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Fruits of Pol))~onaccae ha\T a basically similar construction of indchiscent nuts or achcnes. 
Sections of fruits. coupled \\ith mrface patterns were studied with SEC\1 and L:.l in all genera 
of the tribes Pcrsicarieae and Polygoneae (Polygonoideae-Polygonaceac). The outer laver of 
the pericarp is usually thickened and its anatomy can be ust'd consistently to delimit genera 
more than anv other character of the fruit. Cells are most often puzzle piece-shaped in 
surface view, but the shape of the cells may become polygonal with straight anticlinal "ails 
towards the endocarp. The primary sculpture of the cells is high~\' \·ariable and has \·alue at 
the' specific lc\·eL rarelY at the generic le\-eL :'\o strict correlation exists bet\H'en the external 
surface patterm and the anatomy. Two main cell types can be recognized in cross- and 
longitudinal section, correlated with the straight or undulating outline of the anticlinal walls. 
~o distinction can be made bet\H'en sections Prniraria. Tomra, Erhinocaulun, and C'ephalophilun 
of the genus Prniraria: all share narrow rectangular cells with undulating anticlinal walls. 
Aronogunon and Bislorta can be delimited bv the square to rectangular cell> with a natTO\\. 
dichotomously branching lumen and straight anticlinal walls: both genera are best grouped 
as a single genus with t\\ o sections. :\ similar arrangement is found occasionall:• in species 
of Pobgonum '· 1 .. Pof;gonella. Atraphaxis. Fa!!opia and Calligan urn. Fruit anatom\· of Ptrroppwn is 
distincti\T. The genus Pof;gonum .u. shows a wide range of integrating patterns. ranging from 
straight to undulating anticlinal \valls and cannot be separated from Pof;:gouella. Fagap]mnl is 
aberrant in ha\ ing a parenchymatic exocarp and a thickened mesocarp: other C\·idencc 
supports its isolated position. Different fruit anatomical patterns ha\T arisen "'\Tral times in 
evolution and ha\c a limited \alue at triballewl but are useful at generic lcYC\. It is suggested 
that an arrangement \\·ith straight anticlinal \\·ails and a broad lumen. e\Tntualk "·ith 
dendritic branching lfm ards the periphery. is ancestral. 
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INTRODUCTION 

Subdivision of the large, heterogeneous genus Polygonurn into a number of smaller, 
more natural units is a current necessity with a number of recent proposals (cf. 
Haraldson, 1978; Ronse Decraene & Akeroyd, 1988; Hong, 1992). This paper is 
the second in a series aiming to critically analyse and improve the delimitation and 
infrageneric relationships of tribes Persicarieae and Polygoneae presented by Ronse 
Decraene & Akeroyd (1988). In a previous investigation, Hong, Ronse Decraene & 
Smets (1 998) studied the adaxial tepal epidermis of a number of species belonging 
to both tribes. Two main types could be recognized, corresponding to the tribes 
Persicarieae and Polygoneae, plus a third type of papillose cells, shared by some 
species of Fqopyrurn and Oxygonurn. 

Classification of Persicaria at the sectional level is still not fdly clarified, and 
recognition of genera such as Aconogonon, as accepted by Hong (1 992), and Bhtorta, 
separated from Persicaria, needs further investigation. The affinities of Pobgonella to 
Pobgonurn S.S. have been recently investigated by Rome Decraene, Hong & Smets (in 
press); palynology, fruit anatomy, and the general flower structure are overwhelming 
evidence €or treating Pobgonellra as a section of Polygonurn. 

The taxonomic value of fruit morphology has been recognized early (see e.g. 
Marek, 1954, 1958; Kanai, Takeno & Taniguchi, 1983; Wolf & McNeill, 1986; 
Yang, Li & Wang, 199 1; Hong, 1992, 1993; Hedberg, 1997), although fruit characters 
have mostly been investigated locally for a limited number of taxa and not at the 
level of entire tribes. In order to increase our knowledge of fruit morphology and 
anatomy in Pohgonurn s.1. and critically assess the classification of Ronse Decraene 
& Akeroyd (1 988), we studied a representative number of species of tribes Persicarieae 
and Polygoneae. 

General description OfJiUit in Polygonaceae 

Fruits of Polygonaceae are invariably indehiscent achenes or nuts formed by three 
carpels (pyramidal or triangular: Figs 2 1, 36, 55,60,6 1, 70) or two carpels (lenticular 
fruits: Fig. 16). Rarely, there are four carpels, which is a constant feature for the 
genus Calligonum. The number of styles or stigmatic lobes corresponds with the 
number of carpels. The fruit is enclosed by the persistent perianth, which may play 
an important role in the dispersal mechanisms. For example, the tepal lobes can 
become accrescent and covered with hooks in Rurnex and Ernex. In Persicaria sect. 
Touara tepals are undifferentiated but dispersal occurs through the hooked persistent 
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Figures I, 2. Fig. I. Schematic LS fruit of Polygonaceae. Fig. 2. Details of transverse section (TS) and 
longitudinal section (LS) of pericarp. Different shapes are shown for cxocarp cells in TS and LS. 
However, both sections are similar for a given species. 

styles (Fig. 16). In Persicaria lapathijolia (sect. Persicaria) the vasculature of the dis
integrating tepals enclosing the fruit functions as an agent of dispersal, developing 
as anchor burrs (Wisskirchen, 1991 ). 

The morphological configuration of the fruit (an achene) is relatively simple and 
basically similar in all Polygonaceae (Fig. l; e.g. Dammer, 1893; Graham & 
Wood, 1965; Roth, 1977; Brandbyge, 1993). The three or two carpels enclose an 
orthotropous ovule arising from the apical meristem of the flower. V au tier ( 1949) 
studied the vascular arrangement of several taxa using a clearing treatment for 
whole flowers. The vasculature in the ovary is represented by three dorsal traces 
running into the styles; they are located in the mesocarp and may be flanked with 
marginal traces. The single placental trace (rarely three, as in Fagopyrum) is well
developed. The vasculature is sometimes interrupted (especially in younger stages) 
by a non-lignified zone at the level of the hypostase (Figs I, 4). There has 
been discussion in the past about the origin of the free-central placentation (e.g. 
Laubengayer, 1937; Vautier, 1949). While the ovule develops as a seed, the carpel 
wall differentiates as the pericarp (Figs 1, 2). 

The most conspicuous feature of the pericarp is the exocarp or epidermis, which 
is sclerified in most cases (Figs l, 2). The young fruit consists of a well developed 
exocarp (epidermis), several layers of parenchymatous mesocarp cells (sometimes 
subdivided in an outer and inner portion, depending on the inclusion of cell contents) 
and an endocarp. During maturation the inner layers of the fruit wall (mesocarp 
and endocarp) become mostly flattened or destroyed. Only the exocarp increases 
in size and becomes heavily sclerified. Thickenings most commonly occur on the 
anticlinal (radial) walls, but not on the inner tangential (periclinal) walls. As thickening 
of the anticlinal walls increases from the inner tangential wall to the outer, the 
lumen often takes a triangular to trapezoid shape in section. The thickening is often 
U-shaped or horseshoe-shaped (cf. Roth, 1977). Very often small canals branch 
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from the triang-ular lumen into the surrounding sclcrenchymatous tissue. Due to 
space constraints the anticlinal ·walls can become Yariously conYoluted or bent in 
cross- or longitudinal sections (Fig. 2). As com·olutions of the anticlinal walls may 
also occur tang-entially this gin-s the cells a star- or puzzle piece-shape in surface 
view or in paradermal section, or the cells appear polygonal if no com-olutions 
occur. Shifts in shape may occur within the cells from the periphery to the mesocarp 
(cf. Lonay, 1922). The outer surface of the epidermis represents interesting systematic 

• characters, as emphasized by Barthlott ( 1981, 1990). Barthlott distinguished between 
primary cell sculpturing (including cell shape, cell boundaries and curYature of outer 
periclinal wall). secondary sculpturing (including microscopic sculpturing of an 
often cuticular nature), and tertiary sculpturing (epicuticular wax secretions). These 
characteristics apply equally for the fruit surfaces of Polygonaceac, which can be 
highly variable. HowcYer, in the past the descriptiYe terminology has often been 
yague, ill-defined and sometimes technically incorrect ( cf. Wolf & 1\fc:"-J eill, 1986). 
SE:J\1 studies reyeal smooth, pitted surfaces, surfaces with a reticulate thickening, or 
surfaces covered with tubercles (Fig. 2). Wolf & McNeill (1986) recognized four 
surface patterns: smooth, roughened, papillose and striate-papillose. The achenc 
can sometimes be supplied with spines and wings (e.g. Fagop;Turn giraldii, O)(_ygonum, 
Pteropyrum). 

Seeds are small and the testa is reduced to the outer integument with little 
specialization. The seed develops an outer layer of rectangular cells (cxotesta), 
surrounding a mealy or horny endosperm and embryo. The embryo is mostly 
straight with incumbt>nt cotyledons and is positioned excentrically in one corner of 
the seed. The outer layer of the endosperm is differentiated as a nutritional layer 
(Neubauer, 1971 ). which is a rare feature in dicotyledons. Seed and fruit de\·elopmcnt 
arc little knmm in Polygonaccae :corner, 1976), except for detailed studies by 
Neubauer (1971) on Per.1iraria penn:y>lvanica and Lonay (1922) on Po{vgonum m·iculare. 
Corner (1976) was uncertain whether the seeds arc truly exotestal or merely 
undeveloped because they are enclosed in indehiscent syncarpous fruits. 

\L\TERL\L .\:\D .\!ETHODS 

The study of fruits was conductt>d mostly on material taken from herbarium 
specimens on loan from the follmving herbaria (abbreviations according- to Holmgren, 
Holmgren & Barnett, 1990): BOL, BM, BR, E, GB, K, LD, LV, S, and UPS. but 
also partly from pickled material. A list of all species and specimens im·estigated is 
provided in the Appendix. 

