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Abstract

:

Insect-borne bacterial pathogens pose a global economic threat to many agricultural crops. Candidatus liberibacter species, vectored by psyllids (Hemiptera: psylloidea), are an example of devastating pathogens related to important known diseases such as Huanglongbing or the citrus greening disease, Zebra chip disease, and carrot yellowing, along with vegetative disorders in umbellifers. Studies on liberibacter–plant interactions have gained more focus in disease control over the last few decades. However, successful and sustainable disease management depends on the early disruption of insect–pathogen interactions, thereby blocking transmission. Recent knowledge on the liberibacter genomes and various omics approaches have helped us understand this host–pathogen relationship, despite the complexity associated with the inability to culture these bacteria. Here, we discuss the cellular and molecular processes involved in the response of insect-host immunity, and the liberibacter-associated pathogenesis mechanisms that involve virulence traits and effectors released to manipulate the insect–host defense mechanism for successful transmission. Understanding such mechanisms is an important milestone for developing sustainable means for preventing liberibacter transmission by psyllids.
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1. Introduction


Candidatus liberibacter species and the diseases they cause have gained recent importance due to their rapid proliferation, leading to global economic losses [1,2,3]. Liberibacter spp. are phloem-limited Gram-negative alphaproteobacteria transmitted by psyllids (Hemiptera: Psylloidea), and are only able to multiply either in the plant host or in the insect vector. They primarily depend on one psyllid species for transmission, and are confined to the plant phloem on which their insect vectors feed [4,5,6]. Presently, liberibacter-caused diseases are associated with a limited number of crop families, including Rutaceae, Solanaceae, Umbelliferae, and Rosaceae. The number of plant species infected by Liberibacters is restricted by the host range of their psyllid vectors. Huanglongbing or HLB (citrus greening disease), caused by Ca. L. asiaticus (CLas) in Asia and the Americas, by Ca. L. africanus in Africa, and by Ca. L. americanus in Brazil, has heavily impacted citrus production and the related industries and economies [2,7,8,9,10,11,12]. Other diseases that are gaining much economic importance are Zebra chip disease in potatoes, transmitted by Bactericera cockerelli (Šulc; Hemiptera: Triozidae) in the Americas and New Zealand, as well as several vegetative disorders in carrots and celery, transmitted by Trioza apicalis (Förster; Hemiptera: Triozidae) in Northern Europe and by B. trigonica in the Mediterranean and the Middle East, caused by different haplotypes of Ca. L. solanacearum (CLso) [2,5,13,14,15,16]. The first natural transmission of liberibacter in citrus was identified by the citrus psylla Trioza erytreae (Del Guercio; Hemiptera: Triozidae) in Africa [17], and by the Asian citrus psyllid Diaphorina citri Kuwayama (Hemiptera: Liviidae) in Asia. Diaphorina citri is the principal insect vector for CLas in Asia, Brazil, and the United States [18,19,20,21]. All of the known liberibacter species vectored by different psyllid species and their diseases are summarized in Table 1.



While the interactions of liberibacter species with their plant hosts are being extensively studied, molecular interactions with psyllid vectors are not drawing much of the research attention. The fastidious nature of liberibacter and the inability to culture the bacteria of this genus restrains a better understanding of pathogenesis within the insect and plant hosts, although one of these species, L. crescens, has been cultured [22]. Recent detection methods and sequencing techniques have made it easier to address questions related to understanding the molecular dynamics of the different bacteria within their insect and plant hosts. Over the last decade, while acquisition and persistence of liberibacter in insect vectors have been immensely studied [23,24,25,26,27], molecular mechanisms of the pathogenicity, transmission, and persistence within insects are pending and require more extensive research. The fact that the complex of diseases caused by liberibacter species are causing great economic losses around the world creates exigency for developing rapid and sustainable control methods, either by developing resistance on the plant front or interfering with the transmission of the pathogen by the vector. In this review, we focus on understanding the pathogenesis of liberibacter species within their insect vector, which may lead to the identification of targets for disrupting the transmission.




