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Abstract Downy mildew caused by the oomycete
Hyaloperonospora parasitica (formerly Peronospora
parasitica) is a worldwide foliar disease of Brassica
vegetables, which may cause seedling loss in the
nurseries and damage to adult plants in the field.
Disease symptoms start from the lower leaves and
progress upwards. Three experiments were conducted
under controlled environment conditions, using inoc-
ulated leaf discs, to determine the influence of leaf
position, plant age, and leaf age on the expression of
resistance to downy mildew in various Brassica
oleracea genotypes. The upper leaves were more
resistant than the lower leaves when 7–19 week-old
plants of broccoli and Tronchuda cabbage were
tested. Broccoli lines ‘PCB21.32’ and ‘OL87123-2’
were fully susceptible at the cotyledon stage, showed
a clear resistance increase from lower to upper leaves
at 6 weeks and ‘PCB21.32’ was fully resistant
16 weeks after sowing. Immature leaves were more
resistant than adjacent fully expanded mature leaves.
Susceptibility increased with leaf age when the same

leaf was tested at two to 4-week intervals. Leaf age
and upper-leaf position on the stem had opposite
effects on disease score, since younger leaves collect-
ed from lower positions and older leaves collected
from upper positions tended to score similarly in
compatible interactions. The progression of downy
mildew from the base of the plant upwards on B.
oleracea in the field could be due to differences in
leaf resistance in addition to environmental variation.
To maximise the expression of a compatible reaction
in adult plants lower leaves of Brassica plants that are
at least 12 weeks-old should be used.

Keywords Disease resistance . Broccoli . Tronchuda
cabbage .Hyaloperonospora parasitica

Introduction

Downy mildew caused by the oomycete Hyaloperono-
spora parasitica (formerly Peronospora parasitica) is
an important foliar disease of Brassica vegetables
worldwide, which may cause seedlings to be lost in
nurseries and damage adult plants in the field,
especially in temperate climates. The development of
sporulating lesions of H. parasitica in adult plants
induces defoliation and early leaf senescence, and
reduces yield and head quality of broccoli and
cauliflower (Niu et al. 1983; Jensen et al. 1999).
Disease symptoms in the field start on the lower leaves
and progress upwards (Natti et al. 1956; Coelho et al.

Eur J Plant Pathol (2009) 125:179–188
DOI 10.1007/s10658-009-9469-4

P. S. Coelho
Instituto Nacional de Recursos Biológicos,
Quinta do Marquês, Av. República,
2784-505 Oeiras, Portugal

L. Valério :A. A. Monteiro (*)
Instituto Superior de Agronomia,
Technical University of Lisbon,
1349-017 Lisboa, Portugal
e-mail: amonteiro@isa.utl.pt



1998; Jensen et al. 1999). This disease pattern could be
attributed to environmental differences, variation in
inoculum availability and changes in leaf resistance.

Downy mildew resistance is affected by plant
development in Brassica oleracea. The resistance of
mature broccoli plants having eight or more leaves is
independent of the resistance of young seedlings
(Dickson and Petzoldt 1993) and the plants can be
susceptible at the cotyledon stage and resistant at the
adult stage (Coelho and Monteiro 2003b). In ‘Couve
Algarvia’, resistance at cotyledon and adult-plant
stages is under the control of two different genetic
systems (Monteiro et al. 2005). Agnola et al. (2003)
used leaf discs collected from 17 leaf positions in 10–
18 week-old Brassica plants to show that incompat-
ible reactions occur regardless of leaf position, but
with compatible reactions, sporulation intensity varies
with the position of the leaf on the stem.

The increasing resistance to pathogens with plant or
leaf ageing is a form of resistance referred to as age-
related resistance (ARR) (Kim et al. 1989). ARR in
Arabidopsis is a developmentally regulated and
environmentally sensitive defence response to Pseudo-
monas syringae (Kus et al. 2002). ARR is frequently
reported in mature plants in different plant-pathogen
interactions: potato-Phytophthora infestans (Warren
et al. 1971), lettuce-Bremia lactucae (Dickinson and
Crute 1974), tobacco-Peronospora tabacina (Reuveni
et al. 1986; Cohen et al. 1987; Wyatt et al. 1991;
Hugot et al. 2004) and pepper-Phytophthora capsici
(Kim et al. 1989).

