
 
1 

Main points of the PhD thesis entitled 

 

INVESTIGATION ON THE RELATIONSHIP BETWEEN SALICYLIC ACID-

DEPENDENT DEFENCE MECHANISMS AND STRESS TOLERANCE IN WHEAT 

 

VIKTÓRIA KOVÁCS 

 

PhD School of Biology, Eötvös Lóránd University, Budapest (Dr Anna Erdei) 

Experimental Plant Biology PhD Programme (Dr Zoltán Szigeti) 

 

 

Supervisors: 

 

Dr Magda Pál      Dr Tibor Janda 

Senior Research Associate    Scientific Consultant 

 

 

 

Agricultural Institute, Centre for Agricultural Research, 

Hungarian Academy of Sciences 

Martonvásár 

2014 



 
2 

Introduction 

 

One of the major questions currently facing mankind is whether sufficient food will be 

available for the growing population. Severe damage is caused to the food processing industry 

and the economy each year by extreme weather events such as drought, the increasingly 

intense UV-B and -C radiation reaching the earth’s surface, hurricanes, floods, the 

proliferation of pests in mild winters and the rapid modifications in pathogenic agents, all of 

which have negative effects on the quality and quantity of crop yields. Thousands of scientists 

all over the world are working to make fruit, vegetable and cereal species more resistant to 

one or more damage-inducing factor, without loss of yield or even, if possible with an 

increase in the quantity of food produced. 

A further issue is the quality of the crops and the food produced from them. Many 

people are now of the opinion that rather than thinking in terms of eating enough to live, more 

attention should be paid to eating healthily. This is one motivation for research aimed at 

increasing the protein content of certain crops (bananas, soy beans), which could be of 

especial importance in countries facing famines. Another research direction is to make the 

amino acid composition of the produce more suited to the demands of the human body. A 

field of similar importance is the use of plants to produce vaccines. In order to influence plant 

quality to make it healthier for human consumption, we do not necessarily have to develop 

and grow genetically modified crops. Many medicines were originally of plant origin, and 

these active ingredients are still in use today. One such compound is salicylic acid (SA), the 

acetylated form of which, known as aspirin, is regularly used as a fever-reducing and pain-

killing agent. SA is found not only in willow trees, but also in other plants, and its usefulness 

in human medicine is indisputable. If plants are treated exogenously with SA it often protects 

them from damaging effects, such as cold, depending on the concentration and the plant 

species. But what is the function of the SA content for the plant itself? If a plant contains 

higher quantities of SA, will it be just as resistant as if it is given the compound exogenously? 

Will it perhaps be even more resistant, or does the SA quantity have no significance in terms 

of resistance to various types of damaging effects? 

Based on these questions, the aim of the present research was to obtain a better 

understanding of the physiological responses of wheat to various stress environments as 

reflected by endogenous SA levels.  Answers were primarily sought to the following 

questions: 
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♦ How much endogenous SA and polyamine (PA) do individual wheat cultivars and lines 

contain? 

♦ Do the quantity and quality of SA change under biotic or abiotic stress conditions, and if 

so, how? 

♦ How do various stress factors influence the plant defence system? 

♦ Is there cross-talk between SA-dependent and other defence mechanisms? 

♦ Does the initial SA level of the plant have any influence on how tolerant it is to stress 

factors? 

 

The various phases of the work concentrated on the following topics: 

♦ In the first series of experiments the aim was to determine the endogenous SA and PA 

contents of 22 field-grown wheat genotypes (near-isogenic lines of the Thatcher cultivar: 

TC, TC1, TC2C, TC3, TC3BG, TC3KA, TC9, TC11, TC18, TC19, TC24, TC25, TC26, 

TC28, TC29, TC33 and TC34 carrying the leaf rust resistance genes Lr1, Lr2, Lr3, Lr9, 

Lr11, Lr18, Lr19, Lr24, Lr25, Lr26, Lr28, Lr29, Lr33 and Lr34, and five winter wheat 

cultivars bred in Martonvásár: Mv Béres, Mv Hombár, Mv Marsall, Martonvásári 8 = Mv 

8 and Mv Regiment) in the case of control plants and plants exposed to artificial 

inoculation with leaf rust and natural infection with powdery mildew. An analysis was 

made of which genotypes were infected with the two pathogens and to what extent, and 

whether this was correlated with the initial levels of the two compounds or with the levels 

recorded after infection. 

