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Summary. From 2016, witches’ broom and stunting symptoms were observed in Loli-
um rigidum grown in some fruit tree nurseries in Faragheh (Abarkouh, Yazd province,
Iran). Total DNAs were extracted from symptomatic and asymptomatic plants and
assessed for phytoplasma presence using direct and nested PCR to detect the 16S ribo-
somal RNA gene. From all symptomatic L. rigidum plant samples, expected length PCR
amplicons were obtained. RFLP analysis with informative restriction enzymes showed
identical profiles in all the samples resulted positive, that were also consistent with those
of one of the subgroups of the aster yellows phytoplasmas (16SrI). The 16S rRNA gene
sequence of Faragheh L. rigidum bushy stunt strain was 100% identical to some ‘Can-
didatus Phytoplasma asteris’ related strains, and 99.12% similar to the reference ‘Ca.
P. asteris’ strain. The virtual RFLP pattern was identical (similarity coefficient 1.00) to
the pattern of phytoplasmas in subgroup 16SrI-F. This is the first report of occurrence
and molecular identification of this phytoplasma strain in L. rigidum and indicates a
potential phytoplasma reservoir for trees in fruit tree nurseries where insect vectors
may be present. This phytoplasma strain has been reported in symptomatic stone fruits
in Spain and in potato in Ecuador. Further research on the epidemiology of witches’
broom and stunting in L. rigidum is required to develop elimination the phytoplasma
from areas surrounding agricultural crops and avoid the risks of epidemics.

Keywords. Annual ryegrass, aster yellows, Yazd province, epidemiology.

INTRODUCTION

Lolium rigidum (Poaceae) is an annual ryegrass, that is an important
weed but is also planted to a limited extent in some local areas in Iran as
fodder for livestock feed. This plant species is native to the Mediterranean
region and grows naturally in Europe, Africa, Asia and the Indian sub-con-
tinent. It is considered invasive in some regions, such as Australia, where it
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was introduced as a forage crop in approx. 1880, but it
has since become an economically damaging weed. Loli-
um rigidum is mainly grown as a forage crop, but it may
be a host for the human and animal pathogens Clavibac-
ter spp. and Claviceps purpurea (McKay and Riley, 1993;
Wegulo and Carlson, 2011).

Phytoplasmas are plant pathogenic bacteria with-
out cell walls, that are associated with many destructive
plant diseases, with a variety of symptoms (Bertaccini et
al., 2014; Bertaccini, 2022). These pathogens are trans-
mitted by phloem feeding insects (mainly leathoppers
and psyllids) and are identified based on 16S rRNA gene
sequences due to difficulty growing these organisms in
axenic culture (Contaldo et al., 2019). Identified phyto-
plasma strains are grouped in more than 50 ‘Candidatus
Phytoplasma’ species that are designated based on 16S
rRNA gene sequencing (IRPCM, 2004; Bertaccini et al.,
2022). Moreover, an RFLP-based system distinguishes
phytoplasmas into ribosomal groups and subgroups (Lee
et al., 1998) discriminating strains with high similarities
in the 16S rRNA gene.

Presence of phytoplasmas in Lolium species in fields
has not been previously reported. Symptoms resembling
those associated with the phytoplasma presence were
observed in plants growing in stone fruit tree nurseries
in Faragheh, Abarkouh, Yazd province, Iran. The pre-
sent study aimed to determine presence and identity of
phytoplasmas associated with witches’ broom and stunt-
ing symptoms in L. rigidum, as first step to devise appro-
priate disease management and maintain nursery plants
free from these pathogens.

MATERIALS AND METHODS
Plant sampling and disease incidence

From 2016, witches” broom and stunting symptoms
were repeatedly observed in scattered L. rigidum plants
grown in stone fruit tree nurseries (mainly apricot, plum
and peach) in Faragheh, Iran. A survey was carried
out from 2016 to 2018 in 10 fruit tree nurseries. These
nurseries were of approx. 500 to 1,000 m? each. Disease
incidence in each nursery was determined by sampling
within 1 m?, and the disease percentage was calculated
as the total number of L. rigidum plants with symp-
toms divided by the total number of L. rigidum plants
growing in each quadrat. Twelve symptomatic and four
asymptomatic L. rigidum samples were collected and
subjected to molecular studies to determine phytoplasma
presence and identity.
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Molecular detection of phytoplasma presence

