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“We should not confuse our favourite metaphors (including concepts such as 
root, shoot, leaf and flower) with reality, which is more complex” (Kirchoff 
et al., 2008).

Kaplan’s Principles of Plant Morphology  (2022) by Donald R. Kaplan, edited 
by Chelsea D. Specht, is a monumental work of 1305 pages in a large format. It  
presents a wealth of well-organized morphological data that are relevant not only 
to plant morphology but also to many other fields such as plant genetics, molecular 
biology, evolution, systematics, biodiversity, crop science, etc. The interpretations 
of the data are in terms of classical plant morphology, a rigid typological frame-
work that Kaplan adopted from Troll (1937-1943). Before I discuss this typologi-
cal framework of classical plant morphology, a few comments on the fundamental 
importance and relevance of plant morphology in general.

Plant Morphology Remains Important

For centuries, plant morphology, besides plant physiology, genetics, ecology, and 
systematics, has been one of the basic disciplines of plant biology or botany. Hence, 
universities offered courses in plant morphology. But nowadays this is no longer the 
case. Plant morphology has been absorbed into Evolutionary Developmental Biol-
ogy (Evo-Devo). This does, however, not diminish the importance and relevance 
of plant morphology. Besides molecular genetics, morphology remains an integral 
part of evo-devo. To emphasize the importance of morphology, Wanninger (2015) 
referred to MorphoEvoDevo. Minelli’s comprehensive book on plant evo-devo has 
as its subtitle “The evolvability of the phenotype” (Minelli, 2018).

Kaplan emphasized that plant morphology is more fundamental than plant anatomy,  
which deals with tissues, cells, and subcellular components. He devoted a whole 
chapter of his book to this topic where he pointed out that “organ differentiation is 
independent of the arrangement of cell and tissue types and even multicellularity  
itself. For example, the various siphonous greens, such as Bryopsis and Caulerpa, 
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exhibit organ differentiation that converges with that of higher plants without being 
cut up into cells at all” (Kaplan, 2022, p. 62).

Sattler and Rutishauser (1997) emphasized that in most botanical disciplines, 
including molecular genetics, morphological concepts are used or implied. Thus, 
morphology plays a fundamental role in these disciplines. And therefore new empir-
ical findings, conceptual and foundational innovations such as continuum and pro-
cess morphology are fundamentally relevant not only in morphology but also in 
many other fields of plant biology.

Classical Morphology

As stated above, Kaplan’s morphological principles are based on classical mor-
phology. According to classical morphology, there is a trinity of three fundamen-
tal organ categories: root, stem (caulome), and leaf (phyllome), and all lateral 
appendages, including those of flowers, are considered homologous. The three 
organ categories are considered mutually exclusive. Hence, classical morphology 
implies Aristotelian either/or logic: any organ is either a root or a stem (caulome) 
or a leaf (phyllome). Troll (1937–1943) defended this logic of the trinitarian view. 
It is called classical because Goethe, the classical and romantic German poet and 
scientist, expounded this view in his classic  Metamorphosis of Plants  (Goethe, 
1790).  But although he referred to root, stem, and leaf, he also saw the shoot 
composed of units that comprise a leaf and its subtending stem segment, units 
which are called phytomers or metamers (Rutishauser & Sattler, 1985). Accord-
ing to this view, the plant does not consist of roots, stems, and leaves, but only 
of roots and phytomers. Kaplan referred to decurrent leaf bases. As I shall point 
out below, Goethe also embraced yet other views. But Troll and Kaplan, as many 
other contemporary morphologists, remained locked in the root-stem-leaf trinity 
of classical morphology that Goethe envisaged in 1790, over 200 years ago. Other 
morphologists could see beyond this trinity of classical morphology (see below).