♦ The second series of experiments involved the testing of 11 genotypes (Alcedo, Mv 

Marsall, Mv Toborzó, Mv Béres, Mv Hombár, Mv 8, TC33, TC29, TC26, TC19 and TC9) 

selected on the basis of field results (Kovács et al., 2012) for the effects of artificial 

inoculation with powdery mildew under greenhouse conditions. 

♦ The aim of the third series of experiments was to obtain a better understanding of the 

effects of Cd stress on the genotypes Mv Hombár and Mv 8, found in field experiments to 

have low initial SA content, and on TC33 and TC19, found to have high initial SA content. 

For this purpose high (500 µM) and low (50 µM) concentrations of Cd were applied to 

plants in various stages of development to determine their effect on the SA biosynthesis 

and metabolism and on the antioxidant defence system, as a function of the Cd tolerance of 

the plants. 
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♦ The fourth series of experiments was designed to reveal the effects of osmotic or drought 

stress induced by 15% PEG on leaf and root samples of the four genotypes used in 

Experiment 3. 

♦ In the fifth series of experiments the aim was to determine the effect of UV-B radiation 

alone or in combination with Cd or PEG treatment on leaf and root samples of the winter 

wheat cultivar Mv Emese, found in many previous experiments to have a low initial SA 

content. 

 

Materials and methods 

 

Various wheat genotypes were used in the experiments. 

Biotic stress factors (Experiments 1 and 2): Inoculation with leaf rust in the field and 

powdery mildew in the greenhouse was carried out using the method reported by Zadoks et 

al. (1974). In the field experiment leaf samples were collected before inoculation and 14 days 

after inoculation. In the greenhouse experiment, leaf and root samples were collected on the 

third and seventh days after powdery mildew inoculation. 

Abiotic stress factors (Experiments 3, 4 and 5): Wheat seedlings exposed to Cd, PEG or 

combined (UV-B+Cd, UV-B+PEG) treatments were grown under controlled conditions 

(20/18°C, RH 75%, 16/8 h light/dark period with PPFD 250 µmol m–2
 s

–1
) in a Conviron 

(Controlled Environments Ltd., Winnipeg, Canada) PGR-36 growth cabinet in the phytotron 

of the Agricultural Institute, Martonvásár, for two weeks. After this, high (500 µM) or low 

(50 µM) concentrations of Cd or 15% PEG were added directly to the nutrient solution, and 

leaf and root samples were taken 11 and 7 days after the Cd and UV-B+Cd treatments and 5 

days after the PEG and UV-B+PEG treatments. 

Examination of visual morphological changes. Phenotypic determination of powdery 

mildew infection: The 0–9 Saari-Prescott scale (Saari and Prescott, 1975) was used to score 

16 plants of each wheat genotype on the 7
th

 day after powdery mildew infection, under both 

field and greenhouse conditions. The extent of leaf rolling was scored on PEG-treated plants 

on a 1–5 scale (O’Toole and Cruz, 1980) on the 5
th

 day of PEG treatment. 

 

The physiological changes induced by the biotic and abiotic stress factors were 

monitored using the following parameters and methods: 
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A SPAD-502 chlorophyll meter (Minolta Camera Co. Ltd., Japan) was used for the 

determination of relative chlorophyll content. Measurements were made on the second and 

third fully developed leaves. 

Chlorophyll fluorescence induction was measured on fully developed leaves using a PAM-

2000 fluorometer (Walz, Effeltrich, Germany) (Janda et al., 1994). 

SA extraction and quantitative analysis was performed using the method of Meuwly and 

Métraux (1993) and PA extraction and quantitative analysis as described by Smith and 

Davies (1985), by means of HPLC (Waters, Milford, MA, USA) and the Millenium32 

software (Waters, Milford, MA, USA). 

Expression analysis on genes coding for chorismate synthase and isochorismate synthase 

(CS and ICS) was carried out using real-time PCR (Pál et al., 2014). 

The determination of phenylalanine ammonia lyase (PAL) activity was performed using a 

spectrophotometer by monitoring the formation of trans-cinnamic acid at 290 nm (Gao et al., 

2008). 