In order to clarify these questions, the use of leaf
discs is adequate to assess disease resistance variation
within adult plants because it is possible to compare,
under the same environmental conditions, the resis-
tance of leaves of different ages or leaves collected
from different positions. The use of leaf-disc evalua-
tion methods is more informative than field or
greenhouse tests, and they can also be used to predict

host response to natural epidemics in the field (Reuveni
et al. 1986; Brown et al. 1999; Cohen et al. 2000;
Olmstead et al. 2000; Visker et al. 2003).

The objective of this research was to produce a
model to explain the variation of downy mildew
resistance in B. oleracea by (1) determining the plant
growth stage where adult-plant downy mildew resis-
tance is clearly expressed, and (2) evaluating how
resistance is expressed at different leaf ages and at
different leaf positions. This model will also help to
determine the best plant material to be inoculated
when testing B. oleracea genotypes for downy
mildew resistance.

Materials and methods

This research consisted of three experiments to
evaluate host response to downy mildew in different
B. oleracea genotypes by using different permutations
of three variables: plant age; leaf age and leaf position
on the stem.

Experiment 1

A small-scale experiment was conducted using ten
plants from broccoli line ‘PCB17.11’ (Table 1). After
evaluating cotyledon resistance, as described below,
the cotyledons were removed and the seedlings
transferred to 16-cm pots filled with a peat-based
substrate (Levington M2, Fisons, UK) and grown in a
greenhouse for 12 weeks. Two leaf discs were
collected from the third to tenth leaves on the stem
counted from the base. We did not test the two oldest
leaves at the bottom because they had dropped and
the three youngest leaves at the apex because they
were too small. The discs were inoculated and then
incubated in a growth chamber using the leaf-disc
protocol described below.

Plant code Sub species Crop type Description Experiment

PCB17.11 italica Broccoli Inbred line (S5) 1, 3

PCB21.32 italica Broccoli Inbred line (S6) 2, 3

OL87123-2 italica Broccoli Inbred line (S1) 2

PCM21.11 tronchuda Couve Murciana Inbred line (S6) 3

PCA12.112 tronchuda Couve Algarvia Inbred line (S3) 3

GK97362 – Rapid cycling Brassica Double-haploid line 3

Table 1 Brassica oleracea
hosts tested
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Experiment 2

Twenty-five plants from each of the broccoli lines
‘PCB21.32’ and ‘OL87123-2’ (Table 1) were tested at
the cotyledon stage. The cotyledons were removed after
evaluation and the seedlings transplanted to 9-cm pots
filled with a peat-based substrate (LevingtonM2, Fisons,
UK) and maintained in a growth chamber at 20±1°C,
70±10%RH and a 20 h photoperiod under cool-white
fluorescent light (Osram) at 250μmol m−2 s−1. All the
plants were tested 6 weeks, 7 weeks, and 8 weeks after
sowing by collecting one disc per leaf from leaves
occupying different positions along the stem (between
3–13 nodes). Leaves were numbered upwards starting
at the first node and the higher leaf evaluated at one
date was repeated at the next date. The discs collected
were inoculated using the leaf-disc protocol.

Experiment 3

Sixteen plants from each of four Brassica genotypes
(Table 1) were tested at different plant ages by
collecting discs from leaves of different ages and
positions on the stem. Discs from the susceptible rapid-
cycling genotype ‘GK97362’ were used as controls.

