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The aim of the study was to investigate changes of photosynthetic effi ciency, amount of photosynthetic pigments, 
superoxide dismutase (SOD) enzyme activity, and rate of lipid peroxidation in bean–rust interaction. The clarifi cation 
of the role of the above changes involved in the defence mechanism can signifi cantly contribute to the breeding of 
plant varieties with natural resistance. Consequently, the amount of chemicals used in food production can be 
signifi cantly reduced. In the present study some principal physiological parameters, such as the relative chlorophyll 
content of the host plant, the amount of photosynthetic pigments, changes in photosynthetic effi ciency, and the 
activity of superoxide-dismutase (SOD) in addition to rate of lipid peroxidation (LP) were measured. The experiment 
was conducted in a humidity tent. Signifi cant decrease in the relative chlorophyll content and in the amount of 
photosynthetic pigments was measured. At both sampling times, an increase was found in superoxide-dismutase 
enzyme activity and in rate of lipid peroxidation due to the bean rust infection. Notably, in several cases the 
differences were signifi cant. The results indicate that the above parameters have important role in the bean–rust 
interaction, which should be taken into consideration in resistance breeding.
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Numerous stress factors affect the development of plants. These factors can be divided into 
two categories, namely biotic and abiotic. Various studies indicated that biotic stress factors, 
such as diverse pathogens, have an impact on the natural defence mechanism of plants 
(SHETTY et al., 2008; BARNA et al., 2012). Oxidative stress is regarded as a central factor in 
abiotic and biotic stress phenomena, which occurs when a serious imbalance exists in any 
compartment between the production of reactive oxygen species (ROS) and antioxidant 
defence, leading to dramatic physiological challenges (FOYER & NOCTOR, 2003). Furthermore, 
SHETTY and co-workers (2008) proved that various infections have an increasing effect on the 
amount of reactive oxygen species (ROS) in the tissues. The latter seemed to have an adverse 
effect on lipids, proteins, and nucleic acids.

The social value of the common bean is considerably high to millions of people in many 
countries especially in Latin America, Eastern and Southern Africa, as well as in Europe 
(BROUGHTON et al., 2003). Moreover, bean rust, caused by Uromyces appendiculatus, is 
responsible for major production problems on a universal scale (STAVELY & PASTOR-CORRALES, 
1989).
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As the development of diseases is the result of a compatible interaction between host, 
pathogen, and environment, its dynamics depends on the suitability of each component either 
to favour or disfavour the epidemic process (AGRIOS, 2005). The two major opponents, the 
host and the pathogen, given optimal environmental favourability and absence of human 
intervention, infl uence each other and determine not only the course of the resulting epidemic, 
but also host growth dynamics and yield (MERSHA & HAU, 2011). Among the most destructive 
diseases that attack common bean causing serious problems, bean rust is regarded as the most 
prevalent. The latter is incited by a highly variable pathogen, namely the fungus, Uromyces 
appendiculatus (Pers.) Strauss. Worldwide losses, measured in greenhouse and fi eld 
conditions, can vary from 18 to 100% (STAVELY & PASTOR-CORRALES, 1989). Disease 
management practices for bean rust control include crop rotation, soil incorporation of bean 
debris, planting within recommended dates, growing resistant cultivars, and timely spraying 
of fungicides (MMBAGA et al., 1996).

Common bean is a highly polymorphic species showing considerable variation in 
growth habit depending on cultivar and environment. The pathogen U. appendiculatus is an 
obligate, biotrophic, autoecious, and macrocyclic fungus (MCMILLAN et al., 2003). The 
development of bean rust is highly infl uenced by environmental factors, such as temperature 
and humidity, and host factors. Repeated disease cycles may occur at 10 to 14 day intervals 
under favourable conditions (STAVELY & PASTOR-CORRALES, 1989).

Biotic stress usually stimulates the production of reactive oxygen species (ROS), such 
as the superoxide anion (O–2), hydrogen peroxide (H2O2), and hydroxyl radicals (SUZUKI & 
MITTLER, 2006).

