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Abstract

The accumulation of compatible solutes is one of the strategies that plants have developed to tolerate salt stress.
Proline and betaine are the main metabolites that accumulate in various species of higher plants in response to salt
stress. InHelianthus annuusL., pre-treatment of seeds with ethanolamine led to enhanced seedling tolerance to
conditions of saline stress during germination, as evidenced by the greater growth of pretreated seedlings (EAS
group) versus untreated seedlings (S group), evaluated through such parameters as length, water and chlorophyll
content. During the germination period, a considerable increase was observed in proline levels (up to 300%) in
seedlings subjected to saline stress, whereas in the EAS group, the proline increment was much smaller (20%).
Starting from the fourth day of germination, betaine levels in seedlings pretreated with ethanolamine and then with
water (EAW group) and in EAS showed a significant increase versus C (control) and S seedlings, possibly because
such a precursor promotes betaine biosynthesis. This could be responsible for the enhanced growth observed in
EAS versus S seedlings, as well as for preventing the decrease in chlorophyll content in the EAS group. The
accumulation of betaine seems to correlate with the greater tolerance of these seedlings against stress induced by
sodium chloride.

1. Introduction

Germination and development stages of seedlings are
crucial to determine potential crop yield. Should the
seed be subjected to conditions of saline stress during
these periods, detrimental effects on plant growth may
occur, affecting production in the long term [6]. One
of the mechanisms developed by organisms to acquire
tolerance to saline stress consists of accumulating
so-called compatible solutes, since these fail to inter-
fere with normal biochemical reactions [3, 7]. Other
mechanisms that contribute to tolerance include ion
uptake, and synthesis of membrane lipids and diverse
proteins [3]. Among the main compatible osmolytes
are proline, betaine and some sugars. The amino
acid proline, as well as betaine and other quaternary
ammonium compounds, accumulate in various species

of higher plants [5, 25]. On the whole, it is accepted
that the accumulation of compatible osmolytes in the
cell can prevent the exit of water or increase its entry,
providing the required turgidity for cell expansion
[12]. In addition, other functions may be attributed
to these osmolytes. Recently, it has been suggested
that proline accumulation during stress could serve
as a reserve supply of carbon and nitrogen for later
recovery of the plant following stress [11, 15], and that
proline accumulation is manifested only when there is
injury to plant tissues [10]. It has been advanced that
substrates participating in the biosynthesis of proline,
rather than proline itself, may act as compatible
osmolytes to compensate for stress-induced imbal-
ances [10, 17]. Betaine is a protective protein-
stabilizing osmolyte reported to stabilize photosystem
II protein complexes in higher plants, thus avoiding
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the dissociation of extrinsic regulatory proteins
[32, 33].

The study of biochemical and molecular processes
through which plants tolerate environmental stress
offers useful tools, employed in genetic engineering,
to improve the yields of a crop [4, 9]. Therefore, it is
of interest to study the biochemical responses elicited
by saline stress in plants like sunflower which make up
a large resource for the production of oils.

Though capable of accumulating betaine [30],
Helianthus annuusis a species moderately sensitive to
saline stress [24], a property that still remains poorly
understood, indicating that, so far, the role played by
protective osmolytes is unclear.

Besides, it is known that pre-treatment with natural
amino alcohols such as ethanolamine or choline,
exerts a protective effect against saline stress in corn
and barley plants [20, 23] and it has also been
suggested that a change in the membrane phosphol-
ipid profile is responsible for tolerance of salinity in
buffalograss [22].

In view of the above information, the goal of
the present work was to determine the influence of
ethanolamine pre-treatment onHelianthus annuusL.
seeds subjected to saline stress during germination.
Results demonstrate that one of the compatible osmo-
lytes, betaine, plays a leading role in protection against
saline stress during this stage of the ontogenetic cycle.