Figures 3 9. Fruib of Prnicaria sect. Persiraria (Figs 3-B} and sect. Rub1imw rFig. 9 '· Figs :). :i. (i, 8: 
SEJ\I. Figs c}, 7. 9: L:\1. Fig. 3. Lateral ,·ie,,· of mature fruit of P attenuata (:\lohoro .'JBBI with t\\istcd 
styles and globular fruit. Scale bar= l mm. Fig. +. P l'iscosa (Ryding 322). LS mature fruit: note thick 
pcricarp. Scale bar= I 00 f!rrL Fig. 5. P attmuata ssp. pulchra (.\lohoro 5B8). Detail of fruit outer surface 
with pits arrauged iu star-like pattern. Scale bar= l 0 !liTI. Fig. 6. P. l!rdmpiper ssp. mi(m(wjmm (H. Smith 
4 778). Detail of fruit outer surface with irregular ridges on anticlinal cell \Valls. Scale bar= l 0 fl!l1. Fig. 
7. P. acris (Rosas :162:. LS pcricarp. Scale bar= l 0 f!nL Fig. iL P mimtali.1 (Brumbach 6921 1. Detail of 
fruit outer surface "·ith tubercles more or less sn on anticlinal cell walls. Scale bar= l 0 f!m. Fig. 9. P 
u·allichii (Ronsc Deer. I :iLc. LS pcricarp .. \rrcl\1 points to dendritic branching of cell lumen. Scale 
bar= l 0 f!m. Abhrniations: cmb =embryo: ~s = cndospcrn1: ex= cxocarp: hY = lnvostrasc. 
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The following fruit characters were investigated: 

(1) External structure. This includes fruit shape (correlated with carpel number), 
presence versus absence of a beak (e.g. in Aconogonon camtandatum: Hong, 1992) on 
which the style is inserted, presence of one or more styles which are free or fused 
at the base, and whether fruits are stipitate versus non-stipitate (the achene can have 
a stalk or be sessile). 

(2) Pmanth structure (accrescent versus non accrescent). For example, in species of 
Fagopyrum the perianth persists as small basally inserted appendages, while the inner 
perianth whorl becomes strongly accrescent in Rumex. 

(3) Fruit surface patterns. We follow the terminology of Barthlott (1 98 1, 1990). Cell 
shape (primary sculpturing) is hardly visible externally, as cell boundaries are often 
unclear. Cells are most often isodiametric, rarely elongated (Fig. 28). Anticlinal walls 
are either straight or undulating, giving a puzzle piece-shaped pattern to the surface. 
At one extreme the anticlinal walls are not visible externally and the whole fruit 
surface is smooth (Figs 3, 10, 54, 60); in other cases the walls are collapsed and 
present as small pits lying radially around the cell (Figs 5, 17), as a continuous ridge 
or folds (Figs 6, 22, 24, 28, 30, 43, 51, 68, 78), or high walls giving a reticulate 
pattern to the surface (Figs 13, 46). Papillae (with a diameter below 10 pm: Figs 8, 
11, 13, 14, 71) or strongly developed tubercles (with a diameter exceeding 10 pm: 
Figs 37, 50,62) may be superimposed on the anticlinal walls, in some cases delimiting 
the boundaries of the cells when no ridge is visible (Fig. 37). In other instances the 
tubercles appear set in radial lines (Fig. 62; striate-papillose according to Wolf & 
McNeill, 1986). Papillae or tubercles are not necessarily linked with convoluted 
anticlinal walls, and their number may be variable. Ridges are not necessarily 
connected with the cell boundaries (Fig. 49). The outer periclinal wall of the cell is 
either flat (Figs 32, 46), or convex (Fig. 35), although this may be related to the 
collapsing of the wall. In Oygonum short trichomes are present (Fig. 74). 

The secondary sculpturing of the cell wall consists in some cases of longitudinal 
cuticular striae, which may be weakly or strongly developed (Figs 54, 59). The limits 
between micropapillae (which are part of the secondary sculpture according to 
Barthlott), papillae, and tubercles are a matter of degree. Epicuticular wax secretions 
are only occasionally present (e.g. Pobgonum undulatum, P minimum). 

(4) Anatomical structure ofperzcarp. In the simplest case we found one layer of cells 
aligned in parallel, the exocarp, resembling a palisade. These were normally stone 
cells, with a variable distribution of pit channels. Mesocarp and endocarp were 
often torn apart and were therefore mostly not included in the observations. 
Characters of testa and embryo were also not studied here. 

Exocarp cell shape (in longitudinal or cross section) was square (isodiametric), 
shortly rectangular, or elongated-rectangular. Anticlinal walls were either straight 
(resembling ‘corrugated sheets’: Figs 20, 23, 25, 26, 29, 48, 54, 58, 64, 66, 69, 72), 
or undulating (resembling ‘egg cartons’: Figs 7, 12, 15, 18, 19, 38, 44, 50, 57, 65, 
76, 78). Cell lumen size depends on cell wall thickening, which may be weak (limited 
to the outer tangential and radial walls, leading to a broad lumen: Figs 9, 42, 48, 
52, 56), trapezoid or triangular (narrowing towards the periphery: Figs 29, 41, 47, 
54, 63, 73), completely enclosed by thickenings (also with thickenings of the inner 
tangential wall: Figs 79, 80), or narrow with or without connection to the periphery 
(Figs 12, 19,57,64,65,66,69, 72, 76, 77). In addition the lumen may show branches 
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Figures 10- 15. Fruits of Persicnna sccl.. Echinc~caulon (1 0-1 2) and sect. Cephalophilon ( I  3 ~ 15). Fig5 10, 1 1. 
13, 14: SEM. Figs 12, 1.5: LM. Fig. 10. El pefoliuta (H. Smith 10000). Apical view of globular fruit. 
Scale bar= 10 mm. Fig. 11. El sieboldzi (Ohwi 2.569). Surface detail with tubercled anticlinal cell walls. 
Scale bar = 10 pm. Fig. 12. P hastato-.tagittata (Kanai 10383). LS exocarp. Scale bar = 100 pm. Fig. 13. 
P alutu (Hedberg s.n.). Fruit surface; polygons surrounded by tubercled wall. Scale bar = 100 pm. Fig. 
14. F! runcinatu (Ludlou & Sherriff 82.50). Dctail of fruit with shallow papillae on anticlinal ccll wails. 
Scale bar= 10 pm. Fig. 15. El capituta (PoIunin PL al. 5248). TS fruit. Scale bar= 10 pm. 
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Figures 16-19. Fruits of Persicaria sect. 7 k ~ a m .  Figs 16-18: SEM. Fig. 19: LM. Fig. 16. Mature fruit of 
II neojiltfonnis (Ohwi 331); fruit lenticular with long hooked styles. Scale bar= 1 mm. Figs 17-18. I? 
z~il;gzniana (Ronse Decr. 214 Lb). Fig. 17. Surface, with pits set in a star-like pattern. Scale bar= 10 pm. 
Fig. 18. TS pericarp showing cells with convoluted anticlinal walls and ‘swiss cheesc’-holes. Scale 
bar = 10 pm. Fig. 19. P uirginiuna (McDonald s.n.). LS fruit. Scale bar= 10 pm. 

or canals situated at the outer limits of the lumen and branching dichotomously or 
trichotomously (Figs 9, 23,25, 26,40,41,63,64,66, 73), or as dendritic ramifications 
along the anticlinal sides of the lumen (as a result of the convolutions of the wall: 
Fig. 65). As seen in paradermal (tangential) section the shape of the palisade may 
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change at different levels of the cell. Near the outer surface the cells often have 
undulating anticlinal walls (as discerned in surface view); towards the mesocarp the 
same cell may be polygonal with straight anticlinal walls. Howe\·er, in cross or 
longitudinal sections the anticlinal walls may appear straight, although undulating 
in surface view (e.g. Aconogonon, Bistorta, Fallopia, !Coenigia). One must distinguish 
between the undulations of the anticlinal walls seen in cross or longitudinal sections 
from those seen in paradcrmal section, confirming the existence of two different 
patterns. 

For examination of fruits, well-developed, mature flowers were selected. :Material 
was examined with the dissecting microscope, light microscope (LM) and scanning 
electron microscope (SEM). Most material from herbarium specimens was directly 
mounted onto aluminum stubs, coated and photographed as outlined below. A 
number of fruits was also treated with aerosol-OT (dioctyl sodium sulfosuccinate) 
following Erbar (1995) in order to compare dried fruits with rehydrated fruits. 
Sectioning of fruits was problematical, as the material was too hard to cut or became 
overstained. A solution to this was soaking the fruits in warm 10% KOH for a 
couple of hours, and the use of Stockwell's bleach (Schmid, 1977) to remove extra 
tannins .. Material was subsequently treated with aerosol-OT and stored in 70% 
ethanol before sectioning. 

Fruits collected from pickled material were prepared for the SEM as follows. 
Samples were dehydrated using formaldehyde-dimethylacetal (Gerstberger & Leins, 
1978). Critical point drying was carried out using a CP-Drier (CPD 030, Balzers). 
The dried samples and those taken from the herbarium specimens were mounted 
on aluminium stubs and coated with c. 30 mm layer of Au or Au/Pd before being 
studied under the SEM (JEOL T-20, JEOL-5200 and JEOL-6200), operating at 
15 kV, in Seoul, Reading and Leuven respectively. 

RESCLTS 

Tribe Persicarieae 

Genus Persicaria ~fill. [including sects. Persicaria (Mill.) Gross, Echinocaulon (Mcisn.) 
H. Gross, Cephalophilon (Meisn.) H. Gross, Rubrivena (M. Knil) S.-P. Hong, Tomra 
(Adans.) H. Gross] (Figs 3-19) 

In all taxa of Persicaria investigated except P wallichii (Fig. 9), the epidermal cells 
are considerably higher than wide in cross section, with sinuate anticlinal walls (Figs 
7, 12, 15, 18, 19). The thickness ofthe exocarp varies between 50 and 120 jlm. The 
surface is rarely smooth, often pitted along the cell walls or with anticlinal walls 
covered by papillae or tubercles. The lumen of the cells is very narrow, running 
straight towards the periphery and is without branching. 

