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The Systematic Significance of Seed Morphology in Portulaca 
(Portulacaceae) under Scanning Electron Microscopy 

JAMES F. MATTHEWS and PATRICIA A. LEVINS 

Department of Biology, University of North Carolina, 
Charlotte, North Carolina 28223 

ABSTRACT. Seeds of seven southeastern and one southwestern United States species of Portulaca 
were examined with the scanning electron microscope. Some species could be characterized by the 
external seed morphology while others could not. Those species with the largest geographical 
ranges and ecological diversities showed the greatest variation in morphology. Comparisons be- 
tween species often showed significant overlap of morphological characteristics. Seed morphology 
in Portulaca can be used as a taxonomic trait, but should be combined with other traits for the 
diagnostic determination of species. 

Since Davis and Heywood (1963) proposed 
seed morphology as a potential taxonomic 
character, an increasing number of papers have 
reported on the scanning electron microscopy 
of seed surface patterns. Brisson and Peterson 
(1976, 1977) provide a complete bibliography 
through 1977. 

In general, the findings until now have sup- 
ported the following groupings regarding seed 
surface taxonomic implications. 

1. Intrageneric consistency complete, so that 
seed surface characters are predictable from 
species to species (Chuan and Heckard 1972; 
Hill 1976; Clark and Jernstedt 1978; Crow 
1979). 

2. Intrageneric consistency high, some species 
variability (Newell and Hymowitz 1978; 
Canne 1979, 1980; Wofford 1981; Elisens and 
Tomb 1983; Chance and Bacon 1984). 

3. Intrageneric variability of some species, re- 
lated to ecological conditions (Hauptli et al. 
1978). 

4. Intraspecific variability, showing different 
expressions over geographical range and 
ecological conditions (Wyatt 1984; Mat- 
thews and Levins 1985a). 

5. Intraspecific consistency, involving subspe- 
cies, related to ploidy level (Danin et al. 
1978). 

These varied findings have resulted in the 
following conclusions, listed in historical se- 
quence. 

1. SEM photographs have not provided suffi- 
cient evidence to sustain a taxonomic inno- 
vation not held before (Brisson and Peterson 
1976). 

2. A distinctive seed coat morphology usually 
allowing identification of species solely on 
the basis of seed characters (Clark and Jern- 
stedt 1978). 

3. Both inter- and intrapopulational variation; 
some species monomorphic and some poly- 
morphic with small populations tending to 
be monomorphic and widespread taxa poly- 
morphic (Hauptli et al. 1978). 

4. Seed morphology being subject to the same 
uncertainties and ambiguities as any other 
morphological attribute used in taxonomic 
studies (Newell and Hymowitz 1978). 

5. Monomorphic seeds with variation in those 
species with the largest distribution (Canne 
1979). 

6. External seed morphology distinctive and 
valuable for species distinctions (Wofford 
1981). 

7. High levels of infraspecific variation sug- 
gesting caution in using SEM-level features 
to characterize species or taxa (Wyatt 1984). 

8. Species specific seed coat morphologies that 
do not correspond well with the more clas- 
sical treatments and suggest a restructuring 
of the intrageneric and even the generic tax- 
onomy (Chance and Bacon 1984). 

9. Variability in seed surface patterns occurs 
within geographic regions and within the 
species (Matthews and Levins 1985a). 

A recent study (Matthews and Levins 1985a) 
concentrated on the variation in seed surface 
morphology of Portulaca pilosa over its south- 
eastern and southwestern United States range. 
The present report will analyze the six other 
species occurring in the southeastern United 
States, which constitute the seven southeastern 
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species of Portulaca (Matthews and Levins 
1985b), plus one species from the southwest. 

MATERIALS AND METHODS 

Seeds were examined from dried specimens 
from the following herbaria: ALU, ASTC, DUR, 
FLAS, FSU, G, GA, JSU, KNK, KY, LAF, LL, 
MO, NCU, NLU, NO, NY, SMS, SMU, TENN, 
TEX, UARK, UNA, UNCC, US, USAM, USCH, 
USF, VDB, VPI, VSC, and WILLI. Representa- 
tive specimens from which seeds were taken 
for microscopy are listed in table 1. For the 
electron microscope, seeds were sputter coated 
with gold-palladium on a Hummer V and 
viewed at 100 x with a Jeol JSM-35CF scanning 
electron microscope. 

RESULTS AND DISCUSSION 

Seeds were examined with a 10 x handlens 
to determine whether the surface was smooth 
or rough. At 25 x, tubercles could be seen on 
the dorsal spine and the lateral surfaces could 
be determined to be smooth or rough, the tu- 
bercles producing the rough surface. However, 
the relation of the tubercles to the remainder 
of the surface cells was not easily detected. In 
addition, the seeds of some species were cov- 
ered with an iridescent coating which often ob- 
scured the surface patterns. To better interpret 
the primary and secondary structures of the 
seeds, they were examined at 100 x with an 
SEM. 

