, century-old disease of citrus. J. Plant
Pathol. 2006, 88, 7–37.

10. Zheng, Z.; Chen, J.; Deng, X. Historical perspectives, management, and current research of citrus
HLB in Guangdong province of China, where the disease has been endemic for over a hundred
years. Phytopathology 2018, 108, 1224–1236.

11. Qureshi, J.A.; Kostyk, B.C.; Stansly, P.A. Insecticidal suppression of Asian citrus psyllid
Diaphorina citri (Hemiptera: Liviidae) vector of Huanglongbing pathogens. PLoS ONE 2014, 9,
e112331.

12. Belasque, J., Jr.; Yamamoto, P.T.; de Miranda, M.P.; Bassanezi, R.B.; Ayres, A.J.; Bové, J.M.
Controle do Huanglongbing no estado de São Paulo, Brasil. Citrus Res. Technol. 2010, 31, 53–
64.

[2]



RNA Interference for ACP Control | Encyclopedia.pub

https://encyclopedia.pub/entry/14009 8/10

13. Fire, A.; Xu, S.; Montgomery, M.K.; Kostas, S.A.; Driver, S.E.; Mello, C.C. Potent and specific
genetic interference by double-stranded RNA in Caenorhabditis Elegans. Nature 1998, 391, 806–
811.

14. Liu, S.; Jaouannet, M.; Dempsey, D.A.; Imani, J.; Coustau, C.; Kogel, K.H. RNA-based
technologies for insect control in plant production. Biotechnol. Adv. 2020, 39.

15. Andrade, E.C.; Hunter, W.B. RNAi feeding bioassay: Development of a non-transgenic approach
to control Asian citrus psyllid and other hemipterans. Entomol. Exp. Appl. 2017, 162, 389–396.

16. Huvenne, H.; Smagghe, G. Mechanisms of dsRNA uptake in insects and potential of RNAi for
pest control: A review. J. Insect Physiol. 2010, 56, 227–235.

17. Yu, X.; Killiny, N. RNA interference-mediated control of Asian citrus psyllid, the vector of the
Huanglongbing bacterial pathogen. Trop. Plant Pathol. 2020, 45, 298–305.

18. Alamalakala, L.; Parimi, S.; Patel, N.; Char, B. Insect RNAi: Integrating a new tool 10 in the crop
protection toolkit. In Trends in Insect Molecular Biology and Biotechnology; Kumar, D., Gong, C.,
Eds.; Springer: Cham, Switzerland, 2018; ISBN 978-3-319-61343-7.

19. Zhang, J.; Khan, S.A.; Heckel, D.G.; Bock, R. Next-generation insect-resistant plants: RNAi-
mediated crop protection. Trends Biotechnol. 2017, 35, 871–882.

20. Fletcher, S.J.; Reeves, P.T.; Hoang, B.T.; Mitter, N. A Perspective on RNAi-based biopesticides.
Front. Plant Sci. 2020, 11, 1–10.

21. Zhu, K.Y.; Palli, S.R. Mechanisms, applications, and challenges of insect RNA interference. Annu.
Rev. Entomol. 2020, 65, 293–311.

22. Nehela, Y.; Killiny, N. Revisiting the complex pathosystem of Huanglongbing: Deciphering the role
of citrus metabolites in symptom development. Metabolites 2020, 10, 409.

23. Flynt, A.S. Insecticidal RNA interference, thinking beyond long dsRNA. Pest Manag. Sci. 2021,
77, 2179–2187.

24. Meister, G.; Tuschl, T. Mechanisms of gene silencing by double-stranded RNA. Nature 2004, 431,
343–349.

25. Sijen, T.; Fleenor, J.; Simmer, F.; Thijssen, K.L.; Parrish, S.; Timmons, L.; Plasterk, R.H.; Fire, A.
On the role of RNA amplification in dsRNA-triggered gene silencing. Cell 2001, 107, 465–476.

26. Taning, C.N.T.; Andrade, E.C.; Hunter, W.B.; Christiaens, O.; Smagghe, G. Asian citrus psyllid
RNAi pathway-RNAi evidence. Sci. Rep. 2016, 6, 1–10.

27. Baum, J.A.; Bogaert, T.; Clinton, W.; Heck, G.R.; Feldmann, P.; Ilagan, O.; Johnson, S.; Plaetinck,
G.; Munyikwa, T.; Pleau, M.; et al. Control of coleopteran insect pests through RNA interference.
Nat. Biotechnol. 2007, 25, 1322–1326.



RNA Interference for ACP Control | Encyclopedia.pub

https://encyclopedia.pub/entry/14009 9/10

28. Mao, Y.B.; Cai, W.J.; Wang, J.W.; Hong, G.J.; Tao, X.Y.; Wang, L.J.; Huang, Y.P.; Chen, X.Y.
Silencing a cotton bollworm P450 monooxygenase gene by plant-mediated RNAi impairs larval
tolerance of gossypol. Nat. Biotechnol. 2007, 25, 1307–1313.

29. El-Shesheny, I.; Hajeri, S.; El-Hawary, I.; Gowda, S.; Killiny, N. Silencing abnormal wing disc gene
of the Asian citrus psyllid, Diaphorina citri disrupts adult wing development and increases nymph
mortality. PLoS ONE 2013, 8, e65392.

30. Killiny, N.; Hajeri, S.; Tiwari, S.; Gowda, S.; Stelinski, L.L. Double-stranded RNA uptake through
topical application, mediates silencing of five CYP4 genes and suppresses insecticide resistance
in Diaphorina citri. PLoS ONE 2014, 9, e110536.