2. Materials and methods

2.1 Seed culture and treatments

Surface sterilized sunflower seeds (Helianthus annuus
L.) were placed in Petri dishes with distilled water
in a controlled environmental chamber, with a 16-h
photoperiod (175-µmol m−2 s−1 photon flux density)
and a 26/20◦C day/night regime for 18 h. Seeds
were then distributed in plastic trays (12×12 cm) with
three layers of filter paper moistened with the solu-
tions indicated for each treatment, as follows: control
in water (C), in water for 6 h and then treated with
100 mM NaCl (S), treated with 100 mM ethanolamine
for 6 h and then in water (EAW), and treated with
100 mM ethanolamine for 6 h and then subjected to
100 mM NaCl (EAS). Each treatment consisted of 10
plastic trays each containing 20 seeds. Samples were
collected randomly at 1, 2, 3, 4, 5, 6, and 7 days
and extracted for chlorophyll, betaine, proline, and
phospholipid determination.

Water content was also measured and expressed as
a percentage according to the following equation:

Water content (WC) (%)= (FW− DW)/FW× 100,

where FW is fresh weight and DW is dry weight.

2.2 Recovery of seedlings

At the end of the experiment described above (day
7), seedlings were transferred to 20 cm plastic
pots containing vermiculite, maintained in the same
environmental conditions and watered daily with a
nutrient solution [14] for 7 days.

2.3 Chlorophyll content

Chlorophyll content was determined 5, 6, and 7 days
after germination and in recovered plants. It was
extracted by homogenizing and boiling 0.5 g fresh
weight of green tissues (leaf plus stem) of the seed-
lings in 15 ml 95% ethanol. After centrifugation for 10
min at 5000 rpm, the chlorophyll content was analyzed
spectrophotometrically on the ethanolic supernatant at
654 nm, as described by Wintermans and De Mots
[31].

2.4 Proline determination

Seedlings (0.5 g FW) were homogenized in 5 ml of 3%
sulphosalicylic acid. After centrifugation for 10 min at
5000 rpm, proline was estimated spectrophotometric-
ally at 520 nm using the ninhydrin method [1]. Purified
proline was used for standardization.

2.5 Betaine assay

Seedlings (0.5 g FW) were homogenized with 5 ml of
methanol, and methanol extracts were phase-separated
with chloroform and water as described previously
[26, 27]. After evaporating the aqueous phase to
dryness in an air stream, 4 ml of distilled water and 0.3
ml of a slurry of Dowex-50 ion exchange resin in the
H+ form [18,21] were added. Betaine was determined
according to the periodide method [29].

2.6 Phospholipid content

Seedlings (0.5 g FW) were homogenized with 6
ml of chloroform:methanol (1:2 v/v) and extracted
according to Blight and Dyer [2]. Phospholipids were
separated by thin-layer chromatography [28] and the
phosphate content of the different spots was deter-
mined according to Kahovcova and Odavic [16].
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Table 1. Time course effect of different treatments on sunflower
water content. Water content (%) was measured as described in
Materials and Methods. C (control); S (6 h in water and then
treated with 100 mM NaCl); EAW (pretreated with 100 mM EA
for 6 h and then in water); EAS (pretreated with 100 mM EA for 6
h and then subjected to 100 mM NaCl). Data are the means±SEM
of three independent experiments with two replicated measure-
ments. Different letters within the same day indicate significant
differences (P< 0.05) according to Tukey’s multiple range test

Group Time (days)

3 4 5 6 7

C 42± 3a 51± 3a 81± 2a 91± 3a 91± 4a

S 43± 3a 41± 3b 60± 2b 70± 2b 72± 3b

EAW 42±4a 52± 3a 80± 2a 92± 2a 90± 3a

EAS 41± 3a 53± 3a 72± 2c 91± 3a 91± 4a

2.7 Statistical analysis

Figures in the text and tables indicate mean values±
SEM. Differences between control and treated seeds
were analyzed by one-way ANOVA, taking P< 0.05
as significant, according to Tukey’s multiple range
test.

