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SEZIONE III

(Botanica, zoologia, fisiologia e patologia)

Fisiologia vegetale. — Effect of fusicoccin and K + on the viability 
of aged wheat seeds. N otaw di L u c ia n a  P e t r u z z e l l i s ,  L u c ia  L i o i (* (**)#), 
S i l v i a  M o r g u t t i  (***] e S e r g io  C o c u c c i  (***), presentata dal Corrisp. 
E. M a r r e .

R iassunto. — Si sono studiati gli effetti della fusicoccina e del K+ sulla germina­
zione e sulla crescita di due lotti di semi di grano di differente vitalità (non invecchiati 
ed invecchiati). I risultati ottenuti sia con i semi interi che con gli embrioni isolati mostrano 
che entrambi i trattamenti sono in grado di ripristinare la germinabilità del materiale 
invecchiato; contemporaneamente, è stato posto in evidenza che l’azione della fusicoccina 
e del K+ si accompagna, negli embrioni isolati invecchiati, ad un aumento della capacità 
di acidificare il mezzo di incubazione. L’effetto della fusicoccina e del K+ sul recupero 
della germinabilità viene discusso in relazione ad un probabile effetto dell’invecchiamento 
sull’attività del meccanismo di scambio H+/K + a livello di membrana.

Introduction

The loss of seed viability during the time course of ageing is always corre­
lated with degradative modifications of plasma lemma [3, 4, 8, 16]. Moreover, 
seed viability is negatively correlated with the leakage of electrolytes from the 
imbibing seed [1, 17], the leakage of electrolytes being certainly linked to the 
functional state of the transport mechanisms at the plasmalemma level. It has 
been recently pointed out that : a) proton extrusion is an important factor in 
directly or indirectly driving the transport of a number of ions as well as organic 
solutes across the plasmalemma [11, 12, 14, 18]; b) the activation of the proton­
extruding capacity together with correlated phenomena such as hyperpolari­
zation of the negative transmembrane potential and K + uptake play an 
important role in the onset of germination [2, 6, 13]. Of course, the loss of seed 
viability with ageing may be due to damage at the plasmalemma level that 
affects the activity of the proton extrusion mechanism. In this work we 
studied a) the correlation between seed viability and proton extrusion in 
wheat seeds and b) the effects of FC and K +, that are known to stimulate the 
energy-dependent proton extrusion activity [12], in recovering germinability 
in aged seeds.

(*) Pervenuta all’Accademia il 5 ottobre 1981.
(**) Istituto del Germoplasma, Bari (Italia).

(•**) istituto di Chimica Agraria dell’Università di Milano, Milano (Italia). 
Abbreviations: FC, fusicoccin; PD, electrical potential difference.
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M aterials and methods

Batches of wheat (Triticum durum L., cv. Appulo) seeds harvested in 1977 
and 1979 were stored under laboratory conditions (temperature 20±3°C ; rela­
tive humidity 50-70 %), the former for 24 months (aged seeds) and the latter 
for 6 months (unaged seeds). Both batches were subsequently stored in air­
tight glass jars at 4 °C until used.

For germination tests, 10 samples of 10 seeds were germinated over two 
sheets of filter paper in 10 cm Petri dishes with 10 ml of the test solution at 
20 °C. Germination was determined at the seventh day when the process was 
complete. Seeds were considered germinated when radicles and coleoptile 
were evident. The pH of solutions was adjusted to 6.5.

For evaluating the proton extrusion capacity isolated embryos were used. 
Embryos were separated from dry seeds by the method of Johnston and Stern 
[7]. Batches of 30 embryos, previously washed at 0 °C for 2 h in distilled water, 
were incubated in flasks containing 2 ml of the different test solutions (pH 6.5) 
to which 2 % sucrose had been added (since embryos grow very poorly without 
sucrose) and germinated in constant agitation (80 oscillations/min). Germina­
tion and pH were determined at 6 h intervals over a period of 42 h. Embryos 
were considered germinated when radicles and coleoptile were evident; at the 
end of the experiments, as a growth parameter, fresh weights were evaluated. 
pH was measured with an Orion Research pH meter model 001.

FC was dissolved in absolute ethanol to obtain a 1 mM stock solution con­
taining IO-1 M ethanol.

Results

A) Effect of FC and K + on viability of unaged and aged seeds.

Table I shows the effect of FC and K+ on the percentage of germination 
and on the elongation of radicles and coleoptile of unaged and aged wheat seeds. 
Ageing decreased seed viability from 82 % to 50 %. FC and K+ restored the 
viability of the aged seeds up to the level of about 82 %, being ineffective in 
restoring the viability of the remaining seeds (20 %) from both the unaged and 
aged batches. This finding suggests that the process of ageing leads to a rever­
sible damage of a mechanism sensitive to FC and K+, and that the loss of viability 
in the remaining 20 % of seeds in both batches may be due to the damage of 
different mechanisms. The data of Table I also show that FC slightly inhibited 
radicle growth in both aged and unaged seeds, without affecting coleoptile 
growth; K+ had a very slight inhibitory effect on radicle growth whereas it sti­
mulated the growth of coleoptiles.
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B) Viability and proton extrusion capacity of isolated embryos from unaged and
aged seeds. Effect of FC and K+.