The seedlings were transplanted to 16-cm pots
filled with a peat-based substrate (Levington M2,
Fisons, UK) containing a slow-release fertiliser
(Osmocote, Scotts International B.V.) and maintained
in a growth chamber at 20±1°C, 70±10%RH and
20 h photoperiod under cool-white fluorescent light
(Osram) at 250μmol m−2 s−1 for 7 weeks. The plants
were then transferred to a greenhouse (air temperature
ranging from 10°C to 25°C). The plants were watered
by hand during the experiment.

Two discs per leaf were collected from all the
plants 7, 9, 11, 13, 16, and 19 weeks after sowing. A
variable number of leaf ages and positions were tested
for resistance on each collection date. The leaves were
numbered upwards from nodes 1 to 18. The leaf
positions not tested at each date were because leaves
were either too small (leaves above the fourth position
from the apex) or they had dropped. The leaf discs
collected were inoculated using the leaf-disc protocol.

Inoculum preparation

The Portuguese H. parasitica isolate P523 (collected
from a field of B. oleracea var. tronchuda, at Batalha,

Portugal, in 1997) was used for all cotyledon and leaf-
disc inoculations. The inoculum preparation followed
the procedure described by Leckie et al. (1996).
Freshly sporulating cotyledons of the susceptible
maintenance plant stock were dipped in distilled
water and gently agitated to dislodge conidia. The
spore suspension was filtered through two layers of
muslin to remove mycelial fragments and centrifuged
at 370g for 3 min. The supernatant was discarded and
the pellets re-suspended in distilled water. This was
repeated twice and the pellets re-suspended in
distilled water to reach a final concentration of 5×
104 and 1×105 spores ml−1 for cotyledon and leaf-
disc inoculation respectively.

Cotyledon testing

Seeds of the B. oleracea hosts were germinated in
multi-cell trays (3×3×5 cm) filled with a peat-based
substrate (Levington F2, Fisons, UK) and maintained
in a growth chamber at 20±1°C, 70±10%RH and a
20 h photoperiod under cool-white fluorescent light
(Osram) at 250μmol m−2 s−1 for 1 week until the
cotyledons were fully expanded. The seedlings were
then inoculated by depositing two 10-μl droplets of
conidial suspension on each cotyledon. The trays
were enclosed in sealed polyethylene bags (RH=
100%) and incubated at 16±1°C in the dark for 24 h.
The polyethylene bags were removed and the trays
placed in the growth chamber under the conditions
described for the production of the seedlings. Six days
after inoculation, the trays were enclosed again in
polyethylene bags and incubated at 16±1°C in the
dark for 24 h to induce sporulation. The bags were
removed and the interaction phenotype of each
individual seedling was scored using a seven-class
scale of increasing susceptibility (Table 2). Plants
showing no symptoms (class 0) were assumed as
escapes and discarded. The host resistance was
classified according to the mean disease score (DS)
of all the cotyledons tested: resistance (DS<3.5);
intermediate resistant (3.5≤DS<4.5) and susceptible
(DS≥4.5).

Leaf-disc protocol

Leaf resistance was evaluated following the leaf-disc
method described by Monteiro et al. (2005). Leaf
discs (2 cm diam) were cut from each leaf and placed
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over a plastic net in 10-cm diam plastic Petri dishes
containing 1 g of medium-size perlite moistened with
10 ml of distilled water. The leaf discs were
inoculated on the adaxial surface with two 10-μl
droplets of the H. parasitica conidial suspension
using a micropipette. The Petri dishes were covered
and incubated for 24 h under the same conditions
previously described for the cotyledons. After incu-
bation, the Petri dishes were sealed with parafilm
and placed randomly in a growth chamber under the
conditions previously described for the production of
the seedlings. Six days after inoculation, the leaf
discs were lightly sprayed with distilled water and
incubated at 16±1°C in the dark for 24 h to induce
sporulation. Then the interaction phenotype of each
leaf disc was individually scored according to the
seven-class scale used for the cotyledons (Table 2).
The differences in resistance were estimated by the
mean DS of the observed leaf discs following the
criteria used for the cotyledons.

