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ABSTRACT Changes in endogenous salicylic acid and polyamine contents were investigated
following infection with powdery mildew in four near-isogenic Thatcher-based wheat lines.
Although the infection could not affect the quantum efficiency of photosystem 2 after 7 days
in the investigated genotypes, significant changes were observed in the levels of salicylic acid
and polyamines of inoculated plants. Powdery mildew infection caused decrease in salicylic acid
content after 3 days, but on the 7t day of infection increased it significantly in line carrying Lr33
gene. Infection also increased the salicylic acid content after 7 days in line carrying Lr19 gene,
while the other genotypes were hardly affected. Infection increased the levels of cadaverine,
spermidine and spermine in the free form, as well as the levels of spermidine and spermine in
the conjugated form. Infection could not affect either of the polyamines associated with vari-
ous macromolecules (bound form). It was concluded that although salicylic acid and polyamines
have important role in plant responses and defence mechanisms during biotic stress, there is no
correlation between pathogen induced changes in the levels of them and the level of tolerance
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to powdery mildew of the investigated four wheat lines

Powdery mildew [Blumeria graminis (DC.) Speer f.sp.
tritici Em. Marchal] causes infections of varying intensity
in wheat cultivars every year. Plants respond to pathogen
attack by activating a wide range of protective mechanisms
including production of reactive oxygen species, altera-
tions in the cell wall structure, accumulation of secondary
metabolites, activation and/or synthesis of defence peptides
and proteins (Kotchoni and Gachomo 2006). Salicylic acid
(SA), as a component of the signal transduction system, plays
important role in defence mechanisms against pathogen at-
tack (Raskin 1992; Catinot et al. 2008; Horvath et al. 2007,
Loake and Grant 2007). Increases in endogenous SA level
have been reported in pathogen challenged leaves of vari-
ous plant species, furthermore exogenously applied SA can
induce resistance against several biotic stresses (Chaturvedi
and Shah 2007). Polyamines (PAs), which are small, positive
charged, aliphatic amines and found in all plant cells are able
to bind to negatively charged molecules, e.g. nucleic acids,
acidic phospholipids and various types of proteins, thus have
protective role under stress conditions (Walters 2000a). It
was first shown in barley following brown rust infection, that
polyamine levels are altered by pathogen infection (Greenland
and Lewis 1984). Later it was demonstrated that not only the
levels of polyamines increased, but powdery mildew infec-
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tion also resulted in increased activities of its biosynthetic
enzymes in barley plants (Walters et al. 1985).

The aim of the present work to investigate changes in
endogenous SA and PA contents after infection with pow-
dery mildew in four wheat lines, and to search correlation
between the observed changes and the level of tolerance to
powdery mildew.

Materials and methods

Based on our prelimilary results four Thatcher-based near
isogenic lines were selected (carrying Lr33, Lr26, Lr19, Lr9
genes, respectively). Plants were grown in pots (2 plants/pot)
in a 2:1 mixture of soil and sand under greenhouse conditions.
Inoculation was carried out using a mixture of pathotypes
with a known virulence spectrum (determined on a differen-
tials carrying genes Pm0, 1, 2, 3a, 3b, 3c, 3d, 3f, 4a, 4b, 5, 6,
7,8,17,2+6, 2+4b+8, 1+2+9, 2+MIld). Plants were inoculated
at adult stage (GS45) by shaking conidia onto the leaf surface
of the test plants. Throughout the experiment the temperature
in the greenhouse was 16-22°C and the relative humidity of
the air under the isolation boxes was above 90%. All meas-
urements were performed 3 and 7 days after infection on the
leaves of control as well as inoculated plants. The chlorophyll
fluorescence from the leaves was determined under growth
conditions using a pulse amplitude modulated fluorometer
(PAM-2000, Walz, Effeltrich, Germany). Salicylic acid was
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Figure 1. Changes in total salicylic acid content in four Thatcher-based
wheat lines on the 3 and 7* day following powdery mildew infec-
tion. Data presented as mean = SD (n=5); * and *** denote significant
differences from the control of the same day at the 0.05 and 0.001
levels, respectively.

measured according to Meuwly and Métraux (1993) and Pél
et al. (2005). SA and oHCA were quantified fluorimetrically
(W474 scanning fluorescence detector, Waters, USA) with
excitation at 317 nm and emission at 436 nm for oHCA,
followed by with excitation at 305 nm and emission at 407
nm for SA. PAs were analyzed as dansylated derivatives
via HPLC using a W2690 separation module and a W474
scanning fluorescence detector (Waters, Milford, MA, USA)
as described by Németh et al. (2002) and Radyukina et al.
(2010). Changes in these parameters were compared to the
control for the same day. Five independent repetitions were
performed for each experiment. The data were statistically
evaluated using the standard deviation and t-test methods.