Globular fruits are found in section Persicaria (Persicaria attenuata: Fig. 3, P viscosa: 
Fig. 4, P strigosa), or contrary to other sections the fruit is often elongated with a 
short beak (e.g. P acris), bicarpellate and with almost no stipe, embedded in the 
perianth bases (Fig. 4). The fruit surface pattern is almost smooth (eventually with 
small pits set radially around the cells: P attenuata: Fig. 5), with a variable number 
of papillae set on anticlinal ridges (P viscosum), in P hydropiper with the ridges following 
a longitudinal pattern (Fig. 6), or it consists of numerous tubercles delimiting 
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Figures 27-30. Fruits of Koenig/a. All scale bars= I 0 11m, except Fig. 27 =I 00 ~tm. Figs '27, 28, 30: 
SEM. Fig. 29: LM. Fig. 27-28. K islandica (Horsen 601). Fig. '27. Lateral view of mature fruit. Fig. 
28. Surface detail; elongated cells with folded anticlinal cell walls. Fig. 29. It: nejJa/en,/s (Einarsson el a!. 
3394). LS fruit wall. Fig. 30. K nummularijolia (Stainton 728). Surface detail. Abbreviations: es = 
endosperm; ex= exocarp; me= mcsocarp; pc = pcrianth; te =testa. 

individual cells (P bungeana, P orienta/is: Fig. 8). The cxocarp cells are narrowly 
rectangular (70-150 )1m thick), with undulating anticlinal walls and narrow un
branched lumina (Fig. 7). 

Fruits of sect. Echinocaulon are broadly triangular (e.g. Persicaria sieboldii, P hastato
sagittata), rounded to almost globular (Persicaria peifoliata: Fig. 1 0), shortly stipitatc, 
with a narrow beak. Tepals are not accrescent and shrivel at fruiting. Externally 
the surface consists of randomly grouped tubercles separated by small pits or deeper 

Figures 20-'26. Fruits of Awnogonon (Persicaria sect. Aconagonon) and Bistorta (Persiraria sect. Bistorta). All 
scale bars= 10 !liD. except Fig. '21 = I 00 jlm. Figs 20- 22, 24: SEM. Figs 23, 23, 26: L~l. Fig. 20. 
Section through pcricarp of A. molle var. rude (Ronse Deer. 642 Le). Fig. '21. Lateral view of fruit of 
B. jlurjlusella (Ludlow et al. 21115). Fig. 22. A. mo/le var. rude (Ronsc Deer. 642 Lc). Surface detail with 
folded puzzle piece-like cell walls. Fig. 23. B. grijjitlzii (Ludlow e/ a!. 13097). LS fruit. Fig. 24. B. 
macrophylla (H. Smith 10932). Surface detail. Fig. 25 . . A. hookeri (Smith 4172). LS fruit. Fig. 26. A. molle 
var. rude (Hooker & Thompson s.n.). Section of fruit. Abbreviations: es = endospenn: ex= cxocarp; 
me= mesocarp; tc =testa. 
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invaginations. The number of tubercles ranges from a few large papillae arranged 
on the anticlinal wall (R hartato-sagittata) to a high number of papillae grouped in 
polygons around depressions (R sieboldii: Fig. 11). Anatomically one finds similar 
exocarp cells as in previous section (Fig. 12). 

In section Cephalophilon one finds identical rectangular cells with undulating 
anticlinal walls (Fig. 15). The external fruit surface is constructed along the same 
pattern as in sect. Echinocaulon and consists of depressions (the periclinal wall of the 
cells) bordered by ridges covered with tubercles (P alatum: Fig. 13, with a reticulate 
pattern, P nepalensis). In Z? runcinata the papillae are weakly developed in a position 
similar to the tubercles in other species (Fig. 14). Tepals are not accrescent but are 
larger than in section Echinocaulon. Fruits are more elongated and rounded in outline 
with a short stipe. 

Section rOuara has bicarpellate lenticular fruits without beak and topped by two 
long styles with curved apex (Fig. 16). There is almost no stipe and the fruit surface 
is almost smooth, consisting of scattered small pits (in Z? ui@ziana: Fig. 17) or shallow 
depressions in rows (in P ne@lfonnis: Fig. 16), representing the collapsed anticlinal 
walls. In cross-section one finds a narrowly elongated exocarp with undulating 
tangential walls (Figs 18, 19). The mesocarp is loose and in some cases an endocarp 
of large cells is visible (mostly torn apart). The outer layer of the seed consists of 
darkly staining cells (Fig. 19). With the SEM one can observe holes in the undulating 
anticlinal walls which are connections between the lumina of adjacent cells. 

Section Rubrivenu was erected by Hong (1 993) to include two polymorphic species 
P wallichii Greuter & Burdet and P pinetorum (Hemsley) H. Gross. Ronse Decraene 
& Akeroyd (1 988) included P wallichii in their section Aconogonon (as Persicaria pohstachya 
(Wall. ex Meisn.) H. Gross). The exocarp of P wallichii consists of rectangular cells 
with straight anticlinal walls and broad ellipsoidal lumen, branching dichotomously 
towards the outer tangential wall (Fig. 9). External fruit morphology and fruit surface 
are illustrated by Hong (1 993). 

Aconogonon (Figs 20, 22, 25, 26) 
Data have been partly obtained from Hong (1989, 1992). In Aconogonon exocarp 

thickness varies between 30 and 65 pm. Fruits are trigonous, often with prominent 
ribs and almost no beak (except in A. campanulatum). Styles are short and topped 
with a cap-like stigma. The achenes are included, slightly exserted to well exserted 
above the persistent tepals. 

Fruit surfaces have cells with undulating anticlinal walls, and are smooth (A. 
coriarium), sometimes slightly rough with weak depressions (A. hooken; A. campanulatum, 
A. angustfolium), or with weak undulating ridges following the cell wall (A. molle: Fig. 
22); there is no secondary sculpturing and rarely dispersed epicuticular wax secretions 
(A. hooken). The pericarp is uniform in LM view with an exocarp of rectangular to 
square cells with straight anticlinal walls (Figs 20, 25, 26) and cylindrical lumina 
often branching dichotomously towards the outer periclinal wall. Dichotomous 
branching may be repeated (Fig. 26). 

Bistorta (Figs 2 1, 23, 24) 
Fruits are similar to those of Aconogonon with well developed ribs, but often more 

elongated (Fig. 21). There is virtually no stipe but the beak is well developed. Styles 
are short and topped with a cap-like stigma. The achenes are included, slightly 
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exscrted to well cssertcd abovr the persistent tepals. Fruit surfaces are smooth with 
tesselated cell outline, sometimes slightly pitted (B. pequsellu), rough with weak folds 
(B. grz$ithiz), or uith undulating ridges along the anticlinal walls (B. mucrophyllu: Fig. 
24). The exocarp consists of narrowly rectangular cells with straight anticlinal walls, 
and with a narrow lumen branching dichotomously towards the periphery (Fig. 23). 

Koenkia (Figs 27-30) 
Compared with Persicaria the exocarp anatomy of Kbenigiu is less elaborate and 

consists of one layer of more or less isodiametric cells in cross section (see also 
Hedberg, 1997). The cells show weak anticlinal thickenings delimiting a trapezoid 
lumen (Fig. 29). T h e  mesocarp is flattened. Fruits are either elongated or globular 
with a short beak; therr is a short stipe present (Fig. 27). The epidermal surface is 
either nearly smooth with inconspicuous ridges (K  nepalensis) or convolute with few 
to many folds on the anticlinal walls of the cells ( K  nurnmular$lzu, A’. zslandicu: Figs 
28, 30). In X islundicu the convolutions run in longitudinal rows and suggest an 
elongated shape of the cells (Figs 27, 28). Hedherg (1997) described the surface of 
the cells as smooth; otherwise his description corresponds with our data. 

Fugopyrum (Figa 3 1-35) 
Mature fruits of Fagopyrum are readily recognizable by their massive triangular 

body with well developed ribs and alternating depressions, a non-accrescent perianth 
which persists at the base of the fruit, and the short tripartite style split to the base 
with reflexed, persistent style branches and small stigmas (Fig. 31). Fruit surface 
patterning is non-differentiated and thin-walled, and consists of rectangular cells 
which are collapsed in dry state (Figs 32, 35). Cell size may differ between the ribs 
and the intervening regions ((Fig. 35). In section the pericarp consists of several 
layers (Figs 33, 34). The exocarp (epidermis) is thin-walled and isodiametric to 
rectangular in shape. The mesocarp consists of several cell layers: an outer mesocarp 
has small cylindrical cells occasionally becoming thickened towards the inner layers 
(Fig. 34), a transitional zone consisting of tannin-filled cells, and an inner mesocarp 
of parenchymatous cells containing starch. In other cases no thickenings are found 
(Fig. 33). There are several vascular bundles distributed in the mesocarp. The 
endocarp consists of larger parenchymatous cells disintegrating on the internal side 
of the fruit (Figs 33, 34). 

Tribe Polygoneae 

Pogonum L. s..s. [including sect. Pobgonum, Pseudomollia, Durmiu, Zphis, and 
Pobgonellu] (Figs 36--59) 

A detailed description of fruit structure and anatomy is given in Ronsc Decraene, 
Hong & Smets (in press). 

Fruits of sect. Pobgonum are variously included or exserted from the prrianth. The 
shape of thy fruit is ellipsoidal-pyriform, often unequally triangular with onc side 
broader than the othrr two, with a short stipe and long beak (Fig. 36). Styles are 
basally fused with c-apitate stigmas. Several species of sect. Polygonurn and somc of 
sect. Duruvia have a distinctively tubercled surface pattern. Tubercles may be 
equidistant and sparsely covering the fruit (e.g. I? hellurdi, P Pyuisetforme). crowded 
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314 L. P. RONSE DECRAENE ETAL. 