Since classical morphology implies a discontinuity between the organ catego-
ries, one could also refer to it as a discontinuum view. Contrary to this discontin-
num view, much evidence has been accumulated in support of a continuum view, 
which implies that the organ categories are bridged through intermediate forms 
(see below). Therefore, a continuum view, which includes the intermediate forms 
that don’t fit into the categories, appears more comprehensive than the discon-
tinuum view. However, this does not mean that the discontinuum view of clas-
sical plant morphology is useless. One cannot deny that classical morphology is 
useful in many instances, but as an overarching theory it is contradicted by many 
morphological findings, by molecular genetics and mathematical analyses (see 
below). Nonetheless, Kaplan claimed: “All vascular plants … appear to be built 
on the same fundamental organizational theme or ground plan” (Kaplan, 2022, 
p. 1) comprising a root system and a shoot system, which consists of stem(s) 
and leaves. Kaplan noted that the stem and leaves cannot be clearly delimited 
from one another and that “they only have meaning in their spatial relations to 
one another, not as separate elements” (Kaplan, 2022, p. 159). Nonetheless, he 
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upheld the trinitarian view of three major organ categories and maintained that 
the diversity of plant organs can be reduced to these organ categories. This view 
appears rather static. Change may occur within the categories, but the categories 
are fixed as are positional relationships within the ground plan: “the leaf com-
ponent of the shoot always occupies a set position as a lateral outgrowth from 
the stem” (Kaplan, 2022, p. 6). In contrast, process morphology is profoundly 
dynamic: plant structures are seen as process combinations that may change dur-
ing ontogeny and phylogeny (Sattler, 1992, 1994, 1998, 2019; see below). Heter-
otopy refers to positional changes.

How do classical morphology, continuum and process morphology relate to 
typology? Typology can have two very different meanings depending on which 
type concept is implied. There are two type concepts: the classificatory type and 
the extreme type (see Sattler, 1996). Classificatory types are mutually exclusive, 
following either/or logic. They represent the discontinuum view of classical plant 
morphology, the rigid typological framework of Troll’s and Kaplan’s morphology 
I referred to above. In contrast, extreme types are continuous, implying fuzzy logic 
(see Rutishauser and Isler, 2001). They are compatible with the continuum and pro-
cess view of plant morphology.

Homology

Homology is a central concept in morphology. According to Kaplan, it means “mor-
phological correspondence to one of the major organ categories, i.e. leaf, stem, or 
root” (Kaplan, 2022, p. 5). To determine homologies, Kaplan refers to three criteria 
that have been explicated by Remane (1952): 1. Equivalent positions (position cri-
terion), 2. Equivalent special quality (quality criterion), 3. Intermediate transitional 
forms (transition criterion). Like Troll, Kaplan considered the position criterion the 
most fundamental. Its general validity has been undermined, however, by the phe-
nomenon of homeosis. Homeosis means replacement of one structure or a trait of 
one structure by another one. In other words, “at the site of one part another part or 
feature(s) of another part are expressed” (Sattler, 1986). In cases where an organ of 
one category is replaced by an organ of another category, the position criterion leads 
to absurd conclusions. For example, in Nasturtium officinale, axillary shoots may 
be replaced by roots (Champagnat & Blatteron, 1966). According to the position 
criterion, this would mean that the roots are shoots. Evidently, we recognize a root 
or a shoot by its special quality, not by its position. Therefore, the quality criterion 
appears more fundamental than the position criterion. Yet Kaplan emphasized that 
“organs in plants are defined principally by their topographic-positional relation-
ships” (Kaplan, 2022, p. 265). Besides the position criterion, the transition criterion 
can also lead to absurd conclusions. In cases of a transition from an organ of one 
category to an organ of another category, it would mean that they are homologous 
because they are linked through transitional forms. But what the transition criterion 
shows is a continuum, not necessarily a homology (Sattler, 2018, expanded version). 
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Consider the following series of transitional forms, each of which exhibits three of 
the properties a,b,c,d,f:

1. abc
2. bcd
3. cde
4. def

1 and 4 share none of their properties, yet they are connected through transitional 
forms. To conclude that there is a correspondence or homology between 1 and 4 
appears absurd. Even the first three forms, although they could be defined by prop-
erty c (as a category, for example), show only a partial correspondence; they are not 
the same; they are only partially homologous. Deducing identity, 1:1 correspond-
ence or homology from a continuum of forms appears to be fallacious reasoning.

Kaplan did not sufficiently envisage the problems with the position and transition 
criteria. Furthermore, at least in the first chapter in which he dealt with the con-
cept of homology, he did not refer to the enormous literature on homology since the 
publication of Remane’s book. He did not cite and discuss important articles and 
books such as Homology (edited by Hall, 1994). He ignored the concepts of par-
tial homology (Sattler, 1994), factorial and combinatorial homology (Minelli, 1998, 
2018; Minelli & Fusco, 2013), which do not fit into the Aristotelian either/or logic 
of classical morphology.

