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In order to improve understanding of the systematic relationships between taxa and of 
tepal-pollinator and tepal-habitat relationships, a detailed scanning electron microscopy 
(SEW study of the adaxial tepal surface of 135 taxa belonging to c. 14 genera in the tribes 
Persicarieae and Polygoneae (Polygonoideae-Polygonaceae) was carried out. The tepal 
surfaces have revealed some striking differences among the genera studied. Three main 
patterns of sculpturing and cell shape can be recognized. Type I: mostly rectangular to 
elongate cells with straight or undulating anticlinal walls; the cuticles smooth or striate in 
longitudinal direction and often continuous (Persicaria, Bistortu, Aconogonon, Koenga and some 
species of Fagopyrum). Type 11: irregular tesselated to elongated cells, rarely rectangular with 
mostly sinuate anticlinal walls; the cuticles rarely with longitudinal striation, but with strong 
orthogonal to reticulate ridges or striae, often without correlation between cells (Pu&gonum 
s.s., Po&gomlh, Fallopia, Paraptempyrum, Pteropyrum, Atraphaxis and Callkonum). Type 111: mostly 
irregular, mammilliform, papillose cells with either longitudinal tightly pressed or randomly 
ridged cuticles (some species of Fagotyrum and Oxygonum). The present data generally 
support the division of Polygoneae and Persicarieae by Ronse Decraene & Akeroyd. The 
mammilliform, papillate epidermis of tepals in Oxygonum and some Fagopyrum is probably 
well-adapted to entomophily either as a foothold or even as a light-trap, and also shows 
some correlation with heterostyly. It is noteworthy that the tepal structure of Pobgonella 
(tesselated form) is highly similar to that of Pobgonum S.S. (especially F! sect. Durauin). Cuticular 
striation alone does not appear to have much systematic value, but has a mechanical function 
in affording extra strength to the cell walls. Some correlations between the degree/shape of 
cuticles and the pollination mechanisms or the habitat of each taxon are also briefly discussed. 

*Correspondence to: Dr L. P. Ronse DeCraene. 
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It is concluded that the studied tepal characters can be useful in improving the classification 
of tribes Persicarieae and Polygoneae, arid give additional support at the infrageneric level. 

Q I998 Tlrr Liniiran S o c i q  <)I‘ London 

ADDITIOSAL KEY \VORI)S: --cuticle ~ generic delimitation ~ micromorphology 
pollinatioti ~ Polygonoideae - SEM ~ systematics. 
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ISTRODUCTIOS 

‘rhc Polygonaceae is one of those families which give major problems for 
classification in many floras (Brandbyge, 1993). Several proposals for classification 
have been presented since the nineteenth century. The subdivision of the large 
genus Po!lgonum L. 1.1. into more natural units at generic, subgeneric or sectional 
rank seems to be especiallj problematic, and it is still a matter of debate which rank 
should be used (cf. Haraldson. 1978; Ronse Decraene & Akeroyd, 1988). 

The use of \.arious characters, such as \.egetative anatomy (Haraldson, 1978; 
Lersten & Curtis, 1992), pollen morphology (Hedberg, 1946; Nowicke & Skvarla, 
1977; Hong & Hedberg, 1988), chromosome numbers (Jaretzky, 1928; Fedorov, 
1 969) and phytochemistry (Jaretzky, 1925; Hegnauer, 1969)’ has greatly contributed 
in recognizing several segregates in the genus Pobgonurn L. Ronse Decraene & 
Akeroyd (1 988) investigated a number of floral characters (stamen insertion, tepal 
morpholoa and morpholou of floral nectaries, etc.) in order to elucidate the 
relationships within Pobgonum and several of its segregate genera. In addition, Ronse 
Decraene & Smets (1 99 1) clarified thc position and morpholoLgy of the floral nectaries 
of Po!ygonunz and related genera. The delimitation of the tribes Polygoneae and 
Pcrsicarieae seems to be justified by the above-mentioned studies of Haraldson 
i 19i8), Ronse Decraene & Akeroyd (1 988) and Ronse Decraene & Smets (1 99 1). 