2. Life Cycle in Psyllid Host


Liberibacter follows a persistent and circulative pathway inside the psyllid host. After ingestion by the psyllid through its stylet during feeding from the phloem of an infected plant, the bacteria moves through the food canal in the stylet and reaches the lumen of the gut. The bacteria then translocates across the gut cells, breaching cellular barriers, and enters the hemolymph, where it circulates with the blood stream to reach various organs, including the salivary glands from which it will be injected into the host plant [1,18,28,29]. This pathway in the insect involves hijacking the host immunity and manipulating the host cell factors to enable bacteria propagation inside the host cells, and to further enable movement from one cell to another. The processes that enable the persistence of the bacterial cells inside the insect cells involve focal adhesion; cellular invasion and vesicular trafficking; paracytophagy; and, most importantly, escaping host defenses for persistence. Once acquired, especially by nymphs, liberibacter can be harbored by adults throughout their life span [18,21,30]. The distribution of liberibacters is ubiquitous throughout the hemolymph of the infected psyllid, with the midguts and salivary glands containing a high bacterial load [23]. A vast majority of Gram-negative bacterial pathogens are known to be vertically transmitted from parents to offspring. However, liberibacters have a very low rate of vertical (transovarial) transmission in the psyllids. CLas is reported to be vertically transmitted by D. citri at a rate of 3.6–18% [25,31]. Rate of sexual transmission is also low (<4%) [32]. The low rate of vertical (transovarial) transmission also implies that liberibacter primarily depends on the psyllid host for multiplication and efficient transmission [29,33]. The developmental stage of the insect vectors also impacts liberibacter transmission. The nymphs have been reported to acquire more liberibacters than adults due to their less developed immune systems [25,33] and because of their prolonged phloem ingestion compared with adults [34]. Consistently, CLas transmission by D. citri is higher when acquired by nymphs compared with adults [25,28,33,35,36]. A recent transcriptomic study in Bactericera trigonica Hodkinson (Hemiptera: Triozidae) infected with CLso showed higher metabolic and immune changes in the adults than in the nymphs (1). The latent period, which is the time that passes from acquisition until the insect becomes capable of transmitting the pathogen, during which the bacteria circulates in the insect body, varies between each psyllid species and developmental stages (Table 1). A two week latent period has been measured for CLso transmission by B. cockerelli, whereas at least 7 to 10 days are needed for efficient CLas transmission by D. citri [28,37,38].




3. Hijacking Insect Host Defenses and Pathogenesis by Liberibacter


3.1. Invasion


The insect midgut serves as a major barrier that bacterial cells have to breach in order to continue and complete their pathway toward salivary glands. After ingestion by psyllids and reaching the midgut, the primary step for liberibacter infection requires focal adhesion to the midgut epithelial cells, followed by cellular invasion through endocytosis or membrane disruption. The molecular cross-talk mediated by host–pathogen protein–protein interactions is thought to play a key role in the disruption of host networks, followed by infection. Bacterial pathogens are known to possess adhesins and various outer membrane proteins that can bind to host membrane integrins for initial binding, thereby inducing invasion [47,48,49]. Transcriptome analysis of CLso infected B. trigonica show an induced expression of focal adhesion genes encoding for integrin, vinculin, paxillin, and cadherin, which act as receptors for pathogens [1]. On the contrary, papilin (involved in basal membrane formation), along with echinoid (transmembrane cell adhesion protein, involved in cell sorting), integrin, and fibrilins, were found to be downregulated in CLas infected D. ctri adults [50]. Annexin, another protein involved in endocytosis-mediated-invasion was upregulated in CLso-infected B. cockerelli [51]. CLso infected B. trigonica, and the transcriptome also showed elevated levels of adaptin and clathrin, indicating endocytosis after initial attachment [1].




3.2. Infection


After invasion, liberibacter must occupy a suitable niche in the epithelial cells in order to avoid host defenses and to successfully infect as many neighboring cells and finally reach the hemolymph for successful dissemination in the insect. CLas and CLso have been reported to utilize host cell endoplasmic reticulum (ER) for multiplication, inducing genes involved in the ER-associated protein degradation (ERAD) pathway such as Derlin-1, ER degradation-enhancing α-mannosidase-like protein-2 (EDEM-2), ring finger protein 185 (E3 ligase RNF-185), Selenoprotein-1 (Sel1), ubiquitin conjugating enzyme, and ubiquitin ligase synoviolin A (Hrd1) [1,29,52]. Dense arrangement of ER was monitored around CLas containing vacuoles in D. citri esophagus, gut cells, and salivary glands [52,53,54]. Such phenomena might explain the elevated ER stress and ERAD in liberibacter-infected psyllids. CLso has also been found along the actin filaments in the potato psyllid midguts [55], and the overexpression of actin-related proteins in CLso infected B. trigonica [1] also indicates that liberibacter could manipulate host actin cytoskeleton for movement and dissemination. Additionally, CLas effectors could interact with hemocytin to modulate circulation in the hemolymph so as to systemically infect the host [51].