3. Results

3.1 Effect of pre-treatment with ethanolamine on
growth, water content and chlorophyll levels in
sunflower seeds subjected to saline stress

To determine the growth ofHelianthus annuusL.
seedlings, starting from the third day of the exper-
iment, their length and water content (WC) were
measured (Figure 1, Table 1). The length of S seed-
lings was significantly lower than that of the C group
over the whole experiment, reaching a length 5-fold
less at the seventh day of treatment (Figure 1). Stress
induced root necrosis but secondary roots failed to
appear, and therefore root length was more affected
than shoot length under salt stress conditions (data not
shown).

WC was significantly lower (20%) in S seedlings
starting from the fourth day as compared with the C
group and this decrease persisted up to the seventh day
(Table 1).

The protective effect of ethanolamine pre-treat-
ment against saline stress was shown by the greater
length and WC of EAS versus S seedlings (Figure
1, Table 1). On the seventh day, mean EAS length

was twice as much as S and was accompanied by the
appearance of secondary roots in the former seedlings.
Ethanolamine pre-treatment (EAW) failed to exert any
effect on seedling length or WC; values were similar
to group C (Figure 1, Table 1).

Total chlorophyll was determined in green tissue
from five days post-germination. Chlorophyll levels
in S seedlings were lower than those of C seedlings
(Figure 2). On the seventh day it was observed that the
former possessed roughly 35% less chlorophyll than
the latter. Seedling pre-treatment with ethanolamine
(EAS) prevented the decrease in chlorophyll caused
by saline stress (Figure 2).

3.2 Levels of compatible osmolytes

In the S group, proline levels were significantly
increased (200% versus controls) starting from the
fifth day and peaking at the seventh day of the exper-
iment, with an increase of roughly 300% above that
of the controls; while in EAS seedlings, significantly
smaller increments were observed (Figure 3).

When betaine content was determined, it was
observed that control seedlings reached the maximal
betaine level (4.3µmoles g−1 FW) on the fourth day
after germination (Figure 4) and, thereafter, levels
diminished. In seedlings subjected to saline stress, no
increase was observed in betaine content, which had
a similar profile to that of the C group. In contrast,
seed pre-treatment with ethanolamine led to a signifi-
cant betaine increase, both in the EAW and in the EAS
group, as compared to the control seedlings. The peak
betaine level in both groups (roughly 8µmoles g−1

FW) was reached on day four (Figure 4), and remained
high, with respect to the C group, up to seven days
after germination.

3.3 Phospholipid determination

When phospholipids phosphatidylcholine, phosphat-
idylethanolamine, phosphatidylglycerol, phosphat-
idylserine and phosphatidylinositol were studied, no
variations were recorded, either in total phospholipid
levels or in their profiles according to the various treat-
ments. All groups displayed values similar to those of
control seedlings (data not shown).

3.4 Plant recovery

On the third day of recovery, both EAS and control
plants had two pairs of leaves, while only on the fifth
day did the second pair appear in the S seedlings
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Figure 1. Effect of the various treatments on length (root plus shoot) during seedling development in sunflower. Values are means of three
experiments with two replicated measurements, and bars indicate SEM. Different letters corresponding to the same day represent significant
differences (P< 0.05) according to Tukey’s multiple range test.

(data not shown). On the seventh day of recovery, it
was observed that root length of EAS plants was 40%
greater than that of S (Table 2).

Seedlings pre-treated with ethanolamine and
subjected to saline stress (EAS) had a greater recovery
in chlorophyll levels (85% of control plant value) than
those of the S group, which reached 70% of control
value (Table 2).

No differences were observed in shoot length
among the groups studied, following the recovery
period (Table 2).

