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Abstract

The germination percentage of chick-pea (Cicer arietinum) seeds was greatly
reduced by temperatures of 30 °C and 35 °C. This thermoinhibition was overcome by
ethylene (ethrel). Both ABA and PEG diminished ethylene production and
germination percentage in a parallel way. FC, MGBG and CHA stimulated both
ethylene production and germination. AVG reduced ethylene production to some
extent but did not inhibit germination. CoCl, and PG completely prevented both
ethylene production and germination; this effect was reversed by ethylene but not by
its immediate precursor ACC. NBE prevented both germination and ethylene
production. Our results suggest that high ethylene production rates are not essential
for germination of chick-pea seeds but that certain quantities of ethylene may be
required.

Introduction

Radicle emergence, the first visible morphological sign of germination in chick-pea
(Cicer arietinum L.) seeds, coincides with an increase in ethylene production
(Gallardo et al. 1991). In previous papers we have reported the relationship between
production of ethylene and cell elongation (Sanchez-Calle ef al. 1989) or radicle
emergence (Rodriguez et al. 1983) and the quantification of ethylene production in
different parts of this seed (Gallardo ef al. 1991). In this paper we describe the role
of ethylene in the germination of chick-pea seeds. One way of examining this was to
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observe the effect of inhibitors of both biosynthesis and the action of endogenous
ethylene and the effect of exogenous ethylene on radicle emergence.

Materials and methods

Commercially available seeds of Cicer arietinum L. c.v. Castellana, harvested in
1989, were placed in plastic trays with filter paper moistened either with 175 cm? of
sterile distilled water or an aqueous solution of the corresponding treatments. The
experiments were conducted in darkness at 25 °C, 30 °C and 35 °C. Three replicates
of 50 seeds each were used and each experimental variant was repeated. The number
of germinated seeds was determined after the times specified for each experiment,
taking the emergence of the radicle as the significant criterion.

For analysis with NBE, triplicate samples of 10 seeds, uniform in size, were
placed on 2 disks of filter paper moistened with 15 cm3 of sterile distilled water in a
365-cm3 flask. The flasks were sealed with a rubber stopper and were then injected
with 0.1 cm3 of liquid NBE.

In a previous paper we observed that of all the parts of the Cicer arietinum L.
seeds studied, the embryonic axis produces the greatest amount of ethylene. Thus, to
quantify ethylene production we took 0.5 g of embryonic axes of germinated chick-
pea seeds (except to 6 h) from each experimental batch. After 1 h incubation a 1 cm3
gas sample was withdrawn from the sealed flask (20 cm3) with a hypodermic syringe
and C,H, was assayed with a gas chromatograph, as described previously (Gallardo
et al. 1991).

Results and discussion

The optimum germination temperature for Cicer arietinum seeds is 25 °C;
temperatures of 30 and 35 °C inhibit germination (Fig. 1), an effect known as
thermoinhibition. Transferring thermoinhibited seeds to optimum temperatures
resulted in a revival of their germinative capacity (data not shown). Supraoptimal
temperatures brought about a decrease in ethylene production (Fig. 2) concomitantly
with the inhibition of germination. We have recently demonstrated that high
temperatures inhibit ethylene production by causing a decrease in EFE activity and
an increase in MACC level (Gallardo ef al. 1991). The application of ethrel (7 or
70 pM) increased the percentage of radicle emergence and overcame the inhibitory
effect of high temperatures (Fig. 1). Thus, after 24 h at 35 °C, 93 % germination was
achieved with 70 uM ethrel as opposed to only 20 % with water (Fig. 1). Similar
results have been described with other species (Abeles 1986, Corbineau et al. 1988).
In Cicer arietinum seeds high temperatures reduce the cell size of embryonic axes
(Rodriguez et al. 1983). Cell elongation is a signal event just before the emergence of
the radicle axis, i.e. germination (Rodriguez er al. 1983), and there is a clear
relationship between cell elongation and ethylene production (Sanchez-Calle ez al.
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Fig. 1. Germination percentage of Cicer arietinum seeds at different temperatures in water (closed
circles), 7 pM ethrel (open circles) or 70 pM ethrel (triangles). Each point is the mean of three
replicates * SE (vertical bars).