Antioxidant enzymes were isolated from plant tissues according to Janda et al. (1999) and 

measured with a Shimadzu (Kyoto, Japan) UV-VIS 160A spectrophotometer. To determine 

the glutathione reductase (GR) activity, the reduction of 5,5’-dithio-bis-(2-nitro-benzoic 

acid) (DTNB) was recorded at 412 nm (Smith et al., 1988), while glutathione-S-transferase 

(GST) activity was determined by measuring the formation of S-(2,4-dinitrophenyl) 

glutathione at 340 nm (Mannervik and Guthenberg, 1981). The consumption of H2O2 at 240 

nm was monitored to determine the catalase (CAT) activity, and that of ascorbic acid at 290 

nm to measure the ascorbate peroxidase (APX) activity (Janda et al., 1999). Guaiacol 

peroxidase (G-POD) activity was determined according to the method of Ádám et al. (1995) 

by monitoring the oxidation of guaiacol at 470 nm, and monodehydroascorbate reductase 

(MDHAR) activity with a spectrophotometer using the modified method of Krivosheeva et 

al. (1996). The analysis of G-POD isoenzymes was performed according to Janda et al. 

(1999) by means of native polyacrylamide gel electrophoresis. 

The proline content was determined spectrophotometrically using the ninhydrin method 

(Bates et al., 1973). 

Lipid peroxidation was monitored via the spectrophotometric measurement of MDA content 

(Thomas et al., 2004). 

Statistical analysis: The data are the means of 10 replicates in the case of chlorophyll content 

and chlorophyll-a fluorescence induction, of 5 replicates for MDA and proline content, the 

activity of PAL and antioxidant enzymes, and HPLC analysis, and of 3 replicates for the 
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expression levels of the CS and ICS genes. As the parameters examined are also influenced by 

aging processes (Prochazkova et al., 2001), changes in the parameters were compared with 

the values recorded in control plants of the same age. Student’s two-sample t-test was 

employed to determine significance. Correlations between the parameters were detected using 

correlation analysis. 

 

Results and conclusions 

♦ In the course of the work the initial and biotic stress-induced levels of endogenous SA and 

PA in numerous Martonvásár-bred wheat cultivars and near-isogenic lines of Thatcher 

were determined under field and greenhouse conditions, providing information that could 

be useful in future research. 

♦ The results indicated that the SA quantity changed in response to all the treatments applied, 

rising in the case of UV-B radiation, Cd stress and biotic stressing in the adult stage, 

especially for the two latter, and exhibiting little change or decreasing in the case of 

drought stress and powdery mildew infection in young plants. 

♦ Although SA is involved in the protection of wheat plants from various stress factors, 

neither the initial level of SA nor the changes induced by stress were related to the extent 

of tolerance exhibited by plants to a given stress. 

♦ The near-isogenic Thatcher line TC33 was found to respond sensitively to all the 

treatments applied. It is therefore not recommended for use as a crossing partner when 

breeding for enhanced resistance. However, it could be an ideal model plant for further 

studies aimed at revealing a possible cause and effect relationship between its 

susceptibility to stress and the fact that it has a higher initial SA level than the other wheat 

genotypes. 

♦ It was also observed that all the treatments applied to the test genotypes resulted in the 

activation of the antioxidant defence system to diminish the extent of damage. However, 

this could be regarded as a general stress response, as it did not exhibit any clear 

dependence on genotype. The only exception was Mv Hombár, where higher initial 

antioxidant enzyme activity was associated with better drought tolerance. 

♦ In plants infected with powdery mildew or treated with Cd or PEG, SA exerts its protective 

effect via the antioxidant system, e.g. through the enhanced functioning of the GR and 

GST enzymes, while in the case of drought stress the activity of these antioxidant enzymes 

may also be influenced by compounds other than SA. 
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♦ It appears extremely likely that the biosynthesis of SA follows the phenylpropanoid 

pathway in the case of abiotic stress effects, while the role of the shikimic acid pathway 

was negligible at the sampling times used in the present experiments. 

♦ The significance of the phenylpropanoid pathway under abiotic stress conditions is 

enhanced by the greater synthesis of other protective compounds, as proved by the 

anthocyanin pigmentation of young wheat plants exposed to UV-B radiation, so this could 

be why it played a more important role than the shikimic acid pathway in the present work. 

♦ The UV-B dose and exposure time used in these experiments proved to have a beneficial 

(eustress) or hardening effect, and although it inhibited the growth and development of the 

wheat seedlings, it mitigated the effects of drought stress. On the other hand, it increased 

the level of damage caused by Cd. 
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