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ABSTRACT
Yellow lupin seeds cv. Juno were stored under laboratory conditions for 2 month, 4, 6 and 8 years. Eighteen so-
luble carbohydrates were identified in embryonic axes and cotyledons of different age seeds. The concentration of
soluble carbohydrates in analysed seeds ranged from 25 to 34% of dry mass. Axes contained more carbohydrates
than cotyledons. Stachyose dominated in axes, and verbascose — in cotyledons. Other detected galactosides were:
galactinol, galactosyl pinitols and galactosyl chiro-inositols (fagopyritols), but their content was several-fold lower
than that of RFOs (in both axes and cotyledons tissues). The concentration of soluble carbohydrates indicated, that
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sucrose to RFOs mass ratio, or other changes in sugars composition are not indicators of seed storage.
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INTRODUCTION

Yellow lupine cv. Juno is the most popular cultivar of lu-
pin growing in Poland. However, it is difficult to obtain
high-quality seeds of this cultivar since Lupinus plants are
often infested with fungi during the growing season (Fren-
cel 1999). Thus, seed material characterized by high ger-
mination capacity is obtained once in several years, and
should be stored and distributed among producers. There-
fore, the lowering viability of yellow lupine seeds during
storage is an important agricultural problem. Some experi-
ments concerning the viability of yellow lupin seeds during
storage suggest, that oligosaccharides accumulated during
seed maturation can reflect the seed storability (Lahuta et
al. 2000a; Piotrowicz-Cieslak 2005). The presence of raffi-
nose and its higher homologue — stachyose in embryo tis-
sue is directly related to protoplast stability during seed
storage (Horbowicz and Obendorf 1994; Still et al. 1994;
Crowe et al. 1996). It has been demonstrated, that some
oligosaccharides with different degree of polymerization
can promote transition of cellular contents to the vitreous
(glassy) state that protects macromolecular structures and
membranes at very low water concentration (Bernal-Lugo
and Leopold 1995; Sun and Leopold 1997; Bryant et al.
2001; Hoekstra et al. 2001; Oliver et al. 2002; Hincha et al.
2003; Cacela and Hincha 2006). Unfavorable storage con-
ditions (elevated air relative humidity and temperature) can
induce hydrolysis of oligosaccharides and increase the rate

of respiration, leading to some deteriorative changes, like
lipid peroxidation or protein destruction (Murthy et al.
2000, 2003). Therefore stabilization of vitreous state and
on the other hand prevention of sugars hydrolysis can be
important factors promoting seed viability. In the present
study we have investigated the composition of soluble car-
bohydrates in stored yellow lupin seeds to find the possible
characteristic changes in carbohydrates associated with se-
ed deterioration.

MATERIAL AND METHODS

The viability of the yellow lupin cv. Juno seeds after ha-
rvest and during 2 months, 4, 6 and 8 years of storage at la-
boratory conditions (at 18-20°C and mean humidity of 55-
-60%) was determined using the method according to the
ISTA rules (1996). Seed viability was measured as a per-
cent of germinated seeds after imbibition over 14 days on
the moistened germination paper (Anchor paper Company,
St. Paul, USA) in darkness at 20°C. Seed vigour was esti-
mated after 3 or 4 days of germination and expressed as
fresh and dry weight of roots (with hypocotyl).

Assay of soluble carbohydrates

Extraction and assay of soluble carbohydrates by gas chro-
matography method in embryonic axes and cotyledons were
performed as described previously (Zalewski et al. 2001).
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TABLE 1. Germination and vigour of yellow lupin seeds after harvest and during storage.

Germination capacity

Seed vigour

Year o -1
of seeds harvest (%) mg (root + hypocotyl)
After harvested During storage Fresh weight Dry weight

2003 92.0 92.0 11.675 0.823
1999 96.5 65.5 10.243 0.912
1997 92.0 24.5 8.231 0.708
1995 68.0 6.5 3.198 0.465

LSD, p=0.01 3.25 4.47 0.642 0.077

RESULTS red at very low level (below 0.5% DW) (data not shown)

Yellow lupin grown in Poland is more sensitive to the
conditions prevailing at the final stage of seed formation
and ripening than any other legume species. For instance,
during the years 1994 and 1995 the germination capacity
of yellow lupin seeds, cv. Juno, was 40% and 68% respec-
tively. Therefore, the oldest seeds and seeds strongly infec-
ted with fungi were eliminated prior to analysis. The rema-
ining seed lots (obtained during the years 1997 to 2003)
were characterized by high viability, which decreased over
the storage period (Table 1).

Analyses of soluble carbohydrates indicated, that the em-
bryonic axes contained more carbohydrates than cotyle-
dons (Fig. 1). Soluble carbohydrates were presented by raf-
finose family oligosaccharides (RFOs), sucrose and o-D-
galactosides of D-pinitol (galactosyl pinitols) and «-D-ga-
lactosides of D-chiro-inositol (fagopyritols). However, the
concentration of galactosyl cyclitols was several-fold lower
than that of RFOSs (Fig. 2 and 3). Among oligosaccharides
presented in axes dominated stachyose and in cotyledons —
verbascose. This composition was characteristic for this lu-
pin species and didn’t change during seed storage. In both
axes and cotyledons galactosyl cyclitols were di-galactosi-
des — ciceritol (di-galactosyl D-pinitol A) and fagopyritol
B2 (di-galactosyl D-chiro-inositol).