Data analysis

Analysis of variance was performed on the data using
Statistica version 6.0. Differences between means
were separated by Tukey HSD test. Mean DS in the

different cotyledons, leaf positions and ages was the
mean value of all the cotyledons and leaf discs
individually evaluated for each position and age.

Results and discussion

Effect of leaf position

The eight consecutive leaves of broccoli line ‘PCB17.11’
tested in Experiment 1 showed a significant increase
in resistance to downy mildew from the bottom of the
plant upwards in 12 week-old plants (Fig. 1). The
lowest leaves were fully susceptible, the highest
leaves resistant, and those in between expressed
intermediate resistance responses. An increase in
resistance from the lower to the upper leaves was
also shown in Experiment 2 by 6 week-old plants,
but the leaves of 7 week and 8 week-old plants
above the six and nine positions were all resistant
(Figs. 2 and 3). Experiment 3 also shows that the
highest leaves were in general more resistant than
the lowest leaves when 7–19 week-old plants were
tested (Table 3). In 16 week-old plants, the greater
resistance of the upper leaves was clear in line
‘PCB17.11’ but less evident in the three other hosts.

The gradual increases in leaf resistance from the
bases to the apices of the plants in Experiments 1, 2
and 3 agrees with field observations of susceptible
Brassica plants, where the lowest leaves are the first
to show disease symptoms with larger lesions and
heavier sporulation (Coelho et al. 1998; Jensen et al.
1999). Our results agree with those found by Agnola
et al. (2003), who compared downy mildew suscep-
tibility of leaf discs from fully-developed leaves
occupying 17 leaf positions on 10–18 week-old
Brassica plants and showed that discs collected below
the sixth leaf are susceptible, and those collected
above the sixth leaf are moderately susceptible to
resistant.

Variable susceptibility according to the leaf position
on the stem also exists in other host-pathogen systems.
Potato late blight (P. infestans) shows a higher linear
growth rate in basal leaves than in apical leaves
independently of plant architecture, environmental
conditions, plant age, and cultivar (Visker et al.
2003). It is therefore important to test leaves occupying
the same position on the stem for a reliable disease
resistance comparison between hosts.

Table 2 Downy mildew interaction-phenotype classes used for
cotyledon and leaf-disc evaluation

Class Interaction phenotype

0 No host reaction, no sporulation

1 Light host necrosis localised on the upper cotyledon/leaf
disc surface, no sporulation

2 Diffuse host necrosis localised on the upper cotyledon/
leaf disc surface, no sporulation

3 Host necrosis localised on the upper cotyledon/leaf disc
surface, weak sporulation (five conidiophores)
localised on the lower cotyledon/leaf disc surface
confined to the point of infection

4 Host necrosis localised on the upper cotyledon/leaf disc
surface, heavy sporulation localised on the lower
cotyledon/leaf disc surface confined to point of
infection

5 No necroses on the upper surface, sparse to moderate
sporulation dispersed over the whole cotyledon/leaf
disc surface

6 No necroses on the upper surface, abundant and dense
sporulation dispersed over the whole cotyledon/leaf
disc surface
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Effect of plant growth stage

Downy mildew resistance varied with plant growth
stage. Broccoli lines ‘PCB21.32’ and ‘OL87123-2’ in
Experiment 2 were susceptible at the cotyledon stage,
showed a clear resistance increase from the lower to
the upper leaves in 6 week-old plants, and all leaves
tested above the sixth and ninth positions were resistant
in 7 week and 8 week-old plants respectively (Figs. 2
and 3). These broccoli genotypes are also resistant as
adult plants under field conditions (Coelho and
Monteiro 2003b). Broccoli line ‘PCB21.32’ was also
tested in Experiment 3 but resistance was expressed
only above the eight-leaf position. The increase of
resistance with plant age suggested that a plant suscep-
tible at the cotyledon stage may express resistance

12 weeks or 13 weeks later. Older plants in Experiment
3 were more resistant than younger ones in lines
‘PCB21.32’, ‘PCM21.11’ and ‘PCA12.112’, but in line
‘PCB17.11’ the plants remained susceptible until they
were 16 weeks-old (Table 3).