Table 1. Effects of several treatments on germination percentage and ethylene production in
embryonic axes of chick-pea seeds germinated for 24 h at 25 ©C. Data are the mean values of three
replicates + SE. N.D. - not detected

Germination [%] CoH, [nl kg!s1]
Control 95+3 13.89+£0.19
ACC (200 M) 100 £0 28394031
PEG-6000 (-0.15 MPa) 58+2 10.42 £ 0.08
PEG-6000 (-0.30 MPa) 0 N.D.
ABA (25 uM) KL 325+0.14
ABA (25 uM) + Ethrel (70 uM) 95+3 17.94 +£0.22
AVG (1 mM) 80+2 0.47+0.06
NBE (100 pt) 0 N.D.
NBE (100 pl) + AVG (1 mM) 0 N.D.
CoCl; (50 mM) 0 N.D.
CoCly (50 mM) + ACC (200 uM) 0 N.D.
PG (50 mM) 0 N.D.
PG (50 mM) + ACC (200 pM) 0 ND.
MGBG (40 uM) 96 %2 32.92+0.56
CHA (1 mM) 1000 36.22 £0.56
CHA (1 mM) + MGBG (40 pM) 98 +2 35.19£0.56
MGBG (40 uM) + NBE (100 pl) 0 N.D.
CHA (1 mM) + NBE (100 ul) 0 ND.
CHA + MGBG + NBE (100 pl) 0 N.D.
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1989). High temperatures could inhibit germination by reducing ethylene production
or by directly affecting cell elongation. When FC, a substance known to simulate cell
elongation by accelerating the uptake of potassium (Hernandez-Nistal er al. 1983),
was introduced into the germination medium this resulted in a sharpe increase in
germination to the extent that not only did the percentage of radicle emergence rise
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Fig. 2. Ethylene production by embryonic axes of chick-pea seeds germinated in water during the
indicated times at 25 °C (closed circles), 30 °C (open circles) and 35 °C (triangles). Each point is the
mean of three replicates + SE (vertical bars).
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Fig. 3. Effect of different concentrations of fusicoccin on the germination percentage of chick-pea
seeds at 25 ©C (A) and ethylene production by the embryonic axes (B). Each point is the mean of
three replicates * SE (vertical bars).
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but also germination time was brought forward. Thus, with FC (1 and 10 pM), 98 %
and 100 % germinations were reached after only 12 h at 25 °C. FC caused a 1.5 -
2.4-fold increase in ethylene production after 12 h at 25 °C as compared to the
controls (Fig. 3).

Cell elongation is inhibited by water deficiency caused by an osmotic agent such
as PEG-6000 (Kepczynski 1986). In our experiments, the addition of PEG-6000
(-0.15 MPa) to the medium caused a reduction in the amount of ethylene produced
and a concomitant fall in the germination percentage (Table 1). Higher
concentrations of PEG (-0.30 MPa) completely stopped both germination and
ethylene production. This effect could be reversed, however, by the application of
exogenous ethylene (Table 2). This suggests that ethylene may play an active part in
the germination of chick-pea seeds.

The phytohormone ABA reduces H*/K* exchange, thus diminishing the water
content of the cells (Walton 1980), and also diminishes EFE activity in Cicer
arietinum (Gallardo e al. 1992). With 25 uM ABA in the medium, after 24 h at
25 °C, germination was only 35 % and ethylene production 4.3-fold lower than in the
controls (Table 1). Ethylene (ethrel) reversed both these effects (Table 1).

On the other hand, polyamines are expected to be of antiethylene nature, for both
these and ethylene have a common precursor, SAM and their biosynthetic pathways
are thought to be competitive (Biasi et al. 1991). We tested the effects of inhibitors
of polyamine biosynthesis on ethylene production and the germination of chick-pea
seeds. The presence of MGBG or CHA, which are inhibitors of the SAM-
decarboxylase (Suresh and Adiga 1977) and spermidine synthase (Barbieri et al.
1983) activities, respectively, increased both ethylene production and slightly also
the percentage of radicle emergence (Table 1) and, like FC, the germination time was
brought forward (data not shown).