Morphological Principles

Kaplan’s principles are the principles of classical plant morphology. In a book on 
principles, it would have been helpful for the reader to have a list where the prin-
ciples are explicitly stated. No such list is in Kaplan’s book. Therefore, we cannot 
even tell exactly how many principles there are. In contrast, Ganong (1901), the 
Canadian-American botanist (not cited by Kaplan), stated explicitly seven cardinal 
principles. The seventh principle, which he considered the most important one, is 
the principle of gradation in morphological membership, which means that “differ-
ence of degree passes over gradually into difference of kind.” As a result, categories 
become linked through a continuum. Evidently, this principle surpasses the princi-
ples of classical plant morphology.

Axioms and Principles of Plant Construction (edited by Sattler, 1982) (not cited 
by Kaplan), contains an article by Cusset (1982) in which he listed explicitly 37 
principles. Kaplan’s principles represent only a small subset of these principles, 
mainly the ones that imply typology. Hence, Kaplan’s morphology seems a rather 
impoverished version of the many insights morphologists have gained since the time 
of Goethe and by Goethe himself who could see far beyond the tenets of classical 
morphology that he expounded in his Metamorphosis of Plants (1790) and subse-
quently surpassed (see below and Sattler, 2018). Excluding so much does not benefit 
plant morphology and plant biology (see below).

260 R. Sattler



1 3

Shoot Morphology

Besides a chapter on roots, Kaplan’s book contains several instructive chapters on 
various aspects of shoot morphology and phyllotaxis. But Kaplan’s interpretation 
of phylloclades shows once again that he remained locked in Troll’s typological 
framework and the position criterion for homology (Kaplan, 2022, pp. 258–266). 
According to this typological way of thinking, since phylloclades are formed in 
an axillary position, they must be homologous to a shoot as a shoot normally 
arises in the axil of a leaf. However, as we pointed out above, the validity of 
the position criterion has been undermined by the phenomenon of homeosis, 
which in this case means that leaf traits are expressed in a position where nor-
mally shoots are formed. Since phylloclades, for example, in the Asparagaceae 
(Ruscaceae s.l.), show the whole range from more shoot-like to less shoot-like 
to leaf-like, they show a gradation in the integration of leaf traits into axillary 
shoots (Cooney-Sovetts & Sattler, 1987). This homeotic interpretation of phyl-
loclades has been supported by molecular genetic analysis. For example, during 
the development of the phylloclades of Ruscus aculeatus genes are expressed that 
are normally expressed in the shoot apex and in leaves (Hirayama et al., 2007). 
Hence, these authors concluded that “the phylloclade is not homologous to either 
the shoot or the leaf, but that it has a double identity” (ibid.). This shows clearly 
that the either/or logic of Troll, Kaplan, and other morphologists is inappropriate 
and needs to be replaced by a both/and logic.

As leaf traits may be integrated into axillary positions, so shoot traits may be inte-
grated into the subtending positions of leaves. For example, the so-called “leaves” 
of Chisocheton integrated traits of shoots such as indeterminate growth and bud for-
mation in the axil of the so-called leaflets. As a result, they show a combination of 
leaf and shoot traits (Fisher & Rutishauser, 1990, 1990). Nonetheless, Kaplan and 
DeMason (in a review at the end of Chapter 14) homologize them with leaves using 
all three homology criteria (Kaplan, 2022, pp. 348 and 366). First of all, they claim 
that they are leaves because they occupy the position of leaves. But they ignore that 
the position criterion has been undermined by homeosis. Second, they use the qual-
ity criterion to emphasize that they are dorsiventral like typical leaves. But dorsiven-
trality occurs also in some shoots and even roots. Third, using the transition crite-
rion, they point out that there is a transition from determinate leaves at the base of 
the shoot to the indeterminate “leaves” higher up. But as pointed out above, a transi-
tion does not indicate identity, a 1:1 correspondence or homology. It just shows a 
continuum whose endpoints are different. Yet, as pointed out by Kaplan and DeMa-
son, I agree that these so-called “leaves” occupy typical leaf positions, are dorsiven-
tral, and are preceded by typical leaves, but they show an integration of shoot fea-
tures, which means that there is an expression of shoot traits in leaf positions, which 
is a case of homeosis, “the assumption of one part [of an organism] of likeness to 
another part” (Holmes, 1979). One cannot deny that the indeterminate “leaves” of 
Chisocheton combine leaf and shoot traits.