The micromorphology of the perianth (called ‘tepals’ in this study) in the flowering 
plants has been of interest to many botanists. Gale & Owens (1983) suggested that 
epidermal features are useful for determining the mechanisms of floral protection 
and pollinator attraction. In addition, Kevaii & Lane (1985) suggested that the 
microtexture of flokver and petal might have a tactile role (i.e. providing a micro- 
textural nectar-guide for pollinators). The morpholo‘gy of the epidermal cells and 
cuticular surface of the tepals is directly related to the capture of incident light to 
produce maximum brilliance of the pigments. The optical effect of light is dependent 
on the angle of incidence and the shape of the barrier it strikes (Brehm & Krell, 
1975; Kay, Daoud & Stirton, 1981). 

Barthlott (1981, 1990), in a general re\iew of epidermal characters of plants, 

D
ow

nloaded from
 https://academ

ic.oup.com
/botlinnean/article/127/2/91/2557289 by guest on 20 M

arch 2024



TEPAL MORPHOLOGY IN PERSICARIEAE AND POLYGONEAE 93 

confirmed the systematic significance of epidermal characters. The remarkable and 
distinctive surface structures of the epidermis of petals have recently been investigated 
with the scanning electron microscope (SEM) in many taxa such as Compositae 
(Baagae, 1977, 1978, 1980), Fabaceae (especially Papilionoideae: Stirton, 198 l), 
Orchidaceae (Ehler, 1976), Asclepiadaceae (Ehler, 1975), Commelinaceae (Gale & 
Owens, 1983), Rubiaceae (Robbrecht, 1988) and Polygonaceae (Ronse Decraene & 
Akeroyd, 1988; Brandbyge, 1990; Hong, 1992, 1993). 

Although a comparative study of the tepal surface in Pobgonum s.1. and some 
related genera has been made (Ronse Decraene & Akeroyd, 1988), our present 
study is intended to amplifjr these observations from additional material and to 
establish new types of detailed surface ornamentation with descriptive-diagnostic 
value. The aim of the present investigation is to report on micromorphological data 
for the two tribes, i.e. Persicarieae Dum. and Polygoneae emend. Haraldson, and 
to evaluate their use in solving taxonomic problems. Further, Ronse Decraene & 
Akeroyd’s (1 988) classification is assessed in the light of these new results. At present 
it is the opinion of the first author that the genera Aconogonon and Bistorta should be 
recognized within the tribe Persicarieae, contrary to Ronse Decraene & Akeroyd 
(1 988) who retain these as sections of Persicaria. Differences of rank are a matter of 
opinion with little importance for this study. In the results all differing formally 
named sections of Persicaria and Pobgonum will be analysed, notwithstanding the 
status given to them by Ronse Decraene & Akeroyd (1 988). 

MATERIAL AND METHODS 

The study of inner tepals was conducted mostly on material taken from herbarium 
specimens on loan from the following herbaria (abbreviations according to Holmgren, 
Holmgren & Barnett, 1990): BM, BR, E, G, GB, K, KHUS, LD, LV, PE, RNG, 
and UPS, but also partly on living material. A list of all species and specimens 
investigated is given in the Appendix. 

For examination of tepal epidermis, well-developed, open flowers were selected. 
Material was examined with the dissecting microscope, light microscope (LM) and 
scanning electron microscope (SEM). Most of the material from the herbarium 
specimens was directly mounted on aluminium stubs, and coated and photographed 
as outlined below. The flowers, which were collected from living plants, were 
prepared for the SEM as follows. The samples were either osmicated using an 
osmium tetroxide (OsO,)-solution or dehydrated using formaldehyde-dimethylacetal 
(see also Ronse Decraene & Akeroyd, 1988; 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 nm layer of Au or Au/Pd before being studied under 
the SEM (JEOL T-20, JEOL-5200 and JEOL-6200), operating at 15 kV, respectively 
in Seoul, Reading and Leuven. Some material was also treated with aerosol-OT 
(dioctyl sodium sulfosuccinate) following Erbar (1 995) with variable results. Additional 
material was checked under the light microscope. 

Standard terminology mainly follows Gale & Owens (1983), Ronse Decraene & 
Akeroyd (1988) and Barthlott (1990) for the cell types and surface sculpturing 
patterns. 
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S.-P. HOKG ET-AL 

RESULTS: TAXONOMIC DISTRIBUTION O F  TEPAL CHARACTERS 

Tribe Persicarieae 

Genus Persican'a Mill. 
[including Sects. Persicaria (Mill.) Gross, Echinocaulon (Meisn.) H. Gross, 
Cephalophilon (Meisn.) H. Gross, Rubrivena (M. Kral) S.-P. Hong, Zvara  (Adam.) H. 
Gross, Amblygonon Meisn.] 