3.3. Pathogenicity


Phloem-inhabiting bacterial phytopathogens have smaller genomes than other phytopathogens [56]. Liberibacter species also have reduced genomes (Table 1) and show a lack of DNA repair genes, and depend both on their psyllid or plant host for essential metabolic functions and nutritional requirements [42,43,44,57]. Exploiting host proteins for survival and multiplication is a common behavior for systemic spread [50,58,59]. Virulence factors or effectors are generally secreted by bacterial pathogens for successful establishment in the host. There are several known CLas effectors secreted in plant cells, such as LasAI and LasAII as autotransporters [60], LdtR for osmotic tolerance [61], Las5315 [62,63,64,65], and many more. Surprisingly, psyllid–liberibacter protein–protein interactions have not been studied enough. Gram-negative bacteria generally have injectosomes known as secretion systems through which they inject effector proteins into the host cells. CLas and CLso haplotype D are known to have an incomplete Type III and Type IV, but possess Type I secretion system (T1SS) and all the basic components of the Sec machinery [45,64,66,67]. The components of Sec machinery such as SecA, SecB, SecE, SecY, and SecD are conserved in all the sequenced CLso haplotypes. Moreover, CLas and CLso both possess flagella-like appendages and flagellar motor proteins, which might serve as an effector secretion system [51,56,68,69].



Protein–protein interactions are the functional interface in understanding host pathogen interactions, as depicted in Figure 1. Thus, evaluating the host–pathogen protein interactome could provide valuable insights into the biological functions and mechanisms of the virulence factor proteins leading to disease progression and spread. A lot more is yet to be unrevealed in the case of psyllid–liberibacter molecular interactions, which would improve our overall understanding the molecular basis of its pathogenicity.





4. Physiological Changes and Host Factors upon Infection


Vector-borne pathogens are often less deleterious to their vectors than to their final plant or animal hosts [70,71], but liberibacter species seem to have detrimental effects on psyllids. The physiological changes often include internal physical damage in the midguts [29] and a decline in psyllid fecundity and nymph survival in response to liberibacters [70,72]. CLas-infected D. citri nymphs are also reported to develop faster than uninfected ones [72,73]. On the contrary, females are reported to invest more in immune response and survival to maintain long term reproductive viability, which causes increased oviposition for liberibacter-infected psyllids, however with reduced nymphal development and adult survivability [73,74].



4.1. Pathogen-Triggered Host Susceptibility


Following acquisition, liberibacter colonizes the midgut epithelial cells, a process that induces programmed cell death (apoptosis) and endoplasmic reticulum-associated degradation (ERAD). The exact role of ERAD in the pathogenesis of liberibacters is still unknown, but psyllids undergo high ER stress and elevated unfolded protein response (UPR) upon liberibacter infection in order to restore ER homeostasis [1,29,53]. Fragmented chromatin, abnormal nuclei structures, and fragmented cells are some typical phenotypes observed in the psyllid midgut cells in response to liberibacter infection. An increase in actin bundling is also observed in the midguts of liberibacter infected D. citri and potato psyllid, B. cockerelli [29,30,75].



Despite reduced genomic immune capacity, psyllids possess robust cellular immune defenses and utilize endosymbiont-derived defenses. The presence of CLas in D. citri was correlated with changes in endosymbiont populations. Increased populations of Wolbachia pipientis and reduced populations of Candidatus Carsonella rudii were observed in CLas-infected psyllids [76,77,78]. Candidatus Profftella armature, which is known to be involved in defense responses, produces a cytotoxic protein called Diaphorin, which is significantly decreased in CLas-infected D. citri adults [79,80].




