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Pestome

lMpoyyeHa Belue dusnonornyHata peakuyus Ha 4Ba knoHa Bbpba (Bjor un Tora) Ha HapacTBaLLyy KOHLEHTpauum ot
onoso (15-1000 mg.dm=?). OTuyeTeHn Gsxa CbAbPKAHNETO Ha (DOTOCUHTETUYHUTE MUTMEHTH, UHTEH3MBHOCTTa Ha CO,
acuMmunauusTa, TpaHcnupauuaTa u BogHusa 6anaxc. [JokasaHo belle, Ye NpunoxeHUTe 031 ONOBO 3HAYUTENHO Hamansaeat
CbAbPXaHWETO Ha XNIOpoun a, b 1 KapPOTUHOMANTE, HaMansBaT NHTeH3nBHocTTa Ha CO, acummUnaumaTa 1 TpaHcnupaumsTa
npu nacnegsaHuTe KNOHWUHIN. NokasaHo BeLle, Ye e Hanuue 3HauYuTenHa Kopenauns Mexay KOHLEHTpaumsTa Ha OnoBo
UHTEH3MBHOCTTa Ha CO, acumunaunsTa, CbAbPXKaHWETO Ha X10podusn a + b B niucTaTa Ha U3CneABaHUTe KIOHUHM Bbpoa.
KnoHuHrbT Bjor Gelle NoCoYEH KaTo NO-yCTOMYMB Ha CTPEC, NPUYMHEH OT BUCOKO CbAbPXaHMe Ha OnoBo.

Abstract

The effect of lead on the physiological reaction of two clones - Bjor and Tora of basket willow was studied within the
concentrations of 15-1000 mg.dm=. The content of photosynthetic pigments, the intensity of CO, assimilation and transpiration
and water balance were reported. It was shown that the doses of lead significantly decreased the content of chlorophyll a,
b and carotenoids, reduced the intensity of CO, assimilation and transpiration of the examined clones. It was shown that
there was a significant correlation between the concentration of lead and the intensity of CO, assimilation, content of
chlorophyll a + b in the leaves of the examined willow clones.The clone more resistant to the stress caused by the high lead
content in the medium was Bjor.

KniouoBu aymu: otocuHteTnyHn nurmeHtn, CO, acumunauus, TpaHcnupaums, BogeH 6anatc, onoso, Salix viminalis L.
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INTRODUCTION

Basket willow (Salix viminalis L.) is used in Lead, as one of the most harmful heavy metals,
phytoremediation and in phytoextraction of soils causes disturbances in physiological processes of plants.
contaminated with heavy metals and also with other toxic It inhibits synthesis of photosynthetic dyes and creation of
compounds. Due to its high abilities to accumulate harmful reactive forms of oxygen (Chen, Kreeb, 1990; Pacha,
substances and their degradation, it is used for protecting Galimska-Stypa, 1984; Stiborova et al., 1986; Verma and
plantings around industrial plants, landfills and along Dubey, 2003).
motorways (Deng et al., 2006; Eltrop et al., 1991; Hermle The aim of the studies was to determine the
etal., 2006; Jbottnikovb et al., 2003; Wrzosek et al., 2008). physiological reaction of clone Bjor and Tora of basket willow
According to Jensen et al. (2009) willow has the features (Salix viminalis L.) under the conditions of a medium
which classify it as an ideal plant for environmental contaminated with lead and to define usefulness of this form
protection purposes, namely, resistance to temperature for bringing anthropogenically degraded areas into
changes, tolerance to water deficit and a deep root system. cultivation.
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MATERIALS AND METHODS

Material for the studies was clones of basket willow
(Salix viminalis L.). With its three clones, i.e. ‘Bjor’, ‘Jorr’
and ‘Tora’, being covered by examination. Willow cuttings
used in the experiment were taken from the plantation of
the Department of Physiology of Plants, Westpomeranian
Technological University in Szczecin. Whereas maternal
material was from a plantation in Denmark, possessing a
health certificate.