In Experiments 2 and 3 some hosts, susceptible as
young plants, had a transition phase beyond which
they expressed resistance to downy mildew (Figs. 2
and 3, and Table 3). However, a precise minimum age
for the expression of adult plant resistance was not
evident because the shift in expression of resistance
occurred in plants that were between 7 weeks and
13 weeks-old, and was also influenced by the position
of the leaf on the stem and the age of the leaf. ARR to
oomycetes occurs in various species with older plants
being more resistant than younger ones (Reuveni
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et al. 1986; Cohen et al. 1987; Wyatt et al. 1991;
Hugot et al. 1999, 2004). Also, some broccoli lines
show an evident transition from susceptibility to
resistance between the sixth and seventh leaf stages
(Dickson and Petzoldt 1993).

Monteiro et al. (2005) reported an independent F2
segregation between cotyledon and adult plant resis-
tance to downy mildew in ‘Couve Algarvia’ with
plants expressing each of the four possible combina-
tions of susceptibility and resistance at cotyledon and
adult-plant stages. The existence of plants that are
susceptible through all growth stages and plants
resistant at the cotyledon stage and susceptible as
adult plants contradicts a permanent developmental-
regulated resistance and supports the action of genes
conferring resistance at each stage or at both stages of
development. However, behind this qualitative genet-
ic control there might be present a quantitative
influence of ageing that decreases susceptibility in
older plants. Experiment 3 supported this hypothesis
because basal leaves from 19 week-old plants from
line ‘PCB17.11’ tended to express a lower disease
score than the basal leaves of younger 9–16 week-old
susceptible plants (Table 3).

Effect of leaf age

To determine the effect of leaf age on downy mildew
resistance we performed an analysis of variance
separately for each individual leaf position between
leaf ages. In Experiment 2, only two leaves were re-
evaluated for two different dates, positions 6 and 9 on
line ‘PCB21.32’ and positions 9 and 11 on line

‘OL87123-2’ (Figs. 2 and 3). With the 1-week
interval, the downy mildew resistance of tested leaf
positions did not change.

Experiment 3 showed that immature leaves did not
become infected, which agreed with the hypothesis
that upper leaves are more resistant. When the same
leaves were tested repeatedly at two to 4-week
intervals, older leaves were more susceptible than
younger leaves. Susceptibility increased when the
leaves were tested between 7 weeks and 9 weeks in
all lines. Older leaves were significantly more
susceptible on positions 2 to 9, 11, and 13 from line
‘PCB17.11’, on position 5 from line ‘PCB21.32’, on
positions 3 to 7 from line ‘PCM21.11’, and on
positions 4 to 6, and 11 from line ‘PCA12.112’
(Table 3).

Agnola et al. (2003) observed greater resistance to
downy mildew in young leaves than in older leaves of
Brassica hosts. Increased susceptibility to pathogens
with leaf age has also been reported for other host-
pathogen systems such as Alternaria helianthi on
sunflower (Allen et al. 1983) or P. tabacina on
tobacco leaves (Cohen et al. 1987). Leaf susceptibility
does not increase continuously until leaf senescence
because a state is reached when the leaf is no longer
able to support pathogen growth. We have observed
in susceptible broccoli that old, chlorotic leaves were
difficult to infect with H. parasitica and did not
sporulate (unpublished data). Therefore, for the best
compatible reaction to be expressed, leaves should be
inoculated when they are fully mature, but with
enough time for the pathogen to develop before the
leaves senesce naturally.
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Table 3 Disease scores of leaves in various node positions in four B. oleracea hosts inoculated with H. parasitica at different plant
and leaf ages (Experiment 3)

