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Abstract

The aim of the present work was to study the irtiegl effects of substratum acidity and
heavy metals (copper and cadmium) on the adaptaficed clover(Trifolium pratensel..) cultivar
Liepsna at different ambient temperatures in the phytotwh the Lithuanian Institute of
Horticulture. Changes in photosynthetic pigmentteys plant height and shoot mass were
indicators of plant adaptation to unfavourable esrwnental factors. We identified the number of
clover inflorescences, concentration of nitroged aualphur in stems, leaves and inflorescences.
At temperatures above (27-20°C) clover producedveet shoot mass and was more sensitive to
the effect of pollutants and adapted less to tfiecethan clover growing at optimal temperatures
(21-17°C). Higher temperature enhanced sulphurraatation in clover stems and inflorescences.
Copper increased shoot mass of clover and actedfadilizer at optimal temperature. Copper
decreased clover mass at higher temperature. ltesi@blished that in many cases after primary
effect of pollutants plant photosynthetic pigmeydgtem adjusted to any additional effects of other
pollutants.
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Introduction

The ability of plants to adjust to the changingnaie and environmental conditions is
currently becoming one of the most relevant sdientssues and has an undoubted practical
significance. Environmental pollution with heavyetals or acid rain has become an important
factor that determines plant growth, developmerntt productivity (Hoffmann, Persons, 1997).
Such stress causes changes in physiological pesceaad the consequences of the effect are
determined by plant species, the outcome of thegtipn is determined by plant species, variety,
exposition time or strength (Larcher, 1995; asl., 1997; Alexievaet al., 2003). Most heavy
metals are necessary for plants, however, thegsxmhibits growth and development, suppresses
photosynthesis, synthesis of photosynthetic pigsenetabolism and other processes (Btaal.,
1997; Peralteet al., 2000). Acidification of field and forest soils & undesirable phenomenon,
since agricultural crop yields decline in acid sofcid rain promotes soil acidification and vasou
crops respond differently to this situation (LangHE995; Tong GuanHe, 2005). Some crop species
grow better, some do not respond and some perfasmerNeufeldet al.1985; Tong GuanHe,
2005).

One of the indicators which allows determinatiorptaint adaptive properties could be the
operation of photosynthetic apparatus and the obmtEpigments in leaves which determine its
performance. Cadmium was found to strongly inhthi2¢ accumulation of chlorophylls in the
leaves of maize (Lagriffoudt al., 1998), beans (Neekt al.,2000), barley while carotenoids were
found to be less sensitive to its effect (Neeu al.2000). High copper content inhibits
photosynthetic processes and reduces chlorophytendbwhich is related to internal breakdown of
chloroplast structure (Maksymiec, 1997). The effeft acid rain on the performance of
photosynthetic apparatus is determined by a plaeciss. For some species the content of
pigments declines, and for instance, in the needflesrious pine species it does not change or
even increase (Andersenal.,1997).
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The objectiveof the present studyas to investigate physiological response of rese
to the exposure to differentiated and complex aaidstrate and cadmium and copper ions and to
explore plant adaptive capacity to adjust to thetsessors.

Materials and Methods

Experiments werelone at the Lithuanian Institute of Horticulturgshytotrone complex
where we investigated the effects of substrateitsgcahd heavy metals on red clovdrifolium
pratensel.) cv. ‘Liepsna’at different ambient temperatures. For this expeninwe chose one of
the most toxic heavy metals cadmium and copperciwisi attributed to trace elements. The plants
were grown in peat substrate in 5 | pots, in thieggications. Each pot was sown with 30 seeds of
clover. The emerged seedlings were singled lealfihger pot. Clover was grown in a greenhouse
for 45 days at 20°C. At 4-5 leaf stage the plan&entransferred to phytochambers to induce
flowering and were kept for 35 days at +4°C at Bhotoperiod. After flowering induction the
plants were transferred to phytotron chambers i chamber the temperature during the daytime
was 21°C, at night 17°C (optimal), in the otherrabar 27C during the daytime and 20 at night
(high), photoperiod 16 h, source of light SON-T A¢gPHILIPS) lamps.