4. Discussion

Despite the large amount of literature on the effect
of salinity on diverse plant tissues and cells, the
function of compatible osmolytes in salt injury still
remains controversial. To our knowledge, there are

Table 2. Effect of recovery on root and shoot development and
on chlorophyll content in sunflower plants. Samples were taken
after 7 days of recovery as described in Materials and Methods.
C (control); S (6 h in water and then treated with 100 mM NaCl);
EAW (pretreated with 100 mM EA for 6 h and then in water); EAS
(pretreated with 100 mM EA for 6 h and then subjected to 100 mM
NaCl). Replicates and statistical analysis, as in Table 1

Group Root length Shoot length Chlorophyll content

(cm) (cm) (µg g−1 FW)

C 13.0± 0.6a 6.9± 0.4a 980± 30a

S 6.6± 0.3b 6.8± 0.5a 693± 18b

EAW 12.9± 0.4a 6.8± 0.5a 950± 20a

EAS 9.1± 0.5c 6.9± 0.4a 810± 10c

no previous reports on ethanolamine pre-treatments
during germination in sunflower plants subjected to
salt stress.
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Figure 2. Effect of the various treatments on chlorophyll content during seedling development in sunflower. Replicates and statistical analysis,
as in Figure 1.

Helianthus annuusL. is a plant moderately sensi-
tive to stress [24]. Pre-treatment of sunflower seeds
with ethanolamine led to enhanced seedling toler-
ance to conditions of saline stress during germination,
as evidenced by the greater growth of EAS versus
S seedlings evaluated through such parameters as
length, WC and chlorophyll content (Figures 1 and 2,
Table 1).

During the germination period, a considerable
increase was observed in proline levels (up to 300%)
in seedlings subjected to sodium chloride treatment.
However, such an increase in a protective osmolyte
was insufficient to protect seedlings against damage
caused by salinity conditions. In seedlings pre-treated
with EA and subjected to saline stress (EAS group),
the proline increment was much smaller (20%) (Figure
3). Hare et al. [12] have contended that proline
content increases when there is an injury to plant
tissue. Possibly in seedlings pre-treated with ethano-
lamine and subjected to saline stress, where growth
is greater and plant status better, damage is less and,

therefore, proline levels are hardly increased with
respect to the control seedlings. On the other hand,
the inhibitory effect of betaine on proline accumula-
tion would provide an alternative explanation for this
finding, in agreement with the results obtained by
Gibbon et al. [8] and Larher et al. [19] with rape leaf
discs.

Previous reports have shown thatHelianthus
annuusL., a member of theCompositaefamily, is a
plant that contains considerable amounts of betaine
and is able to accumulate a greater quantity under
conditions of saline stress [30]. However, in the
present work we found that the levels of betaine in
control seedlings seven days after germination barely
reached a value of 1µmol g−1 FW and that saline
treatment failed to produce a significant increase
(Figure 4).

Starting from the fourth day of germination, pre-
treatment with ethanolamine led to a significant
increase in betaine levels in EAW and in EAS versus
C and S seedlings. Such an increase may be attributed
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Figure 3. Effect of the various treatments on proline levels during seedling development in sunflower. Replicates and statistical analysis, as in
Figure 1.

to the fact that the addition of this precursor (ethano-
lamine) promotes betaine formation by stimulating its
biosynthesis [13].

The protective role of betaine against saline stress,
both in higher plants and in bacteria and animals, is
widely recognized [25]. The significant increase of
this osmolyte in plant tissue from seeds pre-treated
with ethanolamine would help to explain the increase
in tolerance to salinity. The accumulation recorded in
seedlings starting from the fourth day could be respon-
sible for the enhanced growth observed in EAS versus
S seedlings, as well as for preventing the decrease in
chlorophyll content in the EAS group.

It is known that altered composition of membrane
phospholipids plays a major role in tolerance to saline
stress [22]. During the germination period ofHeli-
anthus annuusseeds pre-treated with ethanolamine
and subjected to conditions of saline stress, neither
qualitative nor quantitative changes were observed in
the levels of the five assayed phospholipids, with
respect to the control seedlings. Based on these find-
ings, the protective effect of ethanolamine cannot be

ascribed to variations in phospholipid quantity and/or
profile.

