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OBJECTIVES AND ORGANIZATION OF THE WORK

Scientific advances often come from uncovering
a hitherto unseen aspect of things as a result,
not so much of using some new instrument, but
rather of looking at objects from a different
angle.

F. Jacob*

From the point of view of basic biology, plant scientists have given much attention
to flowering because this is the first step towards sexual reproduction in plants. Also,
since the onset of flowering is under absolute environmental control in many species,
some biologists with a deep interest in morphogenesis chose the flowering process as
their field of research. Interest in this developmental step has a strong economical
basis, too, since many aspects of agronomic and horticultural crop production are
intimately associated with flowering. Fundamental investigations provide a conceptual
framework for the development of practical applications, particularly following the
discoveries of photoperiodism and vernalization early in this century. From this period
to the present, research has expanded rapidly. Just before World War 11, the concept
of the floral hormone or florigen was defined; this idea has received experimental
support and is apparently the most widely accepted theory for the control of floral
initiation. Despite numerous attempts to isolate and identify the hypothetical hor-
mone, we still have no idea of its chemical nature.

With the introduction of more refined investigation techniques in the field, it is
apparent that the flowering process is extraordinarily complex. It includes several in-
terrelated steps, each of which is influenced by several factors of both internal and
external origin. The simple florigen concept seems no longer commensurate with the
complexity of the phenomenon it was supposed to explain. Possibly because of its
simplicity it has remained the favorite theory. The physiology of flowering is thus in
the uncomfortable situation, perhaps unique in biology, that it is still dominated by a
concept proposed more than 40 years ago. It is recognized more and more that this
concept puts severe constraints on further developments in both fundamental and ap-
plied research programs in which the onset of flowering is the key process.

In all experimental sciences, the appearance of new evidence that is irreconcilable
with a theory, no matter how well established the theory may be, requires consideration
of alternate hypotheses. Following this rule we suggest that a reconsideration of ac-
cepted notions of the physiology of flowering is absolutely and urgently required.

The present work is organized such that the whole phenomenon of flowering is di-
vided into two major steps: (1) the initiation of flower primordia and (2) the develop-
ment of these primordia into mature flowers until anthesis. Despite the fact that a
separation of these two stages does not appear possible on theoretical or evolutionary
grounds, the absence of clear distinction between the various stages of the flowering
process in several investigations makes interpretation difficult or impossible, and there-
fore, the results are of little value. These stages are not all alike and do not always
react similarly to external and internal variables. They should thus be considered in-
dependently to avoid confusion.

The first two volumes are devoted to ‘‘flower initiation’’ which includes not only
the production by meristems of clearly recognizable flower primordia, but also all
preceding reactions that are required if flowers are to be initiated. This has been by

*  From Jacob, F., Science, 196, 1161—1166, 10 June 1977. Copyright 1977 by the American Association
for the Advancement of Science.



far the most studied stage because many physiologists view it as the critical turning-
point from vegetative to reproductive growth.

Volume I is concerned essentially with a review and critical analysis of the classical
data and concepts. The aim here is to pinpoint the firmly established facts and contro-
versial issues as well as to stress the shortcomings of classical work and interpretations.
Research has indeed focused very heavily throughout the past 60 years on the effects
of physical and chemical factors of the environment, while unfortunately little atten-
tion has been paid until quite recently towards gaining an understanding of the basic
internal mechanisms that underlie the floral transition.

The first section of Volume II deals with these more intimate aspects of the onset
of reproductive growth. The basic role of correlative influences in flower initiation,
even in the simplest experimental systems, is demonstrated. Then, we proceed by a
description of the floral transformation of shoot apices at levels ranging from the
macromorphological to the molecular. The idea is that a rather complete description
is central to an understanding of the process of flower initiation and that it may further
give some insights into the controlling agents of this process.

The second section of Volume II begins with a search for exogenous chemicals that
control in part, or totally, the events of the floral transition. This is followed by a
review of the work on endogenous substances that are considered as possible promoters
or inhibitors of flower initiation. An attempt is made to see how far we have come in
the understanding of the ultimate processes whereby a meristem begins to initiate flow-
ers instead of leaves. The not surprising conclusion is that we are still a long way from
the goal, but despite the fragmentary nature of the available evidence, the analysis
- developed in Volume II may provide a useful conceptual framework for future inves-
tigations in this important area of plant science. Also, it is anticipated that this new
approach will result in development of more rational and efficient controls of flower-
ing for agricultural and horticultural purposes. These applied aspects will be discussed
in the third volume of this series.