One widespread problem in plant morphology – and many other fields, includ-
ing everyday life—is that one author selects one feature and declares it essential or 
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fundamental. Then another author selects another feature and declares it essential or 
fundamental. And then we have the conflict and controversy. Solution: consider all 
features, the total picture, and avoid essentialism and fundamentalism. For exam-
ple, in the case of the indeterminate Chisocheton “leaves,” Kaplan and DeMason 
selected the position and symmetry as the essential or fundamental features and 
therefore concluded that they are essentially leaves, preserving their “fundamental 
leaf nature” (DeMason in Kaplan, 2022, p. 366). Schacht and Curry (1854) selected 
indeterminate growth as the essential feature and therefore concluded that these 
structures are essentially shoots. But if all features are considered without declar-
ing one or the other as essential or fundamental, then I can see that there is a com-
bination of leaf and shoot features. Hence, we can conclude that the Chisocheton 
“leaves” are partially homologous to leaves and shoots.

In general, classical morphology works well for the typical forms. But for inter-
mediates between the typical forms it led to almost endless futile debates whether 
they belong to one or the other category, and at times these debates degenerated 
into hostility and nastiness. But recognizing that the intermediate forms belong nei-
ther to this category, nor to that category and that therefore the categorical either/or 
approach of classical morphology is inappropriate, would have been highly benefi-
cial for morphology (Sattler 2022a).

Leaf Morphology

Kaplan’s book includes five lengthy chapters on leaf morphology. Kaplan made 
many detailed contributions to a clarification of leaf morphology. He upheld the 
classical view also for leaf morphology. According to this view, the leaf category 
has three subcategories: leaf base, petiole, and blade (lamina), which are considered 
mutually exclusive. Hence, leaf morphologies we observe must be reducible to these 
categories. Kaplan stressed, however, that the primary subdivisions of the leaf are 
the lower and upper leaf zones.

Another assumption of classical morphology with regard to leaf morphology 
is the homology of simple and compound leaves. However, this assumption has 
become increasingly rejected. Already Goethe realized that compound leaves can-
not be placed into the leaf category because they resemble branches. Contrary to his 
Metamorphosis of Plants (1790) where he claimed that all lateral appendages are 
essentially the same (“one and the same organ”), in other morphological writings 
(that are not cited by Kaplan) he wrote: “When leaves divide, or rather when they 
advance from their original state to diversity, they are striving toward greater per-
fection, in the sense that each leaf has the intention of becoming a branch” (quoted 
by C. J. Engard in Mueller, 1989, p. 10). In another statement, Goethe considered 
compound leaves as “in reality branches, the buds of which cannot develop, since 
the common stalk is too frail” (Goethe, quoted by Arber, 1946, p. 78). Other mor-
phologists such as Casimir De Candolle (1868), Arber (1950), Sattler and Rut-
ishauser (1992), Rutishauser and Sattler (1997), and Lacroix et al. (2003) concluded 
that compound leaves combine leaf and shoot properties. On the basis of molecular 
genetics, Eckardt and Baum (2010) concluded that “it is now generally accepted that 

262 R. Sattler



1 3

compound leaves express both leaf and shoot properties.” In more general terms, 
James (2009, p. 17) stated that “it is now widely accepted that…radiality and dor-
siventrality are but extremes of a continuous spectrum. In fact, it is simply the tim-
ing of the KNOX gene expression!”.

