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Abstract

Prunus necrotic ringspot virus (PNRSV) was detected by DAS-ELISA tests in dif-
ferent parts of field-grown ‘Ingrid Bergman’, ‘Kronnenbourg’, ‘Queen Elizabeth’
and ‘Super Star’ rose cultivars. The virus was detected in apical leaves from April to
November, in basal leaves in May, June, September and October, and in flower pet-
als from May to October.
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Introduction

Commercially produced field-grown rose cultivars are infected with viruses
which belong mainly to the genera Ilarvirus and Nepovirus (Fulton 1970, 1972, Ikin
and Frost 1974, Thomas 1981).

Prunus necrotic ringspot virus (PNRSV) is a member of Ilarvirus genus (family
Bromoviridae). The species is currently prevails in roses in Europe (Fulton 1970,
Moury et al. 2000, 2001, Paduch-Cichal 2003). Rose plants infected with PNRSV
may show symptoms on leaves, but infected plants are often symptomless for most
or all the growing season. Visual inspections of roses are, therefore, inadequate for
virus detection. The transmission of PNRSV from rose to herbaceous indicator
plants is sometimes unreliable and time consuming. Enzyme-linked immuno-
sorbent assay (ELISA), according to Clark and Adams (1977), is the easiest and
most widely used test for PNRSV detection in rose plants (Thomas 1980, Moury et
al. 2000, 2001). Thomas (1980) could not detect PNRSV in samples extracted
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from mature leaves by ELISA test. He used young leaves and floral petals to obtain
very good results. Wong et al. (1988) used ELISA test to check 19 field-grown rose
cultivars for PNRSV in July, August and September. The maximum virus detection
in rose leaves was achieved in July. Full bloom stage rose petals were a very good
source of PNRSV, too. Moury et al. (2000) detected the virus in apical and basal
leaves, bark and roots of ‘Anna’, ‘Dallas’, ‘Laguna’ and ‘Leonidas’ cultivars.
Absorbance values were higher for apical leaves than basal leaves, bark and roots.

Detection of PNRSV in apical leaves, basal leaves and flower petals of four
field-grown rose cultivars by DAS-ELISA test, in dependence on different periods
of the year, was the aim of the study.

Materials and methods

Naturally PNRSV infected field-grown rose plants in two locations in Warsaw
were investigated. Five plants of ‘Ingrid Bergman’, ‘Kronnenbourg’, and ‘Super
Star’ cultivars from Botanical Garden of the University of Warsaw were used. An-
other five plants of ‘Queen Elizabeth’ cultivar from a collection (Department of Or-
namental Plants, Warsaw Agricultural University) were also investigated. One
year earlier all these plants were found infected with PNRSV (Paduch-Cichal
2003).

It was not possible to obtain healthy rose plants of ‘Kronnenbourg’, ‘Ingrid
Bergman’ and ‘Super Star’ cultivars, therefore control combination consisted of
five healthy plants of cultivar ‘Queen Elizabeth’ only. In 2004 the materials were
tested monthly from April to November. In 2005 the plants were tested in May,
June and September (in these months the absorbance values were the highest in
ELISA test in 2003 year; Paduch-Cichal 2003). The plant samples were taken from
each plant separately. Six apical leaves and six basal leaves were collected from
each of the five floral stems per plant. When the roses were in full bloom all flower
petals were collected from each plant investigated. Different parts of field-grown
rose plants were taken according to the scheme:

Tissue 2004 2005
Apical leaves April-November May, June
Basal leaves September
Flower petals May-November

PNRSV was detected in plant materials serologically by DAS-ELISA test accord-
ing to the routine method described by Clark and Adams (1977). The commercial
kits (Loewe Biochemica GmbH, Sauerlach, Germany) were used throughout the
experiments. All plant extracts were prepared by grinding tissue (0.25 g) in a mortar
with 5 ml 0.02 M phosphate buffer, pH 7.4, containing 0.1 M NaCl, 0.1% Tween 20.
The results were assessed by measuring the extinction at 405 nm with Multiscan
reader. The positive readings were always above 0.200.
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All plants of each field-grown cultivar tested were carefully visually examined
and the results recorded in each individual plant once a month, from May to No-
vember in 2004 and 2005. That was aimed at determining possible correlation be-
tween symptoms on plants and results of serological PNRSV detection in roses.

Results

PNRSV detection in different parts of ‘Kronnenbourg’, ‘Ingrid Bergman’,
‘Queen Elizabeth’ and ‘Super Star’ roses during 2004 and 2005 was satisfactory. In
2004 the virus was detected for the first time in apical leaves in April and it was de-
tectable every following month until November. In 2005 PNRSV was found in
rose plants in May, June and September (Table 1).