4.2. Pathogen-Triggered Host Immunity


Insect immunity is usually controlled by three signaling pathways. The Toll pathway in response to Gram-positive bacteria, fungi, and viruses [81,82,83]; the immune deficiency (Imd) pathway in response to Gram-negative bacteria [81,84]; and the Jak/STAT pathway in response to cytokines [85]. However, hemipterans have a reduced innate immunity and lack the Imd pathway [50,84,86,87,88]. The reduced response to Gram-negative bacteria could facilitate the acquisition of liberibacter in psyllids. Cellular innate immune responses (pathogen recognition by pattern-recognition receptors (PRR) and the activation of phagocytic cells) have been known to play a more important role in psyllids than inducible humoral responses (production of antimicrobial peptides) [80,87]. Moreover, as previously mentioned, psyllid immunity also differs within the developmental stages, and nymphs generally have reduced immunity compared with the adults. Psyllid transcriptome and proteome studies have revealed a number of upregulated defense-related genes in response to liberibacter infection (Figure 1). Apolipophorins, lipophorin receptors, vitellogenins, hemocyanin, aquaporins, fatty acid binding proteins (FABP), and peptidoglycan recognition proteins (PGRPs) are most commonly upregulated in D. citri in response to CLas. Catalase and copper zinc superoxide dismutase were one of the most abundant D. citri proteins present within the infected hemolymph [75,80]. The downregulation of tenascin and semaphorin involved in axon guidance and immunity, along with ABC transporters in the liberibacter-infected psyllids, might prevent liberibacter from interfering with host membrane transport [50]. Interestingly, vitellogenin, responsible for the vertical transmission of many vector-borne pathogens [89], is noted to be upregulated in almost all of the psyllid vectors harboring liberibacter, despite the low rate of transovarial transmission [1,50,51,75,90]. Vitellogenin is supposed to facilitate immune priming, have an antimicrobial activity, and elicit anti-oxidative protection in insects [91]. Another group of proteins involved in autophagy, such as Cathepsin B and syntaxin, and proteins involved in apoptosis, such as caspases, are highly expressed in B. trigonica midguts in response to CLso infection and in D. citri in response to CLas [1,50,51,75]. Signaling proteins, such as Rho family GTPases, operate as molecular switches to regulate immunity, gene transcription, cell cycle progression, and actin dynamics. Rac1, Jun N-terminus kinase (JNK)-like, and mitogen-activated protein kinase kinase (MAKK)-like genes are upregulated in D. citri in response to CLas [50]. These proteins are known to regulate apoptosis, cell proliferation, and stress responses to counteract liberibacter invasion. All of the possible known host factors in response to liberibacter are depicted in Figure 1.





5. Disease Control and Disrupting Transmission


Insecticide sprays are the major approach used today to prevent the economic damage caused by insects and vector-borne diseases [92,93]. However, insecticides, are harmful to humans, the environment, and beneficial organisms. In addition, insects develop resistance that hampers their effective and sustainable containment [94,95,96,97,98]. Genetically modified crops with introduced insecticidal agents have been used as an alternative to evade diseases caused by liberibacters. Transgenic citrus plants and Arabidopsis overexpressing NPR1, β-caryophyllene, and attacinA have shown enhanced resistance against D. citri [99,100,101]. However, the lack of approval for GM crops in various countries has raised the need for other alternatives [102]. Understanding the vector–pathogen transmission mechanism is an important step to limit or manage insect-mediated disease transmission, and has been suggested as a target for disease control. Disrupting the protein–protein interactions that affect pathogen invasion or multiplication in the insect vector could help reduce or prevent transmission [102].



5.1. Host-Induced Gene Silencing


RNA interference (RNAi) has become one of the major methods to explore gene functions underlying host–pathogen interactions and interactions between insect and pathogen proteins that have major roles in the transmission. RNAi targeting insect genes by using stable transgenic plants, also known as host-induced gene silencing (HIGS), have been a new generation of gene silencing methods for making plants resistant to insect-borne pathogens [103,104,105,106,107,108,109]. This approach requires knowledge of the molecular patterns involved in plant–pest interactions, and has been used as an effective approach in controlling crop diseases. HIGS requires small RNA production in the host plants to silence targeted pests or pathogens during their interaction. HIGS has been proposed to be successfully used in agriculture against several pathogenic microbes and arthropods by silencing gene functions, and is often referred to as RNAi biocides [110,111,112,113,114,115,116,117]. A similar example from psyllids is the study with B. cockerelli feeding on plants with RNAi against osmoregulatory genes, which showed significant mortality rates after feeding on the RNAi plants [118].