On morphological grounds, Sattler and Jeune (1992), Jeune and Sattler (1992) 
and Cusset (1994), using multivariate analysis, demonstrated a continuum 
between leaf and shoot and all other morphological categories. This continuum 
is a dynamic continuum according to process morphology that recognizes plant 
structures as process combinations (Sattler, 1992, 1994, 1998, 2019). Thus, pro-
cess morphology and continuum morphology supersede the trinitarian categor-
ical view of classical plant morphology, but the latter remains useful. For this 
reason, the trinitarian categorical view and the dynamic continuum view can be 
seen as complementary (Rutishauser & Sattler, 1985; Rutishauser & Isler, 2001, 
Kirchoff et  al., 2008). The principle of complementarity can be widely used in 
morphology and other sciences. In physics, it has been used since Niels Bohr 
introduced it. As far as I can see, Kaplan failed to use this principle. His thinking 
was based on Aristotelian either/or logic. But the principle of complementarity 
implies both/and logic. Thus, both categorical and continuum morphology can be 
used, although the latter is more comprehensive than the former.

Besides compound leaves, there are other structures that cannot be fitted into 
the leaf category, although Kaplan insists that they are leaves. For example, in 
Utricularia, stolons or runners show a combination of leaf, shoot, and root prop-
erties (see, for example, Rutishauser & Sattler, 1989; Rutishauser & Isler, 2001; 
Rutishauser, 2020; Reut & Plachno, 2020). Depending on which of these proper-
ties is considered fundamental, different authors homologized the stolons with 
leaves, shoots, or roots (Kaplan, 2022, p. 566). Kaplan homologized them with 
leaves because they are dorsiventral, but shoots and even roots can also be dor-
siventral (see, for example, Fisher, 1973; Kaplan, 2022, p. 251, 1222). Kaplan 
also used the questionable position and transition criteria to support his leaf 
homology. He pointed out that “in embryos of many species of Utricularia, the 
first two leaves of the shoot will be a laminate leaf and a runner” (Kaplan, 2022, 
p. 568). If this is so, then we could see the runner as a case of homeosis, the inte-
gration of shoot and root properties into the leaf. A leaf that has integrated shoot 
and root properties is no longer a pure leaf but a combination of leaf, shoot, and 
root properties. Recognizing such a combination contradicts and transcends clas-
sical morphology, which operates in terms of either/or logic: either a leaf, or a 
shoot, or a root.

Sattler and Rutishauser (1990) analyzed two species of Utricularia in terms of 
process morphology that also transcends morphological categories because struc-
tures are understood as process combinations that have changed during ontogeny 
and phylogeny. This approach is dynamic and not constrained by the categories 
of classical morphology that often have led to nearly endless futile debates on 
whether a structure that does not fit the categories is homologous to a root, a 
stem, or a leaf. Rutishauser and Isler (2001) concluded: “The orthodox distinction 
of ‘root’, ‘stem’ and ‘leaf’ is transcended throughout the genus Utricularia.”
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Genomic analyses of U. gibba, and U. vulgaris revealed the presence of a con-
siderable number of root-specific genes in their vegetative structures” (for refer-
ences see Rutishauser, 2016). “Various Utricularias (e.g., U. longifolia, U. livida, 
U. sandersonii) have straight stolon tips which look (including anatomy) similar 
to cap-less root tips of Pinguicula. When U. longifolia is cultivated in a hanging 
pot, the root-like stolons breaking through the bottom show positive geotropism” 
(Rutishauser, 2020).

Besides Utricularia, there are other taxa such as, for example, Podostemaceae, 
whose morphology does not fit into the classical root-stem-leaf trinity (Rut-
ishauser, 2016; Minelli, 2018).

Flower Morphology

Besides two chapters on the reproductive shoots in Pteridophytes and Gym-
nosperms, Kaplan’s book contains two chapters on flowers and one chapter on 
inflorescences. Like Troll and other morphologists, he defined a flower as “a 
reproductive short shoot bearing microsporophylls (stamens)… and megasporo-
phylls (carpels) as its appendages or leaf homologues. In addition, it bears ster-
ile appendages” (Kaplan, 2022, p. 1169). He did not point out that this definition 
has been contested by many plant morphologists based on many contradictory 
facts. Stamens in at least some taxa have been homologized with caulomes or 
branchlets. Sattler (1988) demonstrated a heterogeneous continuum from phyl-
lomic stamens to caulomic stamens and branchlets. Gynoecia of various taxa are 
acarpellate, that is, they don’t have appendages that bear ovule(s) because the 
ovule(s) are born on the floral axis. For example, Macdonald and Sattler (1973) 
and Sattler and Lacroix (1988) demonstrated how the floral apex becomes grad-
ually transformed into the ovule. Instead of declaring these gynoecia acarpel-
late, one could redefine the carpel as an appendage that encloses the ovule(s) 
and may or may not bear them, as proposed by Sattler and Perlin (1982) Greyson 
(1994), and Leins and Erbar (2010, in their glossary only). In any case, it is 
important to acknowledge that during evolution the position of the placentae or 
ovules has changed within the gynoecia (Sattler, 1974, 2022b). This is an exam-
ple of heterotopy. Molecular geneticists refer to ectopic gene expression.