Table 2. Effect of indicated treatments over 24 h on the germination percentage of Cicer arietinum
seeds at 25 °C in the absence (-) or presence (+) of exogenous ethylene (25 pl 1) during the indicated
time. The germination percentages at 12 h were: control - 7 + 1 and remaining treatments - 0. Data are
the mean values of three replicates + SE.

Treatment 12h()+12h(#) 24h() 24h (#)
Control 100 95+3 100
CoCl, (50 mM) 100 0 100
PEG-6000 (-0.30 MPa) 100 0 100
PG (50 mM) 100 0 100

In spite of the significant fall in ethylene production caused by AVG (1 mM),
germination remained uninhibited. Similar observations have been reported for
Phaseolus vulgaris, Arachis hypogea and Amaranthus caudatus seeds (De Greef et
al. 1980, Hoffman et al. 1983, Kepczynski and Karssen 1985). In this context, Fu
and Yang (1983) reached the conclusion that ethylene is a by-product of germination
in seeds rather than a requirement. It should be emphasised, however, that m our
experiments germinating seeds still produced some ethylene (0.48 nl kg! s1) in the
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presence of 1 mM AVG. It may well be then, as Saini et al. (1986) suggest, that
AVG fails to inhibit germination completely because the seeds continue to produce
sufficient ethylene to start the germination process, or that ethylene regulation of
germination does not act at ACC-synthase level.

When we supplied 100 pl of NBE, an inhibitor of ethylene action, to the flask
containing the seeds, emergence was stopped (Table 1), regardless of the time at
which NBE was added (data not shown). The addition of AVG (1 mM) together with
NBE cancelled seed germination. In the same way, when inhibitors of polyamine
synthesis (MGBG, CHA or MGBG + CHA) were applied together with NBE, both
the germination percentage and ethylene production were completely stopped
(Table 1). The results with NBE seem to indicate that the action of ethylene is
necessary for the germination process in chick-pea seeds.

EFE inhibitors such as CoCl, and PG (Yu and Yang 1979) at concentrations of
50 mM completely prevent both ethylene production and seed germination. This
inhibitory effect was not reversed by ACC (Table 1). The application of ethylene did,
however, counteract the effect and caused the seeds to germinate (Table 2). The
results offered in Tables 1 and 2 suggest that one point in the regulation of the
germination of Cicer arietinum seeds by ethylene is at the level of EFE.

Most of our experimental data point to the notion that a certain amount of ethylene
production is essential for the germination process. When ethylene production was
measured in non-germinated seeds only insignificant amounts of ethylene were
detected, it being necessary to collect at least 100 embryonic axes (ca. 1 g) of this
seeds for detecting 0.03 nl kg-! s-1 (data not shown). It could be this ethylene which,
when accumulated in sufficient amounts, provokes the germination, although the
ethylene production rate increases concomitantly with the radicle emergence.
Furthermore, when ethylene synthesis is completely blocked, either by osmotic
agents or EFE-activity inhibitors, germination is prevented and is only renewed when
the seeds are exposed to exogenous ethylene. This would seem to rule out the
possibility that ethylene could be produced as a consequence of germination but
rather that its presence would be necessary for germination to take place in Cicer
arietinum seeds. -

References

Abeles, F.B.: Role of ethylene in Lactuca sativa cv. "Grand Rapids" seed germination. - Plant
Physiol. 81: 780-787, 1986.

Barbieri, P., Torrigiani, P., Bagni, N.: Biosynthetic enzymes related to polyamines and their inhibition
in Helianthus tuber. - G. bot. ital. 117: 61-62, 1983.

Biasi, R., Costa, G., Bagni, N.: Polyamine metabolism as related to fruit set and growth. - Plant
Physiol. Biochem. 29: 497-506, 1991.

