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Study of partial biological and behavioral traits of Hishimonus phycitis,
vector of lime witches’ broom, for management of the disease

M. Salehi”, A. Bagheri?, M. M. Faghihi?, and K. Izadpanah®

(Received: 13.1.2017; Accepted: 21.5.2017)

Abstract

Witches’ broom disease of lime (WBDL) is a serious threat to lime industry in Iranian southern provinces.
Vector identification and transmission characteristics are main factors in epidemiology and management of
phytoplasma diseases including WBDL. Investigation of the collected sucking insect fauna on witches’
broom infected lime trees in Hashtbandee, Minab and Roodan (Hormozgan province) using PCR and RFLP
assays showed that Hishimonus phycitis leathopper and Diaphorina citri were positive for 'Ca. Phytoplasma
aurantifolia' presence. However, only H. phycitis, previously identified as vector of WBDL, successfully
transmitted the phytoplasma to Bakraee (Citrus reticulate hybrid) seedlings and bearing lime trees. Host
range studies showed that H. phycitis can reproduce only on citrus and ziziphus species and was unable to
reproduce on eggplant, watermelon, alfalfa and carrot, reported hosts of H. phycitis in india. Results of
population fluctuation revealed a main peak for the H. phycitis from February to March. However, the lowest
population density was observed in warm months (May to October). The population density of vector on
healthy and witches’ broom affected trees was compared and the results revealed that the population density
of vector was significantly higher on witches’ broom affected trees than healthy ones. It can demonstrate that
in affected lime trees, witches” broom branches can prepare appropriate niche for H. phycitis reproduction.
On the basis of the above data, it is possible to predict that cutting of witches’ broom can be an effective
approach for reduction of vector population and WBDL management.

Keywords: Candidatus Phytoplasma aurantifolia, Hishimonus phycitis, leathopper vector, lime, molecular
analyses
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Table 1. Characteristics of collected sucking insects from lime orchards including their scientific name, sampling
site, relative abundance and reaction to polymerase chain reaction (PCR) assay.

Leafhopper/planthopper  Collection site Frequency Nested PCR
species results(positive/studied
samples)
Aconurella prolixa Citrus orchards (on weeds) +++ 0/50
Agallia sp. Eggplant plants cultivated between citrus trees + 0/12
Anaceratagallia laevis  Citrus orchards (on weeds) ++ 0/17
Austroasca lybeca Citrus orchards (on weeds) + 0/11
Austragallia sinuata Citrus orchards (on weeds) + 0/19
Balclutha incisa Citrus orchards (on Mexican lime & weeds) +++ 0/11
Cicadulina bipunctata  Citrus orchards (on Mexican lime & weeds) ++ 0/11
Circulifer haematoceps  Citrus orchards (on Mexican lime & weeds) + 4/21
Diaphorina citri Citrus orchards (on various citrus species) +4++ 8/37
Empoasca desepiens Citrus orchards (on weeds) +++ 0/17
Exitianus capicola Citrus orchards (on weeds) ++ 8/23
Hishimonus phycitis Mexican lime, Bakraei, Ziziphus +4++ 35/50
Idioscopus clypealis Citrus orchards (on weeds) ++ 4/18
Laodelphax striatellus  Citrus orchards (on weeds) ++ 0/12
Macrosteles laevis Citrus orchards (on weeds) ++ 0/12
Neoaliturus fenestratus  Citrus orchards (on weeds) + 13/27
Orosius albicinctus Alfalfa farms + 9/23
Orosius cellulosus Citrus orchards (on weeds) + 0/16
Paralimenellus Citrus orchards (on weeds) + 0/5
cingulatus
Paramesodes Citrus orchards (on weeds) + 0/13
lineaticollis
Psammotettix sp. Citrus orchards (on Mexican lime & weeds) +++ 2/12
Recilia schmidtgeni Citrus orchards (on Mexican lime & weeds)) ++ 0/12
Ribautodelphax Citrus orchards (on Mexican lime & weeds) ++ 0/12
notabilis
Stirellus sp Citrus orchards (on Mexican lime & weeds) + 0/3
Stirellus bicolor Citrus orchards (on Mexican lime & weeds) ++ 0/12
Toya propinqua Citrus orchards (on Mexican lime & weeds) ++ 0/12
Tropiducephala Citrus orchards (on Mexican lime & weeds) + 0/12
prasina
Kybosca bipunctata Citrus orchards (on Mexican lime & weeds) + 0/12
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+++, high population frequency (higher than 30 insects collected by D-Vac aspirator in 30 minutes); + +, moderate