Results

After infection small, white or gray tufts were appeared on
the leaves of all investigated wheat lines. However, signifi-
cant differences in disease severity and the rate of symptom
development were observed between the four lines. Bases
on phenotypic testing, we found that lines carrying Lr33 and
Lr26 genes were rather susceptible, while lines with Lr19
and Lr9 genes were rather resistant for powdery mildew
infection.

The AF/F_’ chlorophyll-a fluorescence induction param-
eter, which indicates the quantum efficiency of photosystem
2 (PS 2), was measured to detect the damaging effect of the
powdery mildew infection. Still on the 7" day of the infection,
we could not detected significant differences between control
and inoculated plants (data not shown).

Endogenous level of total SA were higher in lines carry-
ing Lr33 and Lr19 genes than that of lines carrying Lr26 and
L9 genes, and SA contents were not changed significantly
during aging in control plant (Fig.1). Powdery mildew infec-
tion caused significant decrease in SA level after 3 days of
infection, but on the 7™ day slight increase was observed in
line with Lr33 gene. Infection also increased significantly the
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Figure 2. Changes in the levels of free (A) and conjugated spermidine
(B) in four Thatcher-based wheat lines on the 3¢ and 7t" day following
powdery mildew infection. Data presented as mean + SD (n=5); *, **
and *** denote significant differences from the control of the same
day at the 0.05, 0.01 and 0.001 levels, respectively.

SA content after 7 days in line carrying Lr19 gene, but the
other genotypes could hardly affect.

The levels of free, conjugated and bound forms of the in-
vestigated polyamines, namely putrescine (PUT), cadaverine
(CAD), spermidine (SPD) and spermine (SPN) showed little
differences between control plants of the four lines. The level
of CAD in free, conjugated and bound forms were 2-fold
higher in lines with Lr33 and Lr9 genes than in lines with
Lr26 and Lr19 genes. The free SPN content of line carrying
Lr19 gene was 2-fold higher, than that of the other lines. Free,
conjugated and bound forms were in the same magnitude,
dominant with SPN in the free and with SPD in the conju-
gated and bound forms. Infection caused increases in the level
of CAD, SPD and SPN in the free form, SPD and SPN in the
conjugated form (data not shown). The highest accumulation
induced by infection was observed in the case of free and
conjugated SPD after 7 days, which was pronounced in lines
carrying Lr33, Lr26 and Lr19 genes (Fig.2A, B). Infection
could not affect either of the polyamines in the bound form.

Discussion

In order to obtain a better understanding of tolerance to
powdery mildew in wheat, investigations were made on the
protective mechanisms induced before pathogen causes per-



manent damage. It has been long known that powdery mildew
infection causes inhibition in photosynthesis (Magyarosy et
al. 1976; Prokopovd et al. 2010), though under these condi-
tions powdery mildew infection could not affect the quantum
efficiency of PS 2. The present results however, indicate that
the effect of infection can be detected as early as three days
after inoculation, as demonstrated by changes especially in
PAs contents. These results similar to others found in barley,
where the levels of free PUT and SPN and conjugated forms
of PUT, SPD and SPN were increased following inoculation
with the powdery mildew (Cowley and Walters 2002). Re-
markable increase no could be detected in the level of total
SA after powdery mildew infection under these conditions,
which is according to results of other authors. Powdery mil-
dew could not cause any SA accumulation in different barley
genotypes (Hiickelhoven et al. 1999). Furthermore the levels
of free and SA conjugates also remained low after infection
with Erysiphe graminis f. sp, hordei or E. graminis f. sp.
tritici in barley while they increased after inoculation with
Pseudomonas syringae pv. syringae (Vallelian-Bindschedler
et al. 1998). These result suggested that SA accumulation at
least in barley is pathogen specific. Although there are some
papers about existence of correlation between contents of
endogenous SA and PAs and sensitivity or resistance to vari-
ous biotic stresses (Talieva and Kondrat’eva 2002; Walters
2000b), in our case it could not be detected under these condi-
tions. Bases on these results it was concluded that although
salicylic acid and poliamines have important role in plant
responses and defence mechanisms during biotic stress, there
is no correlation between pathogen induced changes in the
levels of them and the level of tolerance to powdery mildew
of the investigated four wheat lines.
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