31. Galdeano, D.M.; Breton, M.C.; Lopes, J.R.S.; Falk, B.W.; Machado, M.A. Oral delivery of double-
stranded RNAs induces mortality in nymphs and adults of the Asian citrus psyllid, Diaphorina citri.
PLoS ONE 2017, 12, e0171847.

32. Kishk, A.; Hijaz, F.; Anber, H.A.I.; AbdEl-Raof, T.K.; El-Sherbeni, A.E.H.D.; Hamed, S.; Killiny, N.
RNA Interference of Acetylcholinesterase in the Asian Citrus Psyllid, Diaphorina citri, Increases its
Susceptibility to Carbamate and Organophosphate Insecticides; Elsevier Inc.: Amsterdam, The
Netherlands, 2017; Volume 143, ISBN 1863956883.

33. Yu, X.; Gowda, S.; Killiny, N. Double-stranded RNA delivery through soaking mediates silencing of
the muscle protein 20 and increases mortality to the Asian citrus psyllid, Diaphorina citri. Pest
Manag. Sci. 2017, 73, 1846–1853.

34. Killiny, N.; Kishk, A. Delivery of dsRNA through topical feeding for RNA interference in the citrus
sap piercing-sucking hemipteran, Diaphorina citri. Arch. Insect Biochem. Physiol. 2017, 95, 1–13.

35. Yu, X.; Killiny, N. Effect of silencing a boule homologue on the survival and reproduction of Asian
citrus psyllid Diaphorina citri. Physiol. Entomol. 2018, 43, 268–275.

36. Santos-Ortega, Y.; Killiny, N. Silencing of sucrose hydrolase causes nymph mortality and disturbs
adult osmotic homeostasis in Diaphorina citri (Hemiptera: Liviidae). Insect Biochem. Mol. Biol.
2018, 101, 131–143.

37. Angelotti-Mendonça, J.; Bassan, M.M.; Marques, J.P.R.; Yamamoto, P.T.; Figueira, A.; Piedade,
S.M.D.S.; Mourão Filho, F.A.A. Knockdown of calreticulin, laccase, and snf7 genes through RNAi
is not effective to control the Asian citrus psyllid (Hemiptera: Livideae). J. Econ. Entomol. 2020,
113, 2931–2940.

38. Liu, X.; Zou, Z.; Zhang, C.; Liu, X.; Wang, J.; Xin, T.; Xia, B. Knockdown of the trehalose-6-
phosphate synthase gene using rna interference inhibits synthesis of trehalose and increases
lethality rate in Asian citrus psyllid, Diaphorina citri (Hemiptera: Psyllidae). Insects 2020, 11, 605.

39. Liu, X.Q.; Jiang, H.B.; Fan, J.Y.; Liu, T.Y.; Meng, L.W.; Liu, Y.; Yu, H.Z.; Dou, W.; Wang, J.J. An
odorant-binding protein of Asian citrus psyllid, Diaphorina citri, participates in the response of host



RNA Interference for ACP Control | Encyclopedia.pub

https://encyclopedia.pub/entry/14009 10/10

plant volatiles. Pest Manag. Sci. 2021.

40. Koci, J.; Ramaseshadri, P.; Bolognesi, R.; Segers, G.; Flannagan, R.; Park, Y. Ultrastructural
changes caused by Snf7 RNAi in larval enterocytes of western corn rootworm (Diabrotica virgifera
virgifera Le Conte). PLoS ONE 2014, 9, e83985.

41. Jain, R.G.; Robinson, K.E.; Asgari, S.; Mitter, N. Current scenario of RNAi-based hemipteran
control. Pest Manag. Sci. 2021, 77, 2188–2196.

42. Sharma, R.; Christiaens, O.; Taning, C.N.T.; Smagghe, G. RNAi-mediated mortality in southern
green stinkbug Nezara viridula by oral delivery of dsRNA. Pest Manag. Sci. 2021, 77, 77–84.

43. Castellanos, N.L.; Smagghe, G.; Sharma, R.; Oliveira, E.E.; Christiaens, O. Liposome
encapsulation and EDTA formulation of dsRNA targeting essential genes increase oral RNAi-
caused mortality in the Neotropical stink bug Euschistus heros. Pest Manag. Sci. 2019, 75, 537–
548.

44. Abdellatef, E. Tuning beforehand: A foresight on RNA interference (RNAi) and in vitro-derived
dsRNAs to enhance crop resilience to biotic and abiotic stresses. Mol. Sci. 2021, 22, 7687.

45. Hall, D.G.; Richardson, M.L.; Ammar, E.D.; Halbert, S.E. Asian citrus psyllid, Diaphorina citri,
vector of citrus Huanglongbing disease. Entomol. Exp. Appl. 2013, 146, 207–223.

46. Cagliari, D.; Avila dos Santos, E.; Dias, N.; Smagghe, G.; Zotti, M. Nontransformative strategies
for RNAi in crop protection. Modul. Gene Expr.-Abridging RNAi Cris. Technol. 2019.

47. Dietz-Pfeilstetter, A.; Mendelsohn, M.; Gathmann, A.; Klinkenbuß, D. Considerations and
regulatory approaches in the USA and in the EU for dsRNA-based externally applied pesticides
for plant protection. Front. Plant Sci. 2021, 12, 682387.

48. Campos, H. The Innovation Revolution in Agriculture; Springer: Cham, Switzerland, 2021; ISBN
9783030509903.

Retrieved from https://encyclopedia.pub/entry/history/show/32862