The treatment of the different chapters is neither simplistic nor exhaustive. Our gen-
eral philosophy has been to avoid extreme positions, either abusive generalizations that
mask the real complexity of the problem and the diversity of plant behaviors or com-
plete descriptions of all possible types of plant responses that create confusion and
discourage the readers. Evidently, when one attempts to cover such an extensive sub-
ject in a limited number of pages there is inevitably a problem of topic selection. While
our aim was to provide a balanced account of the most important and recent contri-
butions in all aspects of the subject, some topics have wittingly received special treat-
ment. Their selection reflects essentially our personal interest; other writers would have
certainly made other choices and presented a differently balanced book. We like to
think, however, that it will be recognized as timely and essential for the field to be
reexamined from widely divergent points of view.

It is important to underline that constant reference to source material and use of a
rich illustration should assist the unspecialized reader to obtain a full understanding
of the discussed topics. Concluding sections are also inserted in many places and hope-
fully will be considered as resting spots. The busy reader may begin with these sections
and the short Chapter 9, Volume II, and return to the main text for examination of
important details. A glossary is also included for the reader who is unfamiliar with
the scientific jargon of the field. In a work like this, there is some unavoidable repeti-
tion of material, but this has been reduced by frequent use of cross references. The
species most commonly used in flowering studies will be usually referred to by their
generic names alone.

The third volume will be concerned with the stages of flowering that follow initia-



tion, essentially flower organization and maturation until anthesis. While the necessity
of considering separately these successive stages was stressed above, it is also obvious
that flowering is a unitary phenomenon and that its component steps are necessarily
related to one another. After all flowering is about sexual reproduction in plants and
we must expect that in evolution the entire physiological process is designed to expedite
recombination of genetic characters and reproduction of the organism.

In this work we deal mainly with angiosperms, although gymnosperms are occasion-
ally considered.

We hope that these three volumes will convey some of the excitement that we have
felt during their preparation as well as during our investigations on flowering.
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SECTION I

Classical Experimental Systems and Data;
Analysis of Common Concepts

It is obvious that the problem of flowering

[. . .]is a very complicated phenomenon, and
[. . .]Ido not believe that anything is gained by
considering it simple.

F. W. Went
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4 The Physiology of Flowering

1. PLANT MATERIALS

Flower initiation is best investigated in the minority of species or varieties in which
this process is under relatively strict control of the environment, as in absolute photo-
periodic and cold-requiring plants. Many investigations require that plants start to
flower at the same time and are at the same stage of development. In these species
during a period of growth in noninductive conditions, an apparent uniformity in re-
sponse to inductive conditions is achieved giving the required synchrony.

In the majority of higher plants, photoperiod and temperature affect the rate of the
transition to flowering, but do not control it in an absolute sense. In such species, the
lack of strict developmental control usually hinders the design of critical experiments
because there is no precise zero time and insufficient synchronization of plants that
must be analyzed as a group. Facultative photoperiodic or cold-requiring plants, while
more common, do not represent anything basically different from the absolute ones
since many species may have absolute daylength or temperature requirements in one
set of environmental conditions and exhibit facultative behavior when some of the
parameters are changed.

Early work is mostly with photoperiodic plants requiring several inductive cycles,
but recent investigators favor species requiring exposure to only a single photoinduc-
tive cycle, because they are presumably the species with the greatest achievable uni-
formity and ease of timing of postinductive events.

An often-raised question concerns the real significance of the observed structural
and chemical changes in relation to the transition to flower formation: are these
changes an integral part of the developmental switch or simply accompanying unre-
lated changes? An unambiguous answer usually requires considerable experimental
work and even then is quite difficult to reach. Very often the way to simplify this
problem is to examine comparatively developmental transition in a variety of physical
or chemical environments and see whether the changes in question are always present.
Fortunately in many species, including most of the ‘‘single-cycle’’ ones, flowers initiate
in response to more than one experimental treatment (Table 1), and this property
makes these systems more exploitable.