population frequency (between 15 to 30 insects collected by D-Vac aspirator in 30 minutes); + , low population

frequency (lower than 15 insects collected by D-Vac aspirator in 30 minutes)
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Figure 1. Electrophoresis patterns of PCR products on 1% agarose gel. A: direct PCR using P1/P7 primer pair;
Lanes 1, 3, 4, 5 leafthopper samples collected from lime witches’ broom infected orchards including Hishimonus
phycitis, Idioscopus clypealis, Circulifer haematoceps and Exitianus capicola, respectively; lanes 2 and 6, lime
witches broom infected periwinkle (positive control) and a sample of H. phycitis leafthopper from healthy colony
(negative control) B: nested PCR using P1/P7 primer pair followed by R16f2n/R16R2 primers, Lanes 1, 2, 3, 4, 6,
7 and 8, C.haematoceps, E. capicola, H. phycitis, I. clypealis, Neoaliturus. fenestratus, Orosius albicinctus and
Psammotettix sp leafhoppers, respectively collected from infected lime orchards. Lanes 1 and 5 a periwinkle plant
infected with lime witches broom phytoplasma (positive control) and a Hishimonus phycitis sample from healthy
colony (negative control), respectively. M, 100bp marker.
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Figure 2. Electrophoretic patterns of digested nested
PCR product from a Hishimonus phycitis sample
using Alul, Haelll, Msel, Rsal and Tagql restriction
enzymes. M: 100bp marker
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Figure3. Phylogenetic tree inferred from alignment of 16S rRNA gene sequences (1250 bp) in 22 phytoplasmas
and Acholeplasma laidlawii as outgroup by Neighbor-joining method using MEGAS software; 'Ca. P.',
'Candidatus Phytoplasma'; WB, witches’ broom; Numbers in parentheses, GenBank accession numbers; Numbers
above the branches, bootstrap support (1000 replicates).
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Figure 4. Virtual RFLP analyses generated with iPhyClassifier from in silico digestion of the 16S rDNA
R16F2n/R16R2 fragments of the'Candidatus Phytoplasma aurantifolia' (A) and Hishimonus phycitis associated
phytoplasma (B) using restriction enzymes Alul, BamHI, Bfal, BstUl, Dral, EcoRl, Haelll, Hhal, Hinfl, Hpal,

Hpall y Kpnl, Sau3Al, Msel, Rsal, Sspl,.Taql.
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Figure 5. Little leaf, yellowing, witches’ broom and
stunting in Bakraee seedlings 12 months after

introducing Hishimonus phycitis leafhoppers collected
from WBDL-symptoms bearing lime trees.
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Figure 6. Little leaf, internode shortening, witches’ broom and dieback symptoms on bearing trees inoculated
with Hishimonus phycitis collecting from WBDL-infected lime trees.
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Table 2. Analysis of variance in relation to the number of Hishimonus phycitis leafhoppers collected in healthy

and witches broom affected lime orchards

SV DF SS MS FS CV (%)
Replication 2 344247 17212.3 1.87"

Region (A) 1 32865.3 32865.3 3.58™

orchard type (healthy vs infected orchards (B) 1 552981.3 552981.3 60.2"" 375
Interaction AB 1 363000.0 363000.0 3.95™ ’
Error 6 551133 9185.6 -

Total 11 711684.6 - -

. . *k . .
":non significant; ~ significant at 1%
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Table 3. The effect of sampling regions, orchard condition (WBDL-affected or not) and their interaction on

WBDL vector density

Region Hashtbandi Rudan Orchard type (healthy vs WBDL infected) mean
Healthy vs WBDL infected orchards

Healthy 38°+™35  43°+113 418+ 5.4

Infected to WBDL 577°+77.8 363" +£93.4 470* £72.5

Region mean

3084+ 1255 203*+82.9
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" Means with at least one similar letter have no significant difference (p<0.05). Effect of each factor and their
interaction has been denoted by capital and small letters, respectively. ¥, Standard error.
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