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ABSTRACT

Gas-exchange, plastid pigments and some other physiological parameters were determined in bean (Phaseolus vulgaris
L. local populations) leaves naturally infected by Xanthomonas campestris pv.phaseoli (Smith) Dye, and Pseudomonas
syringae pv.phaseolicola (Bukholder) Young, Dye et Wilkie, and in healthy leaves (control).

It was established that infected leaves had lower both plastid pigments content and photosynthetic activity as well as
lower yield and quality of produce.
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pv.phaseolicola (Bukholder) Young, Dye et Wilkie (Psp), leaf gas exchange, chlorophyll fluorescence, plastid pigments,
peroxidase activity, water content, elements of productivity

PE3IOME

[IpoydyeHo e BIMSIHHMETO Ha ecTecTBeHOTO MH(pekTupane ¢ Xanthomonas campestris pv.phaseoli (Smith) Dye, u
Pseudomonas syringae pv.phaseolicola (Bukholder) Young, Dye et Wilkie, BbpXy THCTHHS Ta3000M€H, IIACTHIHNATE
MIUTMEHTH U HAKOU IPYTrd (pU3HOIOTHYHY TIOKa3aTeJ B JICTaTa Ha (acyia.

VYcTaHOBEHO €, 4e MH(EKTHPAHUTE JIHCTa CE XapaKTEePU3MPAT KAKTO C MOHIKEHO ChIbPXKAHHE Ha IJIACTUIHHTE
IIUIMEHTH U (POTOCHHTETHYHATa AaKTUBHOCT, TaKa M C HAMaJIeH I00MB M Ka4eCKTBO Ha NPOLYKIHATA.

KnioyoBu gymu: Phaseolus vulgaris L., Xanthomonas campestris pv.phaseoli (Smith) Dye (Xcp), Pseudomonas syringae
pv.phaseolicola (Bukholder) Young, Dye et Wilkie (Psp), nucteH rasoo6meH, xnopodusHa dnyopecueHums, nnacTugHu
MUrMeHTH, NnepokcMaa3Ha akTUBHOCT, BOOHO CbAbpXaHue, efieMeHTU Ha NPOAYKTUBHOCTTA
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INTRODUCTION

Common bean (Phaseolus vulgaris L.) is a legume crop
frequently and severely attacked by common (caused by
Xanthomonas campestris pv. phaseoli (Smith) Dye) and
halo (caused by Pseudomonas syringae pv.phaseolicola
(Bulholder) Young, Dye et Wilkie) blight [1, 10, 12].
Symptoms of these diseases are very similar and it is not
always possible to separate the losses caused by common
blight and those due to halo blight, since they frequently
occur together in the same field and on the same plants
[13].

The pathogens attack all aerial plant parts, including leaf
petioles, pods and seeds, but the characteristic symptoms
of chlorotic borders around the necrotic lesions (Xcp)
and red-brown necrotic spots (Psp) are more severe and
conspicuous on leaves of susceptible cultivars.

Xcp and Psp could be powerful stress factors inducing
significant anatomy-morphological and physiology-
biochemical disorders in plant organisms [3, 5, 6, 15,
16]. The latter could have a negative effect on yields and
quality of produce.

The existence of Xcp and Psp in all parts of the world
indicate the necessity to identify in detail these pathogens
in Bulgaria in order to help the breeding program select
the right parental materials.

MATERIALS AND METHODS

The experiments were carried out in the years 2004-
2005’ at the field microtrials with bean plants (Phaseolus

vulgaris L.) - four Bulgarian landraces from our collection
(IPGR-Sadovo).

The leaf gas exchange parameters — net photosynthetic
rate (P), transpiration rate (E), stomatal conductance
(g) were determined with a portable photosynthetic
system LCA-4 (Analytical Development Company Ltd.,
Hoddesdon, England). Measurements were made under a
light intensity of 1400 pmol m? s PAR, at a temperature
of 25428 °C, an external CO, concentration of 450 pumol
mol! and relative air humidity of 65-70%.

Parameters of chlorophyll fluorescence were determinated
with a photosynthesis yield analyser MINI-PAM (H.
Walz, Germany) after 30 min of dark adaptation of the
plants, as described by Schreiber et al [11].

Chlorophyll (Chl) and carotenoids (Car) were extracted
with 80% water acetone. The pigments were determined
spectrophotometrically (Specol 11, K. Zeiss, Jena,
Germany) after centrifugation of extract at 3000 rpm for
5 min [17] and calculated according Lichtenthaler and
Wellburn formulae [8].

Peroxidase activity (PA; EC 1.11.1.7) was determined
according to Herzog and Fahimi [4]. The material was
homogenized with 0.05M Tris-glycine buffer, pH 8.3,
containing 17% sucrose (m/v). One relative PA unit (U)
is equal to AA 470 g!' min™.

Relative water content (RWC) was determined according
to Morgan [9].

The analyses were made on leaves of the same
physiological age in three replications.