Fiprcs 31-35. Fruits of FagoFymm. All scale bars= 100 pm, except Fig. 32= 10pm. Figs 31, 32, 35: 
SEM. Figs 33, 34: LM. Fig. 31. R esculentum (Reekmans s.n.). Detail of mature fruit; three hooked 
styles with terminal stigmas clustered with pollen. Fig. 32. E cymosum (H. Smith 13315). Detail of 
collapsed cells on fruit surface. Fig. 33. R esculentum (Ronse Decr. 30 Le). TS fruit; scattered bundles 
in mesocarp, crushed endocarp and absence of inner space between opposite wall-layers. Figs 34, 35. 
F tataricum (Ronse Decr. 1335). Fig. 34. LS fruit and outer surface of fruit. Note the mesocarp with 
thickened walls. Fig. 35. Fruit surface with detail of interrib region. Abbreviations: en = endocarp; 
ex = exocarp; me = mesocarp (inner and outer); te = testa. 

on the anticlinal ridges (e.g. Pohgornurn achoreurn, fi erecturn: Fig. 37), or in longitudinal 
rows without connection to the anticlinal walls of the cells (e.g. P arenastrum, P 
auiculare: Fig. 36). Tubercles may be associated with pits, but never with superficial 

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/134/1-2/301/2557241 by guest on 20 M

arch 2024



h'KL'I'I' \ l O K P H O l . O ( ~ \ ~  . \ \ I1  .\S.\l ( ) l l Y  I I  PEKSIC:.\KIE.\I: .\S1) t'( )l,Y(;OXt,:.U, 

striae. In other species the fruit surface is smooth (e.g. II muritimu?rz) or the upper 
half of the fruit is tubercled and the lower half smooth (e.g. I? ovsfiermum, I? arenustrum). 
In the exocarp of sect. Pohgonum two kinds of cell structure were oliserved. In several 
species the anticlinal walls are strongly convolute with numerous folds and gaps in 
the walls (Figs 38, 44). The lumen of the cells is broadly rectangular with dendricular 
branching along the sides (e.g. P rumoJis.yimum, P tubulosunz, I? equiset$rme, R bellurdz). 
The exocarp is usually thick (above 60 pm). The second cell type consists of smaller, 
isodiarnetric or shortly rectaiiplar cells with a broad lumen, triangular to trapezoid 
in shape with the smallest side towards the periphery. The lumen is often dicho- 
tomously or trichotomously branching towards the periphery (Figs 39, 40; e.g. P 
oxypemum var. ruii, P u?vnustrum, P uzliculure). The exocarp is thinner (less than 40 pm). 
Some species havc exocarps that are intermediate between hoth types (e.g. P bellardi: 
Fig. 3.1)) depending on the origin of the material. 

II sect. %phis (with two species I? ufromontunum and R undulutum) is distinctive iri 
its lenticular cells with long styles and capitate stigmas. The fruit surface is almost 
smooth or the outer periclinal walls are curved with slightly undulating anticlinal 
walls filled with cpicuticular secretions (Fig. 43). In section, the exocarp consists of 
long rectangular cells (about 70 pm thick) with undulating anticlinal walls and a 
narrow lumen (Figs 44, 45). 

The fruit surface of P molliu~orme (sect. Pseudomolliu) is distincti1.e with a roughly 
reticulate surface formed by the straight anticlinal walls (Fig. 46) along the wings 
lining the beak of the fruit; the reticulation is more compact and is covered with 
tubercles in some places (see also Konse Decraene, Hong & Sinets, in press). 111 
section the exocarp consists of square cells with straight anticlinal walls and tangential 
lumina, similar t o  species of Pobgonella and sect. Duruuia (Fig. 47). 

II sect. Duruoia shows the same variability as sect. Polygonum. Smooth fruit surfaces 
are found in €? minimum and P puroychia. The fruit surface is almost smooth with 
low ridges (P  bolunderz] or with pits (P  shustense, P cul@rnicum) along the anticlinal 
walls depending on the material, and there is an occasional superficial cuticular 
striation present. The fruit surfact. of P polYga1oide.r s.1. (including P kellogii, P 
con)rttjlorum) is the most distinctive and shows a reticulation of longitudinally running 
ridges bridged at regular intervals (Fig. 49). These ridges do not necessarily correspond 
with the anticlinal cell walls. rl doucqlusii and P tenue are polymorphic in having some 
materials with a smooth surface and others with tubercles more or less following 
the anticlinal walls (Figs 50, 51, 53). The exocarp is most often narrow with 
isodiametric cells, straight aiiticliiial xvalls, and a broadly trapezoid lumen (Figs 48, 
52). In a few specics (r.g. P douglusii, I? tenue: Figs 30, 3 3 ) ,  the exocarp resembles 
that of sect. Pobgonum in being rectangular with undulating anticlinal walls. 

In Pohgonellu the outer surface ofthe fruit is most often smooth (P  americuna, Pgrucili,r, 
P pohgumu: Figs 54. 55, 39), or with weak depressions along the anticlinal walls (P  
articulutu). Longitudinal cuticular striae are often present (Figs 54, 39)- but not in I? 
jimbrautu or Pgracili.r. Pjimbriutu has a combination of a close packing of tubcrclcs in the 
upper part of the fruit (without relation to the anticlinal walls), and a roughly pitted 
surface in thc lower part (see also Ronse Decraene, Hong & Smets, in press). The shape 
of the fruit is narrowly triangular with prominent ribs, a long beak arid short stipe. The 
short styles with globular stigmas drop early-. Most species have a narrow csocarp 
(40 pm thick) of square cells with straight anticlinal walls and limited thickening (Figs 
54,56,58). The only exccption with rectangular cells, a narrow dendritically branching 
lumen, and undulating aiiticlinal Ivalls is l? umericunu (Fig. 57) .  

Y I .i 
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FuLLopiu (Figs 60-66) 
Three to four sections are recognized (see Holub, 1970; Haraldson, 1978; Ronse 

Decraene & Akeroyd, 1988). Fruits are triquetrous with strong equal ribs, a beak is 
virtually absent or very short (except for sect. Rgnoutriu: Fig. 60) and styles are short 
and fused with capitate stigmas (Fig. 61; except for sect. Rgnoutria with free styles 
and fimbriate stigmas). Both sect. Rgnoutriu and sect. Sumentosue possess winged, 
enlarged outer tepals surrounding the fruit. 

The fruit surface is either smooth (e.g. E cilinodis, E suchulinen.sis, E multgorum), 
with unequal ridges following the anticlinal cell walls (E  juponica), or covered with 
tubercles without link to the anticlinal walls (e.g. E conuolvulus, E dumetorum, I? aubertii: 
Figs 60-62). Tubercles may be distributed without apparent order (e.g. fi durnetorum) 
or in regular sequences or lines (E conuoluulus: Fig. 62, E scandens, E uubertiz]. The 
exocarp is often represented by rectangular cells with straight anticlinal walls and a 
narrow lumen dichotomously or trichotomously branching towards the periphery 
(Figs 64, 66). There is a gradation towards cells with undulating anticlinal walls. In 
Fullopia conuoluulus we found a dendritically branching lumen (probably the result of 
the convoluting radial walls: compare with Roth, 1977: fig. 12b) and anticlinal walls 
were slightly undulating (Fig. 65). Section Rqnoutriu differs in the more isodiametric 
exocarp cells with broad trapezoid lumen (Fig. 63) reminiscent of those found in 
some species of sect. Pohgonum. 

Calligonum (Figs 67-69) 
Fruits are tetramerous, with a peculiar dispersal mechanism. Perianth segments 

are deflexed in the fruit and the achene surface is covered with strong dendritically 
branching hairs or cristae, arising along the ribs of thc young fruit and giving a 
shrublike appearance to the mature fruit (Fig. 67). In between the ribs, the fruit 
surface consists of smooth polygonal cells (collapsed: Fig. 68). The exocarp (C. 
eriopodum: Fig. 69) consists of rectangular cells with narrow lumina dichotomously 
branching and straight anticlinal walls. 

Atraphaxi5 (Figs 70-73) 
Fruits are 'hazelnut'-like (Fig. 70: A. suuedzj8Lzu) or lenticular (c.g. A. spinosu), 

enclosed in the accrescent inner perianth parts. The fruit surface is covered with 
small papillae. (A.  buxfoliu: Fig. 7 1) or pits (A.jutescens) set along the anticlinal walls. 
In section the exocarp appears to have rectangular cells with narrow (e.g. '4. pyfo l in:  
Fig. 72) to broad lumina (A. billurdieri: Fig. 73)' dichotomously or trichotomously 
branching towards the periphery. In the latter species the shape of the lumen is 
trapezoidal. 

Figures 36-42. Fruits of Pobgonum sect. Po4~gonum. All scale bars = 10 pm, cxccpt Fig. 36 = 100 pm. 
Figs 36-39: SEM. Figs 40-42: Lhl. Fig. 36. P ai'zculure var, aequnle (Konse Dccr. 25 Ih). Lateral view 
of mature fruit; tubercles arrangrd in longitudinal rows. Fig. 3 7 .  P prectuni (Bcbt) s.ii.1. Surface d&d. 
Fig. 38. P rumosiuiniuni (Puissant s.n.). Section through cxocarp. Not? strong con\ olution and holes in 
anticlinal walls. Fig. 39. P arenastrum (Ronsc Uecr. 1157). Section through exocarp. N o t e  nearly 
isodiametric cells and straight anticlinal walls. Fig. 40. P o!yspennum var. ruii [Corhii.re 5306). I S  fruit 
wall. Fig. 41. P bellurdi (Heldreich 877). LS pcricarp. Fig. 12. P runiom~lmum (Puissant s.11.;. I S  prricay; 
note surface tubercles and convoluted anticlinal walls. Abbreviations: es = endosperm: ex = cxocarp. 
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Figures 43-47 . Fruits of Po!Jgonum sect. Tephis (43-45) and sect. Pseudomollia (46-47). Scale bars = 10 jlm. 
Figs 43, 44, 46: SEM. Figs 45, 47: LM. 43. P ofromontanum (Hedberg 4320) Swface detail. Figs ·H 15. 
P. undulatum (Fourcale 5962). Fig. 44. LS exocarp. Fig. 45. LS pericarp. Figs 46-4 7. P mol/i(lffimnt 
(Kotschy 778). Fig. 46. Detail of fruit surface. Fig. 4 7. LS fruit. Abbreviations: ex = exocarp; me= 
mesocarp. 