Therefore, the main objective of the study was to clarify the physiological changes 
generated in the host–pathogen interaction, which could enhance the understanding of the 
underlying processes of the sensibility and resistance mechanisms of the plants. Secondary 
aims, which resulted from the investigation included the investigation of the process which 
contributed to the level of important enzymes related to the ROS molecules changes in the 
host–pathogen interaction. Consequently, these results led to the development of common 
bean cultivars possessing a natural resistance to bean rust.

1. Materials and methods

1.1. Basic parameters of the experiments

In this experiment, the effect of the bean rust [Uromyces appendiculatus (Pers.) Strauss] 
infection was investigated on both the physiological parameters of the key plant and the 
enzyme activities of the host plant (Phaseolus vulgaris L. cv. Sonesta). Bean plants were 
artifi cially inoculated with a suspension of Uromyces appendiculatus (Pers.) Strauss. The 
experiments were conducted in a humidity tent. A 2:1 mixture of chernozem soil and peat 
was used as a growing medium for the optimal germination and initial development of the 
plants. Samples were taken seven and 14 days after inoculation. Among the physiological 
parameters of the key plant, the relative chlorophyll content, the exact amount of photosynthetic 
pigments, and the light stage effi ciency of photosynthesis were measured. Furthermore, 
among the enzyme activities, the activity of superoxide dismutase (SOD) and the rate of lipid 
peroxidation (LP) were examined.
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1.2. Quantifi cation of photosynthetic pigments

First, for the measurement of the changes in the relative chlorophyll content, the primary 
leaves of the plants were used. The measurement was done with a SPAD-502 (Minolta, 
Japan) chlorophyll meter (UDDLING et al., 2007).

In addition, the exact quantifi cation of the photosynthetic pigments (chlorophyll-a, -b, 
and carotenoids) was obtained in the experiment. The exact amount of these pigments was 
measured with a Metertech SP 80 Spectrometer using the method of MORAN and PORATH 
(1980) and calculated based on WELLBURN (1994). Firstly, a 50 mg fresh sample taken from 
the primary leaves of the plants was dissolved in 5 ml N, N-dimethylformamide at 4 °C for 
72 h. After 72 h, the quantity of the chlorophyll-a was measured at 664 nm, the chlorophyll-b 
at 647 nm, and the carotenoids at 480 nm.

The amount of photosynthetic pigments (mg g–1) can be calculated by using the method 
of MORAN and PORATH (1980). The fresh weight of the samples was used to complete the 
following equations:

chlorophyll-a =(11.65×a664–2.69×b647)
chlorophyll-b =(20.81×b647–4.53×a664)

carotenoids =(1000×car480–1.28×a664–56.7×b647)

1.3. Light stage effi ciency of photosynthesis

Photosynthetic activities are affected by numerous abiotic and biotic stress factors. However, 
until recently, most studies on bean photosynthesis under environment stresses focused on 
abiotic stresses. In contrast, only a few studies have investigated the relationship between 
bean photosynthesis and biotic stresses.

For the measurement of the light stage effi ciency of photosynthesis, an indirect 
chlorophyll fl uorescence induction method was used (SCHEIBER et al., 1996). The in vivo 
fl uorescence, the parameters of the quick phase of chlorophyll fl uorescence induction, was 
measured in dark adapted leaves, using a PAM-2001 type fl uorometer (Walz Gmbh, 
Germany). Before the measurements, the sample leaves were adapted to the dark by covering 
it for 20 min. During measurement the dark-adapted sample leaves were illuminated with a 
weak light beam, obtaining the basic fl uorescence level (F0). Then a saturating light impulse 
(6000 μmol m–2 s–1) was applied to obtain the maximal fl uorescence (Fm). The difference 
between the Fm and the F0 value is the variable fl uorescence (Fv). The Fv/Fm rate is used for 
the description of the maximal photochemical activity of PSII system, which refers to the 
light stage effi ciency of the photosynthesis.