The agroclimatic conditions for bean production in

Table 1. Leaf gas exchange parameters in healthy and naturally infected by Xanthomonas campestris pv.
phaseoli (Smith) Dye, and Pseudomonas syringae pv. phaseolicola (Bukholder) Young, Dye et Wilkie,
Bulgarian landraces of Phaseolus vulgaris L.; Py - net photosynthetic rate [umol (CO,) m™ s™']; E - transpiration
rate [mmol m™ s']; g, - stomatal conductance [mol m™s™']; * P < 0.05; ** P < 0.01;

Ta6auna 1. UHTEH3UBHOCT HA JTUCTHUS ra3000MEH B KOHTPOJHHU M €CTECTBEHO MH(MEeKTHpaHu ¢ Xanthomonas
campestris pv. phaseoli (Smith) Dye, u Pseudomonas syringae pv. phaseolicola (Bukholder) Young, Dye et
Wilkie, 6barapcku obpasim dacyn Phaseolus vulgaris L.; Py - ckopoct Ha doTocnrTesara [umol (CO,) m? s™'];
E - uHTeH3MBHOCT Ha TpaHcHuparmaTa [mmol m? s’l]; g5 - YCTHYHA MPOBOAUMOCT [mol m? s’l];
*P<0.05; **P<0.01;

Landraces Variants Parameters
Py E gs
2000E-01 control (healthy) 19.83+0.22 2.57+0.15 0.16+0.01
naturally infected 12.69+0.32%* 2.86+0.12%* 0.18+0.02*
95E-05 control (healthy) 21.81£0.30 4.2240.10 0.2240.04
naturally infected 17.88+0.36* 4.48+0.10%* 0.2240.02
99E-059 control (healthy) 20.45+0.22 3.1540.11 0.20+0.01
naturally infected 15.13+ 0.40%** 3.2240.10 0.22+0.01*
93E-012 control (healthy) 20.98+0.16 3.46+0.09 0.18+0.03
naturally infected 15.94+0.21** 3.67+0.12* 0.21£0.01%**
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Table 2. Chlorophyll a and b, and carotenoids content in healthy and naturally infected by Xanthomonas
campestris pv. phaseoli (Smith) Dye, and Pseudomonas syringae pv. phaseolicola (Bukholder) Young, Dye et
Wilkie, bulgarian landraces of Phaseolus vulgaris L.; Chl. a, Chl. b, Car. [mg g d. m.]; * P <0.05; ** P <0.01;
Taéauna 2. CpabpkaHue Ha XJIOPOQUIT a U b, U KAPOTUHOUAU B KOHTPOJIHH M €CTECTBEHO HH(PEKTHPAHH C
Xanthomonas campestris pv. phaseoli (Smith) Dye, u Pseudomonas syringae pv. phaseolicola (Bukholder)

XI. a, x1. b, kap. [mg g” d. m.]

Young, Dye et Wilkie, 6bnrapcku obpasuu dacyn Phaseolus vulgaris L.;
P <0.05; ** P <0.01;

Landraces Variants Parameters
Chl a Chl b Car
2000E-01 control (healthy) 3.34+0.03 1.84+0.05 2.19+0.02
naturally infected 1.7440,02** 0.9440,01** 1.7440,01%*
95E-05 control (healthy) 4.20+0.07 2.03+0.01 2.63+0.04
naturally infected 2.73£0.06** 1.46+0.04%** 2.49+0.02%*
99E-059 control (healthy) 3.40+0.04 1.89+0.05 2.78+0.07
naturally infected 2.1440.03** 1.23£0.02%%* 2.08+0.04**
93E-012 control (healthy) 4.11+0.06 1.78+0.04 2.80+0.01
naturally infected 2.7940.05** 1.3240.03** 1.96+0.02**

Table 3. Effects of common (Xanthomonas campestris pv. phaseoli (Smith) Dye) and halo (Pseudomonas
syringae pv. phaseolicola (Bukholder) Young, Dye et Wilkie) bacterial blight on some physiological parameters
in bean leaves; F,/F,, - variable to maximum fluorescence ratio, PA - peroxidase activity [U]; RWC - relative
water content [%]; * P <0.05; ** P <0.01;
Ta6mumna 3. Biusuue Ha Xanthomonas campestris pv. phaseoli (Smith) Dye), u Pseudomonas syringae pv.

phaseolicola (Bukholder) Young, Dye et Wilkie BbpXy HAKOU (PH3HOJIOTUYHU TTAPAMETPH B JIMCTATa OT (acyi,
F,/F., - oTHOIIEHUE BapraOmiIHa/MakcuManHa duryopecueHims, PA - nepokcunasna aktusHocT [U]; RWC -
OTHOCHTEITHO BOJHO chabpxkaHue [%]; * P <0.05; ** P <0.01;

Landraces Variants Parameters
F,/Fn PA RWC
2000E-01 control (healthy) 0.796+0.03 625+12 70+£1.5
naturally infected 0.604+0.02** 900+18** 49+0.9%*
95E-05 control (healthy) 0.825+0.01 720+15 74+1.4
naturally infected 0.700%0.02* 979+14%** 5540.6%*
99E-059 control (healthy) 0.781+0.05 595+18 69+1.1
naturally infected 0.609+0.03** 892+19%** 47+1.2%*
93E-012 control (healthy) 0.79340.02 686121 7242.0
naturally infected 0.63440.05** 974+16** 49+1.2%*

the years of carrying out the experiment were medium
favourable to favourable. In 2004 and 2005, there were
strong rains in July, but temperature was higher than the
mean value for the last 10 years. The rains at first helped
vegetation but then complicated it as were favourable to
advent of diseases.