Oxygonum (Figs 7 4-7 7) 
Achenes are tightly enclosed within the fused perianth and receptacle. Several 

fruits of Oxygonum appear cross-like in longisection (Fig. 75). This is caused by the 
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Figures 48- 53. Fruits of Polygonum sect. Duravia. All scale bars= I 0 f.!m. Figs 48--51: SEM. Figs 52. 53: 
LM. Fig. 48. P shastense (C.F. Sonne s.n.). Section through pericarp. i'\ote large lumen and erect 
anticlinal walls. Fig. 49. P polygaloides (Nelson & Nelson 6463). Surface detail: ridges run between 
puzzle piece-like cells in longitudinal rows. Fig. 50. P. douglasii (Howell s.n.). Section through pericarp; 
note tubercles on surface of fruit and strong convolutions. Fig. 5 1. P dougla.rii var. latifolium (Howell 
s.n.). Detail of fruit surface. Fig. 52. P polygaloides (Howell s.n.). Section through fruit wall. Fig. 53. P 
tenue (Puissant s.n.). Section through fruit wall. Abbreviations: en = endocarp; ex = exocarp; me = 
mesocarp. 
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I 

I 

57 

Figures 54-59. Fruits of PolygoneLLa. All scale bars= l 0 ~, except Fig. 55= I 00 J..Un. Figs 54, 55~ 58, 
59: SE~f. Figs 56, 57: L\1. Figs 54-56. P. pol;gama. 54. Detail of fruit surface and cxocarp (Curtiss 
2433) with swface striations. Fig. 55. Lateral viev,, of mature fruit (Curtiss s.n.). Fig. 56. LS fntit wall; 
thick exocarp with straight anticlinal walls (Curtiss s.n .). Fig. 57. P. americana (Meisner 18-+5). LS fruit 
wall with convoluted anticlinal walls. Figs 58- 59. P. articulata (Bodin s.n.). Fig. 58. Section through 
pericarp seen from inside of fruit. Note slightly con\·olutcd anticlinal walls. Fig. 59. Surface detail .... ~Lh 
cuticular striations. 
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presencc of spines or ~ i n g s  in the middle of the fruit. Fruits have a trigonous shape 
and are elongated-pyriform. The fruit surface appears fimbriate to wrinkled and is 
covered with short trichomes (e.g. 0. stuhlmannii, 0. delagoense: Fig. 74) which may 
resemble spines (0. sznuatum). The exocarp consists of narrowly rectangular cells with 
undulating anticlinal walls. ’The lumen is narrow without dichotomous branching 
(Figs 76, 77). 

Pteroiyrum (Figs 78-80) 
Fruits are surrounded by two strongly winged outer tepals and smaller inner 

tepals. The fruit is beaked and has three narrow wings covered by the folds of the 
outer tepals (Fig. 80). The wings are biparted by an invagination in the middle with 
appendages running alongside the fruit. The fruit surface has cells surrounded by 
ridges sparwl) covercd with papillae (Fig. 78: P noeanum) or is almost smooth (P  
aucherz). The exocarp is distinctive, consisting of square stone-cells with central lumina 
(Figs 79, 80). 

Table 1 lists the different fruit morphological and anatomical characters of the 
genera presented here. The anatomy of the outer epidermal cells (the exocarp) has 
more systematic value than any other fruit character in Persicarieae and Polygoneae. 
It can be used consistently to delimit genera. However, no clear-cut fruit characters 
were found to delimit tribes Persicarieae and Polygoneae. This lack of distinctive 
features may be related to the common Baufilan of the fruits in Polygonaceae. 

Neubauer (1 97 1) argued that development of the cell wall thickenings differs 
between Pobgonum atlieulare, as described by Lonay ( 1922), and Persicaria pennsylvanica. 
He described the former species as having anticlinal walls with smooth, flat outer 
surfaces and convolutcd inner surfaces (formed by localized internal thickenings), 
contrasting with the entire anticlinal walls becoming convoluted in the latter species. 
Indeed, cell wall thickening of Pobgonum auiculare is different, but not in the manner 
described by Neubauer. Lonay (1 922) clearly showed (backed by illustrations) that 
the thickening of P atlieulare is different, stating “Les parois laterales sont aussi trts 
kpaissies; cependant ces epaississements vont en diminuant vers l’interieur, tant6t 
progressivement, et alors la caviti: cellulaire est conique, tant6t brusquement a partir 
du quart interne de ces parois, auquel cas la cavite cellulaire a la forme d’une cloche 
h a s t e  vers ses bords” [There is also considerable thickening in the lateral walls; 
however, this diminishes towards the centre of the fruit, either progressively, resulting 
in a conical cavity, or abruptly about three quarters of the way through the cell 
wall, resulting in a splayed, bell-shaped cavity.] (Lonay, 1922: 15). This shows that 
at least in P azliculare, anticlinal cell wall thickening is different from that of P 
pennsylvanicn and represents a different character state, as we describe in this paper. 
We found that the structure of the convoluted anticlinal fruit wall (the ‘egg-case’ 
type) is basically similar in all investigated species (e.g. Pobgonum, Polygonella, Persicaria, 
Oxygonum) and is obviously the result of tangential pressures during fruit development. 
The exocarp with straight ariticlinal walls (the ‘corrugated sheet’ type) appears to 
be more basic, although \\,all thickening is variable. Seen from the surfacc and in 
paradermal section, exocarp cell shape often changes from the periphery to the 
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mesocarp. In most genera the cells are puzzle piece- or star-shaped on the surface 
and become polygonal towards the centre of the fruit. We observed this transition 
in several specks and it was beautifully illustrated by Lonay (1  922) for P auiculare. 
Anticlinal cells which are straight over their whole surface are restricted to Fagopyrum, 
Callkonum and Pobgonum sect. Pseudomollia. 

Primary sculpturing of fruit wall cells often includes ridges or folds following the 
outline of thc anticlinal walls. In other instances the walls are collapsed and pits are 
visible. The ridges are often covered with papillae or tubercles, following the outline 
of the walls, even when the ridge is not visible, or running independently of the 
anticlinal walls in longitudinal lines. The association of tubercles with presence 
versus absence of convolutions in cross or longitudinal sections is incidental. 

On the basis of fruit anatomy and the external cell surface, sections Zuara, 
Cephalophilon and Echinocaulon cannot be distinguished from sect. Persicaria. All share 
a similar thick exocarp of narrowly rectangular cells with undulating anticlinal walls. 
The lumen is narrow, eventually with short dendritic branches, but it does not show 
any dichotomous splitting towards the periphery. Differences are expressed in the 
thickness of the exocarp, being relatively thin in sections Echinocaulon and Cephalophilon, 
but thick in sections Persicaria and %ara (Table 1). The thickest exocarp occurs in 
Persicaria orientalis with an upper limit of 150 pm. A frequently occurring surface 
pattern consists of a reticulate arrangement of ridges covered with tubercles running 
along the anticlinal walls of the cells, and there is a gradual transition from an 
almost smooth surface (e.g. I? runcinata) occasionally with pits, to weakly developed 
papillae and finally strongly developed tubercles. Section Persicaria is even more 
variable with a different extent of coverage with tubercles. Given the shared pattern 
of tepal epidermal cells (rectangular cells with straight to undulating anticlinal walls, 
and smooth surface or with longitudinal ridges: Hong, Ronse Decraene & Smets, 
1998), the classification of Ronse Decraene & Akeroyd (1988) is supported. Ce- 

phalophilon and Echinocaulon cannot be distinguished from sect. Persicaria using the 
external morphology on fruit sections. However, section Touara is readily recognizable 
macromorphologically by its dimerous fruits with long hooked styles. 

P wallichii (scct. Rubnvena) does not correspond with Persicaria in its fruit anatomy, 
but appears similar to Aconogonon. Section Rubn'uena differs in pollen (granulated muri) 
and inflorescence structure from Aconogonon and from the other sections of Persicaria 
(Hong, 1993). However, exocarp morphology lends support to the inclusion of 
section Rubriuena in Aconogonon. This is also supported by floral characters (e.g. Ronse 
Decraene & Akeroyd, 1988). 

Aconogonon differs anatomically from Persicaria in the almost isodiametric to short 
rectangular exocarp cells with lumina branching towards the outer tangential walls. 
Fruit anatomy and fruit surface pattern are almost identical to those of Bistorta. Fruit 

Figurcs 60-66. Fruits of Fallopia scct. Rqnoutna (60,631, sect. Fullupla (61,62, 65,66) and sect. Sumentosue 
(64). Figs 60-62: SEhl. Figs 63-66: LhI. Fig. 60. F sachulinensk (Anonym). Lateral virw of mature 
fruit. Scale bar = 1 mm. Fig. 6 I .  E dumetururn (Ronse Decr. 1309). Lateral view of mature fruit. Scale 
bar = 1 mm. Fig. 62. fi.' conoolr~ulr~c (H. Smith 4372). Surface detail; note rows of tubercles. Scale bar= 
10mm. Fig. 63. l*..japonicu (Clement Aigret s.n.). Scction through fruit wall. Scale bar= 10mm. Fig. 
64. R rnultZfEomm (Hers 813). Section through pericarp. Scale bar= 1 0  mm. Fig. 65. R convoluu1u.r 
(Kalheber 78- 640). LS fruit bvall; note dcndritic branching in lumen (arrows). Scale bar= 100 pm. Fig. 
66. i": cilinorlir (Graxton 963 I). TS fruit. Scale bar = 100 pm. Abbreviarions: ex = exocarp; pe = perianth; 
te = testa. 
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anatomy supports other evidence (see e.g. Haraldson, 1978: Konsc Decraene S: 
Akeroyd, 1988) in assigning a close relationship between Bi.ctortu and ;lronogonon. 
They share the same pollen morpholo<gy (tricolpate with smooth erine covered with 
microspinules: scc also Jaretzky, 1925), fusion of nectaries with stamen bases into i t  

disc (Ronse Dccraenc & Smets, 199 l), constant octomerous androecium, comparably 
inflorescence arid sharing of anthraquinones (Jaretzky, 1923). and embryos with 
accumbent cotyledons. However, tepal epidermal cell structure is not much different 
from that of Penicaria. In our opinion the t\vo genera show sufficient similarities to 
be grouped into a single genus as sister to kbenigia and Persicaria. k3enigiu difkrs in 
fruit anatomy in the isodiametric cells with thinner thickening (see also Hedberg, 
1997), but thc external epidermal surface is strongl?. similar. 