Table 1

Detection of PNRSV in different parts of field-grown roses in different months
by DAS-ELISA test (2004-2005)

Tissue April May June July August |September| October |November
Apical + + + + + + + +
leaves nt ++ ++ nt nt ++ nt nt
Basal - + + - - + + -
leaves nt ++ ++ nt nt ++ nt nt
Flower - + + + + + + -
petals nt ++ ++ nt nt ++ nt nt

+ —PNRSV detected in 2004, — — PNRSV not detected in 2004, + + — PNRSV detected in 2005, nt —
not tested in 2005.

The absorbance values for organs of each rose cultivar tested differed. The
absorbance values for the cultivars tested were different (Table 2). The significant
differences were noted between extinction values of leaves from different position
along the stems, and extinction values of leaves and petals. In 2004 PNRSV was de-
tected in apical leaves of all four cultivars tested, from April to November. The
highest DAS-ELISA readings for apical leaf samples were noted in April (‘Super
Star’ — 3.378, ‘Ingrid Bergman’ — 3.357 and ‘Kronnenbourg’ — 3.316) and in June
(‘Queen Elizabeth’ — 1.675). The lowest readings were observed in November for
all tested rose cultivars. The basal leaves of all the cultivars considered proved good
source of PNRSV in May, June and in September. In June the highest DAS-ELISA
readings for basal leaves were noted for ‘Super Star’ (2.982), ‘Ingrid Bergman’
(2.581), ‘Kronnenbourg’ (1.552) and ‘Queen Elizabeth’ (0.921). In July, August
and November the in DAS-ELISA tests readings decreased making the detection of
PNRSV in basal leaves impossible. The flower petals were used for testing from
May to October with positive results, with the highest DAS-ELISA readings from
all rose cultivars in June. In November the virus was undetectable in petals. In May,
June and September 2005, PNRSV was well detected in apical leaf, basal leaf and
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Table 2
Mean extinction values from DAS-ELISA tests of various organs of four rose
cultivars
‘Ingrid Bergman’ ‘Kronnenbourg’ | ‘Queen Elizabeth’ ‘Super Star’
Year, month |apical | basal apical | basal apical | basal apical | basal

petals petals petals petals

leaves |leaves leaves |leaves leaves |leaves leaves|leaves
2004, April 3.357| nt nt [3.316| nt nt |1.424| nt nt [3.378| nt nt

2004, May 3.165|2.3430.851|1.770|1.432|0.881|1.167|0.845|0.651 |3.234|2.859 | 1.122
2004, June 3.198(2.581|1.252|1.857|1.552|0.951|1.675|0.921|1.152|3.358 |2.982(2.316
2004, July 1.89610.171/0.915|1.294 0.155|0.581 |0.972|0.094 |0.412|2.248 |0.140|1.138
2004, August |1.614|0.111{0.618|0.9330.173|0.355|0.722|0.134|0.309|1.796|0.167 | 0.326
2004, September | 3.019 |1 0.980|0.715|1.408 | 0.908|0.480|1.031|0.825|0.315(3.162|0.993 | 0.691
2004, October |1.587|0.201{0.491|0.720|0.204|0.281|0.615|0.212|0.215|1.551|0.361 | 0.412
2004, November|0.929 |0.128 {0.091 | 0.589 | 0.076 | 0.082 | 0.433 | 0.071 | 0.081 | 0.989|0.138 | 0.092
2005, May 3.216(2.121/0.712|1.698 |1.311|0.700|1.200|0.771|0.515|3.001 | 2.611 | 1.201
2005, June 3.428(2.218|1.382|1.901(1.471|0.811|1.711|0.911|1.091|3.202|2.808|1.661

2005, September| 3.120 | 0.851 |0.6121.3220.301|0.320|1.122{0.702 |0.316 | 2.998 | 0.951 | 0.680

nt — not tested.

flower petal samples from all the cultivars. The highest values were obtained with
all plant parts tested in June.

The absorbance values for the cultivars tested were also significantly different
(Table 2). In 2004 ‘Super Star’ and ‘Ingrid Bergman’ samples gave higher
DAS-ELISA readings for apical leaf, basal leaf or flower petal samples than
‘Kronnenbourg’ and ‘Queen Elizabeth’ samples. In 2005 the higher DAS-ELISA
readings were reordered for ‘Ingrid Bergman’ apical leaf samples. The values for
‘Super Star’ basal leaves and flower petals were higher than extinction values for
‘Ingrid Bergman’, ‘Kronnenbourg’ and ‘Queen Elizabeth’. During two years of in-
vestigations, the extinction values for all ‘Queen Elizabeth’ plant parts tested were
lower than for other cultivars.

During two years of visual observations no symptoms were found on leaves of
‘Kronnenbourg’ and ‘Super Star’. ‘Kronnenbourg’ plants were only stunted. ‘Ingrid
Bergman’ and ‘Queen Elizabeth’ showed symptoms on the foliage starting from
June. Line patterns and ring spots or yellow nets developed on leaves of ‘Ingrid
Bergman’ (Phots 1, 2, 3) and only line patterns were noted in ‘Queen Elizabeth’ in
June and July - both on apical and basal leaves. In August, line patterns and
chlorotic ring spots developed only on basal leaves of these cultivars. Conspicuous
symptoms on basal leaves and mild symptoms on apical leaves were noted in ‘Ing-
rid Bergman’ and ‘Queen Elizabeth’ plants in September and October. Very mild
line patterns and chlorotic ring spots were observed on ‘Ingrid Bergman’ and
‘Queen Elizabeth’ leaves in November.

