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Lipid utilization and carbohydrate partitioning
during germination of English walnut (Juglans regia)
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Summary &mdash; Conversion of reserve lipids in the seed, and carbohydrate and dry matter partitioning during germination were studied in walnut (Juglans regia L cv Franquette) seedlings. Nuts showed a
gradual decrease in lipid content with a concomitant rise in carbohydrates (fig 2); starch appeared to
be a transient sink for the end products of the degradation of lipid reserves. During germination, tap root
elongation was preferential over stem growth (fig 3). The tap root accounted for most of the seedling
dry matter increase and carbohydrate accumulation mainly as starch (table I). The other organs accumulated essentially soluble carbohydrates. At the end of the experiment, only 26.7% of the carbohydrates (starch + soluble carbohydrates) from lipid conversion were recovered in the seedling and the
nut. A similar discrepancy was found in the energy budget. The energy loss from the nut (76.391 kJ)
and the total energy recovered in the seedling (30.985 kJ) differed markedly at the end of the experiment (fig 4); this difference of 59% can be attributed to the metabolic lipid conversion, respiration
(growth and maintenance) and translocation (table II).
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Résumé &mdash; Utilisation des réserves lipidiques et répartition des glucides pendant la germination du noyer commun (Juglans regia). La germination du noyer (Juglans regia L cv Franquette) a
été étudiée au niveau de la dégradation des lipides dans le cerneau ainsi que de la répartition des glucides et de la matière sèche dans la jeune plante. La teneur en lipides dans le cerneau diminue progressivement tandis que la concentration en glucides augmente (fig 2). Dans le cerneau, l’amidon
semble être une forme transitoire de la dégradation des réserves lipidiques. Durant la phase de germination, le pivot présente une élongation préférentielle par rapport à la tige (fig 3). Par ailleurs, le pivot
est le principal organe de la jeune plante tant au niveau de la matière sèche que de l’accumulation de
glucides, principalement sous forme d’amidon (tableau I). Il est vraisemblable que le pool d’amidon dans
le pivot soit responsable de l’absence du rythme nycthéméral de respiration racinaire. Il doit jouer un
rôle tampon vis-à-vis du flux de glucides provenant de la partie aérienne. À la fin de l’expérience,
seulement 26,7% des glucides provenant de la dégradation des lipides se retrouvent dans la plante et
dans le cerneau. Cette différence se retrouve lors de la réalisation du bilan énergétique (fig 4). À la fin
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de l’expérience, les pertes énergétiques dans le cerneau sont égales à 76 391 J tandis que l’énergie
présente dans la plante n’est que de 30 985 J. Cette différence peut être attribuée aux processus de
conversion des lipides dans le cerneau, à la respiration et à la translocation (tableau II).
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INTRODUCTION

Compositional analysis

The lipid reserves of oilseeds transferred
from the cotyledons to the different parts of
the growing seedling originate from gluconeogenesis (Moreau and Huang, 1977) with
an accumulation of starch in the seed (Bory
et al, 1990). The seedling roots are very
important organs for the storage of food
reserves, particularly during the early years
of development to the woody plant. In walnut, during the first year, the carbon fixed
through photosynthesis is mainly accumulated in the tap root (Lacointe, 1989). In
addition, 6 weeks after germination, the relative independence of root respiration with

A total of 240 nuts were used in germination
experiments; 20 seedlings (4 samples of 5
seedlings) were harvested at regular intervals
(2-3 d) up to 26 d. After harvest, the seedlings
were rapidly measured and dissected into cotyledons, tap roots of diameter < 3 mm, tap roots of
diameter > 3 mm, lateral roots, stem, and leaves
when present (fig 1). These different parts were
immediately frozen in liquid nitrogen and freezedried. The dry matter content of the different
organs was determined.

respect

to current

photosynthesis

was

shown to be related to the size of the tap
root (Frossard et al, 1989).
The present study was undertaken to
characterize the changes in lipids, starch,
soluble carbohydrates and energy in the
cotyledons and in the different parts of the
walnut seedling during germination. This
study also provides a likely biochemical
explanation for the absence of root respiration rhythm, which was observed in earlier
studies.