Using the classification of Barthlott (1984) for 
the microstructural features of the seed sur- 
faces of Portulaca, the primary structure of the 
anticlinal walls of the isodiametric seed coat 
cells is S-undulate (in earlier reports, Matthews 
and Levins 1985a and 1985b, the term "stellate" 
was used to describe the S-undulate pattern). 
The secondary structure exhibited by the seeds 
is produced by channelled anticlinal walls, with 
periclinal walls varying from flat (smooth sur- 
faces) to convex, to papillate, to tuberculate. 

Portulaca oleracea. The most widespread 
species of Portulaca in the southeast, as well as 
in the world, is P. oleracea L., a species with 
yellow flowers, flat leaves and sparse pubes- 
cence. Legrand (1962) reported that the sur- 
faces of P. oleracea seeds varied widely. Danin 
et al. (1978) demonstrated a correlation be- 
tween ploidy level and seed coat morphology 
of P. oleracea. Seed surfaces of this taxon (figs. 

TABLE 1. Voucher data for representative speci- 
mens of Portulaca used for SEM studies. 

Fig. 1. P. oleracea L. Alabama: Mobile Co., 26 Aug 
1965, Deramus D732 (ALU). 

Fig. 2. P. oleracea L. Louisiana: Rapides Parish, 19 Jul 
1979, Pias 4345 (NLU). 

Fig. 3. P. pilosa L. Florida: Citrus Co., 13 Aug 1958, 
Kral 7825 (NY). 

Fig. 4. P. pilosa L. Arkansas: White Co., 14 Oct 1974, 
Demaree s.n. (GA). 

Fig. 5. P. pilosa L. Oklahoma: Cimarron Co., 4 Aug 
1977, Taylor 25255 (NLU). 

Fig. 6. P. pilosa L. Texas: Brewster Co., 23 Aug 1970, 
Semple 408 (MO). 

Fig. 7. P. umbraticola Kunth. South Carolina: Lancas- 
ter Co., 25 Sep 1973, Hatley and Sowers s.n. (UNCC). 

Fig. 8. P. rubricaulis Kunth. Florida: Lee Co., 21 Jul 
1954, Cooley 2316 (G). 

Fig. 9. P. retusa Engelm. Texas: Williamson Co., 16 
Aug 1961, Walker 73 (TEX). 

Fig. 10. P. smallii P. Wilson. Georgia: Hancock Co., 
22 Oct 1952, Duncan 14481 (VSC). 

Fig. 11. P. amilis Spegaz. Georgia: Echols Co., 23 Aug 
1961, Faircloth 4786 (VSC). 

Fig. 12. P. grandiflora Hooker. South Carolina: Ker- 
shaw Co., 6 Oct 1957, Radford 30004 (NCU). 

1, 2) from the southeast show that the surfaces 
vary from nearly smooth to very granulate. Tu- 
bercles on the dorsal spines are minute or in- 
distinct. While Legrand (1962) questioned the 
use of seed surface texture as a character to de- 
lineate varieties of P. oleracea, Danin et al. (1978) 
used seed size and seed coat morphology to 
describe nine subspecies. Cytotaxonomic com- 
parisons of these subspecies showed that each 
had a fairly distinct distribution which may in- 
dicate their specialization to certain climatic and 
edaphic conditions. Although there was some 
subspecific variation in seed coat morphology, 
seed size and/or ploidy level were used to as- 
sist in the final identification. In our examina- 
tion of P. oleracea, no attempt was made to de- 
termine how many of their subspecies could be 
identified in the southeastern United States, 
only that variation within P. oleracea was clear- 
ly evident. Our figure 1 is their P. oleracea subsp. 
nitida, figure 2 is their subsp. granulato-stellula- 
ta. 

Portulaca pilosa. Portulaca pilosa L., the sec- 
ond most common species in the southeast, ex- 
hibits a wide variation in seed surface and tex- 
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FIGS. 1-6. Scanning electron micrographs of seeds of Portulaca. Scale = 100 ,um. 1. S-undulate surface 
pattern of P. oleracea. 2. Granulate pattern of P. oleracea. 3. S-undulate pattern of P. pilosa with short 
tubercles. 4. S-undulate pattern of P. pilosa with rounded tubercles. 5. S-undulate-smooth pattern of P. 
pilosa. 6. S-undulate-tuberculate pattern of P. pilosa. 
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ture. Portulaca pilosa has red to purple flowers, 
terete leaves, and is densely pubescent. Nu- 
merous plants were examined from Florida, the 
Gulf Coast and westward into Texas, Okla- 
homa, Arkansas, and Missouri. The detailed re- 
sults of this study have been reported else- 
where (Matthews and Levins 1985a), and are 
briefly summarized here. 