Corbineau, F., Rudnicki, R M., Come, D.: Induction of secondary dormancy in sunflower seeds by
high temperature. Possible involvement of ethylene biosynthesis. - Physiol. Plant. 73: 368-373,
1988.

De Greef, J.A,, De Proft, M., Verousracte, F., Frederique, H.: Case studies of ethylene release in
higher and lower plant systems. - In: Jeffcoat, B. {ed.): Aspects and Prospects of Plant Growth
Regulators. Pp. 9-18. British Plant Growth Regulator Group, Wantage 1980.

206



ETHYLENE PRODUCTION AND GERMINATION

Fu, JR.,, Yang, S F.: Release of heat pretreatment-induced dormancy in lettuce seeds by ethylene or
cytokinin in relation to the production of ethylene and the synthesis of 1-aminocyclopropane-1-
carboxylic acid during germination. - J. Plant Growth Regul. 2: 185-192, 1983.

Gallardo, M., Delgado, M.M., Sanchez-Calle, IM., Matilla, A.: Ethylene production and
1-aminocyclopropane-1-carboxylic acid conjugation in thermoinhibited Cicer arietinum seeds. -
Plant Physiol. 97: 122-127, 1991.

Gallardo, M., Matilla, A J., Sanchez-Calle, LM.: The effects of spermine, abscisic acid and high
temperatures upon ethylene production in Cicer arietinum seeds. - Plant Physiol. Biochem. 30: 19-
27, 1992.

Hernandez-Nistal, J., Aldasoro, J., Rodriguez, D., Matilla, A.J., Nicolas, G.: Effect of thiourea on the
ionic content and dark fixation of CO, in embryonic axes of Cicer arietinum seeds. - Physiol.
Plant. 57: 273-278, 1983.

Hoffman, N.E., Fu, JR,, Yang, SF. Identification and metabolism of 1-(malonylamino)-
cyclopropane-1-carboxylic acid in germinating peanut seeds. - Plant Physiol. 71: 197-199, 1983.
Kepczynski, J.: Inhibition of Amaranthus caudatus seed germination by polyethylene glycol-6000
and abscisic acid and its reversal by ethephon or l-aminocyclopropane-1-carboxylic acid. -

Physiol. Plant. 67: 588-591, 1986.

Kepczynski, J., Karssen, C.M.: Requirement for the action of endogenous ethylene during germination
of non-dormant seeds of Amaranthus caudatus. - Physiol. Plant. 63: 49-52, 1985.

Rodriguez, D., Matilla, A., Aldasoro, J., Hernandez-Nistal, J., Nicolas, G.: Germination of Cicer
arietinum seeds and thiourea-induced phytoxicity. - Physiol. Plant. 57: 267-272, 1983.

Saini, H.S., Consolacion, E.D., Bassi, P.K., Spencer, M.: Requirement for ethylene synthesis and
action during relief of thermoinhibition of lettuce seed germination by combinations of giberellic
acid, kinetin and carbon dioxide. - Plant Physiol. 81: 950-953, 1986. -

Sanchez-Calle, IM., Delgado, M.M., Bueno, M., Diaz-Miguel, M., Matilla, A.J.: The relationships
between ethylene production and cell elongation during the initial growth period of chick-pea seeds
(Cicer arietinum). - Physiol. Plant. 76: 569-574, 1989.

Suresh, M.R., Adiga, P.R.: Putrescine-sensitive (artifactual) and insensitive (biosynthetic)
S-adenosylmethionine decarboxylase activities of Lathyrus sativus seedling. - Eur. J. Biochem. 79:
511-518, 1977.

Walton, D.C.: Biochemistry and physiology of abscisic acid. - Annu. Rev. Plant Physiol. 31: 453-
489, 1980.

Yu, YB., Yang, SF.. Auxin induced ethylene production and its inhibition by amino-
ethoxyvinylglycine and cobalt ion. - Plant Physiol. 64: 1074-1077, 1979.

Communicated by . MACHACKOVA

207