Depending on the kind of experiments to be performed, plants may have to meet
other prerequisites besides responsiveness to ‘‘one-shot’’ photoinduction. Speaking
generally, small size at the responsive stage is essential in experiments that involve
many treatments and in studies using a spectrograph or any similar equipment where
the area irradiated with any wavelength of light is very limited. Consequently, the SDP
Pharbitis nil,' Chenopodium rubrum,? and the LDP Brassica campestris,®> which can
be induced to flower by a single appropriate photocycle only a few days after sowing
are particularly well-suited for such experiments.

Small fast-growing duckweeds, such as the LDP Lemna gibba, strain G3, first used
by Kandeler,* or the SDP, Lemna paucicostata, strain 6746 (formerly designated as
L. perpusilla 6746)° offer quite the same advantages as these seedlings. For the busy
physiologist, duckweeds have the additional and inestimable advantage that if the
flowering index of the cultures cannot be evaluated immediately at the end of an ex-
periment, they may be stored until examination in a refrigerator for periods up to 2
weeks without any change of this index.® In addition, duckweeds floating aseptically
in test tubes on defined nutrient media present themselves as ideal material for deter-
mining the effects of nutrition, and more generally of the chemical environment, on
the flowering process.

When translocation of promoters or inhibitors of flower initiation is to be followed,
seedlings or duckweeds are, however, frequently not suitable because they lack a trans-
porting system of sizable length. The SDP Xanthium strumarium,* LDP Lolium te-



Table 1
ALTERNATE PATHWAYS TO FLOWER INITIATION IN SOME
SINGLE-CYCLE SPECIES

Response Discussed
Type Species Pathway in chapter

SDhp Pharbitis nil Continuous light and poor nutrition
Continuous light at low temperature
Continuous light at low light flux
Continuous light at high light flux
Continuous darkness
Lemna paucicostata 6746 LD + copper
LD at low light flux
Skeleton photoperiods
LD + salicylic acid
LDP Lolium temulentum SD and anaerobiosis during one night
SD + GA;
Sinapis alba SD at high photon flux
Continuous darkness
SD at low temperature
Displaced SD

®

.
W W W L W W R W W W W W N

®

—

¢ Volume II, Chapter 6.

mulentum,” and Sinapis alba,® which respond to a single inductive cycle are more ap-
propriate for such studies. These plants are also suitable for investigating changes
associated with increased sensitivity to induction with age.

An important advantage, alluded to earlier, in using plants grown in strictly nonin-
ductive regimes is that such plants may be in a more or less steady state of growth
during the experimental period. They usually produce leaves of the same size and shape
and at a constant rate, their stem elongates at near constant rate, and their meristem
may be at a steady state with respect to size and growth rate, as in Perilla,” Chenopo-
dium amaranticolor,' Xanthium,'" Silene coeli-rosa,'* and Sinapis.'*> On the other
hand, seedlings during germination, do not lend themselves to certain kinds of postin-
ductive analyses precisely because these growing characteristics are changing quite rap-
idly in both the induced and noninduced plants.

Studies on floral evocation and morphogenesis are more significant with species pro-
ducing a terminal flower or inflorescence since the complete transformation can be
traced in these plants in one and the same meristem. Plants having a decussate or
distichous arrangement of leaves at the vegetative stage are especially appropriate for
microscopic work that requires an accurate orientation of the meristem for sectioning.

Species requiring a single photoinductive cycle, interesting as they are, may not be
the best material for gaining insight into some particular problems. For instance, the
processes of fractional induction and partial evocation are easiest to attack in species
requiring several inductive cycles or having a dual photoperiodic requirement as LSDP

and SLDP.
Certain studies are possible only when the plant material possesses still additional

attributes, for example, ease of grafting to a partner. Unfortunately, this attribute is
not common in ‘‘single-cycle’’ plants, with the exception of Xanthium.

Quite often unsatisfactory results are obtained because of genetic heterogeneity of
the plant material, the seed having been commercially purchased or collected from
wild plants. In these cases a genetically uniform material must be produced by clonal
propagation or inbreeding before the work itself can start. Interest in using plants in
which the genetics of flowering are well-known is self-evident, but unfortunately there