During the period from April to June 2009 basket
willow breeding was carried out in water cultures (of volume
1 dm?®) filled with a 1.5-fold concentrated full Hoaland’s
medium of pH = 5.8 and with appropriate doses of lead. Lead
was introduced to the medium in a form of Pb(NO,),. In the
experiment, setin 3 replications, the following combinations
were taken into consideration: 1 — control (a full medium
according to Hoagland); 2 — a full medium + | concentration
Pb (15 mg.dm=?); 3 — a full medium + Il concentration Pb
(100 mg.dm=); 4 — a full medium + Ill concentration Pb (1000
mg.dm?). After the cuttings had rooted and the shoots had
formed, differentiated doses of Pb(NO,), were added
according to the experimental combination. The
determination of physiological parameters was carried out
at three dates: on the 26th (1st date), 36th (2nd date) and
46th (3rd date) day after the setting of the experiment.
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Photosynthetic pigments (chlorophyll a, b and
carotenoids) were measured in fresh leaf samples before
harvesting. The concentration of pigments was determined
in fresh leaf tissue through extraction in 80% acetone.
Pigment concentrations were calculated from the
absorbance of extract at 663, 645 and 440 nm using the
formula of Lichtenthaler (1987). Water balance was defined
by the RWC index (relative water content) and WSD (water
saturation deficit). Intensity of photosynthesis and
transpiration was measured (repeating the measurements
four times) using a mobile gas analyzer TPS-2
manufactured by PP Systems (UK), at stable lighting of
2053 umol.m2.s™. On the basis of the obtained results of
intensity of assimilation and transpiration the photosynthetic
efficiency of water use was calculated (oF). The results
were worked out by means of the method of two-factor
variance using Duncan’s test at a significance level NIR | ..
Using Pearson’s linear correlation coefficient (r), correlation
between the concentration of lead in leaves and the
examined physiological features of wheat was shown.

RESULTS AND DISCUSSION
The studies showed significant changes in
determined physiological parameters of basket willow under
the conditions of the medium contaminated with lead.

Tabnuua 1. TOKCMYHO Bb3AENCTBIE Ha ONIOBOTO BbPXY CbAbPKAHUETO HA (DOTOCMHTETUYHU NUFrMeHTH [mg.g™' cB. Terno],
CO, acumunaumata [umol.m?.s™"], TpaHcnupaumnaTa [mmol.m?.s], eheKTMBHOCTTa Ha U3NornaBaHe Ha BoJaTa BbB
(oTocuHTesarta (o) B U3CNeABaHNTE KIOHUHM BbpOa
Table 1. The toxic impact of lead on the content of photosynthetic pigments [mg.g" FW], CO, assimilation [umol.m?.s™],
transpiration [mmol.m?.s™"] and water use photosynthetic efficiency (o,) in the examined clones of basket willow

(E))fosg Chlor;phyll Chlort?phyll Carotenoids assi?ncil);tion Transpiration Water use _
o o (% of o (% of photosynthetic
[mg - (% of (% of control) (% of control) efficiency (wxr)
dm'3] control) control) control) y (W
Clone Bjor
0 1.81+0.11 0.72+0.12 1.09+0.19 2.87+0.22 0.66+0.05 435
(100) (100) (100) (100) (100) )
15 1.58+0.18 0.53+0.09 0.94+0.14 2.19+0.09 0.60+0.02 365
(87.3) (73.6) (86.2) (76.3) (90.1) )
100 1.52+0.17 0.51+0.06 0.72+0.21 1.86+0.11 0.39+0.04 4.76
(83.9) (70.8) (66.1) (64.8) (59.1) )
1000 1.294£0.13 0.41+0.10 0.76+0.15 1.25+0.06 0.22+0.06 568
(71.3) (56.9) (69.7) (43.6) (33.3) )
Clone Tora
0 2.15+0.25 0.96+0.09 1.39+0.11 5.50+0.24 0.65+0.10 8.46
(100) (100) (100) (100) (100) )
15 2.08+0.19 0.76+0.15 1.12+0.07 3.70+0.17 0.52+0.09 711
(96.7) (79.2) (80.6) (67.3) (80.0) )
100 1.54+0.09 0.64+0.08 0.97+0.10 2.32+0.10 0.33+0.08 703
(71.6) (66.7) (69.8) (42.2) (50.7) )
1000 0.97+0.07 0.43+0.03 0.62+0.04 1.40£0.12 0.21+0.09 6.67
(44.6) (44.8) (44.6) (25.5) (32.3) ’

46



AepapeH yHusepcumem - [1riogdus

The applied doses of lead resulted in a decrease
in the content of photosynthetic pigments in leaves of the
examined clones of basket willow. An unfavourable effect
of the length of actiivity period of lead doses added to the
medium on the physiological parameters was observed.
The addition of Pb at the rate of 1000 mg.dm= to the medium
caused a decrease in the concentration of chlorophyll a in
Bjor clone by 28.7%, whereas in Tora clone by 55.4% (Table
1). The content of chlorophyll b in leaves of Bjor clone and
Tora clone in the presence of the highest rate of lead
constituted respectively 56.9% and 44.8% in relation to the
control plant (Table 1). The contamination of the medium
with lead also caused a significant decrease in the content
of carotenoids in leaves of the studied clones. The largest
decrease in the amount of this dye in Bjor clone was
observed after addition of 100 mg.dm= of lead to the
medium, whereas the largest decrease in the content of
this dye in Tora clone was noticed at the highest rate of
lead (Table 1). The inhibition of chlorophyll synthesis results
from the activity of different heavy metals. Stronger inhibition
of chlorophyll b synthesis as compared to chlorophyll a in
leaves of barley was recorded by Stiborova et al. (1986).
Chen and Kreeb (1990) observed an over twofold decrease
in chlorophyll in maize under the influence of heavy metals
activity, as compared to the control. A decreased amount
of chlorophyll a, in spring wheat by 29.4% and chlorophyll
b by 50% after a dose of 1035 mg.kg™" of soil had been
applied, was reported by Malinowska and Smolik (2006).
The research works carried out by Becerril et al. (1988)
showed in lucerne and clover a decrease both in chlorophyll
aand b and in carotenoids after the application of lead.