The experiment was done in two stages. For adaptegsts acid concentration was 6 ml
H,SO, I water, the concentration of cadmium ions was @M 3CdSQ-8H,0 (0,123¢g 'F), and
the concentration of copper ions was 2 mM CuSB0 (0,499g ). Before sowing, peat substrate
of slightly acid reaction (pH 6-6.5) was irrigatedth these solutions. Each pot received 0.5 |
solution. The pH level of the acid-irrigated substrwas 4.0. The acid concentration for the main
exposure was 6 ml 430, It water, the concentration of cadmium was 0.16 mMISQ-8H,0
(0.123g 1), the concentration of copper was 4 mM CySE,0 (0.998g 1). Each pot received 0.5
| of the solution. The ions of cadmium and coppdrribt change substrate acidity, whereas the pH
of the substrate irrigated with acid solution ireged (pH 3.3 — 3.8). The check plants were
irrigated with tap water. Upon completion of theapthtion period, which lasted for 10 days, plant
height was measured and analysis of photosyntipagiments was carried out. After the main
exposure which lasted for 14 days, we measureah gaint height and overground phytomass and
carried out analysis of photosynthetic pigmentse fhhmber of flowers per pot was identified, as
well as nitrogen and sulphur concentration in stde@es and inflorescences.

Pigment content in green leaves of clover was nredsn 100% acetone extraction using
a spectrophotometer “Genesys 6” ThermoSpectrorgé@ (Wettstein, 1957). Nitrogen and sulphur
concentrations were analysed by dry combustiorgusfario EL 111" instrument.

Results

Before thefirst (adaptation) stage clover was 33-35 cm irghiiat the beginning of bud
formation growth stage. Having exposed to contanisaafter adaptation stage, which lasted for
10 days, clover height was uneven. Only waterated clover at optimal temperature grew up to
39.5-41.7 cm, and the clover plants exposed to 2aapper sulphate solution were 44.2-46.1 cm
in height. The height of plants exposed to cadmioms or acid at optimal or higher temperatures
changed inappreciably during the adaptation pefiatble 1).
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Table 1. Height, phytomass dry matter (DM), and berof inflorescences (heads) of clover as
affected by exposure to contaminants

Optimal temperature High temperature
Treatment* . DM heads clover height, cm DM heads
clover height, cm
g/pot per g/pot  per
after at the end pot after at the end pot
adaptation of the test adaptation of the test

K+K 41.7 48.8 13.2 19 40.6 42.9 8.4 17
K+R 40.3 44.6 12.7 21 39.5 42.6 9.5 15
K+Cu 42.1 53.2 14.6 22 37.2 38.4 8.2 14
K+Cd 39.5 45.5 12.1 19 374 38.7 8.7 21
R+K 43.3 50.3 11.7 16 38.4 40.5 6.5 11
R+R 40.2 45.3 10.8 15 39.0 40.3 7.4 14
R+Cu 39.4 48.4 10.8 8 39.1 39.9 6.5 7
R+Cd 42.7 48.7 9.9 10 40.6 42.7 7.5 12
Cu+K 44.3 50.5 12.9 17 40.1 42.9 9.7 15
Cu+R 46.1 53.6 14.4 23 41.4 43.7 7.0 7
Cu+Cu 43.2 55.7 15.2 23 40.7 42.7 6.0 12
Cu+Cd 44.2 54.4 12,5 17 41.3 44.4 9.4 16
Cd+K 41.3 48.3 13.6 17 38.0 38.4 5.6 8
Cd+R 42.2 53.4 16.0 22 44.1 49.4 7.8 7
Cd+Cu 43.2 54.3 15.3 26 39.4 40.8 7.3 9
Cd+Cd 41.0 47.7 12.8 18 38.4 38.9 7.0 12
LSDy o5 8.8 4.6 1.6 5.1 4.3 4.2 1.2 4.8

*The first letter-mode of exposure during the adéqriastage. The second letter -during the mainestig-
Plants irrigated by water. R —Exposed to 6 56, ,,to one litre diluted water solution

Cd —Exposed to 0.16 mM 3 Cd$® HO solution. Cu —During adaptation stage irrigateithv2 mM
CuSQ-5 H,0 solution. During the main stage —irrigated witm¥ CuSQ-5 H,O solution.

After the main stage clover flowered abundanthpptimal temperature, the plants were
taller than those that grew at higher temperatndeveere at the end of flowering stage. Plants grew
the tallest when at least once had been exposampfzer ions during the adaptation or main stage.