A similar exocarp structure to that of Aconogonon has been found in kizorringia (but 
see Hong, 198'3). Hong (1 5189) erected k^notyzngiu (formerly knoM-n as Po&qonum 
sibiricum) as a genus separate from Persicarieac in tribe Coccolobeae on the basis of 
differential characters. He described the pericarp as distinc1h.e and two-layered, 
with a lumen narrowing triangularly in cross section. However, in the material we 
studied (Table 1)  the one-layered exocarp has straight anticlinal walls; the lumen is 
cylindrical, only branching at the surface. From the illustrations in Hong ( 1989) the 
external surface of the fruit appears rather smooth Lvith shalloLv dcpressions. The 
achenes arc included to slightly exserted above the tepals. UnfortunatelJ- little 
information is available on the structure of the flower (e.g. nectaries. tepal epidermis). 
Knorringiu shares the dendritic venation of the tepals Ii-ith tribe Polygoneac, and 
closely resembles the genus Fallopia in pollen morpholo<q, cxocarp structure. chcmical 
substances (presence of anthraquinones) and chromosome number. Shle and stigma 
shape are reminiscent of sect. Req'nouiria. Haraldson (1978) placed Fullopiu in the 
Coccolobeae. 

There is strong overlap betwecn some species of sect. Duraz'iu and sect. Z'cl(~gonum 
on the one hand, and between sect. Durucia and Pobgonella on the other. Similar 
smooth fruit surfaces (r\,entually with pits aligning the anticlinal cell Lb-alls) arc found 
in PoLvgonum sect. Iluratiu (e.g. P ralfornicum, P mininiutn), and scct. Po(igonurn (e.g. P 
matitimum). In some cases superficial cuticular striations are superimposed on thc 
smooth surfaces as in some species of Pobgondla and wct.  Durarlia. Smooth or rough 
surfaces with irregular ridges lining the anticlinal n d l s  n w e  found in scct. >phis, 
sect. Pseudomollin and sect. Duruzia (e.g. rl douglasiz). In some caws fruits kvith sniooth- 
pitted surfaces and with tubercles occur side by side in the same species (c.g. P 
arenastrum, R douglasiz). hlore or less similar cell anatom)- was ol,scr\.ed in a fclv 
species of sect. Zlurauiu (e.g. P douglasii, f? tenue), sect. Zphis (although the coindution 
is more important and it lacks the dendritic branching), and erceptiorially in 
Pohgonella (e.g. P americana). Almost straight anticlinal walls (less than 40 pm wide) 
with narrow lumina occur in most other species of sect. nut-aaiu (e.g. P roarctatum, P 

Figures 67 73. Fruit of Li7//&0nu7n (6-69) and .-lt?-uphauzs (70-73). Figs 67- 68. (,. ncztrucnr/ium (Sintcnis 
2202). Figs 67, 68. 70. 71: SEll .  Figs 69. 72. 73: LSI. Fig. 67. Part of h i t  rvith tirancll-like cxtcnsions. 
Scale bar = 1 mm. Pic. 68. Surfacr detail hct\t-ecn hranches. Scale bar = 100 pm. Fig. 69. (;. rrkpodulri 
(l\iichelson s.n.). LS fruit \\all. S d o  bar = 10 pni. Fig. 70. .i. tuaedfo/zn (l\cndcllm & Assadi 28026). 
lateral \.ic\v of f iu i t .  Scalc Imr = I mm. Fig. 7 1. -4. ,/ntfttcen.\ (.Urn s.n.). Dctail of fruit surface. Sralc 
bar= 1 0  pni. Fig. 7 2 .  '1. / y$d in  (Krgcl s.11.). 1,s fruit. Scalc liar= 10 pm. Fig. 73. rl. bilhrdkri (Hrldreich 
61 7). 1,s fruit \\-all, S(Ae har = 10 pm. .~I~hre\-i;ition~: CY = cxocatp: me = nicwcarp: tc = tw ta .  

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/134/1-2/301/2557241 by guest on 20 M

arch 2024



326 L. P. RONSE DECRAENE ETAL. 

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/134/1-2/301/2557241 by guest on 20 M

arch 2024



shastense, I? culzjomicum), most Pobgonellu (e.g. P urticuluta, P pobgamu), and in sect. 
Pseudomolliu. The lumen appears narrow-rectangular, x-shaped to triangular with 
the broad basc on the inner tangential wall. Dendritic canals were not observed. 
Ronse Decraenc, Hong & Smets (in press) could not find straightforward differences 
between PoGygonellu and Pobgonum S.S. in fruit anatomy, flower structure, pollen and 
micromophological details. 'The identity of Duruviu is not clear with some species 
closely related to Pohgonellu, and others to sect. Pobgonum. The tribe is probably 
artificial. 

A similar exocarp morphology is shared by some species of Fallopia, Calligonum 
and Atruphuxis. t;ullopiu is polymorphic with even more variation of cell shapes than 
in PoGygonum scct. PoGygonum. 'The distinctness of sect. Rqnoutria is best supported by 
fruit anatomy, hut sect. Surmentosae and Fallopiu have a strongly o\.erlapping pattern, 
both in outer morpholo%q and cell structure. 

Fugopyrum is isolated in its fruit morphology and anatomy. Several characteristics 
link the genus to Rheum, such as the reflexed styles with central aperture, smooth 
and unthickened fruit surface, small undifferentiated perianth lobes in fruit, pollen 
and anther morpholoLgy, and tepal epidermis. However, Rheum differs in being 
trimerous and has a fused disc-like nectary, while there are free lobes in Fagopyrum. 
Ronse Decraene & Smets (1!39 1) suggested that Fugopyrum occupies a basal position 
in the tribe Persicarieae, being primitive in many respects and forming a link with 
a Rheum-like ancestor. The suggestion of hlarek (1958) to place Fugopyrum in a 
separate subfamily makes sense, but we are more inclined to assign it to its own 
tribe Fagopyreae. hlore study of related tribes as well as its sectional taxonomy are 
necessary to understand the relationships of this enigmatic genus. 

Relationships between dzferent pericarp 9peJ 

We have constructed a hypothetical scheme showing the relationships between 
different pericarp types (Fig. 81). An exocarp with trapezoidal to trianLplar lumina, 
relatively square cells and straight anticlinal walls can be considered as basal (Fig. 
81C). Evidence supporting this assumption is the fact that such exocarp is found in 
the neighbouring tribe Rheae (e.g. Rumex, Oxyriu, Rheum: Marek, 1954). Increased 
thickening of the exocarp leads to rectangular cells with straight anticlinal walls and 
dichotomous branching (e.g. Bistortu, Aconogonon, Culligonum, Atruphuxis, Fallopiu: Fig. 
8 1 F). Due to constraints of development the cells often become undulating; this has 
occurred independently in several genera, with the two conditions often occurring 
side by side (e.g. Pobgonellu, Pobgonum, Fallopia, Oxygonum: Fig. 8 lA,B). A limited 
thickening linked with isodiarnetric exocarp cells is found in Koen<qiu, Pohgonum sect. 

Fi,gurcs 7+80. Fruits of Oygurzurn (74-77) and Pteropyrum 1,78-80). Figs 74, 78: SELL Figs 75-77, 79, 
80: IAL Fig. 73;. 0. delagoen.~ (Richards 14666). Surface detail with fimhriate tissue and trichomes. 
Scalr bar= 100 pm. Fig. 75. 0. stuhlmannzi (hlhoro & Backeus 2236). LS entirc fruit with cross-like 
median cxtcnsions of the fruit and coherent perianth. Scalc bar = 10 mm. Fig. 76. 0. dregeanum var. 
~trictum (Nappcr 10.54). Section of fruit wall. Scale bar = 100 pm. Fig. 77 .  0. .iinunturn (E'riis et al. 2696). 
Section of fruit tval l .  Scale bar= 100 pm. Fig. 78. R nueunum (Horsain 8( Horsaiii 5 3 ) .  Detail of fruit 
surfacc. Scalc bar= 10 pm. Fig. 79. P nurheri (Rechinger 27441): TS fruit. Scale bar= 10 pin. Fig. 80. 
P grucih (Strauss s.n. I. TS fruit tvith strongly ribbed structure. Scale bar = 100 pm. .Ibhreviations: cn = 
endocarp; cs = elitlosperm: ex = cxocarp: mc = mesocarp; te = testa. 
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A 
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G 

F 

Figure 8 1. Schematic presentation of hypothetical evolutionary trends in exocarp anatomy. A. Persiraria 
sect. Persicaria> P sect. Echinocaulon, II sect. Cephalophilon, II sect. Zvara, Oxygonum, Pobgonum sect. Pobgonum 
partly, II sect. Duravia partly, l? sect. Ephis, Pobgonella partly. B. Pobgonum sect. Pobgonum partly, 
Pobgonella partly, Fallopia partly. C. Pobgonum sect. Pobgonum partly, P sect. Pseudomollia, Persicaria sect. 
Rubrivenu, Atraphaxis, Fallopia partly, Aconogonon partly. D. Koenigza, Pobgonella partly, Pobgonum sect. 
Duraoia partly. E. Fagopyrum. F. Fallopia partly, Aconogonon partly, Bistorta, Calligonum, Atraphaxis. G. 
PtP,opy’um. 