In Florida, P. pilosa seeds have smooth to pa- 
pillate lateral surface patterns and secondary 
tubercles on the dorsal spine (fig. 3). The Gulf 
Coast examples are very similar to those of 
Florida, but may have a reduction in tubercles 
on the dorsal spine. Specimens from northern 
Texas, Arkansas (fig. 4), Oklahoma (fig. 5), and 
Missouri exhibit fewer dorsal tubercles but re- 
tain the smooth to papillate lateral surface. In 
west Texas, an area of diverse habitats, surface 
texture varies from very tuberculate on both 
the spine and lateral surfaces (fig. 6) to few 
dorsal spines and lateral tubercles (figs. 4 and 
5). We have interpreted these variations as re- 
sponses correlated with ecological conditions, 
with a reduction in tubercles in dry habitats. 

Geesink (1969), in a study of the portulacas 
of Indo-Australia and the Pacific, commented 
on the variability of P. pilosa, characterizing it 
as a very complex species into which he syn- 
onymized about 60 names. However, he did 
recognize eight subspecies which probably 
were originally geographically separate, but 
now through the activity of man are inter- 
mixed. For the American taxa, he stated that 
there were some 150 names recognized by von 
Poellnitz (1934) and Legrand (1962) that should 
be subordinated to the P. pilosa complex. 

From these conclusions regarding P. pilosa, 
the characterization of seeds from specimens 
that do not represent the total range of a species 
may provide misleading concepts of the species 
by giving improper weight to only one type of 
seed morphology. This is not to say that seed 
coat morphology is not a good taxonomic char- 
acter, but rather that it should be considered in 
combination with other morphological traits. 
Unfortunately, in some families and genera, 
particularly the succulent ones which do not 
make good dried specimens, there is a tenden- 
cy to rely on a single feature, such as a hard 
seed coat, as a primary character for identifi- 
cation. The following comparisons illustrate the 
potential problems by pairing similar seeds of 
different species of the southeastern portulacas. 

Portulaca umbraticola. Portulaca umbraticola 

Kunth (fig. 7) is easily identified by its yellow 
to orange flowers, flat leaves, sparse pubes- 
cence, and a membranaceous wing on the cap- 
sule. However, the seeds of P. umbraticola more 
closely resemble the tuberculate specimens of 
P. pilosa (fig. 6) although the tubercles are not 
quite as strongly developed. 

Portulaca rubricaulis. The flattened surfaces 
of the seeds of the yellow- to orange-flowered, 
terete-leaved, pubescent P. rubricaulis Kunth (fig. 
8) approximate those of P. pilosa from western 
Oklahoma (fig. 5). However, mature P. rubricau- 
lis seeds are gray or brown while those of P. 
pilosa are black. 

Portulaca retusa. Portulaca retusa Engelm. is 
closely related to P. oleracea (e.g., yellow flow- 
ers, flat leaves, and sparse pubescence), but dif- 
fers from it by retuse leaves and a highly tu- 
berculate seed coat. The distribution for P. 
retusa, derived from the specimens we exam- 
ined, is limited to central and west Texas, and 
Oklahoma. Steyermark (1963) lists P. retusa from 
Missouri, but we saw no specimens from there. 
It has been assigned to Arkansas (Steyermark 
1963; Correll and Johnston 1970), but Smith 
(1978) questions its presence, based on lack of 
documentation. A comparison of the seeds of 
P. retusa (fig. 9) with the highly tuberculate 
seeds of P. pilosa from the Big Bend and south- 
central Texas (fig. 6) shows a striking similari- 
ty. We are not suggesting a relationship be- 
tween two species with very different flower 
colors, leaf shapes, and pubescence, but merely 
a similarity in seed coat morphology. Danin et 
al. (1978) in their characterization of nine sub- 
species of P. oleracea, described one, subsp. im- 
polita (Type: Texas: Hartley Co., sandy soil along 
Punta de Agua Creek, between Romero and 
Middle Water, 9.X.1964, Correll 30330, holotype 
UC; isotype, GH) that has a seed coat mor- 
phology very similar to that of P. retusa. The 
range of P. oleracea subsp. impolita given by 
Danin et al. overlaps our observed Texas dis- 
tribution of P. retusa. A study of P. oleracea and 
P. retusa should be made to determine whether 
the taxon now called P. retusa is a distinct species 
or falls within the range of P. oleracea. 