Leaf positionx Plant age at inoculation (weeks after sowing) Leaf age

7-week 9-week 11-week 13-week 16-week 19-week

Broccoli ‘PCB17.11’ Significance

18 … … … … … 2.7a –

17 … … … … … 1.9a –

16 … … … … … 2.5a –

15 … … … … … 2.2a –

14 … … … … … 2.9a –

13 … … … … 1.6d B 3.2a A ***

12 … … … … 2.5cd 3.0a NS

11 … … … … 2.9bcd B 4.2a A *

10 … … … 3.4d 3.1bc 4.0a NS

9 … … 2.3d B 3.8cd A 3.9ab A … ***

8 … … 3.8bc B 4.1cd AB 4.6a A … *

7 … … 3.4cd B 4.4bc A 5.7a A … ***

6 … 3.6c B 4.6ab A 4.9ab A 6.0a A … ***

5 … 4.4b B 5.2a AB 5.6a A … … **

4 2.2 C 4.6b B 5.5a A … … … ***

3 2.1 B 5.5a A … … … … ***

2 1.8 B 5.7a A … … … … ***

Significance NS *** *** *** *** **

Broccoli ‘PCB21.32’

18 … … … … … 1.4 –

17 … … … … … 1.4 –

16 … … … … 1.1 1.4 NS

15 … … … … 1.6 2.2 NS

14 … … … … 1.4 … –

13 … … … 1.8c 1.6 … NS

12 … … … 1.8c 2.0 … NS

11 … … 2.6b 2.4bc … … NS

10 … … 2.4b 2.5bc … … NS

9 … … 2.5b 2.2bc … … NS

8 … 3.7 3.4ab 3.5ab … … NS

7 … 3.8 3.9a 4.2a … … NS

6 … 4.1 4.7a 4.0a … … NS

5 1.6 B 4.6 A 5.0a A … … … ***

Significance – NS *** *** NS NS

Couve Murciana ‘PCM21.11’

17 … … … … … 1.6 –

16 … … … … … 1.7 –

15 … … … … … 1.8 –

14 … … … … 1.0 1.8 NS
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Combined effects

Brassica genotypes tested in Experiment 3 expressed
different patterns of adult plant resistance to downy
mildew that corroborate previous field and green-
house tests (Coelho and Monteiro 2003a, b; Monteiro
et al. 2005). Line ‘PCB17.11’ was susceptible, lines
‘PCB21.32’ and ‘PCM21.11’ were resistant, and line
‘PCA12.112’ was extremely resistant, which may

have influenced the effects of leaf position and age on
the disease score as explained below.

In Experiment 3 the influences of leaf age and
upper-leaf position had apparent reverse effects on
disease scores. Older leaves collected from upper
positions tended to have similar scores to younger
leaves collected from lower positions. For instance, in
line ‘PCB17.11’ leaf position 2 on 9 week-old,
position 4 on 11 week-old, position 5 on 13 week-

Table 3 (continued)

Leaf positionx Plant age at inoculation (weeks after sowing) Leaf age

7-week 9-week 11-week 13-week 16-week 19-week

13 … … … … 1.2 2.3 NS

12 … … … … 1.2 2.5 NS

11 … … … … 1.3 3.0 NS

10 … … … 1.9d 1.6 … NS

9 … … 2.6c 3.1c 1.7 … NS

8 … … 3.3bc 3.7bc … … NS

7 … … 3.2bc B 4.4ab A … … ***

6 … 3.7c B 4.2ab B 5.2a A … … ***

5 2.1b B 4.0bc A 4.1ab A 5.5a A … … ***

4 2.8ab B 4.8ab A 4.8a A … … … ***

3 3.5a B 5.8a A 5.5a AB … … … ***

Significance * *** *** *** NS NS

Couve Algarvia ‘PCA12.112’

15 … … … … … 1.0b –

14 … … … … … 1.0b –

13 … … … … 1.0 1.0b NS

12 … … … … 1.0 1.0b NS

11 … … … … 1.0 B 2.0a A **

10 … … … 1.0c 1.0 … NS

9 … … 1.2b 1.0c 1.0 … NS

8 … … 1.6b 1.7c … … NS

7 … 1.9b 2.2b 3.0b … … NS

6 … 2.4b B 3.7a A 4.5a A … … ***

5 … 3.4a B 4.9a A … … … **

4 1.6 B 3.2ab A 4.8a A … … … ***

Significance – *** *** *** NS ***

Each value is the mean of 16 replicates

(…) Leaves not tested because they had dropped or were too small. Leaves above the fourth position from the apex were not tested