Durauia, P sect. Pseudomollia, and Pohgonella (Fig. 8 1D). Pteropyrum (Fig. 81G) is 
distinctive in that the thickening also occupies the inner tangential walls. Fagopyrum 
(Fig. 81E) cannot be related to any of the previous types. Persicaria (except for sect. 
Rubriuena which does not belong here) is distinct in the association of narrow 
rectangular cells with undulating anticlinal walls and the absence of branching in 
the lumen. Also if there are papillae or tubercles, these are associated with ridges 
formed on the anticlinal cell walls. No distinction can be made between different 
sections of Persicaria on the basis of fruit anatomy. In Pohgonum and Fallopia the 
presence of undulating anticlinal walls is often accompanied by dichotomous to 
dendritic branching of the lumen. 

There is no correlation between anatomy and outer surface structure. Fruit 
anatomical characters appear more constant within separate sections, contrary to 
fruit surface characters, which may be strongly variable within genera. The value 
of external surface patterns is limited and must be sought at subgeneric level, as 
several conditions coexist in one genus, and even in a single species. However, there 
are recurring patterns, such as smooth surfaces with striae in Pohgonella and Pobgonum 
sect. Duravia, the reticulate pattern in the polymorphic Pohgonum pohgaloides, the 
presence of tubercles in sect. Pohgonum, and the folded anticlinal walls of the 
epidermal cells shared by Koenigia, Bistorta, and Aconogonon. 

We thank the curators of herbaria as well as the directors of above-cited Botanic 
Gardens, Museums and Universities for their kind permission to collect and use 
material. We acknowledge technical assistance of Anja Vandeperre in sectioning 
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APPENDIX: ORIGIN OF MATERIAL INVESTIGATED 

Aconogonon (MEISN.) REICHENB. 
A. alpinurn (Allioni) Schur: India, Kashmir, Iragbel; Clarke 2921 08 (K). A. campanulaturn (Ho0k.f.) Hara 
var. campanulaturn S.-P. Hong: China, Tibet, Tin To Shan; McLaren 8313 (E). A. coriarium (Grigorjev) 
Sojak var. coriarium: Kazakhstan, Kaskelen; Roldugin &? Tzagolova 5363 (S) .  A. hookeri (Meisn.) Hara: 
China, Szechuan, Tsipula; Smith 4172 (UPS). A. molle (D.Don) Hara var. rude (Meisner) Hara: India, 
Mt. Khasia; Hooker @ lhompson s.n. (BM); originally cultivated in Kew Bot. Gard. Kew, 267-72. 02550 
B.L. @ M., Rome Decl: (spirit) 642 Le (LV). A. tortuosum (D.Don) Hara var. tibetanum (Meisn.) S.-P. Hong: 
India, Kashmir, Lamayuru; Koelz 2748 (E). 

Atrafhaxis L. 
A .  billardia' Jaub. & Spach: Syria, Hymetti, HeldreiCh 617 (LV). A .  jhtescem (L.) Koch: cultivated in 
UPS, Alm s.n. (UPS). A. pyrifolia Bunge: Turkestan, Kokschar, Regel s.n. (UPS). A. suaed$olia Jaub. & 
Spach: Iran, Azarbayejan, Miaveh to Zanjan, Wendelbo &? Assadi 28026 (GB). 

Bistorta MILL. 
B. amplexicaulis (D.Don) Greene: Nepal, Chiong, Dhwoj 108 (UPS). B. gn$lthii (Hook.) Grierson: SE 
Tibet, Showa Dzong, Ludlow et al. 13097 (UPS). B. mmp/ylla (D.Don) Sojkk: China, Sikang, Kangting, 
H. Smith 10932 (UPS). B. major Gray: Hercegovina, Murbeck s.n. (UPS). B. perpusella (Hook.) Greene: 
Bhutan, Shingh, Ludlow et al. 21115 (UPS). B. sufilta (Maxim.) Greene ex H. Gross: Japan, Honshu, 
Nagano Pref., Kzhara et al. 6998 (UPS). 
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Calligonum L. 
C. eriopodum Bunge: Russia, Transcasparian, J,fichelmn s.n. (GB). C. litoinowii Drobov: Czbekistan, 
Kokangom, Prjachin s.n. (GB). C. microcarpum Barszcz.: Russia, Transcaucasia, Aschabad, Sintenis 2202 
(UPS). 

Fagopyrum MILL. 

F. rymosum l\Ieisn.: China, Sikang, Kangtung, Tachinlu, Vaszeko, H. Smith 13315 (UPS); China, 
Yunnan, Tong-Achouan, .\lairr s.n. (G). r.· esculentum ~1oench.: China, Shansi, Chieh-Hsiuh Distr., 
Sung-Lin-Miao, Smith 7666 (l:PS); USA, Pennsylvania, Monroe Co., Delaware Water Gap, Brumbach 
6902 (K); Burundi, Bururi Prov., Botare, Reekmans S.ll. (t:PS); cult. Reading Botanic Garden, Ronse 
Deer. (spirit) 30 Le (L\). F. tataricum (L.) Gaertn.: China, Fiouping-Route, Qutae, Yang Tao-Li (9vi 
1925), Anorrymous 649 (CPS): Belgium, cuJti,·ated ~odebais, seeds from Bot. Gard. Gottingen 1385, 
Ronse Deer. !335 (spirit 626Ln) (L\l. 

Fallopia An~'is. 
Sect. Sarmentosae (I. Grintz.) Holub 
F. aubertii (L. Henry) Holub: China, Szchuan, \\'en-Chuan-Hsien, H. Smith 2316 (CPS). F. baldshuanica 
(Regel) Holub: Turkestan, cult. in Uppsala, Lundquist s.n. (UPS). F. multiflorum (~Iaxim.) Haraldson: 
China, Hunan, Changmau, Herb.]. Hers 813 (BR). 

Sect. R~ynoutria (Houtt.) Ronse Deer. 
F.japonica (Houtt.) Ronse Decr.:.Japan, Hondo, Yamamoto, Togashi 1264 (CPS); exHort. ~fus. Paris, 
Herb. L. de Bullemont 206 (L\ '); Herb. Clement Aigret s.n. (L \'); Belgium, cult. Bruges, Ronse Deer. 1150 (spirit 
11 Lb) (L \'). F. sachahnensis (F. Schmidt) Ronse Deer.: Japan, Sachalin, Anonym. S.n. (L \'); FAA, Leg. 
]. Bailry, Cirenccster. 
Sect. Fallopia (Adans.! Holub 
F. cilinodis (.Michx.) Holub: Canada, Ontario, Black Bay, Graxton 9631 (UPS); New York, N. of N. 
Hudson, offRd 9, Ronse Den: 1342 (spirit 646 La) (LV). F convolvulus (L.) A. Love: Germany, Hessen, 
Kalheber 78-640 (lJPS); China, Szechuan, Matang, H. Smith 4372 (UPS). F dumetorum (L.) Holub: 
Austria, Vienna, Leopoldsberg, Ronse Deer. (spirit) 447 Lo (LV); Belgium, Oud-Heverlee, Ronse Deer. 
1309 (pirit 541 Ll) (LV). F. scandens (L.) Holub: China, SE Tibet, Monyul Prov., ~yamjang Chu, 
Ludlow et a!. 7059 (CPS). 

Knorringia (CzuK.) S.-P. HoNG (Aconogonon sect. Knoningia (Czuk.) Sojak) 
K sibirica (Laxm.) Tzvcl. Ssp. sibirica: China, Hopeh, Peitaino Ho, Hopkinson 1620 (S). 

Koenigia L. 
K islandica L.: Greenland, E. ofSukkertoppen, Horsen 601 (UPS). Kjilicaulis (Wallich ex Meisn.) Hedb.: 
Nepal Rambrong, Stainton et al. 6014 (CPS). K nepalensis D. Don: Nepal, Jangla, Einarsson et al. 3394 
(UPS). K nummularifolia l\leisn.: Nepal, Arun Valley, \V. of Num, Stainton 728 (UPS). 

Oxygonum BuRcH. 
0. alatum Burch.: Zimbabwe, Chipinga, Goodier 861 (BR). 0. atriplicifolium (Meisn.) ~lartel: Kenya, East. 
Prov., S. ofMtiti Andei, Strid 2405 (UPS); Kenya, East. Prov., Machakos Distr. Near Embakasi Station, 
Haroldson 401 (UPS). 0. delagoense Kuntze: Nyamaland, Francis Town, Richards 14666 (UPS); Rhodesia, 
Aborecorn, Fries 12 58 (UPS). 0. dregeanurn Meisn. var. strictum (C .H. Wright) R. Graham: Zimbabwe, 
Sipolilo. Nyamunyeche Estate, }'ljariti 588 (UPS); Tanzania, Mbizi Forrest, Ufipa Distr. Napper 1054 
(UPS). 0. sinuatum (:!\lcisn.) Dammer: Kenya, Coast. Prov. Taxa Distr., 8 km NE of Voz. <:,umer 56 
(UPS); Ethiopia, Genale Gorge, Fnis et al. 2696 (UPS). 0. stuhlmanii Dammer: Kenya, Eastern Prov., 
S. of Mtizo Andei, .Jonsson 576 (UPS); Tanzania, Moshi Distr., Nyumbaya, Jfhoro & Backeus 2236 
(UPS). 

Persicaria MILL. 

