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ABSTRACT

Germinability and the content of soluble carbohydrates were analysed in cereal seed (winter rye, cv. Warko;
spring wheat, cv. Santa; hexaploid winter triticale, cv. Fidelio and cv. Woltario). Seed moisture content (mc) was
equilibrated over silica gel to 0.08 g H,O/g dry mass and stored in a desiccator at 20°C for up to 205 weeks or we-
re equilibrated to mc 0.06, 0.08 or 0.10 g H,0/g dm and subjected to artificial aging at 35°C in air-tight laminated
aluminium foil packages for 205 weeks. It was shown that the rate of seed aging depended on the species and se-
ed moisture content. The fastest decrease of germinability upon storage was observed in seed with the highest
moisture level. Complete germinability loss for winter rye, winter triticale cv. Fidelio, winter triticale cv. Wolta-
rio and spring wheat seed with mc 0.10 g H,0/g dm occurred after 81, 81, 101 and 133 weeks, respectively. Fruc-
tose, glucose, galactose, myo-inositol, sucrose, galactinol, raffinose, stachyose and verbascose were the main so-
luble carbohydrates found in the seed. The obtained data on the contents of specific sugars and the composition of
soluble sugars fraction in seed of rye, wheat and triticale did not corroborate any profound effect of reducing su-

gars, sucrose and oligosaccharides on seed longevity.
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INTRODUCTION

Long-term storage of seed samples is one of the basic
and commonly used method for ex-situ conservation of
plant genetic resources. The effect of the main factors on
seed longevity has been thoroughly studied in the last de-
cades. It has been shown for ‘orthodox’ seed (Roberts
1973) that lowering their moisture and storage temperature
leads to significant increase in storage time (Harrington
1972; Roberts 1972). Based on these results recommenda-
tions for optimum seed storage in gene banks have been
formulated (FAO/IBGRI 1994). Seed viability loss during
the storage proceeds at different rate depending not only
on the storage conditions but on the plant species as well
(Walters et al. 2005). A sound understanding of the mecha-
nisms underlying seed aging is crucial for long-term stora-
ge and it is an interesting cognitive challenge as well.

Aging is a consequence of diverse inter connected bioche-
mical processes (Kristal and Yu 1992; Ying 1997; Baynes
2002). Maillard type reactions in which reducing sugars
and products of lipids peroxidation can react with proteins
and nucleic acids leading to inactivation of the latter ones
(Narayana Murthy al. 2002; Narayana Murthy et al. 2003).
Sucrose, cyclitols and their galactosyl derivatives are invo-
Ived in creation and stabilisation of cell vitrified cytoplasm
structure what is vital for cells resistance to dehydratation
and slows down the rate of aging (Caffrey et al. 1988; Hor-
bowicz and Obendorf 1994; Bernal-Lugo and Leopold
1992; Steadman et al. 1996).

The aim of the present work was to monitor the soluble
carbohydrates content of rye, wheat and triticale seed sam-
ples during natural and artificial ageing in an attempt to
evaluate interspecies variation and possible effect of solu-
ble carbohydrates on seed longevity.
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MATERIALS AND METHODS

Seed storage and germinability assessment

Cereal seed (winter rye, cv. Warko; spring wheat, cv.
Santa; winter hexaploid triticale, cv. Fidelio and cv. Wolta-
rio), obtained from plant breeding companies, harvested in
2000 were stored in glass desiccator above silica gel at ro-
om temperature (20°C). After two months storage half of
the each seed sample was conditioned for two weeks above
saturated solution of inorganic salts ZnCl,, MgCl,,
Ca(NO;), (Winston and Bates 1960) in order to obtain seed
of different moisture contents: 0.06, 0.08 and 0.10
g H,0/g dm, respectively. The samples were then hermeti-
cally sealed in laminated aluminium foil and subjected to
accelerated aging at constant temperature (35°C) for 205
weeks. The germinability was checked periodically (every
two weeks). Germination tests were performed (2x20 seeds)
between a dump paper towel for a seven days in a germina-
ting cabinet at day/night temperature 25/15°C with 16/8
h photoperiod. Seeds were considered as germinated when
the radicle protruded the seed coat at least 1 mm.