Since Goethe, who expounded the classical concept of the flower in his Meta-
morphosis of Plants (1790), almost endless debates about the nature of flowers 
have ensued. Many of these debates have been in terms of morphological cat-
egories such as caulome and phyllome. However, some authors took a more pro-
cess-oriented approach. According to anaphytosis, the theory of anaphytes, pro-
posed by Schultz (1843), who was also known as Schultz-Schultzenstein (1867), 
plant form is the result of branching and articulation that produces articles (ana-
phytes). These anaphytes can be understood as process combinations according 
to process morphology (Sattler, 2018, 2019). Thus, stamens and carpels can be 
seen as articles (anaphytes) or systems of articles, that represent unique process 
combinations not found in the vegetative region. Consequently, the questions 
whether stamens and carpels are leaf homologues and whether the flower is a 
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modified monaxial shoot are superseded. Toward the end of his life, Adriance S. 
Foster, Kaplan’s thesis director, accepted that “a theory, in some way analogous 
to that of anaphytes, was most valuable” (quoted by Cusset, 1982, p. 46). It can 
be updated in terms of process morphology (Sattler, 2018, 2019).

Although not referring to the theory of anaphytes, Claßen-Bockhoff (2016) 
also went beyond the classical interpretation of the flower when she concluded: 
“Flowers are sporangia bearing units rather than short shoots with floral organs.” 
These sporangia bearing units can be understood as branching systems with 
unique articles (process combinations).

A Broader and More Comprehensive View of Plant Morphology

To better understand the present situation of plant morphology, a knowledge of 
its historical development is very helpful. Kaplan was interested in the history of 
plant morphology, but his view was one-sided and incomplete. He wrote: “Plant 
morphology is largely a German science” (Kaplan, 2001). He ignored that French 
plant morphologists contributed as much or more to plant morphology than their 
German counterparts (see Cusset, 1982). And plant morphologists in other coun-
tries such as England, Russia, India, Japan, North and South America have also 
made very important contributions. Therefore, plant morphology cannot be con-
sidered largely a German science.

Kaplan noted that “the origin of plant morphology as a discipline can be dated 
by the appearance of his [Goethe’s] pivotal publication [in 1790]” (ibid.). Goethe 
coined the term “morphology,” and in 1790 postulated the identity of all lateral 
appendages, including those of flowers. However, Wolff (1768) came to a similar 
conclusion 22  years before Goethe. And A. P. De Candolle, a contemporary of 
Goethe, elaborated more comprehensive treatises on plant morphology than Goe-
the (see Cusset, 1982).