In Persicaria sect. Persicaria, the tepal epidermis has rectangular cells with straight 
to sinuate anticlinal walls (Figs 1-5). Sometimes, the cell shape of the epidermis is 
fairly long, as in I? minus Huds. Pength (L): 150 pm, width 0: 32 pm] , while in l? 
hydropzjxr L. it is shortly rectangular (L: 35 pm, W: 13 pm). The anticlinal walls of 
the cells are smooth and usually have well-developed longitudinal cuticular striae. 
In some taxa a few stomata occur (Fig. 1). 

I n  most investigated taxa of19 sect. Echinocaulon, the tepal epidermis is of a similar 
type as in sect. Persicaria, i.e. rectangular cells, mostly with straight anticlinal 
walls and usually smooth (Figs 6 8), but rarely with irregularly, weakly developed 
longitudinal cuticular striae (e.g. in l? p4olzata). 

Most of' the taxa in I? sect. Cephalophilon have a rectangular cell shape, straight 
anticlinal walls with smooth striae which are not deep (Figs 9, 10) or sometimes 
weakly longitudinal to oblique cuticular striae (e.g. in I? glaciule (Meisn.) Hook.). In 
I? chinense L., however, the epidermal cells are rectangular (L: c. 20 pm, W: c. 80 pm), 
and the striation of the cuticle is deep and longitudinal (Fig. 11). 

The small section, I? sect. Rubrivena, has a short rectangular cell shape and weakly 
sinuate anticlinal walls with longitudinal cuticular striae (in I? wallichzz Greuter & 
Rurdet, cf. Fig. 12). 

In l? neofil$omzis Ohki (I? sect. Zvara), the epidermal cells are rectangular with 
sinuate anticlinal walls (L: c. 20 pm, IV:  c. 70 pm). The cuticles show longitudinal, 
discontinuous striae (Fig. 14), while in P viyiiana L. cuticular striae are more or 
less irre<plar to straight (Fig. 13). 

In I? sect. Ambbgonon most tepal epidermal cells are rectangular with straight to 
slightly undulating anticlinal walls (Figs 15, 16). 

Genus Bistorta Mill. 
The tepal epidermis consists of elongated to rectangular cells (L: 50-90 pm, W: 

15 22 pm) with straight (Fig. 24) to undulating (Figs 18, 19) or sinuate (Figs 17, 
2 1 23) anticlinal walls. The cuticles show mostly well-developed straight to undulating 
longitudinal striae, as in B. a.nis (D. Don) Greene (Fig. 23). A few rare stomata 
occur in B. sufulta (Maxim.) Greene ex H. Gross (Fig. 18). 

Genus dconogonon (Meisn.) Reichenb. 
The surface of the tepals consists mainly of rectangular cells with smooth (Figs 

25, 28) or slightly longitudinal striae (Figs 26, 27) or sometimes with a strongly 
ridged cuticle (in A .  canzpanulatum (Hook. f.) Hara var. campanulatum, Cf'. Fig. 29). 
The cuticle mostly shows a longitudinal striation (Figs 26, 27, 29), but in A. molle 
(D. Don) Hara var. rude (Meisn.) Hara, striae run more or less horizontally, sometimes 
longitudinally at the extremities (Fig. 30). Usually the cell length exceeds the cell 
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TEPAL MORPHOLOGY IN PERSICARIEAE AND POLYGONEAE 95 

Figures 1-8. SEM micrographs of the inner tepal epidermis cells of Persicaria (Figs 1-5: P. sect. Persicaria, 
Figs 6-8: P. sect. Echinocaulon). Fig. 1. P coccinea (Cooperrider 3236). Fig. 2. P pulchra (Mohoro 588). 
Fig. 3. P viscosa (Ryding 322). Fig. 4. P hydropipemides (Mealme 1482). Fig. 5. Pyokusaiana (Ohwi 9077). 
Fig. 6. P artgolia (Bodin sm.). Fig. 7. P sapzttata (Einarsson et al. 3915). Fig. 8. P hastato-sqittata (Kanai 
10383). Scale bars= 10 pm. 
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S.-P. HOSG ETdL.  