No symptoms on flowers were found on plants of any cultivar tested.
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Phot. 1. Line patterns on leaves of cv. ‘Ingrid Bergman’ infected with PNRSV (Botanical Garden
of the University of Warsaw) (photo by K. Sala-Rejczak)

Phot. 2. Ringspots on leaves of cv. ‘Ingrid Bergman’ infected with PNRSV (Botanical Garden of
the University of Warsaw) (photo by K. Sala-Rejczak)
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Phot. 3. Yellow nets on leaves of cv. ‘Ingrid Bergman’ infected with PNRSV (Botanical Garden
of the University of Warsaw) (photo by K. Sala-Rejczak)

Discussion

This is the first report concerning detection of PNRSV in different parts of
field-grown rose cultivars by DAS-ELISA test in Poland.

The results of PNRSV detection in different parts of ‘Ingrid Bergman’,
‘Kronnenbourg’, ‘Queen Elizabeth’ and ‘Super Star’ roses, in general agree with
those obtained by other authors. Thomas (1980), Stain et al. (1987), Wong et al.
(1988) and Moury et al. (2000) noted that extinction values were higher for apical
than for mature leaves. In our experiments the apical leaves were used and gave re-
liable results in test for PNRSV from April till November, but mean A,y values
were highest in April (‘Ingrid Bergman’, ‘Kronnenbourg’, ‘Super Star’) and in June
(‘Queen Elizabeth’). The virus was also detected in mature leaves in May, June,
September and October. DAS-ELISA readings for basal leaf samples collected from
all the cultivars in question were highest in June. The extinction values were lower
for mature than apical leaves. Probably, virus concentration in young leaves is
higher than in mature leaves. This may also be due to the activity of polyphenol
oxidase in older leaves (Hampton and Fulton 1961). Full bloom stage rose petals
consist very good material for PNRSV detection (Thomas 1980, Stein et al. 1987,
Wong et al. 1988). The authors cited were able to find the virus in July. In our ex-
periment, PNRSV was detected in rose flower petals from May to October. The
highest DAS-ELISA readings were recorded in June — the values were lower for pet-
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als than for apical and basal leaf samples of each cultivar tested. The differences be-
tween values for the four cultivars tested were significant. ‘Ingrid Bergman’ and
‘Super Star’ samples gave higher extinction values for apical leaves, basal leaves
and flower petals than ‘Kronnenbourg’ and ‘Queen Elizabeth’. Similar phenome-
non was noted by Moury et al. (2000): much higher absorbance values for ‘Leoni-
das’ cultivar than for ‘Dallas’, ‘Laguna’ and ‘Anna’.

Paduch-Cichal (2003) recorded earlier PNRSV symptoms on leaves of ‘Ingrid
Bergman’ and ‘Queen Elizabeth’. ‘Kronnenbourg’ and ‘Super Star’ cultivars were
symptomless although the virus was detected by DAS-ELISA test. Our results con-
firm hers. Thus, visual surveys for PNRSV presence in field-grown rose cultivars
are unreliable. Under the circumstances, field-grown roses must be checked with
other methods. DAS-ELISA test, used in the work, seems to be relatively simple,
quick and sufficiently sensitive.

This paper provides information on rose tissues available for PNRSV diagnosis
with DAS-ELISA test. Hopefully, the results can be helpful in production of vi-
rus-free rose plants.

Streszczenie

WYKRYWANIE WIRUSA NEKROTYCZNE] PIERSQIENIOWE] PLAMISTOSCI
WISNI (PNRSV) W ROZNYCH CZESCIACH ROZ CZTERECH ODMIAN
GRUNTOWYCH Z UZYCEM TESTU DAS-ELISA

W latach 2004 i 2005 badano mozliwos¢ wykrywania wirusa nekrotycznej pier-
$cieniowej plamistosdci wisni (Prunus necrotic ringspot virus, PNRSV) w lisciach i w
platkach korony réz odmian ‘Ingrid Bergman’, ‘Kronnenbourg’, ‘Queen Elizabeth’
i ‘Super Star’, z uzyciem testu serologicznego DAS-ELISA. Obecnoé¢ wirusa
stwierdzano w lisciach najmlodszych w okresie od kwietnia do listopada, a w li$-
ciach w pelni rozwinietych — w maju, czerwcu, wrze$niu oraz pazdzierniku. Do-
brym zrédiem PNRSV byly takze platki korony pochodzace z kwiatéw zbieranych
od maja do pazdziernika.
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