MATERIALS AND METHODS

Plant material and germination conditions
Nuts from

English walnut (Juglans regia L, cv
Franquette) were soaked in running tap water for
72 h at room temperature (20°C). Germination
was

carried out in moist vermiculite at saturation

growth cabinet at 25°C and 90% relative air
humidity, with a 12 h light period (250 &mu;m·m
-1
·s
-2
PAR) for 26 d.
in

a

Before biochemical analysis, the organs were
and passed through a 125-&mu;m-mesh
screen. The lipid content of the nut was evaluated by a Bruker Spectrospin NMR analyser (Minispec 10), using crude walnut oil as reference.

ground

For each sample, soluble carbohydrates were
extracted in boiling ethanol (80% v/v) and assayed
by the anthrone method (Halhoul and Kleinberg,
1972). Starch was assayed in the ethanol-

extracted residue, as previously reported
(Frossard and Friaud, 1989). Soluble carbohydrates and starch were both expressed as glucose

equivalents.

An analysis of variance was carried out
the starch content of the cotyledons.

on

Energy content
The energy content of each organ was determined using a bomb calorimeter (model CB-100,
Gallenkamp, London, UK). The carbon dioxide
produced from each combustion was trapped in
soda lime, which was then weighed to determine
the carbon content.

RESULTS AND DISCUSSION

Lipid utilization and carbohydrate
partitioning
The main biochemical component in the
walnut seed fraction are lipids (71 % of the
nut dry matter). These are stored mostly as
triglycerides (Labavitch and Polito, 1985)
and represent a very concentrated source of
energy, since considerable reducing power
is used to form them.

From the

beginning of the germination,
lipid content of the cotyledons (nut) gradually decreased whereas their soluble carbohydrate and starch contents increased significantly (fig 2). Soluble carbohydrate and

the

starch accumulation accelerated from the
10th day after soaking. The general pattern
reported here was similar to that observed in
castor bean (Desvaux and Kogane-Charles,
1952; Beevers, 1975; Reibach and Benedict, 1982), jojoba (Moreau and Huang,
1977), soybean (Adams et al, 1980; Brown
and Huber, 1988), cotton (Doman et al,
1982), hazel (Li and Ross, 1990a,b) and
bush butter tree (Bory et al, 1990). It is well
known that in oilseeds, lipids are degraded

Fig 2. Changes in (A) lipid (&bull;) or (B) starch (&cir;)
and total soluble carbohydrate content TSC (&bull;) in
the nut during germination and seedling emergence. Starch and TSC are expressed as glucose equivalents (GLUC eq). Vertical bars represent standard deviation (n 4), when greater
than the symbol size.
=

fatty acids, and are then converted into
glucose by the glyoxylate cycle and gluconeogenesis (Beevers, 1961, 1975; Mazliak
and Tchang, 1983).
The breakdown of a mixture of triglycerides can be represented by the equation
(Penning de Vries and Van Laar, 1975):

to

From the beginning of germination, the
total lipid of the cotyledons (nut) decreased
by 2.139 g. The theoretical amount of glucose resulting from lipid conversion is 3.059
g. By the end of the experiment, starch accumulation in the nut accounted for 2.6% of
the theoretical amount of glucose derived
from lipid conversion, and soluble carbohydrates for 11.2%. The remainder was
translocated into the seedling to support
growth, or consumed in the nut and for
seedling maintenance processes.

The transitory accumulation of starch in
the nut may be interpreted in 2 ways:
1. Starch can be considered as an internal
sink for soluble carbohydrates, which would
thus allow a more active lipid conversion in
the seed and prevent accumulation of soluble sugars to an inhibitory osmotic level
(Li and Ross, 1990b).
2.

Alternatively, this accumulation could be

saturation of the utilization
within the seedling with the
absence of feedback response from this
saturation on gluconeogenesis.
related to

a

capacities

During germination, tap root elongation
preferential over stem growth (fig 3).
The tap root accounted for most of the dry
matter seedling growth (58% of total dry
was

weight) with intermediate amounts in leaves
and stem and small amounts in lateral roots
after 26 days (table I). Carbohydrate accumulation was very high in the tap root where
it occurred mainly as starch. In contrast,
carbohydrate accumulation was low in the
lateral roots and lower part of the tap root
(diameter < 3 mm). It occurred mainly as
soluble carbohydrates in lateral roots. Stems
contained equivalent levels of starch and
soluble carbohydrates whereas in leaves
and lateral roots most of the carbohydrates
were in the soluble form. At the end of the
experiment, only 12.9% of theoretical carbohydrates originating from lipid conversion
had accumulated in the seedling.
With the further 13.8% recovered in the
nut itself, this gives a total of 26.7% of the

released from lipid conversion recovered in the system (nut +
seedling). Presumably, the rest (73.3%) was
lost in the processes of growth respiration,
maintenance respiration and the translocation to the seedling.