The mechanisms by which plants defend them-
selves against saline stress are indeed manyfold; many
are still unclear and they may vary according to the
ontogenetic stage. AlthoughHelianthus annuusL. is
a betaine-accumulating plant, it is moderately sens-
itive to stress induced by sodium chloride. Weretilnyk
et al. [30] reported that sunflower possesses a low
activity of one of the enzymes responsible for its
biosynthesis, namely betaine aldehyde dehydrogenase
(BADH). The results obtained in this work strongly
suggest that the moderate sensitivity presented by this
species is attributable to its limited capacity to accu-
mulate betaine during germination (groups C and S,
Figure 4).

Pre-treatment with ethanolamine in quantities non-
toxic to the plant showed that an increase in betaine
most likely takes place during germination, because its
biosynthetic precursor, ethanolamine, could activate
BADH, thus enhancing the accumulation of betaine.
The accumulation of this osmolyte seems to correlate
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Figure 4. Effect of the various treatments on betaine levels during seedling development in sunflower. Replicates and statistical analysis, as in
Figure 1.

with greater tolerance of these seedlings against stress
induced by sodium chloride. In a more general
context, it could be said that the formation of a
compatible osmolyte such as betaine, capable of
stabilizing membranes and proteins, is responsible for
the increase in tolerance against saline stress.

To sum up, the present work demonstrates clearly
that betaine, rather than an increase in proline and/or
phospholipid content and composition, is responsible
for the increase in tolerance to saline stress when
sunflower seeds are pre-incubated with ethanolamine.

Acknowledgements

This work was supported by grants from the Univer-
sidad de Buenos Aires (Argentina) and from the
Consejo Nacional de Investigaciones Científicas y
Técnicas (CONICET) (Argentina). M.L.T. and M.P.B.
are career investigators from CONICET.

References

1. Bates LS, Waldren RP and Teare ID (1973) Rapid determi-
nation of free proline for water stress studies. Plant Soil 39:
205–207

2. Blight EG and Dyer WJ (1959). A rapid method of total lipid
extraction and purification. Can J Biochem Physiol 37: 911–
917

3. Bohnert HJ, Nelson DE and Jensen RG (1995) Adaptations to
environmental stresses. Plant Cell 7: 1099–1111

4. Bonhert H and Jensen RG (1996) Strategies for engineering
water-stress tolerance in plants. Trends Biotechnol 14: 89–97

5. Dealuney AJ and Verma DPS (1993) Proline biosynthesis and
osmoregulation in plants. Plant J 4(2): 215–223

6. Delgado IC and Sánchez-Raya AJ (1996) Effect of NaCl
on some physiological parameters in sunflower (Helianthus
annuusL.) seedlings. Agrochimica XL N.5-6: 285–292 and
references therein cited

7. Galinski E (1993) Compatible solutes of halophilic eubac-
teria: Molecular principles, water solute interactions, stress
protection. Experientia 49: 487–496

8. Gibon I, Bessieres MA and Larher F (1997) Is glycine betaine
a non-compatible solute in higher plants that do not accumu-
late it? Plant Cell Environ 20: 329–340



94

9. Gorham J (1995) Betaines in higher plants: Biosynthesis
and role in stress metabolism. In: Wallsgrove RM (ed)
The Aminoacids and their Derivatives in Higher Plants.
Cambridge, UK: Cambridge University Press, pp 173–203

10. Hanson AD and Nelsen CE (1978) Betaine accumulation and
[14C] formate metabolism in water-stressed barley leaves.
Plant Physiol 62: 305–312

11. Hare PD and Cress WA (1997) Metabolic implications of
stress-induced proline accumulation in plants. Plant Growth
Regul 23: 79–103

12. Hare PD, Cress WA and Van Staden J (1998) Dissecting
the roles of osmolyte accumulation during stress. Plant Cell
Environ 21: 535–553

13. Hitz WD, Ladyman JAR and Hanson AD (1982) Betaine
synthesis and accumulation in barley during field water stress.
Crop Sci 22: 47–54

14. Hoagland DR and Arnon DI (1953). The water culture method
for growing plants without soil. California Agric Exp Stat
Univ Calif Berkeley Circ. 347