Sect. Persicaria l\Iill. 
P. acris (H.B. & K.) Gomez de Ia Maza: Mexico, Veracruz, N. of Alzacan, Rosas 362 (UPS). P. attenuata 
(R. Br.) Sojak ssp. attenuata [ = P. j(wanicum De Bruyn]: Thailand, Kanchanaburi Pro,·. Ryding 688 
(UPS); ssp. pulchra (Blume) K.L. Wilson: Tanzania, lringa Distr. Kidatu, .\Johoro 588 (UPS). P. bungeana 
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(Turcz.) Nakai: China, Chili Prov., Cho-kou-ticn, Bohlin 268 (UPS). tl hydropiper (L.) Opiz ssp. microcarpurn 
Denser: China, Szechuan, Hsu-tsing, H. Snzith 4778 (UPS). P decipiens (R. Br.) K.L. Wilson [=l? 
salicfolia (Brociss. Ex Willd.) Assenov] : Malawi, Southern Region, Blantyre, Brumrnitt &? WUliams 9856 
(UPS). P orientalis (L.) Spach: U.K.? Reading, Penna, Brumbach 6921 (UPS). P pubescens Blume: Alepal, 
Jumla, Einarsson et al. 3961 (UPS). F! strigosa (R.Br.) H. Gross: Tanzania, Iringa Distr., Mufindi, Bidgood 
&? Loueth 4 (UPS). I? tinctoria (Aiton) H. Gross): Japan, cultivated, Togasi 1518 (UPS). P vkcosa (Buch.- 
Ham. ex D. Don) H. Gross: Nepal, Bagmati, Kathmandu, Ryding 332 (UPS). 
Sect. Echinocaulon (Meisn.) H. Gross 
I? hastato-sagittata (Nakai) Ohki: Japan, Numanotaira, Nikko, Kunai 10383 (UPS). tl pelfoliata (L.) H. 
Gross: China, Szechuan, Iping, H. Smith I0000 (UPS). P sa@ttuta (L.) H. Gross: Nepal, Jumla, Einarsson 
et al. 3915 (UPS). E? sieboldii (Meisn.) Ohki: Japan, Hondo, Koshigaya in Musashi (1950), Ohwi 110 (K); 
Korea, Daitaku, Ohwi 2569 (UPS). tl thunbqii (Sieb. & Zucc.) H. Gross ex Nakai: Japan, Hondo, 
Musashi, Ohwi I70 (UPS). 
Sect. Cephalophilon (Meisn.) H. Gross 
tl data (Buch.-Ham.) Nakai: Kenya, Aberdare Range, cult. in UPS, (Hedbeg 5.n. (UPS). tl capitata 
(Hamilt. Ex D. Don) H. Gross: Nepal, Muga Karnali Valley, Polunin et al. 5248 (UPS). l? chinensis (L.) 
H. Gross: Nepal, Chin Hills, %ming 88 (K). P nepalensis (Meisn.) H. Gross: Nepal, Muga Rhola, Polunin 
et al. 3017 (UPS). P runcinata (Buch.-Ham. ex D.Don) Roxb. var. sinuuta: India, Kashmir, Kel, Ludlorei 
&? Shemz 8250 (UPS). 
Sect. Tovara (Adans.) H. Gross 
P ne@fomis (Nakai) Ohki: Japan, Hondo, Koshigaya, Ohwi 331 (UPS). P viginiana (L.) Gaertn.: 
Belgium, seed from Bot. Garden of Bordeaux, cult. Bruges, Rome Decl: (spirit) 214 Lb (LV); USA, 
Illinois, Peoria, McDonald s.n. (UPS). 
Sect. Rubriuena (M. Kral) S.-P. Hong 
l? mallichii Greuter & Burdet: U.K., cult. Reading Bot. Gard., Ronse Decl: (spiri't) 15 Le (LV). 

Pobgonum L. 
Sect. Pohgonum L. 
tl achoreum Blake: USA, Wyoming, Crook Co., Sundance, Porter &? Porter 8384 (UPS). F! arenastrum 
Boreau: U.K., Devon, Prawle Point, E. Prawle, Ronse Den: 1157 (spirit 405 L) (LV). tl aviculare L.: 
Belgium, Bruges, ssp. uequale; Rome Decl: (spirit) 25 Lb (LV). P bellardi All. Greece, Thessalia, Pharsalum, 
Heldreich 877, ex Herb. Bullaont 8369 (LV). P erectum L.: USA, Illinois, Fountaindale, Bebb s.n. (UPS). 
l? equise!$ome Sibth. & Sm.: Tunisia, Jerba, near hotel Toumana, Ronse Decl: 975 (spirit 309 Lt) (LV. 
F! maritimum L.: France, Bouches-du-RhBne, Camargue, 6tang d'Iland, Nordin I02 (UPS). tl oxyspennum 
Meyer & Bunge ex Ledeb. subsp. raii (Bab.) D.A. Webb & Chater: France, Manche, Vauville et 
DenneviUe, L. Corbiire 5306, ex Herb. Bulltmont 8443 (LV). P ramosissimum Michx., USA., Kansas, St. 
Mary's, PA. Puissant s.n. (LV). tl tnbulosum Boiss.: India, Kashmir, Sind Valley, Ludlom &? Shernff 7948 

Sect. Zphis (Adans.) Meisn. Emend. Haraldson 
P afmmontanum Greenway, Ethiopia, S .  Bale, Ririka, Hedberg 377 (UPS); Kenya, Nanyuki Distr., Mt. 
Kenya, Hedberg 4320 (UPS). P undulatum (L.) Bergius: South Africa, Huniansdorp Distr., 2.6 miles from 
Assegaai Bosch, Fourcale 5962 (BOL). 
Sect. Pseudomollia Boiss. 
P mollia~onne Boiss.: Iran, Kuh-Daena, Xbtschy 778 (UPS); Iran. Denawand, Bommuller 8181 (K). 
Sect. Durauza S. Wats. 
l? bolanderi Brew. ex A. Gray: USA, California: Napa Hills, C.G. Pringle s.n. ex Herb. Wbbe 7829 (LV). 
l? calfornicum Meisn.: USA, California, Eal River, Jepson s.n. ex Herb. Wbbe 7830 (LV). tl douglasii E. 
Greene: USA, Oregon, Siskiyou Mountains, as var. lutfolium E. Greene. Howell s.n. ex Herb Mbbe 7842 
(LV); Placer Co., Sierra Nevada Mts., A.M. Carpenter s.n. ex Herb. Mbbe 7840 (LV); Wyoming, Southern 
Carbon Co., W slope of Sierra Madre, Porter &?Porter 9722 (UPS); Oregon, base of Stein's mountain, 
Howell s.n. ex herb. Wbbe  7841 (LV). USA. Montana, as tl douglasii montanum Small, Rydberg &? Bessgy 
5364 (K). ssp. spergulanij&tne (Meisn. ex Small) Hickman [=P coarctatum Dougl. ex Meisn.]: USA, 
Oregon, Grant's Pass, Howell s.n. ex Herb. Wbbe  7881 (LV); Lyal 1858 (K). P minimum S. Wats.: USA, 
Washington, Cascades, Sterens Pass, Sandberg &? h i b e g  799 (UPS). tl parogchia Cham. & Schlecht.: 
USA, California, San Francisco, Golden Gate Heights, Rose 47103 (UPS). P pohgaloides Meisn.: USA, 
Oregon, Howell s.n. ex Herb. Mbbe 7881 (LV); USA, Wyoming, Uinta Co., Snake River, Nelson &.Nelson 
6463 (UPS). ssp. kelh,z (E. Greene) Hickman [=P h l l o , ' i  Greene]; USA. Wyoming, Johnson Co., 
Big Horn Range, W. of Buffalo, Circle Park, Porter €3 Porter 7555 (UPS). ssp. confertzJorum (Nutt. ex 

(UPS). 
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Piper) Hickman [ = P conjertiflomm :\utt. rx Piprr]: l:S.\. California . .\fodoc Co .. ~J miles .~\\· or 
Cambv, Baui!,alupi & Smith Y/82 , CPS:. P. sha.1tmse Brc'\\Tr: CSA. California. E. :\orth Peak .. \i:;;sm .1.11. 

(liPS): liSA. Calil(mtia:'. Placer Co ... L\1. Cmjmzter .1.11. n Herb. !11bbe 7880 iiX: l'S.\. California. X 
slopes abm-c Coldsham. Sierra :\e,·acla, CF Sonne .1.n. n Hrrb. !1/hbe 7879 (L\·,. P. lnwe .\lichx.: l'S:\. 
Massachusscts . .\lilten Blue Hills. Furlm.1 /3.J6 l'PS): Baltic Co. P..l. Pui>srml ,!.\':. LX\. 

Polygoneila .\hem~. 
P. ameriwna (Fisch. ct .\le'.' Small: CSA, Texas. Cat. Springs. Fi.1cher 1 (I rCPS): .\lahama. Black\\arrior 
Creek, Blount Count\ . . \lei.mer 1845 ,BR;. P articulata (L) .\Icisn.: CSA, .\fassachusscts. Oakn.' .1.11. 

(CPS); .\ln, .Jcrsn. \\'ooclbun·. Hmu S C'onmd .1.11. :L\'): :\e\1 Jersey . .\lidcllcscx Co .. South :\mboy. 
Bodin s.n. (UPS). P/lmbriata. (EII.J Horton: CS.\. F1oricla. Tampa. B/a/1/on 6825 :S:. P. gracilis .\Icisn.: 
USA. Ylississipi. Sandy barrens. Pass Christian. A.B. Langlois I 77. n Herb. fl!bbe 78/7 (L \'): Florida. 
Orange Co., Kilhlrn<·s-. 0. !i•stuiund .1.11. CPS). !~ jJo{)'gama (\'cnt.: Engrlm. & (;ra: [ = Po[l:gonella jHuTijo!ia 
Michx.]: CS:\. '\. Carolina. Bruns\,·ick Co .. Orton Plantation Garden. Gndfi'~r /O.JG iKI: Calitcmtia, 
Curtiss 1.11. (l'PSI: Florida. Indian RiH'r. Curt1:11 2433 1IX. 

PterofD'/711/1 jAt'B. & SP.\r:H 

P. aurhni .Jauh. & Spach: Pakistan, Baluchistan. Kalal. Rechingrr 27-H-1 1.LD. P gracile Boiss.: Iran. 
Snctaunahad", Strm111 1.11. ,[_(),_ P. noemmm Boiss. Ex .\Ieisn.: Iraq. Koisanjak. Horsain & Honain 53 
(L'PS). 
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