Small letters refer to mean separation for leaf position (columns) and capital letters refer to mean separation for leaf age (lines). Mean
separation was by Tukey’s HSD test. Values in columns and in lines followed by different letters are statistically significant at P≤0.05.
NS, *, **, *** Non-significant or significant at P≤0.05, 0.01 or 0.001, respectively
x Leaf positions were counted from plant node 1 upwards
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old and position 7 on 16 week-old plants showed
similar disease scores (Table 3). The pattern of
resistance variation with leaf age and position
described for the susceptible line ‘PCB17.11’ was
not evident in the resistant lines ‘PCB21.32’ and
‘PCM21.11’ or in the extremely resistant line
‘PCA12.112’, because after a certain plant develop-
mental stage all leaves were resistant independently of
their age or position on the stem. For instance, disease
scores on 16 week-old plants varied between leaves
from 1.6 to 6.0 on line ‘PCB17.11’, from 1.1 to 2.0
on line ‘PCB21.32’ and from 1.0 to 1.7 on line
‘PCM21.11’. The disease score was a uniform 1.0 for
all leaves tested on line ‘PCA12.112’.

Resistant hosts in Experiment 3 showed increased
susceptibility on old, lower leaves, e.g. position 5 on
line ‘PCB21.32’, positions 3 to 6 on line ‘PCM21.11’
and positions 4 and 5 on line ‘PCA12.112’. This is not
supported by Agnola et al. (2003), who verified that in
resistant hosts the discs are resistant whatever the leaf
position. Other species react differently. Considering
the resistance to potato blight (P. infestans), the effect
of leaf position is more important than the effect of
plant age and leaf age, and the degree of resistance of a
specific leaf remains constant during its entire lifetime
(Visker et al. 2003). ARR is a common response in
several species. Resistance of tobacco plants to blue
mould (P. tabacina) increases with plant age, but not
with leaf age or leaf position, which suggests the
presence of a plant-age related disease inhibitor
(Reuveni et al. 1986).

The progress of downy mildew in the plants under
field conditions is from the bottom-up, with basal
leaves being the first to exhibit disease symptoms and
showing the largest lesions and greatest sporulation. It
is therefore appropriate in field scoring to use an
index that takes into account the number of infected
leaves and the size of the lesions (Coelho and
Monteiro 2003b). Such an index is an efficient tool
to estimate disease progression in the plant and to
identify genotypes that hinder disease development.

It could be argued from field data that the more
severe disease symptoms on basal leaves are induced
by the presence of inoculum and better infection
conditions because these leaves are closer to the
ground, are less well ventilated and retain moisture
for longer periods. However the evaluation by the
leaf-disc method, where all leaves were tested under
the same experimental conditions, clarified that the

differences in disease score between leaves occupying
various positions on the plant can be explained by the
variation in leaf susceptibility in addition to environ-
mental differences.

Testing disease resistance in the field is expen-
sive, labour-intensive and only produces reliable
results if the environmental conditions are favour-
able for the development of downy mildew. Labora-
tory testing using the leaf-disc method is more
efficient because it can be repeated, done at any
time and the environment does not influence the
results. Since the test uses a limited number of leaves
collected only once, the disease score may vary with
plant age and with the kind of leaves sampled for
testing. To maximise the expression of a compatible
reaction in adult plants lower leaves should be used
of plants that are at least 12 weeks-old. However
lower leaves may not provide a fair discrimination
between resistant and susceptible adult plants be-
cause these leaves may show compatible reactions in
putative resistant plants. The best discrimination is
achieved by testing leaves collected from various
positions along the plant.
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