Fiprcs  9--16. SEM iiiicrogaphs of the i m e r  tcpal epidermis cells of Persicaria (Figs 9-11: P. sect. 
C'pphalophilon, Fig. 12: P .sect. Rubriciena, Figs 13, 14: P. sect. % C ~ T Q ,  Figs 15, 16: P sect. Amblygonon). Fig. 
9. f? runcinatu (Ludlow & SherrifT 8250). Fig. 10. f? data (Hedberg s.n.). Fig. 1 1. El chinensis (Venning 
88). Fig. 12. El zcallichii (Ronse Decracne 15 h). Fig. 13. f? viginiana (McDonald s.n.). Fig. 14. El 
nmfi/$mi.r (Ohwi 331). Fig. 15. P oritntnh (Brumbach 6921). Fig. 16. P smegamsis (Lye 2816). Scale 
I ) X S  = 10 pm. 

width (IA: 30-180 pm, \ \ :  13-25 pm). The anticlinal walls of the epidermal cells are 
iinciulate to almost gtraight. Rarely a fev, stomata occur in the upper tepal epidermis 
of A. tortuowm (D. Don) Hara var. pubztppnlum S.-P. Hong. 
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TEPAL MORPHOLOGY IN PERSICAKIEAE AND POLYGONEAE 97 

Figures 17-24. SEM micrographs of the inner tepal epidermis cells of Birtorta. Fig. 17. B. p@hii 
(Ludlow et al. 13097). Fig. 18. B. sufilta (Yahara et al. 6998). Fig. 19. B. ,burpusella (Ludlow et al. 21 1 15). 
Fig. 20. B. macrophylla (H. Smith 10932). Fig. 21. B. vivipara (Hedberg 3168). Fig. 22. B. major (Murbeck 
s.n.). Fig. 23. B. a$mis (Ludlow & SherrS 8203). Fig. 24. B. uaccinfolia (Ludlow et al. 17136). Scale 
bars = 10 pm. 
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S.-P. HONG ETAL.  

Figures 25-30. SEM rnicrogaphs of the inner tepal epidermis cells of Aconogonon. Fig. 25. A .  coriariurn 
iHrdge 8r LVendelbo 5148). Fig. 26. A .  rurnicfolzurn (Forrest 29864). Fig. 27. A.  hooken' (Rock 14376). 
Fig. 28. A. rhombit~palurn (Forrest 29864). Fig. 29. d. campanulaturn var. campanulaturn (Ronse Decraene 
12 Lhi. Fig. 30. A .  molk var. rrrd~ (Hong-cult. 89-KI). Scale bars= 10 pm. 
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TEPAL MORPHOLOGY IN PERSICARIEAE AND POLYGONEAE 99 

Figures 31-36. SEM micrographs of the inner tepal epidermis cells of Koeniga. Fig. 31. K klandica 
(Nielsen 69). Fig. 32. K nepalensis (Einarsson et al. 3394). Fig. 33. K delicatula ssp. relicta (Forrest 25042). 
Fig. 34. K nummulanilia (Duthie 3337). Fig. 35. Xjilicaulis (Kingdon Ward 8612). Fig. 36. K delicatula 
ssp. delicatuh (Gould 1586). Scale bars = 10 pm. 

Genus Koenigza L. emend. Hedb. 
The surface of the tepals consists of rectangular to elongated cells (L: 39-150 pm, 

W: 13-36 pm) with mostly strongly sinuate (Figs 33, 36) to rarely straight (e.g. in K 
islandicu L., cf Fig. 31) anticlind walls. The cuticles have deep longitudinal striae 
(Figs 32-36), or are rarely more or less smooth (Fig. 31). 

Genus Fagopyrum Mill. emend. Hong (including Harpagocu$us Hutch. & Dandy) 
The cells of the inner tepal epidermis are papillate in this genus (e.g. i? esculentum 