N ATPAPHU HAYKU
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Increasing doses of lead in the medium
significantly inhibited intensity of CO, assimilation and
transpiration in the studied clones of basket willow. The
largest decrease in the intensity of the studied physiological
processes was observed when a maximum dose was
applied at all the times of the experiments. The intensity of
the photosynthesis process at the rate of 1000 mg.dm=
decreased by 56.4% in clone Bjor and by 74.5% in clone
Tora, whereas the intensity of transpiration in the
investigated clones of willow decreased by 67% as
compared to the control (Table 1). A decrease in the index
of effectiveness of the use of water in photosynthesis was
observed in Tora clone at all the rates as compared to the
control plants. Whereas the addition of lead to the medium
at the rate of 100 and 1000 mg.dm in Bjor clone caused
anincrease in this index as compared to the control. A high
value of this parameter results first of all from low intensity
of transpiration. The decrease in the intensity of
photosynthesis caused by lead was shown, among others,
by Becerril et al. (1989), Malinowska and Smolik (2006),
Poskuta et al. (1987). On the basis of the value of the
coefficient of correlation a significant negative relationship
between the concentration of lead in leaves of the studied
clones of willow and the content of chlorophyll a+b and
CO, assimilation (Fig. 2) was stated.

The indices of water balance changes are, among
others, RWC and WSD. The increasing doses of lead
resulted in a decrease in the water content in leaves of the
examined clones of basket willow. The largest decrease in
the index of relative content of water by 11.1% in Bjor and
by 10.2% in Tora was observed after the application of the
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Que. 1. BodeH uHOekc (%) npu ebpbama (Bjor and Tora) e 3asucumocm om do3ama Ha 0/1080M0
Fig. 1. Water indices (%) of basket willow — of clone Bjor and Tora in relation to a dose of the lead

47



Agricultural University - Plovdiv % AGRICULTURAL SCIENCES Volume Il Issue 4

BJOR
¥ =2,8246-0,0180..x

r= -09232

content of chlorophyll atb

0 10 20 30 40 50 60 70 80

“a_95%p.ufnosci

content of Pb [mg kg d.m]

TORA
y =32385-00717 -x

r=-0,8341

36 [,
32 9; —

28 o ;;\ -
24 -
20
16
12

content of chlorophyll a+b

08

04

00
0 5 10 15 20 25 30

2 95%p ufosci

content of Pb [mg kg’ d.m]

2010

BJOR
y=29745-00214.x

r= -0,8%1

1
N
©

sssimilation [umol - mi? s

co, a

0 10 20 30 40 50 60 70 80

conetodPbimg kg'" dm] 0. 95%p.uMosci
TORA
y=55785-0,1499.x

r=-08907

1
i

assimilation [umol  mi? 57"
IS
o

co,

0 5 10 15 20 25 30

“o_95%p.ufnosci

content of Pb[mg kg d.m]

due. 2. Kopenayus mex0dy cbObpxaHuemo Ha homocuHmemuyHu nuemenmu [mg.g”' ce. meenoj, CO, acumunayusma

[umol.m2.s"] u cbOBPxKaHUEMo Ha 011080 8 Aucmama om ebpba
Fig. 2. Correlation between the content of photosynthetic pigments [mg.g”" FW], CO, assimilation [umol.m?.s] and the content of
lead in the leaves of basket willow

highest rate of lead as compared to the control plants (Fig.
1). The observed changes of intensity of the studied
physiological parameters can be caused, under
unfavourable conditions, by both stress and repair
mechanisms (Starck, 2002).

The obtained results of the studied physiological
parameters can be useful for the assessment of the
resistance of the studied clones of willow to stress caused
by lead and their usefulness for reclamation of the areas
anthropogenically degraded. Clone Bjor of basket willow
was characterised by higher values of the physiological
parameters defined under stress and that suggests its
higher tolerance to stress resulted from a high content of
lead in the medium.

CONCLUSIONS
1. The applied doses of lead reduced the intensity of
assimilation of CO, and transpiration and the content of
photosynthetic pigments in leaves of the studied clones
of basket willow.
2. The addition of lead to the medium caused a decrease
in the index of the relative content of water and an
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increase in the deficit of water saturation in leaves of the
studied clones of basket willow.

3. Clone Bjor of basket willow showed higher tolerance to
the stress caused by a high content of lead in the medium.
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