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This paper reviewed the regulation and metabo-
lism of seed germination. It discussed physiologi-
cal, metabolic, enzymatic, hormonal, and devel-
opmental aspects of the process and tried to re-
late these to the ecology of seeds. [The SC!e indi-
cates that this paper has been cited in over 140
publications.]
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The four of us were introduced to the
problem of seed germination by our col-
league and mentor, Michael Evenari. We be-
came fascinated by the problem presented
by the transition of a plant embryo, whose
basic rate of metabolism is so low as to be
almost immeasurable, into a vigorous, rapid-
ly growing seedling, provided it was given
the right environment. This change involves
water uptake and a change from hetero- to
autotrophic nutrition. Moreover, the em-
bryo also has the capacity to retain the po-
tential for germinating for several years, al-
beit not always at the same level. In some
cases, the potential increases with time
(loosely described as “after-ripening”), while
in other cases it decreases with time (“age-
ing”). Under certain environmental condi-
tions, the imbibed seed enters a state of
deeper suspended animation (termed “sec-
ondary dormancy”) without loss of viability,
i.e., the potential for eventual germination.

In the course of germination, the systems
involved in cell expansion become opera-
tive, concomitantlywith the metabolic path-
ways that supply the necessary machinery,
metabolites, substrates, energy, and growth
regulators. However, rehydration of the em-
bryonic tissues, as well as the storage tissues
and the enveloping structures of the dispers-
al unit, is a prerequisite for the initiation of

this transformation, and this process follows
distinctive time-courses, sequences, and
pathways. It is highlydependent on water re-
lations at the soil-seed interface.

Whereas in some seeds, germination re-
quires only suitable rehydration, aeration,
and temperature, in others, the process is
initiated only by a rather precise environ-
mental event, or combination of factors
(e.g., seasonal or diurnal temperature alter-
nations, light of specific spectral quality and
duration, specific water relations, atmo-
spheric composition, and so on).

Study of germination has led to various
avenues of exploration. The “release from
dormancy” has inspired the search for some
“master reaction” whose activation is a pre-
requisite to the initiation of all others, some
simultaneously, others sequentially. The en-
vironmental control of germination has also
led to the concept of “germination-regulat-
ing mechanisms,” which had evolved in
many species as a means of restricting ger-
mination to the environmental niche, in
space as well as in time, and which offer a
high probability for seedling establishment
and thus the survival of the species. That the
germinating seedling must pierce its envel-
oping structures, necessitating the develop-
ment of sufficient thrust to overcome the
mechanical resistance of these coats, led to
the study of the biophysics of growth in ger-
mination. Finally, the environment under
which the seeds had developed and matured
on the mother plant often has profound ef-
fects on its subsequent germination re-
sponses, and these conditions, too, merited
study.

We had, at the time of writing, different
scientific approaches and attitudes to the
study of seed germination. We also had dif-
ferent temperaments and philosophical in-
sights, but apparently the admixture when
we sat down to write the paper was just
right, and our personal attitudes managed to
mesh. Three of us are continuing, among
other things, to work in the area of seed ger-
mination, and we miss our colleague, S.
Klein, whose untimely death is sorely felt.

Some more recent work in germination is
cited below.
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