1.4. Enzyme assays

In the experiment, the activity of two important enzymes related to the reactive oxygen 
species, the activity of superoxide-dismutase (SOD), and the rate of lipid peroxidation (LP) 
were measured. Firstly, the activity of superoxide-dismutase was obtained by measuring the 
inhibition of the photochemical reduction of the nitroblue-tetrazolium (NBT) (GIANNOPOLITIS 
& RIES, 1977; BEYER & FRIDOVICH, 1987). One unit of SOD is defi ned as the quantity of the 
enzyme required to reach 50% decrease of the NBT’s reduction measured at 560 nm. The rate 
of lipid peroxidation was measured with the quantity of malondialdehyde (MDA) generated 
in the chemical assay by using the method of HEATH and PACKER (1968).
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1.5. Statistical analysis

For the statistical analysis of the results, t-test was carried out with Sigma Plot 12.0 program.

2. Results and discussion

2.1. Relative chlorophyll content

Dry matter production, and consequently crop yield, is largely determined by the amount of 
solar radiation intercepted by the green leaf area and by radiation utilisation effi ciency. Thus, 
photosynthesis is the key physiological process to understand crop yield potential and how 
this potential can be affected by various stresses. Most stress factors impact photosynthesis, 
even if they do not affect the composition of the photosynthetic apparatus directly 
(LICHTENTHALER, 1996).

Consequently, the changes in the relative chlorophyll content of the plants were 
measured after seven and 14 days of inoculation with bean-rust (Table 1). When bean plants 
were inoculated, the relative chlorophyll content was signifi cantly lower in both samplings. 
The relative chlorophyll content was reduced by 14% (6 SPAD-units) after one week and by 
41% (14 SPAD-Units) two weeks after inoculation.

Table 1. Changes in relative chlorophyll content with bean rust infection (SPAD-Units)

1st sampling 2nd sampling
Control 43.96 ± 4.13 34.66 ± 7.02
Bean rust infected 37.93 ± 6.06* 20.55 ± 8.07***

1. sampling: 1 week after inoculation; 2. sampling: 2 weeks after inoculation. N=10 ±S.D., Signifi cant difference 
compared to control: *: P<0.05, ***: P<0.001

2.2. Quantifi cation of photosynthetic pigments

As relative chlorophyll content is only a relative value, the amount of photosynthetic pigments 
(chlorophyll-a, chlorophyll-b, carotenoids) was also measured in the primary leaves. As 
indicated in Table 2, the amount of each measured photosynthetic pigment was signifi cantly 
lower due to rust infection. The chlorophyll-a concentration was signifi cantly reduced by 
33%, while the contents of chlorophyll-b and carotenoids were reduced by 34% after one 
week of treatment of the primary leaves with bean rust. The effect of bean infection was by 
far the highest two weeks after the inoculation, with 60% reduction in chlorophyll-a, 57% 
reduction in chlorophyll-b, and 40% in carotenoids contents.

2.3. Light stage effi ciency of photosynthesis

Very few generalizations can be made regarding the ways pathogens affect photosynthesis. In 
most host–pathogen interactions, both net and gross photosynthetic rate decline, respiration 
rate increases, and chlorophyll is lost from the tissue as infection progresses (SCHOLES, 1992).
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Table 2. Changes in the amount of photosynthetic pigments with bean rust infection (mg g–1)

Chlorophyll-a Chlorophyll-b Carotenoids

1st sampling

Control 9.12 ± 1.61 3.42 ± 0.58 6.88 ± 1.05

Bean rust infected 6.16 ± 1.20* 2.24 ± 0.79* 4.52 ± 0.79*

2nd sampling

Control 5.57 ± 0.55 1.93 ± 0.48 4.41 ± 0.62

Bean rust infected 2.23 ± 1.17** 0.83 ± 0.57* 2.65 ± 0.94**

1. sampling: one week after inoculation, 2. sampling: two weeks after inoculation. N=5 ±S.D., Signifi cant difference 
compared to control: *: P<0.05, **: P<0.01

Over the last decade, chlorophyll fl uorescence, obtained in vivo with a fl uorometer, has 
been known as the “plant physiologist’s stethoscope”, as it measures the effi ciency of the 
photosynthetic activity. Thus, the fl uorometer can provide approximate estimates of the 
vitality and vigour of a plant in its environment (HALL & RAO, 1994).