Total DNA was extracted from 0.2 g of midrib tissue
of fresh leaves from the sampled L. rigidum plants show-
ing witches’ broom and stunting and from the asympto-
matic plants, using the procedure of Healey et al. (2014).
Total DNA extracted from a witches’ broom-symptomatic
Medicago sativa plant infected by a 16SrII-C phytoplasma
strain was used as positive control (Salehi ef al., 2011).
The quality and quantity of extracted total DNA was esti-
mated by spectrophotometer and agarose gel electropho-
resis (Green and Sambrook, 2012), and 100 ng of nucleic
acids were used for each sample as PCR template. One
pL of the P1/P7 PCR product (Deng and Hiruki, 1991;
Schneider et al., 1995) diluted 1:30 with sterile deion-
ized water, was amplified in nested PCR with R16mF2/
R16mR2 and R16F2n/R2 primer pairs (Gundersen and
Lee, 1996). The PCR reactions were carried out in 50 pL
mixtures, as described by Esmaeilzadeh-Hosseini et al.
(2020). Five pL of each reaction mixture were electro-
phoresed in a 1% (w/v) agarose gel in TBE buffer, and
were visualized after ethidium bromide staining, using a
UV imaging system (Isogene Life Science, Netherlands).
The sizes of the PCR products were estimated by com-
parison with a 100 bp DNA ladder (Biobasic, Canada).
The R16F2n/R2 amplified products from L. rigidum
witches” broom were digested separately with Msel, Hhal,
Alul, Haelll, Rsal, Hpall, Taql and Kpnl restriction
enzymes, according to the manufacturer’s instructions
(Thermo Fisher Scientific, USA). These enzymes were
selected to compare the main differential profiles report-
ed for aster yellows phytoplasmas (16SrI). The restriction
products were separated by 8% polyacrylamide gel elec-
trophoresis, then stained by ethidium bromide and visu-
alized using the UV imaging system (above) for compari-
son with the reported 16S rDNA pattern profiles of previ-
ously described phytoplasma strains (Lee ef al., 1998).

Sequencing and phylogenetic analyses

Only samples from two of the surveyed nurseries
were positive for phytoplasmas for all the 12 symptomatic
samples collected. These positive samples showed identi-
cal RFLP profiles. The R16mF2/R16mR2 primed PCR
products of the nested PCR (1.4 kb) from four randomly
selected L. rigidum witches’ broom and stunting samples
were directly sequenced from both ends (Macrogen, South
Korea), using the same primers as for the nested amplifi-
cation. The assembled sequences (DNA BASER assembler
program) were compared with sequences deposited in the
GenBank database using BLAST analyses at the National
Center for Biotechnology Information (NCBI) and were
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aligned with the BioEdit 7.2 tool. The comparison with
the reference strain of ‘Ca. P. asteris (GenBank accession
number M30790) showed 99.12% similarity, identifying
the strains as ‘Ca. P. asteris. A number of other phyto-
plasma strains showed identity percentages greater than
this to the L. rigidum witches’ broom phytoplasmas and
those with 100% similarity were the strains AVUT (Gen-
Bank accession number LB388958), AAY (apricot aster
yellows operon A, GenBank accession number AB639057),
and Psammotettix sp. B4 (GenBank accession number
MZ458767). The 1,246 bp of 16S rDNA sequences of ‘Ca.
Phytoplasma’ (Bertaccini et al.,, 2022) and those of select-
ed ‘Ca. P. asteris’ strains, including the L. rigidum witch-
es’ broom and stunting phytoplasma Faragheh strain of
the present study, were aligned using MEGA7 software
(Kumar et al., 2016). A phylogenetic tree was constructed
using the neighbor-joining method (Saitou and Nei, 1987)
in MEGA?7, with Acholeplasma laidlawii as an outgroup to
root the tree. Bootstrapping was carried out 1,000 times
to estimate stability and support for relationship branches
(Felsenstein, 1985). The evolutionary distances were com-
puted using the Maximum Composite Likelihood method
(Tamura ef al., 2004). Virtual RFLP analysis using online
program iPhyClassifier (Zhao et al., 2009) was used on
the obtained sequences to determine the ribosomal sub-

group affiliations of the strains, digesting them in silico
with the 17 restriction enzymes available in the program.

RESULTS

Figure 1 shows disease symptoms observed in two of
the ten nurseries inspected. All the plants of L. rigidum
showing witches” broom and stunting symptoms were
positive for phytoplasmas, while the asymptomatic sam-
ples were negative for phytoplasma.

The overall infection percentage of the disease in
the two nursery fields was about 4% and was constant in
numbers and locations in both the years of the survey.
From all symptomatic L. rigidum samples, fragments of
about 1.8, 1.4 and 1.2 kb were obtained, while from the
symptomless plants no amplifications were obtained.