15. Joyce PA, Aspinall D and Paleg LG (1992) Photosynthesis and
the accumulation of proline in response to water deficit. Aust
J Plant Physiol 19: 249–261

16. Kahovcova J and Odavic R (1969) A simple method for the
quantitative analysis of phospholipids separated by thin layer
chromatography. J Chromatogr 40: 90–96

17. Kiyosue T, Yoshiba Y, Yamaguchi-Shinozaki K and Shinozaki
K (1996) A nuclear gene encoding mitochondrial proline
dehydrogenase, an enzyme involved in proline metabolism, is
upregulated by proline but downregulated by dehydration in
Arabidopsis. Plant Cell 8: 1323–1335

18. Ladyman JAR, Ditz KM, Grumet R and Hanson AD (1983)
Genotypic variation for glycine betaine accumulation by
cultivated and wild barley in relation to water stress. Crop Sci
23: 465–468

19. Larher F, Rotival-Garnier N, Lemesle P, Plasman M and
Bouchereau A (1996) The glycine betaine inhibitory effect on
the osmoinduced proline response of rape leaf discs. Plant Sci
113: 21–31

20. Leinhos V, Tiroke S and Bergmann H (1996) Influence of
osmotic stress and aminoalcohol treatment on protein content,
protein patterns and growth of germinating barley. Angew Bot
70: 199–204

21. Lerma C, Rich PJ, Yang WJ, Hanson AD and Rhodes D (1991)
Betaine deficiency in maize. Plant Physiol 95: 1113–1119

22. Lin H and Wu L (1996) Effects of salt stress on root plasma
membrane characteristics of salt-tolerant and salt sensitive
buffalograss clones. Environ Exp Bot 36: 239–243

23. Lippmann B and Bergmann H (1995) Effect of a preliminary
treatment of maize with aminoalcohols on the root growth and
root exudation under drought stress. Mikrooecol Prozesse Syst
Planze-Boden, Borkheider Semin Oekophysiol Wurzelraumes
(5th edition 1994): 123–126

24. Maas EV (1986) Salt tolerance of plants. Appl Agric Res 1:
12–26

25. Rhodes D and Hanson AD (1993) Quaternary ammonium and
tertiary sulfonium compounds in higher plants. Ann Rev Plant
Physiol Plant Mol Biol 44: 357–384

26. Rhodes D, Rich PR, Myers AC, Reuter CR and Jamieson GC
(1987) Determination of betaines by fast atom bombardment
mass spectrometry: Identification of glycine betaine deficient
genotypes ofZea maysL. Plant Physiol 84: 781–788

27. Rhodes D and Rich PR (1988) Preliminary genetic studies
of the phenotype of betaine deficiency inZea maysL. Plant
Physiol 91: 1112–1121

28. Rouser G, Fleischer S and Yamamoto A (1970) Two dimen-
sional thin layer chromatographic separation of polar lipids
and determination of phospholipids by phosphorus-analysis of
spots. Lipids 5: 494–496

29. Wall JS, Christianson DD, Dimler RJ and Senti FR (1960)
Spectrophotometric determination of betaines and other
quaternary nitrogen compounds as their periodides. Anal
Chem 32: 870–874

30. Weretilnyk EA, Bednarek S, McCue KF, Rhodes D and
Hanson A (1989) Comparative biochemical and immuno-
logical studies of the glycine betaine synthesis pathway in
diverse families of dicotyledons. Planta 178: 342–352

31. Wintermans JF and De Mots A (1965) Spectrophotometric
characteristics of chlorophylls a and b and their pheophytins
in ethanol. Biochim Biophys Acta 109: 448–453

32. Yancey PH (1994) Compatible and counteracting solutes.
In: Strange K (ed) Cellular and Molecular Physiology of
Cell Volume Regulation. Boca Raton, FL, USA: CRC Press,
pp 81–109

33. Yeo A (1998) Molecular biology of salt tolerance in the
context of whole-plant physiology. J Exp Bot 49(323): 915–
929