Soluble carbohydrates content determination

After 205 weeks of artificial ageing soluble carbohydra-
tes were extracted from the whole seed and excised embry-
os as described by Piotrowicz-Cieslak et al. (2003). Brie-
fly, tissues (30-60 mg fresh mass) were homogenised in
ethanol : water, 1:1 (v/v) containing 300 pg phenyl-a-D-
-glucose as internal standard. The homogenate was combi-
ned in a 1.5-ml microfuge tube, heated at 75°C for 30 min
to inactivate endogenous enzymes and centrifuged at 15
000 g for 20 min. The supernatant was passed through
a 0.22 pm filter (Spin-X Centrifuge Tube Filter Nylon;
Corning NY USA). Aliquots of 0.3 ml filtrate were trans-
ferred to silylation vials and evaporated to dryness under
a stream of nitrogen. Residues were kept overnight over
phosphorus pentoxide in a desiccator. Dry residues were
derived with 300 pl of silylation mixture (trimethylsilyli-
midazole : pyridine, 1:1, v/v) in silylation vials (Supelco)
at 70°C for 30 min and then cooled at room temperature.
One pl carbohydrate extract was injected into a split-mode
injector of a Shimadzu GC-14A gas chromatograph equip-
ped with flame ionisation detector and Shimadzu C-
-R6A integrator. Soluble carbohydrates were analysed on
a DB-1 capillary column (15 m length, 0.25 mm ID, 0.25
pm film thickness, J&W Scientific). Soluble carbohydrates
were identified with internal standards as available present
and the contents were calculated from the ratios of peak
area for each analysed carbohydrate to the peak area of re-
spective internal standard. Quantities of soluble carbohy-
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drates were expressed as mean = SD for 3-5 replications of
each treatment.

Statistical analyses

Differences between soluble carbohydrate contents were
analyzed for statistical significance using analysis of va-
riance (ANOVA). Means were separated using Dun-
can’s multiple range tests. All statistical analyses were
conducted using Statistica 8.0.

RESULTS AND DISCUSSION

Seed viability

Seed stored in a desiccator above silica gel, at moisture
content 0.07 (g H,0O/g dm) did not show any viability loss.
The observed slight increase in germination ability (data
not showed), was probably a result of partially released
post-harvest dormancy of seed samples.

The observed changes of seed viability in artificially
aged rye, wheat and triticale seed corresponded to the crite-
ria known for seed of ‘orthodox’ type (Roberts 1973). Hi-
gher moisture content of seed subjected to accelerated
aging caused significant increase of seed viability decline
rate (Ellis 1998). After the 205 week storage at 35°C seed
of winter rye and spring wheat with moisture content 0.06
g H,0/g dm, maintained 10 and 15%, germinability respec-
tively (Table 1). Triticale cultivars showed clear differen-
ces in longevity. Seed of cv. Woltario maintained their via-
bility, while seed of cv. Fidelio were completely aged at
137 weeks. Among seeds with mc 0.08 g H,O/g dm, wheat
sample alone remained vigorous but germinated in only
3%; the other seed did not germinate. The increase of seed
moisture content to 0.10 g H,O/g dm resulted in germina-
bility loss of all seed samples after 205 weeks. A complete
germinability loss occurred in winter rye and winter tritica-
le after 81 and 101 weeks (Fig. 1) while seeds of spring
wheat remained viable much longer. An effect of the spe-
cies on seed germinability was apparent. Among the three
species, winter rye aged at fastest rate, while wheat — the
slowest. Winter hexaploid triticale cultivars aged at a me-
dium rate.

Soluble carbohydrates content and composition

Total soluble carbohydrates content in seeds seems spe-
cies specific. It was not significantly different in high via-
bility (control) seed of rye and triticale cultivars, while in
wheat it was the lowest (Table 2).

The process of artificial seed ageing differently affected
soluble carbohydrate levels, depending on plant species

TABLE 1. Seed germination after 205 weeks of storage at 20°C (control) or 35°C (artificially aged seed).

Germination, %

Cereal Control seeds Artificially aged seeds
with mc (g H,0/g) with mc (g H,0/g)
0.07 0.06 0.08 0.10
Winter rye, cv. Warko 90 10 0 (157)* 0(81)
Hexaploid triticale, cv. Fidelio 94 0(137) 0 (125) 0 (81)
Hexaploid triticale, cv. Woltario 96 0(173) 0 (101)
Spring wheat, cv. Santa 99 15 3 0(133)

* in brackets — time (weeks) to complete loss of viability
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Fig. 1. Changes in seed germination during storage of winter rye (0); triti-
cale cv. Fidelio (A); triticale cv. Woltario (M) and spring wheat (@) seeds.
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Fig. 2. The effect of seed storage period on total soluble carbohydrates
content of the whole seed of winter rye — o; triticale cv. Fidelio — A; triti-
cale cv. Woltario — B and spring wheat — @ seeds. The lines show linear
trend for each species/variety.