Several studies have investigated the effect of bean rust on photosynthetic activity 
(LIVNE, 1964). Based on LIVNE’s (1964) research, the photosynthetic activity decreased when 
bean was inoculated with rust. In the current study, photosynthetic activity did not change 
signifi cantly one week after rust inoculation (Table 1). The value of maximum fl uorescence 
(Fm) and Fv/Fm value were also signifi cantly reduced two weeks after bean rust inoculation. 
However, MOLL and co-workers (1995) reported that Fo, Fm, and Fv/Fm ratio were not 
infl uenced by bean rust infection. Furthermore, no correlations between Fo and severity of 
bean rust were found, but the Fm value signifi cantly decreased. Similarly, CHEN  and co-
workers (2015) reported that no effect on photosynthetic activity was evident when wheat 
was inoculated with rust.

Table 3. Changes in the light stage effi ciency of photosynthesis with bean rust infection
F0 Fm Fv/Fm

1st sampling
Control 0.271±0.025 1.698±0.062 0.770±0.021
Bean rust infected 0.273±0.024 1.563±0.122 0.785±0.012

2nd sampling
Control 0.272±0.043 1.827±0.124 0.844±0.008
Bean rust infected 0.259±0.024 1.511±0.305* 0.803±0.014*

1. sampling: one week after inoculation; 2. sampling: two weeks after inoculation. N=10 ±S.D., Signifi cant 
difference compared to control: *: P<0.05

2.4. Enzyme assays

2.4.1. Activity of superoxide-dismutase. A rapid increase in reactive oxygen species (ROS) 
concentration, known as the oxidative burst, is one of the earliest defence responses in many 
plant–pathogen interactions (APOSTOL et al., 1989). Elevated levels of ROS such as superoxide 
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anion (O2–), hydrogen peroxide (H2O2), and hydroxyl radical (OH•) are produced in plants by 
various oxidases and peroxidases. The superoxide anion produced, serves as starting material 
for the production of a variety of reactive oxidants. During plant–pathogen interactions the 
defence response is often associated with induced superoxide-dismutase activity and hence 
the accumulation of hydrogen peroxide.

The effect of rust infection was not signifi cant on SOD activity in the present study.

Table 4. Changes in SOD activity with bean rust infection (U/g FW)

1st sampling 2nd sampling
Control 0.09±0.00 0.04±0.00
Bean rust infected 0.10±0.01 0.06±0.01

1. sampling: one week after inoculation; 2. sampling: two weeks after inoculation. N=5 ±S.D.

2.4.2. Rate of lipid peroxidation. The amount of MDA is signifi cantly increased (14.03 
nmol) one week after bean rust infection.

No changes could be observed after two weeks of inoculation. Only a few studies 
examined the effect of fungal infection on lipid peroxidation. GEORGIOU (1997) reported that 
the Sclerotial initials showed 100-fold increase in lipid peroxidation of their total lipids when 
compared to young mycelia grown under reducing conditions. In addition, a relationship 
between the number of Sclerotia formed and lipid peroxidation levels was also noted 
(GEORGIOU, 1997).

Table 5. Changes in LP activity with bean rust infection (nmol MDA/g FW)

1st sampling 2nd sampling
Control 62.75±4.62 79.04±7.39
Bean rust infected 76.78±9.18* 82.11±10.75

1. sampling: one week after inoculation; 2. sampling: two weeks after inoculation. N=5 ±S.D. Signifi cant difference 
compared to control: *P<0.05

3. Conclusions

The results indicate that the length of the time after inoculation primarily affects not only the 
activity of superoxide dismutase enzyme, but the rate of lipid peroxidation and also the 
amount of photosynthetic pigments in addition to photosynthetic effi ciency in the infected 
bean leaves. The differences noted in the data at the fi rst and the second sampling can be 
explained by the life cycle of the pathogen.

*
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