5.2. Virus-Induced Gene Silencing


In the last decade, virus-induced gene silencing (VIGS) technology was further developed for research and commercial use in agriculture. As most plant viruses utilize phloem tissues for systemic spread within plants and specifically RNA virus infection results in double stranded RNA, which acts as RNAi drivers, these viruses have often been used to target psyllids to disrupt molecular processes in insect cells [119,120,121]. For example, recombinant tobacco mosaic virus (TMV) has been used to induce RNAi via the plant expression for B. cockerelli as an alternative to transgenic approaches [119]. Another plant virus, Citrus tristeza virus (CTV), also accumulates abundant double-stranded RNA (dsRNA) and enormous amounts of siRNA as a result of antiviral silencing [122,123]. Oral delivery of CTV dsRNA and siRNA, as well as plant mediated delivery, induce eminent RNAi effects in B. cockerelli [123,124,125].




5.3. Paratransgenesis


Another variation of host-induced gene silencing (HIGS) using viruses and bacteria, is known as paratransgenic approach, which might be a promising tool to manage liberibacter transmission. The idea is to manipulate psyllid endosymbionts [77,126,127] or use psyllid-specific viruses, such as densoviruses, which can be used as VIGS for foreign gene expression in the insect after manipulating the bacterial or viral endosymbionts [128,129]. This approach can provide an alternative and specific opportunity once the associations between these endosymbionts and the insects are unraveled. Reports of psyllid infecting viruses could be a potential tool to disrupt liberibacter transmission [130,131]. D. citri, for example, is known to harbor several viruses, including Diaphorina citri-associated C virus (DcACV), Diaphorina citri densovirus (DcDNV), Diaphorina citri reovirus (DcRV), Diaphorina citri flavi-like virus (DcFLV), and Diaphorina citri picorna-like virus (DcPLV) [132]. These viruses provide the basis for engineered vectors, which could improve the delivery of interfering RNA molecules to the psyllids, for targeting the insect proteins implicated in pathogen transmission.



Bacteria-mediated RNAi (bmRNAi) is another variation of a paratransgenic approach wherein engineered endosymbiotic bacteria expressing targeted dsRNA is allowed to colonize the insect while successfully competing with the wild microflora in the insect, resulting in the systemic knockdown of the targeted gene that is also horizontally transmissible [133,134,135,136].




5.4. Nanoparticles and Using Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)


Other novel non-transgenic delivery technologies, including peptide-based delivery vehicles, polymer or liposomic nanoparticles, and viral-like particles, also could be effective RNAi-based mechanisms to disrupt pathogen transmission. Peptide-based nano-assemblies, such as branched amphiphilic peptide capsules (BAPC), which are self-assembling peptide nano-capsular spheres, are also being used as a delivery vehicle for dsRNAs in insects [129,137]. Finally, CRISPR-based gene editing might modulate insect-host response to liberibacter infection. Injecting CRISPR/Cas9 components directly into nymphs and adults have shown heritable germline gene editing in subsequent generations in D. citri [137,138].



Hence, there are unprecedented opportunities for providing long-term management solutions for liberibacters within the vector itself (Figure 2). Focusing on the molecular interactions between the psyllids and liberibacters might provide much more insights into disease management strategies.