and — as seen in ftriticale — variety. In winter rye all seed
ageing treatments elevated the amount of carbohydrates,
although the differences were small, statistically not signi-
ficant. In triticale cv. Fidelio all aged seed lots, except se-
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eds with 0.10 mc, increased the content of soluble carbohy-
drates (statistically significant in seeds with 0.06 mc). Tri-
ticale cv. Woltario, as well as wheat seeds did not increase
total carbohydrate levels as a result of accelerated ageing,
on the contrary the amount of carbohydrates in theses se-
eds slightly decreased (Table 2). For all seeds except rye,
there was a weak positive relationship between per cent
germination and seed carbohydrate level (Fig. 2).

The content of soluble carbohydrates and their composi-
tion was also determined in manually isolated embryos.
Samples with germinability higher than 0% were used for
the analysis. The total carbohydrates content in embryos
was, when calculated per mass unit, several times higher
than in the whole seeds (Table 3), which reflects differen-
ces in size and chemical composition between whole seeds
and cereal embryos. The total carbohydrate content in em-
bryos was clearly species specific. Like in the whole seeds,
the total content of soluble sugars in wheat embryos was
significantly lower in comparison with rye and triticale.
Contrary to the whole seeds, there was a negative correla-
tion between total carbohydrate content of the embryos and
seed viability (Fig. 3).

The analysis of carbohydrates composition of whole se-
eds suggests that the levels of monosaccharides and oligo-
saccharides were strongly related — in rye and triticale cv.
Fidelio the levels of oligosaccharides decreased and a cor-
responding increase in monosaccharide content was obse-
rved. In these seeds disaccharide levels were not clearly af-
fected by seed ageing. In triticale cv. Woltario a sharp de-
crease in oligosaccharide level accompanied by increased
monosccharide level could only be observed in seeds with
the highest water content (mc 0.1). Interestingly in theses
seeds, unlike triticale cv. Fidelio seeds, ageing resulted in
significantly increased levels of disaccharides (Table 4). In
wheat seeds only one ageing regimen (mc 0.06) significan-
tly affected monosaccharides (increased) and oligosaccha-
rides (decreased).

In embryos isolated from partially deteriorated seeds the
per cent content of carbohydrate fractions did not change
as clearly as in the whole seeds, and the amount of disac-
charides was higher. Only in wheat embryos accelerated
ageing resulted in a very pronounced a decrease of oligo-
saccharides (Table 5).

For prolonged seed storability the presence and mutual
proportions of several basic carbohydrates may be even
more important, than total carbohydrate content (Chen and
Burris 1990; Bernal-Lugo and Leopold 1992). Monosac-
charides are significant as symptoms of ongoing decompo-
sition of polysaccharides, oligo- and disaccharides. Mono-
saccharides may also act as causative factors in advancing

TABLE 2. Total content of soluble carbohydrates in the whole seeds after 205 weeks of storage at 20°C (control) or 35°C (artificially aged seed).

Total carbohydrates (mg/g dw = SD)

Cereal Control seeds Artificially aged seeds
with mc (g H,0/g) with mc (g H,0/g)
0.07 0.06 0.08 0.10
Winter rye, cv. Warko 35.4%2.0a 49.1£3.9a 39.3+4.2a 39.243.2a
Hexaploid triticale, cv. Fidelio 37.9+3.9a 57.2+5.1b 44.6+4.5a 31.6£1.6a
Hexaploid triticale, cv. Woltario 44.047.1a 38.1+1.8b 40.3+2.1a 37.4+4.0a
Spring wheat, cv. Santa 28.4+4.1b 22.4+1.6¢c 24.4+1.8b 27.7£2.2b

a, b, c... — uniform groups based on the Duncan test p=0.05
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TABLE 3. Total soluble carbohydrates content in the isolated seed embryos after 205 weeks of storage at 20°C (control) or 35°C (artificially aged seed).