Restriction fragment length polymorphism (RFLP)
analysis of the R16F2n/R2 amplicons using informative
selected restriction enzymes produced patterns identical
to each other and indistinguishable from those of 16SrI
group (aster yellows) (Lee et al., 1998) (Figure 2).

The 1.2 kb DNA fragments of the R16F2n/R2 ampli-
cons sequenced from Faragheh L. rigidum witches’
broom and stunting phytoplasmas were 100% identi-

Figure 1. Lolium rigidum witches’ broom and stunting symptoms observed in two of the surveyed stone fruit nurseries in Faragheh (Iran).
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Figure 2. Polyacrylamide gel showing RFLP profiles of 16S rRNA
gene fragment a amplified by nested PCR using P1/P7 followed by
R16F2n/R2 primer pairs from the Lolium rigidum witches” broom
and stunting phytoplasma. PCR products were digested by the
restriction enzymes listed at the top. Ladder is the 100 bp DNA
(Biobasic, Canada).

cal to each other, so one sequence was submitted to the
GenBank database under accession number OR365262.
The virtual RFLP pattern derived from the R16F2n/
R2 fragment of this sequence was identical (similarity
coefficient 1.00) to the pattern of the 16SrI-F reference
strain in the iPhyClassifier (GenBank accession number
AY265211) (Figures 3 and 4).

The phylogenetic analysis confirmed that the L. rigi-
dum witches’ broom and stunting phytoplasma clustered
within the ‘Ca. P. asteris’ strains enclosed in the sub-
group 16SrI-F including phytoplasma strains identified
in the putative insect vector Psammotettix sp., captured
on apricot trees in Turkey (Figure 5).

DISCUSSION

Identification of aster yellows phytoplasmas (‘Ca. P.
asteris’, subgroup 16SrI-F) in L. rigidum is among the
few reports of phytoplasmas in a monocot Lolium spe-
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cies. The phytoplasma was detected in nurseries where
mainly stone fruit trees are grown. Lolium rigidum
weeds in apricot seedling nurseries and in general in
stone fruit nurseries, cause problems also for weed man-
agement. This weed competes with nursery seedlings for
water and soil resources, and absorbs many of the ferti-
lizer nutrients required to rapidly produce young fruit
tree plants for orchard eastablishment. This competi-
tion weakens the fruit tree seedlings and increases their
susceptibility to pests and pathogens. Plant pathogens
also survive on weeds that act as alternative hosts that
are important in disease epidemiology, and can lead to
outbreaks of diseases in nurseries and orchards. In the
present study cases, L. rigidum hosted 16SrI-F phyto-
plasmas, and could be a source/reservoir for infection by
this pathogen.

The only previous reports of phytoplasmas in Loli-
um are in L. multiflorum where a phytoplasma 16SrI-L
was detected in Lithuania associated with yellowing of
leaves and spikes, and general stunting symptoms (Urba-
naviciene et al., 2005), and of a 16SrI phytoplasmas in L.
perenne with similar symptoms in the Russian Federation
(Bogoutdinov et al., 2021). The symptoms observed in the
present study were different from those reported in other
agriculturally important monocotledonous plants. These
include rice orange leaf and maize leaf reddening (Duduk
and Bertaccini, 2006; Jonson ef al., 2020).

From surveys carried out during the last two dec-
ades, the main phytoplasmas identified in Iran were
within 16SrI (aster yellows), 16SrIl (peanut witches’
broom), 16SrIIl (X-disease), 16SrVI (clover prolifera-
tion), 16SrVII (ash yellows), 16SrIX (pigeon pea witches’
broom), 16SrX (apple proliferation), 16SrXI (rice yel-
low dwarf), 16SrXII (“stolbur”), 16SrXIV (Bermudag-
rass white leaf), 16SXXIX (Cassia witches” broom), and
16SrXXX (salt cedar witches’ broom) groups (Esmaeilza-
deh Hosseini et al., 2023a; 2023b). Aster yellows phy-
toplasma (‘Ca. P. asteris’, 16SrI) (Lee et al., 2004) is the
third most widespread phytoplasma identified in Iran,
reported from 43 plant species in 19 families. Among
the three ‘Ca. Phytoplasma’ species described in the
16Sr1 ribosomal group (i.e., ‘Ca. P. asteris’, ‘Ca. P. lyco-
persici’ and ‘Ca. P. tritici’) (Bertaccini et al., 2022), ‘Ca.
P. asteris’ and ‘Ca. P. tritici” strains were both detected
and identified in this Country. Moreover, for these phy-
toplasmas four subgroups were reported 16SrI-B, 16SrI-
F, 16SrI-R and 16Srl-S (Esmailzadeh Hosseini et al.,
2023a; 2023b; Salehi et al., 2025); however the identi-
fied strains are mainly included in subgroup 16SrI-B
and have been associated with many diseases including
yellowing of Allium cepa, phyllody of Eruca sativa, lit-
tle leaf of Eucalyptus camaldulensis, phyllody of Lactuca
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Figure 4. Collective RFLP profile of the Faragheh L. rigidum witches’ broom and stunting phytoplasma strain on the left (GenBank acces-
sion number OR365262) was identical to the pattern for the 16SrI-F reference strain on the right (GenBank accession number AY265211).