At optimal temperature the highest increase in tplagight was obtained when copper
sulphate had been used during the adaptation anhain stage or during the first stage the plants
had been exposed to cadmium ions and during tlendestage to acid or copper ions. This is also
confirmed by the dry matter data of clover overgrphytomass. In these treatments phytomass
was significantly higher than in the check treattnghere clover was irrigated by water. At higher
temperature, significantly more phytomass was actat®d only in one case when in adaptation
stage the plants were exposed to copper ions atiteimain stage the plants were irrigated by
water. Phytomass significantly declined, unlikéoster temperature, when in adaptation and main
stages clover was exposed to copper ions. Ournjsdsuggest that clover that grew at higher
temperature produced less overground phytomass ttteingrown at optimal temperature, and
contaminants reduced overground phytomass of clo¥é&e clover that grew at optimal
temperature formed more inflorescences than theeclthat grew at higher temperature. Heavy
metal salts with acid (R+Cu, Cu+R, Cd+R) had theatgst inhibiting effect on inflorescence
formation.

After exposure of the clover plants in the maimgstat optimal temperature to Cu ions, the
content of photosynthetic pigments declined, exfapthe plants that had been exposed to acid in
adaptation stage. Exposure to Cu and Cd ions indhptation stage did not exert any effect on the
content of photosynthetic pigments (Fig. 1a). Towtent of chlorophyll a in the plants that grew at
high temperature increased only for the plants iaat been exposed to Cu ions in the adaptation
stage, however, the differences were not signifi¢iaig. 1b).
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Figure 1. The impact of copper ions and temperatnrthe accumulation of photosynthetic
pigments in red clover leaves after the main effect

K — plants irrigated by water. K+Cu — in the ad#ptastage irrigated by water, in the main — 4
mM CuSQ-5H,0 solution. Cu+Cu — in the adaptation stage iredaby 2 mM CuS©Q5H,0
solution, in the main — 4 mM CuQGH,O solution. Cd+Cu — in the adaptation stage iredaty
0.16 mM 3CdS®8H,O solution, in the main — 4 mM Cu%®BH,O solution. R+Cu — in the
adaptation stage irrigated by 6 miSO,l* water, in the main 4 mM CuS®H,O solution

After the main stage, having exposed to Cd ions,ciintent of photosynthetic pigments
declined for the plants growing at optimal tempemat except for the plants that had been exposed
to acid in the adaptation stage in which the candéphotosynthetic pigments increased (Fig. 2a).
The content of photosynthetic pigments in the @dhat grew at high temperature increased only
for those that had been exposed to Cu ions in dlaptation stage or for those that had not been
exposed to any contaminants at this stage (Fig 2b).
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Figure 2. The impact of cadmium ions and tempeeatirthe accumulation of photosynthetic
pigments in red clover leaves after the main exgosu
K — plants irrigated by water. K+Cd — in the ad#iptastage irrigated by water, in the main — 0.1d m
3CdSQ-8H,0 solution. Cu+Cd — in the adaptation stage irdddiy 2 mM CuS@5H,0 solution, in the
main — 0.16 mM 3CdS£BH,O solution, Cd+Cd — in the adaptation stage irddadiy 0.16 mM
3CdSQ-8H,0 solution, in the main — 0.16 mM 3Cd$8H,0 solution, R+Cd — in the adaptation stage
irrigated by 6 ml HSQ,/I"* water, in the main 0.16 mM 3Cd$8H,0 solution

Higher contents of sulphur accumulated in the stantsleaves of clover plants that grew
at higher temperature, whereas nitrogen contentg wienilar to those identified in the plants
grown at optimal temperature. The highest contehslphur accumulated when in the adaptation
stage the plants had been exposed to acid, arfe imain stage to acid or heavy metal ions. The
ratio of nitrogen to sulphur in the vegetative pgetems and leaves) was higher when plants grew
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at optimal temperature. Lower contents of sulpfweuaulated in inflorescences both for the plants
grown at higher and lower temperatures, while gero contents were similar to those in the
vegetative plant parts. As a result, nitrogen ipltaur ratio in inflorescences was higher than i th
vegetative parts.

Discussion

Red clover likeother plantsand living organisms, when exposed to a complex of
environmental factors, respond respectively andstdDptimal temperature for red clover to grow
is 20-25°C, but it also grows at 7-40°C. Tempeguabove optimal and those above 30°C had a
greater negative effect on root growth rather tbanstem growth (Framet al., 1998). In our
experiments higher temperatures exerted a negatpa&ct on clover growth and adaptation.

