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Abstract

Maize redness (MR) causes midrib, leaf and stalk reddening and abnormal ear development in maize in Serbia, Romania and Bul-
garia. High populations of the ciixid Reptalus panzeri (Low) were found in MR affected maize fields in the southern Banat region
of Serbia in 2005 and 2006, and stolbur phytoplasma was detected in 20% of the insects. Stolbur phytoplasma was detected in
85% of symptomatic maize from these fields. Typical MR symptoms developed in healthy maize plants exposed to stolbur phyto-

plasma infected R. panzeri, and these plants were positive for the phytoplasma.
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Introduction

Maize redness (MR) has occurred intermittently in Ser-
bia, Romania and Bulgaria since 1960 (Suti¢ et al.,
2002). MR affected plants have reddening of the leaf
midrib, leaves and stalks. Although seed set and yield
are greatly reduced, dwarfing and phyllody are not
commonly associated with MR. Because insecticide
treated plots were less affected by MR, it was proposed
that MR was caused by an insect transmitted pathogen.
Recently, Duduk and Bertaccini (2006) demonstrated
the presence of stolbur phytoplasma (subgroup
16SrXII-A) in MR affected plants from southern Banat
in 2005. Insecticide treated plots had reduced MR inci-
dence (Suti¢ et al., 2002). Phytoplasmas are prokary-
otic, phloem-limited plant pathogens that, as yet, cannot
be cultured (Lee et al., 2000).

Generally, phytoplasmas are transmitted by insects
(Weintraub and Beanland, 2006). Stolbur phytoplasma
is transmitted by two cixiids (Fos et al., 1992; Gatineau
et al., 2001), and it was previously detected in Reptalus
panzeri (Léw) from infected vineyards in Hungary (Pal-
ermo et al., 2004). Identification of MR vectors in Ser-
bia is required to understand disease aetiology and epi-
demiology, and to develop effective approaches for dis-
ease management in maize.

Materials and methods

Potential Hemipteran vectors (leathoppers, planthoppers
and cixiids) were collected between 15 May and 1 Oc-
tober in 2005 and 2006 from three MR affected fields in
southern Banat about 15 km ENE of Belgrade. Two
fields about 16 km W and 6 km WNW of Belgrade that
did not have MR were used as controls. Insects were

collected from marked plots (10 x 10 m each) along a
transect in each field with sweep nets, and stored in
80% ethanol at 8 °C. R. panzeri was identified as de-
scribed by Holzinger et al., (2003).

DNA was isolated from individual insects or maize
plants and amplified using a modification of the stolbur
phytoplasma-specific nested PCR protocol (Daire ef al.,
1997; Clair et al., 2003).

To determine whether stolbur phytoplasma infected
R. panzeri could transmit MR to maize, sweet corn
(‘ZP 231 su’) pretreated with bifenthrin and deltame-
thrin was planted on 26 May into 11 mesh cages (2.2 x
2.2 x 2.5 m) at the Plant Protection Institute in Zemun,
Serbia. Six weeks later, 120 R. panzeri collected from
MR affected fields were released into each of seven
cages. Symptoms were evaluated weekly on the plants.
Five to nine weeks after exposure to R. panzeri, tissue
was harvested and tested for stolbur phytoplasma using
nested PCR.

Results

R. panzeri populations were much higher in the MR
affected fields, with an average of 260 insects (n=20)
collected per plot over two seasons. Populations were
low in the control plots with an average of less than 25
R. panzeri per plot (n=20) over the same period. More
than 17% of the R. panzeri were positive for the
stolbur phytoplasma using the nested PCR assay (table
1). Less than 2% of insects from control fields were
infected. Most (85%) symptomatic maize from MR
affected fields was stolbur phytoplasma positive, but
the phytoplasma was not detected in asymptomatic
maize (table 1).



MR symptoms appeared on maize four weeks after re-
lease of R. panzeri from the affected area into cages of
asymptomatic maize. Ultimately 57% of the plants be-
came symptomatic, and 81% of these were positive for
stolbur phytoplasma. No symptoms appeared on maize
plants from cages without insects and none were posi-
tive for the phytoplasma.

Discussion

In addition to the typical MR symtpoms (Jovi¢ et al.,
2007), some maize plants can also show red streaks
along the midrib (figure la). Yield losses of 40-90%
(Suti¢ et al., 2002) occur due to dramatically reduced
seed set (figure 1b).

R. panzeri was a likely MR vector because it was a-
bundant in the MR affected region and a significant por-
tion of the insects were phytoplasma positive. The ap-
pearance of MR symptoms and presence of stolbur phy-
toplasma in maize after exposure to R. panzeri collected
in affected fields stongly implicates the insect in trans-
mission of this pathogen.

Table 1. The occurrence of stolbur phytoplasma in R.
panzeri and maize.

Sample Locale # Indiv. # Symp. # PCR pos.
R. panzeri MR field 404 na 17
Control field 167 na 2
Zeamays MR field 30 30 26
MR field 20 0 0
Test cages
+ R. panzeri & .
Test cages 0 0

no R. panzeri

R. panzeri or maize samples were collected from the
indicated location (Locale). The total (# Indiv.) and
number of symptomatic (# Symp.) samples are indi-
cated, as is the number of samples that were positive
in the nested PCR assay (# PCR pos.).

Figure 1. MR symptoms in maize. A maize leaf with a
dark red streak adjacent to the midrib (a) and an ear
with poor seed set (b) are shown.
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