Total carbohydrates (mg/g dw + SD)

Cereal Control seeds Artificially seeds aged
with me (g H,0/g) with me (g H,0/g)
0.07 0.06 0.08 0.10

Winter rye, cv. Warko 301.0+10.8a 371.4+24.4a 331.2423.2a 338.6+21.4a
Hexaploid triticale, cv. Fidelio 407.4+22.3b 458.3+14.8b 412.2+18.5b 443.6+16.2b
Hexaploid triticale, cv. Woltario 313.0+16.6b 412.1+28.7a 331.2+12.3a 334.5%15.1a
Spring wheat, cv. Santa 191.4+14.6¢ 233.0+22.7¢ 247.5+18.9¢ 247.5+18.9¢
a, b, c... — uniform groups based on the Duncan test p=0.05
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Fig. 3. The effect of seed storage period on total soluble carbohydrates
content of the isolated embryos of rye — o; triticale cv. Fidelio — A; triti-
cale cv. Woltario — M and wheat — @ seeds. The lines show linear trend
for each species/variety.

seed deterioration by binding proteins and nucleic acids in
Maillard type reactions. Sucrose and oligosaccharides on
the other hand are supposed to promote seed longevity by

stabilising cell membranes and imposing the vitrification
state on the cytoplasm. The decrease of raffinose content in
stored seeds has been correlated with decreased germinabi-
lity (Horbowicz and Obendorf 1994; Piotrowicz-Cieslak
2005). Sucrose, raffinose and its homologues are supposed
to be the key factors stabilising the cell structure during de-
hydratation, and dry storage.

Nevertheless no simple relationship between seed vigour
and seed carbohydrate contents should be expected. Ber-
nal-Lugo and Leopold (1992) observed decrease of mono-
saccharides content in aged corn. In turn, Narayana Murthy
and Sun (2000) observed increase of glucose content in de-
teriorating mung bean seeds and related it with increase of
Maillard reaction products (Monnier 1989). Horbowicz
(1997) describes various changes of mono- and oligosac-
charides content in vegetable seeds during aging. On the
other hand no correlation between seed germinability and
oligosaccharides content was observed by Kataki et al.
(1997).

The data described in this paper show that accelerated
ageing clearly affected carbohydrate levels in cereal seeds,
however the patterns of these changes strongly depended
on plant species/cultivar and ageing conditions, thus no
simple universally valid principle could be formulated.

TABLE 4. Composition soluble carbohydrates fraction in whole seed after 205 weeks of storage at 20°C (control) or 35°C (artificially aged seed).

Soluble carbohydrates, % of total amount

Cereal (g H:(r)l;:g dm) Germination, % . ‘ ) ) )
Monosaccharides Disaccharides Oligosaccharides
Winter rye, cv. Warko 0.07 90 11.8a 46.5a 41.7a
0.06 10 8.1a 50.2a 41.7a
0.08 0 9.1a 45.6a 45.3a
0.1 0 15.0a 45.2a 39.8a
Hexaploid triticale, cv. Fidelio 0.07 94 5.5b 43.4a 51.1b
0.06 0 5.9b 42.6a 51.5b
0.08 0 6.7b 43.0a 50.3b
0.1 0 11.4a 44.1a 44.5a
Hexaploid triticale, cv. Woltario 0.07 96 8.0a 48.7a 43.3a
0.06 3 8.6a 66.2b 25.2¢
0.08 0 9.6a 67.4b 23.0c
0.1 0 21.0c 59.3b 19.7¢
Spring wheat, cv. Santa 0.07 99 4.5b 47.5a 47.9b
0.06 15 18.4c 48.1a 28.6¢
0.08 3 12.5a 50.6a 36.9a
0.1 0 10.8a 47.1a 42.1a

a, b, c... — uniform groups based on the Duncan test p=0.05
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TABLE 5. Composition soluble carbohydrates fraction in isolated seed embryo after 205 weeks of storage at 20°C (control) or 35°C (artificially aged

seed).

me Soluble carbohydrates, % of total amount

L
Cereal (g H,0/g dm) Germination, % . . ) ) )
Monosaccharides Disaccharides Oligosaccharides

Winter rye, cv. Warko 0.07 90 5.7a 83.6a 10.7a

0.06 10 6.0a 83.4a 10.6a
Hexaploid triticale, cv. Fidelio 0.07 94 1.6¢c 85.3a 13.1a

0.06 0 1.7¢ 83.3a 15.0a
Hexaploid triticale, cv. Woltario 0.07 96 5.8a 82.4a 11.8a

0.06 3 4.0b 83.5a 12.5a
Spring wheat, cv. Santa 0.07 99 3.8b 68.2b 47.9b

0.06 15 4.6ab 64.3b 28.0c
a, b, c... — uniform groups based on the Duncan test p=0.05
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