sativa, witches’ broom of Morus alba, Prunus armeniaca
decline, yellowing of Rosa canina, purple top of Sola-
num tuberosum, phyllody of Sonchus oleraceus, Tamarix
aphylla witches’ broom, witches’ broom of Tragopogon
dubius, Vitis vinifera yellows, and witches’ broom and
yellowing of Ziziphus jujuba. Phytoplasmas in subgroup
16SrI-R was detected and identified in Aquilegia vulgaris
with phyllody, and subgroup 16Sr1-S in Calendula offici-
nalis with phyllody (Esmaeilzadeh Hosseini et al., 2023a,
2023b). Phytoplasmas belonging to subgroup 16SrI-F
were reported in periwinkle plants showing little leaf
symptoms in Fars province, Iran (Salehi et al., 2025).
This phytoplasma has now been identified in L. rigidum
in Iranian nurseries producing fruit tree propagation
materials (apricots). Considering that the same phyto-
plasma was detected in apricot in Spain, in the putative
leathopper vectors Psammotettix sp. in Germany (Bertac-
cini, 2023) and Turkey (Randa-Zelyut et al., 2022), and
in Euscelis incisus in Serbia (Jakovljevic et al., 2020), the
present study results have relevance for possible epidem-
ic spread in agricultural situations, since the potential
insect vectors are polyphagous. The feeding preferences
of these insect vectors and their ability to survive on L.
rigidum requires further verification. Castillo-Carrillo
et al. (2018) identified 16SrI-F phytoplasmas in potato
plants with purple top symptoms in Ecuador. It is there-
fore likely that transmission of this phytoplasma from
and to nursery trees from herbaceous host species can-
not be excluded, although separate surveys in these nurs-
eries have not identified this phytoplasma in trees in
Iran. Although stone fruit plants of the investigated nurs-
eries did not have phytoplasma symptoms, there is a risk
that this phytoplasma could be transmitted to nurseries.

On the other hand, the presence of the phytoplasma
could affect L. rigidum when cultivated as forage crop
(Oshib Nataj et al., 2012), and affect other economical-
ly important monocots such as wheat, maize, or barley
which are extensively grown in Iran. Since L. rigidum
is a weed with widespread distribution in this country,
its role as phytoplasma reservoir plant should be con-
sidered, because a similar role has been demonstrated
for phytoplasma-infected alfalfa (Esmailzadeh Hosseini
et al., 2016) in some areas of Iran. Seeds can be sources
of phytoplasma infections in herbaceous hosts including
alfalfa, corn, tomato, pea, carrot and eggplant (Calari
et al., 2011; Zwolinska et al., 2012; Satta et al., 2020;
Mateeti et al., 2022, 2023; Gungoosingh Bunwaree et al.,
2023; Darabakula et al., 2024; Bertaccini et al., 2025).
This makes the detection of 16SrI-F phytoplasmas in L.
rigidum relevant for management of healthy stone fruit
propagation material in Iranian nurseries and in other
environments where these crops are grown or where L.
rigidum is an infesting weed. Large use of herbicides for
L. rigidum management has resulted in widespread her-
bicide resistance (Heap, 2019). The majority of L. rigi-
dum fields in southern Australian cropping regions are
herbicide resistant, based on periodic random surveys
(Owen et al., 2014), posing threats to elimination of this
weed from crops. In some regions environmental tem-
peratures also affect herbicide efficacy. Herbicide resist-
ant L. rigidum populations and climate change may pro-
vide perennial sources of phytoplasma inoculum, when
insect vectors are present. Further research to clarify the
epidemiology of diseases associated with 16SrI-F phy-
toplasmas under Iranian conditions will assist contain-
ment of possible disease outbreaks.
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