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Summary. Increased contents of cadmium (Cd), lead (Pb), zinc (Zn) and
other heavy metals in barley plants enhanced the accumulation of
trimethylglycine (betaine), putrescine and spermine. Higher contents of
heavy metals in barley were caused by soil enrichment with heavy metals
and by soil salinity. The highest accumulation of spermine and betaine
(increase 3-fold or 5-fold in comparison to untreated soil substrates) was
obtained at the highest concentration of heavy metals in plants. Consequently
the betaine-N / protein-N-ratio and the spermine-N / protein-N-quotient
increased 3-fold in plants with high heavy metal contents. The biomass
formation was not changed significantly by the different experimental
treatments.

Keywords: Amino acids – Heavy metals – Salinity – Barley –
Trimethylglycine – Putrescine – Spermine

Introduction

Cadmium (Cd) promotes the formation and exudation of proteinogenic and
non-protein amino acids in maize roots (Bergmann et al., 1996) and the
biosynthesis of polyamines in plants, as well (Smith, 1985; Bergmann, 1996). A
higher production of non-protein amino acids (nicotinamine, mugineic acid)
was also obtained when essential microelements as iron, copper or zinc are in
a minimum in relation to Cd (unpublished, Marscher, 1995; Stephan et al.,
1996). Salinity affects bioavailability of Cd and Zn in soils and modifies the
translocation of these elements in Leucaena leucocephala (Helal et al., 1999).

Because soil degradation and soil contamination change the bioavai-
lability of essential and non-essential elements in soils, the effect of plant-
available Cd and other heavy metals on the metal concentration and the

*Part of an oral communication presented at the 7th International Congress on Amino
Acids, Bonn FRG, August 3–7, 1999
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contents of trimethylglycine (betaine), putrescine and spermine were
examined in barley under the influence of different soil salinity or water
shortage.

Material and methods

Plant cultivation

Seeds of barley (Hordeum vulgare L. cv. Alexis) or spinach (Spinacia oleracea L. cv.
Matador) were sown in Mitscherlich pots filled with 6kg sandy substrate according to
Leinhos and Bergmann (1995). The contents of macronutrients and micronutrients al-
lowed a normal plant growth. The test-specific enrichment of soil substrates with heavy
metals or NaCl is shown in Table 1.

Determination of heavy metals

The heavy metal content in the plants was determined after dry-ashing (two times,
480°C, addition of 10% NH4NO3 solution) by means of flame-AAS (see Machelett et al.,
1998).

Determination of trimethylglycine and trigonelline

The plant material was extracted with methanol/chloroform/water [70/20/10;(v/v/v)]. The
purification of the extracts was carried out by ion exchange chromatography. The quali-
tative and quantitative determination of trimethylglycine and trigonelline was done by
HPLC following a method described by Eckert et al., 1992 (isocratic elution; column:
SCX, Partisil).

Determination of putrescine and spermine

The plant material was extracted with perchloric acid (5%). After further purification the
extracts were derivatized with benzoyl chloride. Quantification of the derivatized extracts
was done by HPLC (isocratic elution, C18-column, silica gel: Flores and Galston, 1982).

Results and discussion

Increased contents of cadmium (Cd), lead (Pb), zinc (Zn) and other heavy
metals in barley plants enhanced the accumulation of trimethylglycine
(betaine), putrescine and spermine (Table 1). Higher concentrations of heavy
metals in the above-ground biomass were caused by an enrichment of sandy
substrates with heavy metals in water-soluble forms (Table 1, No. 2) and by
addition of NaCl to the sandy substrate (Table 1, No. 4, 5, 6). The higher
concentration of heavy metals or betaine and spermine was not caused by
growth inhibition because the soil enrichment with heavy metals or NaCl did
not affect the plant growth (unpublished). Consequently the amounts of
betaine and spermine rose in the individual plants (see Table 2 on the right).

In order to distinguish metal-induced changes in betaine accumulation
from the NaCl-effect the separate influence is shown in Table 1 (No. 2 and 3
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in comparison to No.1): The heavy metal enrichment produced an increase of
betaine content about 40% (No. 2 in comparison to No. 1), and by addition of
NaCl (1g per kg sandy soil) a similar increase in the betaine concentration was
obtained (compare in Table 1 No. 3 with No. 1). However a simultaneous
enrichment of soil substrate with heavy metals and NaCl acted synergisti-
cally on the betaine accumulation in barley (Table 1, No. 4, 5, 6). – Thus, a
simultaneous soil treatment with heavy metals and 1g NaCl per kg soil
substrate produced a betaine increase about 281ppm, but a separate treat-
ment with heavy metals or NaCl resulted only in an enhanced betaine accu-
mulation of 57mg and 61mg per kg dry matter, respectively (see Table 1, as
above-mentioned).

Such an interaction of heavy metals with salinity factors in soils and plants
is present under field conditions and a stronger soil salinity might increase the
contents of heavy metals and specific metabolites in plant products consider-
ably (see Bergmann, 1996; Eckert et al., 1992; Helal et al., 1999; Smith, 1985).

Finally the heavy metal contamination and soil salinity modified the Cd/
Cu-ratio on the one hand and the betaine-N/protein-N-ratio or spermine-N/
protein-N ratio in barley on the other hand (Table 2). Consequently more
nitrogen was found in soluble N-metabolites under stress (Bergmann, 1996).

References

Bergmann H (1996) Biogenic amines in plants. In: Beutling DM (ed) Biogenic amines in
nutrition. Springer, Berlin Heidelberg New York Tokyo, pp 31–58

Bergmann H, Machelett B, Lippmann B, Leinhos V (1996) Influence of heavy metals on
the content of stress metabolites in food plants. In: Anke M, Arnhold W, Bergmann
H, Bitsch R (eds) Macro- and microelements. 16th Session Univ. Jena 1996, Schubert,
Leipzig, pp 731–742

Eckert H, Bergmann H, Eckert G, Müller H (1992) Influence of amino alcohols on the
accumulation of glycine betaine in barley under drought. J Appl Bot 66: 124–129

Flores HE, Galston AW (1982) Analysis of polyamines in higher plants by high perform-
ance liquid chromatography. Plant Physiol 68: 701–706

Helal M, Upenov A, Issa G (1999) Growth and uptake of Cd and Zn by Leucaena
leucocephala in reclaimed soils as affected by NaCl salinity. J Plant Nutr Soil Sci 162:
589–592

Leinhos V, Bergmann H (1995) Changes in the yield, lignin content and protein patterns
of barley (Hordeum vulgare cv. Alexis) induced by drought stress. J Appl Bot 69: 206–
210

Machelett B, Metz R, Bergmann H (1998) Comparison of heavy metal uptake in different
vegetables and other crops. Agri Food Quality, Royal Soc Chem 229 (UK-Special
Publications): 232–235

Marschner H (1995) Minerals nutrition in higher plants. Academic Press, London New
York, pp 6–115

Smith TA (1985) Polyamines. Annu Rev Plant Physiol 36: 117–143
Stephan UW, Schmidke I, Stephan VC, Scholz G (1996) The nicotianamine molecule, is

made – to measure for complexation of micronutrients in plants. Biometals 9: 84–90

Authors’ address: Dr. Hans Bergmann, Institute of Nutrition Science, University of Jena,
D-07743 Jena, Federal Republic of Germany

Received  January 28, 2000


