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Summary. By application with 2-aminoethanol (2-AE) and choline chloride (CC)
in pot experiments the effect of drought stress on barley plants was diminished.
In treated plants an increase of the grain yield by 14%; (2-AE) and 40%; (CC) and
a decrease of the stress metabolites glycine betaine and trigonelline was observed.
Additionally, treated barley plants showed higher yields of essential amino acids
as well. The contents of proline (stress indicator) and arginine (precursor of the
stress metabolite putrescine) of treated plants were by 129 and 229 respectively,
lower than in untreated plants.
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Introduction

Plants react to environmental stress (e.g. drought, extreme temperatures) with
changes of their metabolism and morphology. These stress related effects may
result in losses of yield and quality for crop plants (Roth and Bergmann, 1988;
Bergmann and Eckert, 1990). One out of several possibilities of a quality drop
is that the content of stress metabolites increases. In barley an increase of the
content of the stress metabolite glycine betaine (Eckert et al., 1992; Bergmann
et al., 1993) was shown earlier. An other nutritional physiological undesirable
stress effect is the decrease of the content of value determinating plant substances
e.g. essential amino acids.

The native amino alcohols 2-aminoethanol (2-AE) and choline as chloride
(CC) have stress diminishing effects (Bergmann et al., 1991). Therefore, the
objective of our work was, to investigate the effect of 2-AE and CC (applied
exogenously) on the content of essential amino acids in barley plants. Simultane-
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ously, we determined the stress intensity by using the changes of the glycine
betaine content.

Methods

Cultivation

In a Mitscherlich pot experiment (substrate in Mitscherlich pots: 2 kg quartz sand, water
capacity 15%; 4 kg mixed soil, water capacity 30%,, pH 7.0, fine particles 16%, Py, 11.2 mg/100
g soil, Ky 20 mg/100 g soil, Mg 11.6 mg/100 g soil, CaCO; 0.6%, B 0.83 ppm, Cu 8.3 ppm,
Mn 52 ppm, Mo 0.20 ppm, Zn 10 ppm) spring barley (12 plants per pot, var. “Alexis”) was
cultivated under a drought stress regime (4 periods of 5 days each at <30% of the water use
capacity of the soil, Bergmann et al, 1991). The following macroelements were added
(amounts per pot): 1 g N as NH,NO,, 0.6 g Pas KH,PO,,2.5gK as K,SO,, 0.8 g Mg as
MgSO, -7 H,O before planting.

2-AE (as secondary phosphate, 10 mg/pot) and choline (as chloride, 9 mg/pot) were
applied before the first stress period. Nutritional effects of the amino alcohols used can be
excluded. Well watered plants (soil water capacity: 60%) were used as controls in the
experiment. Four Mitscherlich pots were used per treatment.

Analysis

After the drought regime the mature barley plants were harvested. The content of selected
amino acids (Table 1) in barley caryopses was determined after acid hydrolysis (Gruhn and
Schubert, 1975). Glycine betaine and trigonelline were analysed in the shoots harvested
during the anthesis stage of the plants according to Eckert et al. (1992).

Statistics

The results presented are the means of three replicates. The significances were analysed using
the Tuckey-test. Because of the higher variability of the stress variants significances were
also tested at the « < 0.1 level.

Results and discussion

Water deficit reduced the yield of the grain biomass (as a complex morphogenetic
indicator of stress) by 70% (Table 1). Simultaneously, the tillering efficiency
(number of fertile tillers/total number of tillers) was reduced. Compared with
that, 2-AE and CC (applied exogenously) had a stress diminishing effect. How-
ever, as assumed, the water deficit could not be compensated completely. A stress
diminishing by 20—60%;, compared to the well watered control was achieved. Due
to the drought stress in barley plants the content of the stress metabolites glycine
betaine and trigonelline increased by 479, and 229, respectively (Table 1). By
treatment with CC the content of these stress metabolites was reduced. This
stress weakening effect agrees with results of other experiments using CC and
2-AE (Eckert et al., 1992). Therefore, choline has a stress diminishing effect at a
biochemical level.

Due to the water deficit the total protein yield and the amount of essential
proteinogenic amino acids was reduced too (Table 1). Application of choline
counteracted to this yield depending effect significantly and resulted for example
in an increase of the lysine yield per plant by 339%.
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Table 2. Content of essential amino acids in grain of drought stressed barley plants after
treatment with choline (CC)

No stress Drought stress!
No treatment®>  No treatment?  CC-treatment?> CC-treatment®

Amino acid (g/100 g protein) (g/100 g protein) (g/100 g protein) %)
Lysine 3.12 329 3.29 100
Histidine 1.97 1.79 1.73 97
Arginine 595 6.43 5.04 780
Asparagine 747 6.43 6.09 95
Threonine 3.27 299 2.82 94
Serine 4.79 3.70 3.73 10t
Glutamic acid 27.42 27.20 27.80 102
Proline 11.55 13.10 11.60 g9t
Glycine 3.56 3.28 3.23 98
Alanine 3.13 3.53 3.39 96
Valine 5.17 542 5.36 99
Isoleucine 4.09 3.86 3.59 93
Leucine 10.61 7.66 7.36 96
Tyrosine 2.94 2.64 2.44 92
Phenylalanine 4.66 5.55 5.34 96
n.d. 0.30 3.13 7.19 -

! see Methods

2 amino acid content in crude protein

3 relative amino acid content (%), “Drought stress No treatment” = 100%,
) significant CC-effect only at oo < 0.10

n.d. not detected \

In case of proline and arginine the pattern of amino acids in the cereal grains
was changed (Table 2). A decrease of the proline and arginine yields by 12% and
229, respectively, was observed in plants cultivated under drought stress and
treated with CC compared to untreated plants. Proline, similar to glycine
betaine, is a stress indicator in plants whereas arginine serves as a precursor of
the stress metabolite putrescine.

In summary, metabolic pathways activated by stress may increase the yield
of non-nutritive metabolites and decreased the content of value providing con-
tents in plants. Therefore, amino alcohols could be useful tools for investigating
stress tolerance mechanisms in plants.
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