Moench, i? tutaricum (L.) Gaertn., Figs 37-39) more or less rectangular (i? leptopodium 
(Diels) Hedberg, i? giruldii (Dammer ex Diels) Haraldson, i? snowdenii (Hutch. & 
Dandy) S.-P. Hong; L: 50-90 pm, W: 13-25 pm) to broadly irregular mammilliform- 
like (I? megacarpum Hara). The anticlinal walls of the cell are either irregular (Figs 
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Figures 3i 4 4 .  SEM microgaphs of thr inner tepal cpiderniis crlls of Fagohimm. Fig. 37. I+.' escubntum 
~Briimtiach 69021. Fig. 38. I? dibof!j,.c (Cavr s.n.). Fig. 39. F.' Inlanmm (Ronse Drcraene 626 Ln). Fig. 
40. I? gimkdii (Hedberg 7321). Fig. 41. E ~ P ~ I I P  (Handel-Slazetti 8569). Fig. 4-2. R snoze?cienii (Kabuye 
72). Fig. 43. I.: /rp/opodum ssp. bpros.rri (AInrir 3). Fig. 44. E ghii (Handcl-hlazzetti 8077). Scale bars= 
I 0  pm. rrcrpt Fig. 39 = 100 pni. 
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TEPAL MORPHO1,OGY IN PERSICARIEAE AND POI.YGONEAE 101 

37-39) or undulating (Figs 40, 42-44), or rarely somewhat straight (Fig. 41). In I? 
snowdmii, they are sinuate (Fig. 42). The cuticle is formed in various ways, e.g. either 
longitudinally tightly pressed (Figs 37-39), randomly ridged (Figs 40, 4 l), short- 
reticulately to horizontally ridged (Fig. 42), or with undulating to longitudinal 
cuticular striae (Figs 43, 44). In I? tataricum we observed a transition from more or 
less rectangular cells with straight anticlinal walls and horizontal striae lower on the 
tepal surface to typically mammillifom cells with contracted striae higher up (Fig. 
39). This indicates that the mamillae probably arose by contraction of the cells. 

Tribe Polygoneae 

Genus Pobgonum L. S.S. 
(including Sects. Pobgonum, Pseudomollia Boiss., Duravia S .  Watts., ZphZC (Adans.) 
Meisn. emend. Haraldson) 

The tepal epidermis is similar in most species of section Pobgonum [including F! 
molliaefome Boiss. (often treated as sect. Pseudomollia) Fig. 491, consisting of irregular, 
elongated cells with sinuate outline [L: 40-50 (-90) pm, W: 13-15 (-30) pm]. They 
mostly have a tesselated cell shape. The cuticle is often deeply and irregularly ridged 
or has sometimes randomly placed short striations (in most taxa of the F! auiculare 
L. group, Figs 45, 46). Often a few stomata occur in some taxa of sect. Pobgonum 
(Figs 45, 46). 

In general, the tepal cells of sect. Zphis are elongated to rectangular and the cell 
length exceeds the cell width (L: c. 60 pm, W: c. 15 pm). The anticlinal walls are 
sinuous, their periclinal walls low-domed, and longitudinally covered with convoluted 
cuticular striae (Fig. 48). Many stomata are scattered over the surface of the tepal 
(Figs 47, 48). 

In sect. Duravia the inner tepal cells have mostly long rectangular cells with 
strongly sinuous anticlinal walls (L: c. 100 pm, W: 10-15 pm) covered by a strongly 
compacted, irregularly ridged cuticle, with the striations mostly orthogonal to the 
long axis (Figs 50-52). 

Genus Po&gonella Michx. 
The tepal epidermis has mostly irregular, rectangular cells with sinuate outlines 

(Figs 53-55), but rarely regular cells with straight anticlinal walls (Fig. 56, e.g. F! 
americana (Fisch. & Mey) Small). The cell lengths are c. 50-1 10 pm and widths are 
16-20 pm. The cuticles are irregularly deeply ridged (Figs 53-55) or randomly to 
orthogonally ridged, especially in El americana (Fig. 56). 

Genus Oygonum Burch. 
The tepal cells are irregular (c. 15 pm in diameter) in shape and are mostly 

covered with mammilliform-like papillae having a randomly ridged cuticular striation 
(Figs 57-60). Rarely the cells are rectangular to broadly irre<gular, producing irregular 
mamillae with random to longitudinal tightly pressed striae (e.g. in Oxygonum dregeanum 
Meisn.). A transition between irregular and more rectangular cells was observed in 
0. atriplic$lium (Fig. 57). 
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!0:? S.-P. HO:'\G ET AL. 