For evaluating the proton extrusion capacity isolated embryos from unaged 
and aged seeds were used; in fact, the experiments performed with whole seeds 
gave unreliable results because of the high amounts of different materials leaked 
out into the incubation medium by the seeds incubated in flasks. We studied 
the behaviour of germination, together with the changes in the acidity of the 
incubation medium, in embryos isolated from unaged wheat seeds (unaged 
embryos) or from aged seeds (aged embryos) and incubated with or without 
FC and K+. The results concerning the behaviour of germination (Fig. 1 A)

Fig. 1 A. -  Effect of FC and K+ on the percentage of germination of isolated wheat 
embryos. Operi symbols : unaged embryos; filled symbols : aged embryos. (Q ,• ) , Control; 
(A , A), KC1, 0.5 mM; (□ , H), FC, 5 x 10“ 6 M. All the values are the means of three 
experiments with three replicates of 30 embryos each performed as described in Ma­
terials and Methods. The least significant difference at the 5% level was 6.6. The fresh 
weights ±  S.E. (in mg) of the embryos after 42 h of germination are reported in brackets.

confirm the ones obtained from whole seeds: germinability was 78 % for the 
unaged embryos, 29 % for the aged ones. FC and K+ recovered the viability 
of aged embryos up to 64 % and 53 %, respectively. These results seem to 
exclude a possible involvement of other parts of the seed in promoting the 
effects of fusicoccin and K+. The decrease in germinability of isolated embryos 
compared to whole seeds is due to the different germination procedure (incuba­
tion in flasks) ; in fact, the percentage of germination observed when the embryos 
were germinated on Petri dishes was the same as that observed in the whole 
seeds. Figure 1 B shows that the unaged embryos appeared to be more effective 
in acidifying the medium than the aged ones; moreover, the effect of FC and K+ 
on the proton extrusion capacity in aged embryos appeared to be correlated
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with their effect on the recovery of viability. In the unaged embryos, FC and 
K+ slightly affected germinability and proton extrusion, suggesting again that 
the loss of viability in the remaining seeds may be due to the damage of dif­
ferent mechanisms.

Fig. I B. -  Effect of FC and K+ on the pH of the incubation medium during germi­
nation of isolated wheat embryos. Open symbols: unaged embryos; filled symbols: 
aged embryos. (O , • ) , Control; (A , A), KC1, 0.5 mM; (□ , H), FC, 5 x 1CT6 M. All 
the values are the means of three experiments, run in triplicate, and performed as descri­

bed in Materials and Methods.

D iscussion

The loss of viability of wheat seeds stored for 2 years under laboratory con­
ditions (Germoplasm Institute, Bari, Italy) appears to be due to damage of a 
mechanism at the plasmalemma level which is sensitive to FC and K+. In the 
aged seeds FC increases the percentage of germination by restoring the typical 
condition of the unaged seeds, and this effect is accompanied by an increase 
of the capacity to acidify the incubation medium. In seeds FC stimulates ger­
mination by activating proton extrusion, hyperpolarization of the transmembrane 
electrical potential [2] and K+ uptake [10]; moreover, various lines of evidence 
suggest that in seeds as well as in different plant materials a K+—Mg++-depen- 
dent plasmalemma ATPase mediates the utilization of metabolic energy for 
H+ extrusion [6]. The activity of this transport mechanism during the early 
phases of germination is linked to the composition in polar lipids of the mem­
brane [5]. The decrease in viability with ageing might be linked to the inactivation 
of the FC-sensitive plasmalemma ATPase, perhaps also through the degradation 
of one or more polar lipids. This hypothesis is also suggested by data from 
literature showing that in non-viable embryos a decrease in the level of certain 
phospholipids is detectable [15], together with a loss of activity of plasmalemma
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ATPases measured with cytochemical tests [8]. The fact that FC, though 
stimulating the capacity to acidify the incubation medium, only slightly 
increases the rate of germination of unaged seeds (in contrast to what happen 
in other materials: see [6, 9, 12]), suggests that in unaged wheat seeds the 
proton extrusions activity already operates, in the controls, at a rate which 
allows the maximum activation of the mechanism responsible for the onset 
of germination.

The effect of K+ appears to be more difficult to explain. In fact, K+ nor­
mally leaks out from seed cells and, to a larger extent, from the cells of aged seeds. 
This observation suggests that the effect of the presence of K + in the medium in 
restoring the viability of aged seeds must be linked to its action during the 
very early phase of incubation when K+ is still almost absent from the medium. 
During the earliest hours of germination an increase in the negative transmem­
brane electrical potential has been previously observed in radish seeds [2], 
probably due to the beginning of the release of K+ (together with other posi­
tively charged ions) into the incubation medium.

This hyperpolarization of PD might during the first hours of germination, 
exert a negative effect on the activity of the mechanism which is linked to 
proton extrusion [11].

The positive effect on viability and germination of increasing K + con­
centrations during the early hours of incubation might consist in a favouring 
of ion uptake into embryo cells, thus leading to depolarization of PD and proton 
extrusion activation. In the aged seeds this effect triggers the subsequent events 
of germination before further degradative processes affect the organization of 
the plasmalemma and the functionality of the proton extrusion mechanism. 
In conclusion, the effects of FC and K+ in restoring seed viability could be due 
to the activation, through two different mechanisms, of proton extrusion.
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