The concentration of sucrose in stored seeds was below
2% DW and the concentrations other compounds, like ga-
lactinol, myo-inositol, D-pinitol and D-chiro-inositol appea-
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Fig. 1. The concentration of total soluble carbohydrates (mg g dry wei-
ght, DW) in embryonic axes and cotyledon in yellow lupin seeds stored
for 2 months, 4, 6 and 8 years (2003, 1999, 1997, and 1995, respectively).
Mean of three replicates * SE.

or in traces (di-galactosyl myo-inositol). There are no cor-
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Fig. 2. The concentration of raffinose family oligosaccharides (A), a-D-
galactosides of D-pinitol (B) and a-D-galactosides of D-chiro-inositol (C)
in embryonic axes of stored yellow lupin seeds. Abbreviations: GPA —
galactosyl pinitol A; ciceritol — di-galactosyl pinitol A; TGPA — tri-galac-
tosyl pinitol A; Fag B1 — fagopyritol B1 (galactosyl D-chiro-inositol); Fag
B2 — fagopyritol B2 (di-galactosyl D-chiro-inositol). Mean of three repli-
cates = SE.
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Fig. 3. The concentration of raffinose family oligosaccharides (A), a-D-
galactosides of D-pinitol (B) and a-D-galactosides of D-chiro-inositol (C)
in embryonic cotyledons of stored yellow lupin seeds. Mean of three re-
plicates + SE.

relations between sucrose to RFOSs mass ratio (for 2003,
1999, 1997 and 1995 it was: 0.06, 0.13, 0.06 and 0.1, re-
spectively) and seed viability or seed vigour. Although se-
eds were stored for different periods they did not contain
detectable contents of reducing sugars, or their derivatives.

DISCUSSION

Changes in the concentrations of phospholipids and car-
bohydrates protecting them decide about the rate of seed
ageing under variable environmental conditions (Horbo-
wicz and Obendorf 1994; Zalewski and Lahuta 1998). The
decrease in seed viability observed over storage is also de-
pendent on their chemical composition. A distinguishing
feature of yellow lupine seeds is the high (35%) content of
carbohydrates, mostly hemicelluloses and oligosacchari-
des, and low amounts of starch and glucose.

According to Gojto et al. (2003), it is unlikely that there
exists a direct correlation between the levels of raffinose
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family oligosaccharides (RFOs) and galactosyl cyclitols
(GA-C) and seed resistance to unfavorable storage condi-
tions (accelerated ageing). The common feature of ageing
seeds of the genus Vicia is accumulation of sorbitol, most
noticeable in rapidly ageing species, like V. sativa and V.
villosa. It is interesting that the increase in sorbitol concen-
tration takes place also in seeds unable to germinate. It re-
mains unknown whether in this case sorbitol is formed on
the basis of monosaccharides released from sucrose or
from RFOs or other sources. Similar changes were obse-
rved at last in artificial aged pea seeds (Lahuta et al. 2007,
in press).

Results of studies on Brassica campestris (Verma et al.
2003) showed that the levels of total soluble carbohydrates
in seeds increased significantly with age, which was also
observed in experiments on Brassica juncea (Verma et al.
1999). In the present study it was found that yellow lupin
seeds contain considerable amounts of raffinose family oli-
gosaccharides. These compounds perform many physiolo-
gical functions in plants and improve the keeping quality
of seeds. It is suggested, that the sucrose to oligosacchari-
des mass ratio can be an indicator of seed storage quality
(Horbowicz and Obendorf 1994). Confirmation of this hy-
pothesis was found by Piotrowicz (2005) in yellow lupin
seeds stored for 10 years. However in our experiment not
any correlation between sucrose to RFOs mass ratio and
seed viability was found. Strong differences between the
concentrations of soluble carbohydrates in stored lupin se-
eds can be rather the result of seed maturation conditions
than seed storage. Unfavorable water conditions during se-
ed development and maturation stimulate accumulation of
higher amounts of oligosaccharides in field bean (Lahuta et
al., 2000b) and yellow lupin (Zalewski et al. 2001) seeds.

It is believed that accumulation of reducing sugars leads
to embryo deterioration according to increasing rate of se-
ed respiration (Murthy et al. 2003). Therefore the forma-
tion of sorbitol can be a metabolic adjustment to reducing
pool of monosaccharides. In accelerated Vicia (Gojto et al.
2003) and pea seeds (Lahuta et al. 2007) the accumulation
of sorbitol increased linearly during seeds ageing. However
sorbitol was not detected in naturally stored yellow lupin
seeds. It may mean, that during dry seed storage, only di-
screte metabolic changes occur, and those changes can be
observed only by elevating tissues’ moisture and by higher
temperature. Therefore, we suggest, that measurement of
the carbohydrates level without analysis of enzyme activi-
ties in stored seeds are not sufficient to resolve the poten-
tially involvement of sugars in seed storability.
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