The data were statistically analysed. The differences
between control and other variants were evaluated
according to Student’s t-criterion [18].

J. Cent. Eur. Agric. (2007) 8:1, 57-62

RESULTS AND DISCUSSION

The effects of common and halo bacterial blight on the
photosynthetic rates of healthy and diseased bean leaves
were determined by gas exchange analysis (Table 1).
The results showed that the leaf gas exchange rate in the
infected leaves of all investigated forms was changes.
The net photosynthetic rate was strongly suppressed - by
18% (95E-01) to 36% (2000E-01).

There is a consensus that a decrease of photosynthesis is
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Table 4. Elements of productivity of healthy and naturally infected by Xanthomonas campestris pv. phaseoli
(Smith) Dye, and Pseudomonas syringae pv. phaseolicola (Bukholder) Young, Dye et Wilkie, Bulgarian
landraces of Phaseolus vulgaris L.; * P <0.05; ** P <0.01;

Tadanua 4. EnemMenTH Ha MPOyKTUBHOCTTA B KOHTPOJIHH U €CTECTBEHO MH(EKTHpaHu ¢ Xanthomonas
campestris pv. phaseoli (Smith) Dye, u Pseudomonas syringae pv. phaseolicola (Bukholder) Young, Dye et
Wilkie, 6bpnrapcku odpasuu dacyn Phaseolus vulgaris L.; * P <0.05; ** P <0.01;

Landraces Variants Parameters
Number of pods Number of seeds 100 seeds weight
per plant per plant [g]
2000E-01 control (healthy) 5,3+0.25 11.741.0 32,4+1.2
naturally infected 2,04+0.08%* 4.0+0.05%* 23,942.3%%*
95E-05 control (healthy) 15,1+1.2 37.7£2.8 32,9+1.6
naturally infected 8,5+0.61** 21.542.2%%* 28,7+2.5%
99E-059 control (healthy) 11,5+0.79 22.3+4.1 38,2+1.9
naturally infected 6,2+0.52%* 12.3+1.9%* 31,3+2.2%
93E-012 control (healthy) 13,94+0.62 29.4+2.6 42,4+2.8
naturally infected 6,1+£0.40** 15.4+1.3%* 37,342.1*

attributed to both stomatal and non-stomatal limitations
[14]. As it was showed in Table 1 transpiration rate and
stomatal conductance in the infected leaves were higher
than controls. That’s why it can be assumed that mainly
non-stomatal limitation of photosynthesis take place.
These have been attributed to damages in the primary
photochemical (inhibited functional activity of PSII
and reduced amount of photosynthetic pigments) and
biochemical processes [7].

Xcp and Psp induced changes in content of photosynthetic
pigment (Table 2). A statistically significant decrease
by 24% (95E-05) to 48% (2000E-01) in chlorophyll a
content was detected. There was a similar effect on the
content of chlorophyll b. We suggest that the reduced
total chlorophyll content in infected plants was due on
the activation of its enzymatic degradation.

The stronger decrease of chlorophyll content as
compared to that of carotenoids provoked changes in
their interrelations.

The F/F _ ratio is a parameter for the potential PSII
efficiency in the photochemical reactions. It is know
that in healthy leaves this ratio is in the range of 0.75-
0.85 [2]. The significant F /F_ decrease in the infected
plants (by about 20%) was indicative of serious PSII
disturbances (Table 3).

Under stress plants possess several tissue antioxidant
enzymes for protection against the potentially cytotoxic
forms ofactivated oxygen species,among them peroxidase
(PA) being most important. The results showed, that the
PA activity in infected leaves was increased by 36 to 50%
above the control.

The changes in the relative water content (RWC) of all
investigated forms were significant. RWC in infected
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leaves was by 26% to 32% lower comparison to healthy
such.

Xcp and Psp gave the negative effect on productivity of
plants (Table 4). All studies forms had lower number of
pods and seeds per plant. The weight of 100 seeds was
strongly reduced as a result of slight growth of them.
The best, in terms of having the least difference in
comparison to the control, was 95E-05 population.

On the basis of the physiological parameters studied the
following conclusion can be made: The studies forms
had differ in their resistance to common and halo blight.
Some of them had better and some worse tolerance to
diseases. On the basis of the data obtained we could
specify 95E-05 as population with a higher level of
resistance to common and halo blight comparison to the
other three.
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