As many authors indicate, the effect of stresslantp is determined by stress duration and
strength (Larcher, 1995; Godbold, 1998; Alexie¥al., 2003). After the adaptation period, when
the effect of acid, copper and cadmium ions weatikaly low, the content of chlorophylls a and b
did not change and that of carotenoids declinedplants grown at high temperature, after
adaptation exposure to contaminants, the conténtblorophylls a and b declined (Fig 1). Other
authors suggest that with increasing temperatinesaxic effect of heavy metals increases (Oncel
et al.,2000).

Assuming that in the case when at initial (adapigtistage plants exposed to certain
contaminants after the second exposure synthebizesame amount or more photosynthetic
pigments, we can assert that they adapt to thetefté contaminants and either do not respond to
additional exposure or respond less. After the nexjposure to acid and copper ions, at optimal
temperature the content of chlorophylls a and beased compared with adaptation stage. After
the main exposure to cadmium ions the contentiafraphylls a and b increased only for those
plants that had been exposed to copper ions addibedaptation stage (Figs. 1a, 2a). Our findings
suggest that red clover adapted to a certain etdethie effects of contaminants. Previous research
showed that in the adaptation stage plant pigmgsies rather often responds to the exposure to
contaminants by increased concentration of chlofiiplnd carotenoids in leaves (Dukchovskis
al.,2003). In plants that in the adaptation stage heshlexposed to cadmium ions and had been
additionally exposed to cadmium ions, the contehtcloorophylls markedly declined. This
indicates that exposure to cadmium ions during &di@m period did not trigger clover adaptation
mechanisms for additional exposure to cadmium.rAdigposure to acid, copper and cadmium ions
at high temperature, the content of chlorophylieegiincreased or remained unchanged (Figs. 1b,
2b). As a result, we can state that at high temperaplants also adapted to the effects of
contaminants to a certain degree.

Conclusions

The clover plants that grow at higher temperat@®230°C) produce less overground
phytomass, are more sensitive to the exposureritagonants and adapt harder to such effect than
the plants that grow at optimal temperature (21€)7Higher temperature promotes sulphur
accumulation in clover stems and inflorescences.

Copper stimulates accumulation of clover overgroupldytomass and at optimal
temperature acts as a fertilizer. At higher temipeeacopper reduces phytomass.

After initial exposure to contaminants (acids, cadm and copper ions) the system of
photosynthetic pigments of clover adapts to anysedpe to other substances.
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DAZU AGROTEHNISKO METOZU 1ZV ERTEJUMS KARTUPE LU SEKLAUDZ ESANA
BIOLO GISKAJ A LAUKSAIMNIEC IBA
THE EVALUATION OF SOME GROWING METHODS IN POTATO SE ED
PRODUCTION FOR ORGANIC FARMING

Skrabule I.
Valsts Priekiu laukaugu selekcijas ingtts, Zimatnes iela 1A, Prieliy Cesu raj. Latvija, LV 4126,
State Priekuli Plant Breeding Institute, Zinatnés Rriekuli, Cesis, Latvia, LV-4126
phone: +371 64130162, e-maikrabuleilze @navigator.lv

Abstract

The application of mineral fertilisers and pestisids not allowed in organic farming. The
exploitation of some crop management methods weatuated in potato seed production. The
choice of the potato variety that is able to userthtrition from soil effectively and is resistant
most harmful pathogens is essential in organicifagnThree varieties with different maturity time
and relative resistance to the most dangerousqdis¢ase — late blight (LB) were included in the
trials: ‘Borodjanskij Rozovij' (early, LB sensitiyg‘Lenora’ (second early, LB medium resistant),
‘Sigunda’ (medium late, LB resistant). The shonmendf the growing season would help potato
plants avoid from pest’'s attacks. The potato sebértpresprouting hastens plant development in
the field. About two to four weeks old presproutalers and tubers without sprouting were used
as seed material. The microclimate between spdasgspis less favourable for pest development.
Three different planting distances were used inttra: 0.30, 0.15, 0.45 m. The yield, starch
content, tuber size and pest damage were evalaattdompared between the variants. The potato
variety determined LB and early blight damage omnafw leaves, yield, and tuber size. The
presprouting of seed tubers influenced the germoinaspeed, the amount of germinated plants
from planted tubers, in some cases yield, earlghbldamage on the leaves and tuber size. The
planting distance had a significant impact on tugiee; in some cases on tuber yield.
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