carbohydrates

The preferential accumulation of soluble
carbohydrates in lateral roots and young
leaves is consistent with sink behaviour,
which is classical for growing organs.
The large amounts of starch accumulated in the tap root from the very beginning
of its formation suggests than this organ is
a potential source of carbohydrates for the
seedling. The role of the tap root as a storage organ continues for later growth stages
in walnut (Lacointe, 1989). These reserves
could play an important role in stress conditions such as root damage. However, the
functional importance of the lateral roots
should not be neglected. In the young carrot
plant, which has a root morphology similar to
that of the walnut seedling, pruning lateral
roots reduced leaf growth and altered the
assimilate partition to the different organs,
without any modification in the efficiency of
carbon fixation by the leaves; pruning the
tap root had a slight effect (Benjamin and

Wren, 1980).

Furthermore, in relation to this starch
accumulation, the tap root may act as a
buffer for carbohydrate transfer to the
metabolic respiratorally active roots. This is
consistent with the absence of a nycthemeral rhythm of root respiration observed
in walnut seedlings that are 6 weeks older
(Frossard et al, 1989). The absence of such
a rhythm could reflect the relative independence of root respiration from carbohydrate
transport from the aerial part to the root system which originated from the daily pattern
of carbon assimilation by the leaves and its
transport from the leaves to the roots.

Energy budget
The energy budget of the system (nut +
seedling) between 2 dates can be determined because the system is closed. The

seedling photosynthetic gains were negligible throughout the experiment because
leaf growth was just starting. The substrate
was inert (vermiculite + water).
The relationship is (in J):

where

&Delta;E is the change in the energy
seedling

content of the

seedling (sum of the energy of
plant); &Delta;E
nut is the

the differents parts of the

change in the energy content of the nut; and
losses is the sum of respiratory losses of
&Sigma;E
the system: growth respiration + maintenance respiration + translocation +
metabolic lipid conversion.
The energy lost from the nut greatly differed from the energy content of the
seedling at the end of the experiment (fig
4). The cumulative energy in the seedling
represents only 19% of the energy losses in
the nut on the 10th day, but up to 41 % on
the 26th day (table II), whereas seedling

energy content remained stable (17 kJ/g
DM). This is not surprising because important respiratory processes are known to take
place at the beginning of germination.
The energy level was in good agreement
with the biochemical composition described
above: the highest values are found for the
nut and the tap root of diameter > 3 mm,
which also contain the highest amounts of
energetic compounds (lipids and carbo-

hydrates).
There was also a close correlation
between total carbon content (C, g DM) and
total energy (E, kJ) in the seedling and the
nut:

hydrate and starch contents increase. The
carbohydrates present in the nut are used
for the growth of the seedling. Much energy
loss occurred in the nut during germination,
and there remained large amounts of nonmobilized energy (lipids and carbohydrates)
in the nut at the end of the experiment. Since
further seedling growth rate is not modified
by nut removal at this period (Frossard,
unpublished results), the question of the
exact role of such reserves remains open.

The

study presented here was performed
a growth cabinet. In natural or
nursery conditions, the temperature would
be lower. Would the germination pattern be

at 25°C in

the

same

under these conditions?

In oak

(Levert and Lamond, 1979) and
apple (Come, 1975), lowering temperature
during germination delays seedling growth
without any change in the final size or morphology of the seedling. In apple (Come,
1975), the total of oxygen consumption is
not affected by the temperature over the
The quality of the relationship is in good
agreement with that reported by Vertregt
and Penning de Vries (1987) on reserve
organs: it is possible to evaluate seedling
energy and nut energy from carbon content.

range 4 to 20°C.
Therefore, the germination of English
walnut at temperatures other than 25°C
should present the same final growth and
energy budget, the growth pattern being
delayed at low temperature.
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