Figures 45-52. SE.M micrographs of the inner tepa! epidermis cells of Po{r:gonum. Figs 45, 46: Porygonum 
sect. Po{vgonum, Figs 47, 48: P. sect. Tej1hi.r, Fig. 49: P. sect. Preudomollia, Figs 50-52: P. sect. Durauia). 
Figs 45, 46. P aviculare ssp. aequale (Koh 48/455). Figs +7, :J-8. P cifmmontanum (Hedberg 1622). Fig. 49. 
P mo!liaqorme 1Kotschv 778). Fig. 50. P. kellogii (Holm 273). Fig. 51. P douglassi (Sandberg & Lciberg 
'B·l). Fig. 52. P calrfomicum (Howell s.n.\. Scale bars= 10 J.lm. 
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TEPAL MORPHO1,OGY IN PERSICARIEAE rWD POLYGONEAE 103 

Figures 53-60. SEM micrographs of the inner tcpal epidermis cells of Pohgonella and 0.ygonurn (Figs 
53-56: Pobgonella, Figs 57-60: Oggmurn).  Fig. 53. Pohgonella articulata (Long 11563). Fig. 54. P pacilis 
(Vestulund s.n.). Fig. 55. Pjrnbriafu (Blanton 6825). Fig. 56. P arnericana (Fischer 10). Fig. 57. O-Tgonurn 
atriplic@liurn (Haraldson 401). Fig. 58. 0. stulilrnannii (Mhoro & Backeus 2236. Fig. 59. 0. delagoense var. 
stricturn (Fries 1258). Fig. 60. 0. sinuaturn (Zumer 56). Scale bars= 10 pm. 
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ID+ S.-P. HO:'\G ET AL. 

Genus Fallopia Adans. emend. Ronse Deer. 
(including Sects. Fallopia (Adans.) Holub, Pleuropterus (Turcz.) Haraldson, Parogonum 
Haraldson, Reynoutria (Houtt.) Ronse Deer.) 

The tepa! cells have an irregular to elongated shape [Figs 61-63, R scandens (L.) 
Holub a:nd F convolvulus (L.) A. Love], but sometimes the outline of cells is more or 
less irregular to rectangular, as in F aubertii (L. Henry) Holub, R baldschuanica (Regel) 
Holub and F pterocmpa (Meisn. in Wall.) Holub (L: 35-42 Jlm, W: 16-20 Jlm). The 
anticlinal cell \valls are more or less straight to sinuate and the cuticles are irregularly 
reticular-ridged (F scandens, Fig. 61) or finely irregular to longitudinally striate (R 
convolvulus, F pterocarpa, cf. Figs 62, 64). The cuticle consists of rare long randomly 
placed striae (f.' baldschuanica). 

In Fallopia cilinodis (Michx.) Holub (sect. Parogonum), the tepa! cells are elongated 
and the anticlinal walls are slightly undulate with elongated striae. A kw stomata 
are found (Fig. 64). 

The tepa! cells of sect. Rl!)'noutria are irregularly rectangular (Fig. 66; L: 10-14 Jlm, 
\\': l 0--17 Jlm). The anticlinal wall of the cells are mostly undulating or rarely slightly 
straight (Figs 65, 66). The cuticles are mostly longitudinal, but vary from cell to cell; 
tlw cuticle is often rough with random striae (F sachalinensis (F. Schmidt) Ronse 
Deer., cf. Fig. 66). 

Genus Pteropyrum Jaub. & Spach (including Parapteropyrum A. Li) 
l\Iost taxa of Pterop)'rum, including the monotypic genus Parapteropyrum (Parapteropyrum 

tibeticum A. Li, Fig. 72), have irregular to polygonal tepa! cells and the anticlinal 
walls are mostly sinuate (Figs 69-72) or undulate (Figs 67, 68) with a strongly ridged, 
randomly striate cuticle (cf. Figs 67-72; L: 45-54 Jlm, W: 13-20 Jlm). The cells of 
P. scoparium Jaub. & Spach are irregularly elongated with deep, almost longitudinal 
or sinuate striation with scattered stomata (Figs 67, 69). 

Genus Atraphaxis L. 
In most taxa investigated, the tepal cells are elongated and more or less irregular. 

The cuticles are generally densely covered with longitudinal to random striae. The 
anticlinal cell walls are usually sinuate to undulate or almost straight (Figs 73-76). 
In A. buxifolia jaub. & Spach, the tepa! cells are irregular to rectangular and the 
anticlinal \-valls are sinuate with thick, longitudinal or random striation, with scattered 
stomata (Fig. 73). The cell sizes in A. billardien· Jaub. & Spach are approximately 
100 Jlm or even longer and c. 18 Jll11 wide respectively (cf. Fig. 74). 