6. Conclusions and Perspective


Liberibacters are insect-borne plant pathogens relying mainly on the insect vector for survival and spread, and represent an escalating threat for the production of citrus and many other crops worldwide. Liberibacters, as all other insect-borne pathogenic bacteria, manipulates insect-host defenses by secreting effector proteins which thereby helps them for proliferation and further transmission to the economically important crop plants. There is a constant battle for the pathogens to escape the host defenses and to find a way for survival and spread. This includes the secretion of virulence factors by Sec machinery to lower host defense, binding host proteins (such as actin related proteins) for spread within the hemolymph, finding a suitable niche to replicate and to avoid phagocytosis and ERAD, and many more. A much better understanding of the insect–pathogen interactions are needed, which would make it possible to predict better targeted strategies. The studies available provide us with enormous opportunities (RNAi, CRISPR, and paratransgenesis) to manage to disrupt the transmission at a basal level. In this review, we discuss the known liberibacter effectors, host defenses, and the major protein–protein interactions in order to decipher novel disease management strategies and use them to block the basal insect–liberibacter interaction, thereby disrupting transmission.
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Figure 1. Schematic illustration depicting the major proteins and processes involved in psyllid–liberibacter interaction. (A) General internal anatomy of a psyllid during feeding on a plant leaf, specifically acquiring liberibacter from the phloem (red particles) and not the other particles (black dots), and also showing the midgut (MG), hindgut (HG), malpighian mubules (MT), esophgus (Es), primary salivary glands (PSG), and stylet (ST). (B) Known protein secretion systems of liberibacters, and (C) liberibacter invasion and manipulation of host cell factors needed for dissemination inside the psyllid. (B) Liberibacters are known to have all the Sec dependent protein secretory systems, including autotransporters, Type I secretion system (T1SS), and Type II secretion system (T2SS), together with the incomplete Type III secretion system (T3SS) associated with the flagella as a Sec-independent secretion pathway. Initial attachment through these systems (adhesins and T3SS) initiates the secretion of the virulence factors and effectors. (C) Once the bacterium binds to the host cell through integrins and vinculins, (1) it initiates an essential signal cascade helping it to be endocytosed (2) by clathrin-coated vesicles. Once released in the host cytosol, the bacteria manipulates the host actin cytoskeleton for locomotion (3). Liberibacters find a suitable niche in the host ER, and recruit ER membrane structures to form vacuoles (4) for multiplication and avoiding host immunity. Using host cytoskeleton, liberibacters are engulfed by the neighbouring cells (5) for cell-to-cell spread. Finally, after exocytosis, it reaches the hemolymph (6) where it circulates and can reach the salivary glands for transmission. However, liberibacters cannot always escape host immunity with induced apoptosis (host cell death) by engulfment of the bacteria inside the lysosomes (7) and nuclear disintegration (8). 
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Figure 2. Simplified depiction of the novel strategies to inhibit Liberibacter infection and its effects on the insect host. Liberibacter modulates host cellular mechanisms in various mechanisms for successful dissemination and transmission, often leading to host cell damage (green circles). Multiple tools can be designed (red circles) to disrupt liberibacter–psyllid interactions as an effective management strategy. 
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Table 1. Liberibacter-associated diseases, the infected host plants, insect vectors, and other biological and molecular parameters.
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	Liberibacter
	Insect Host
	Plant Host
	Latent Period
	Genome Size
	Ref





	Liberibacter crescens (Lcr)
	Unknown
	Hybrid mountain papaya (Carica stipulata × C. pubescens)
	-
	1.4  Mb
	[39]



	Candidatus Liberibacter asiaticus (CLas)
	Diaphorina citri (Asian citrus psyllid)
	Citrus and citrus relatives
	1 week
	1.23 Mb
	[28,40]



	Ca. L. africanus (CLaf)
	Trioza erytreae (African citrus psyllid)
	Citrus, Flaky cherry-orange (Teclea gerrardii), White ironwood (Vepris), Small forest knobwood (Zanthoxylum), Horsewood (Clausena), and Cape chestnut (Calodendrum capense)
	Not reported
	1.19 Mb
	[41]



	Ca. L. americanus (Lam)
	D. citri
	Citrus and citrus relatives
	Not reported
	1.19 Mb
	[42]



	Ca. L. solanacearum (CLso) Haplotype A
	Bactericera cockerelli
	Solanaceous crops
	2 weeks
	1.26 Mb
	[38,43]



	CLso haplotype B
	B. cockerelli
	Solanaceous crops
	2–3 weeks
	-
	[38]



	CLso haplotype C
	Trioza apicalis
	Carrot
	Not reported
	1.24 Mb
	[44]



	CLso haplotype D
	Bactericera trigonica
	Carrot
	Not reported
	1.3 Mb
	[45]



	CLso haplotype E
	B. trigonica
	Celery and carrots
	Not reported
	Not reported
	-



	Ca. L. europaeus (Leu)
	Cacopsylla pyri
	Apple (Malus domestica), hawthorn (Crataegus monogyna), blackthorn (Prunus spinosa), and pear (Pyrus)
	Not reported
	Not reported
	-



	Ca. L. europaeus (Leu)
	Arytainilla spartiophila
	Scotch broom (Cytisus scoparius)
	Not reported
	1.33 Mb
	[46]
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