About German plant morphology, Kaplan wrote: “Despite its history of over 
two centuries, German plant morphology has had only four principal figures 
who were significant in its development: Johann Wolfgang von Goethe, Wil-
helm Hofmeister, Karl von Goebel, and Wilhelm Troll.” Although these botanists 
have made extensive contributions to plant morphology, others such as Walter 
Zimmermann have also made highly significant contributions that were not in 
line with Troll’s typology favoured by Kaplan. Schultz (1843), also known as 
Schultz-Schultzenstein (1867), elaborated his theory of anaphytes (anaphytosis) 
that transcends morphological categories because plants are described in terms 
of the processes of branching and articulation (see Sattler, 2018, 2019). Schultz-
Schultzenstein (1867) was highly critical of Goethe’s theory of metamorphosis. 
But Goethe himself also expressed doubts about the type concept that was so 
central to his morphology. He wrote that “this idea [of the type] which I prize 
so much, can be considered as a conducting thread facilitating discoveries, but 
that it is of no help in determining particular cases, and in fact is a hindrance” 
(quoted by Cusset, 1982, p. 27). Goethe also anticipated Arber’s Partial-Shoot 
Theory of the Leaf when he wrote: “When leaves divide, or rather when they 
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advance from their original state to diversity, they are striving toward greater 
perfection, in the sense that each leaf has the intention of becoming a branch” 
(quoted by C. J. Engard in Mueller, 1989, p. 10). Most of all, Goethe empha-
sized that “the researcher should not confine himself within one uniform mode 
of explanation” (quoted by Cusset, 1982, p. 27). But his followers such as Troll 
and Kaplan have narrowed him down to one mode of explanation in terms of the 
type concept of classical morphology, according to which plants consist of roots, 
stems, and leaves in prescribed positions. French morphologists such as Casimir 
De Candolle, Baillon, Clos, and others provided evidence for alternative views of 
plant form, emphasizing a continuum between the categories (see Cusset, 1982). 
Ganong (1901), a Canadian-American botanist, who was president of the Botani-
cal Society of America, expressed a principle of gradation between morphologi-
cal categories that superseded the constraints of classical morphology. Laevitt 
(1909), an American Harvard-educated botanist, introduced the principle of 
homeosis to plant morphology and thus demonstrated that positional relationships 
are not necessarily fixed. And the list goes on (see Cusset, 1982). This shows that 
the views of Kaplan were very narrow and one-sided. Yes, they illuminate one 
aspect of plant morphology but ignore so many others. Rutishauser and Sattler 
(1985) underlined the complementarity of different, even contradictory views.

Claβen-Bockoff (2001) presented an exposition of three very different views 
of morphology in the twentieth century: those of Wilhelm Troll, Walter Zimmer-
mann, and Agnes Arber. Kaplan almost completely ignored those of Zimmermann 
and Arber and considered them unimportant. Zimmermann (1959) is mainly known 
as the founder of his telome theory (for an extension see Sattler, 1998). But more 
generally, he advocated a dynamic morphology that emphasized the importance of 
heteromorphy, heterotopy, and heterochrony for the evolution of novel plant forms. 
Furthermore, he emphasized hologeny, which means that phylogeny is a succession 
of modified ontogenies. In this sense, Zimmermann can be considered a forerunner 
of modern evolutionary developmental plant biology (plant evo-devo). Arber (1950) 
went beyond the limitations of the categorical approach of classical plant morphol-
ogy (see Rutishauser & Isler, 2001).

Besides Arber, there were other important plant morphologists in England such 
as E. J. H. Corner and C. W. Wardlaw. In Russia Takhtajan and Meyen made very 
important contributions to our understanding of the evolution of plant form. Takhta-
jan (1972) distinguished the following three processes for the evolution of morpho-
logical novelty: prolongation, abbreviation, and deviation. Neoteny is the combina-
tion of terminal abbreviation and deviation. Meyen (1987) presented many original 
insights into plant morphology and its methodology. In India V. Puri, B. G. L. 
Swamy and others made important contributions to our understanding of plant form, 
and so did F. Maekawa, H. Tsukaya, and others in Japan and L. Croizat in Cara-
cas, Venezuela, through his Principia Botanica (1960) and other publications. Hence 
Kaplan’s characterization of plant morphology as “largely a German science” seems 
indeed one-sided and incomplete.
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Conclusions

Kaplan’s monumental book presents a wealth of well-organized morphological data. 
These data are interpreted in terms of classical morphology, which postulated a trin-
ity of mutually exclusive categories (root, stem (caulome), and leaf (phyllome)) and 
the phyllomic homology of all lateral appendages, including those of flowers. For 
classical morphology Kaplan’s book is a milestone of enormous significance that 
needs to be celebrated.

Classical morphology has one of its roots in Goethe’s Metamorphosis of Plants 
(1790), which postulated the essential similarity of all lateral appendages and the 
fixity of positional relationships within a static ground plan. Many innovations in the 
way we view and interpret plant form have been made since the publication of Goe-
the’s Metamorphosis of Plants. Even Goethe himself surpassed his Metamorphosis 
of Plants (see Arber, 1946; Sattler, 2018). However, Troll, Kaplan, and many other 
morphologists remained locked in the conceptual framework of the Metamorphosis 
of Plants. Although this framework is useful, there are many plants that do not fit 
into it, for which we need a more comprehensive framework of continuum and pro-
cess morphology that is supported by morphological, mathematical, and molecular 
genetic analyses.
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