Portulaca smallii. Portulaca smallii P. Wilson 
(fig. 10) is a red-flowered, terete-leaved, pubes- 
cent endemic of the granitic outcrops of the 
southeast. Seeds of P. smallii and P. pilosa were 
similar in morphology (fig. 3). Portulaca smallii 
is separated from P. pilosa by its ecological niche 
and consistently large (0.6-0.85 mm) elongate 
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FIGS. 7-12. Scanning electron micrographs of seeds of Portulaca. Scale = 100 Am. 7. S-undulate-tuber- 
culate pattern of P. umbraticola. 8. Lightly S-undulate-smooth pattern of P. rubricaulis. 9. S-undulate-tuber- 
culate pattern of P. retusa. 10. S-undulate-tuberculate pattern of P. smallii. 11. S-undulate pattern of P. 
amilis. 12. Lightly S-undulate-dorsally tuberculate pattern of P. grandiflora. 
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seed. All of the granitic outcrop specimens la- 
beled P. smallii had seeds larger in size than any 
of the P. pilosa seeds that were measured. 

Portulaca amilis. The small seeds of P. amilis 
Speg. have very smooth lateral surfaces and 
no tubercles (fig. 11). Over its southeastern 
geographical range very little seed surface 
variation is found. The identification of this 
red-flowered, flat-leaved, pubescent, newly in- 
troduced southeastern species (Judd and Wun- 
derlin 1981) and the hypothesis of its intro- 
duction and spread (Matthews and Levins 
1985b) suggest a reason for the lack of vari- 
ability. Being introduced into the United States 
within the past 50 years from South America, 
probably from only a few seeds, the southeast- 
ern gene pool of P. amilis may be small. 

Portulaca grandiflora. The final species is P. 
grandiflora Hook., the common rose moss of rock 
gardens, with variable flower colors, terete 
leaves, and pubescence. Limited herbarium 
specimens of this species, as escapes from cul- 
tivation, were available for study. The large 
seeds (0.75-1 mm) are smooth, except for dorsal 
tubercles (fig. 12). Our limited sample may not 
represent the total range of variability in this 
widely cultivated species, so comparison with 
the native and naturalized noncultivated 
species is not helpful. 

CONCLUSION 

As shown in the introduction to this study, 
there are indications that variability in seed 
surface morphology may be linked to diversity 
in geography, ecology, and ploidy level. In Por- 
tulaca, it may be that all three factors affect the 
expression of the surface morphology. Seed coat 
morphology is a useful character, one that needs 
to be included as part of the description of the 
species. However, it does not appear to be di- 
agnostic for each species, so must be combined 
with other taxonomic characters in determin- 
ing the systematic relationships within the ge- 
nus. 

It is unfortuate that seed coat morphology is 
not reliable at the species level, since deter- 
minations are often difficult from herbarium 
specimens. However when other features are 
lacking, this has been used, often with mixed 
results. With some familiarity of Portulaca and 
the morphological traits that assist in identifi- 
cation of species, the seed coat can be helpful. 
In Portulaca, taxonomic decisions become in- 

creasingly more accurate when the data avail- 
able include the leaf morphology, vestiture of 
the stem and inflorescence, flower color, cap- 
sule structure, and seed morphology. Decisions 
are less accurate as these characters are less 
available. Working with difficult taxa like Por- 
tulaca is easier when herbarium label data in- 
clude some of the more transient features, such 
as flower color, or comments on the ecological 
conditions of the habitat. 
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Announcement 
International Organization of Plant Biosystema- 
tists. The Executive and Council of the Internation- 
al Organization of Plant Biosystematists (IOPB) will 
meet during the IOPB 1986 Symposium, "Differen- 
tiation Patterns in Higher Plants", Zurich, Switzer- 
land, 13-18 July 1986. Anyone wishing to place an 
item on the agenda for discussion should write to 
Dr. Liv Borgen, Secretary, IOPB, Botanical Garden 
and Museum, Trondheimsveien 23B, N-OSLO 5, 
NORWAY. 

Information on participation may be obtained from 

the Chairperson, Dr. Krystyna Urbanska, Geobota- 
nisches Institut, ETH, Stiftung Rubel, Zurichberg- 
strasse 38, CH-8044, ZURICH, SWITZERLAND. 

IOPB publishes the IOPB NEWSLETTER. Infor- 
mation for the IOPB NEWSLETTER may be sent to 
the Editor, Dr. Krystyna Urbanska. 

Application forms for membership in IOPB may 
be obtained from the Secretary by sending US $25 
(for the period 1983-1987) directly to the Secretary- 
Treasurer of IOPB, Dr. L. Borgen at the above ad- 
dress. 
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