Genus Calligonum L. 
The tepa! epidermal cells are irregular to more or less elongated (Figs 77 --80) or 

sometimes broadly rectangular to irregular (C. microcarpum Borshch., cf. Fig. 77). The 
anticlinal walls are more or less straight, sometimes slightly undulate (L: 30-40 Jlm, 
\\': 15-20 Jlm). The cuticles have deep longitudinal striations (Figs 78-80, in C. 
comosum L'Hcrit., C. caput-medusae Schrenk and C. eriopodum Bunge) or a random 
striation extending from the middle (C. microcarpum, cf. Fig. 77). 

DISCCSS!Ol'\ 

SEM studies of tepa! surfaces haw rewalcd some significant differences among 
sewral genera of the tribes Persicarieae and Polygoneae ofPolygonaceae as delimited 
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Figures 61-68. SEM micrographs of the inner tepal epidermis cells of Fallopia and Ptempymm (Figs 
61-63: Fallopia sect. Fallopia, Fig. 64: R sect. Pamgonum, Figs 65, 66: R sect. Rynoutria, Figs 67, 68: 
Ptempymm). Fig. 61. R scandens (Ludlow et al. 7059). Fig. 62. E: concolvulus (H. Smith 4372). Fig. 63. R 
dumetora (Cardvso s.n.). Fig. 64. l? cilinodis (Mexon & Weatherby 1045). Fig. 65. Rjaponica (Barley 
1218B). Fig. 66. R sachalinensis (HE & ST Parks 24448). Fig. 67. Ptempymm scoparium (Miller 6677). Fig. 
68. I! gracile (Straus sn.) .  Scale bars = 10 pm. 
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Figures 69-72. SEM micrographs of the inner tepal epidermis cells of Ptmpyrum (Figs 69-71) and 
Paraptm&vum (Fig. 72). Fig. 69. hf iymrn pracile (Straus s.n.). Fig. 70. El auchen' (Rechinger 27441). Fig. 
7 1. El noeanum (Horsain & Horsain 53). Fig. 72. Parapteropyrum ribeticum (Qmg-zang Exped. Suppl. Group 
750657). Scale bars = 10 p. 

b) Ronse Decraene & Akeroyd (1 988). Three main patterns of sculpturing and cell 
shape can be recognized. The first group (Type I) mostly has rectangular to elongated 
cells. The anticlinal walk of the cell are usually straight or undulating. The cuticles 
arr smooth or striate in longitudinal direction and often continuous. A reticulate 
pattern is absent and individual cells do not differ much from each other. This type 
is found in the genera Persicaria (Figs 1-16), Bistorta (Figs 17-24), Acunugonon (Figs 
25-30), K^oen@u (Figs 3 1-36) and some taxa of Fagopyrum (Figs 40-44), which belong 
to the tribe Persicarieae. The second group (Type 11) has irregular to elongated, 
rarely rectangular cells. The anticlinal walls of the cells are mostly sinuate. The 
cuticles rarely show a longitudinal striation, but have strongly orthogonal to reticulate 
ridgcs or striae, often without correlation between cells. The individual cells vary 
much in size and shape. This type occurs in Po&gonum S.S. (Figs 45-52), Po&gunella 
(Figs 53-56), Fallopia (Figs 6 1 -66), (Pa7a)Pteropyrum (Figs 67-72), Atraphaxzs (Figs 73-76) 
and Cnlligonum (Figs 77-80). The third t)7pe (Type 111) has mostly irregular cclls with 
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Figures 73-80. SEM micrographs of the inner tepal epidermis cells of Atraphaxis (Figs 73-76) and 
Calligonum (Figs 77-80). Fig. 73. Atraphaxk buxfolia (Grossbein? 20). Fig. 74. A. billardim‘ (Balansa 1289). 
Fig. 75. A.frutescens (Alm s.n.). Fig. 76. A. muscktovii (Anonym. s.n.). Fig. 77. Calligonum microcarpurn 
(Sintenis 2202). Fig. 78. C. camosum (Bougeau 43). Fig. 79. C. caput-medusae (Anonym. s.n.). Fig. 80. C. 
m’apodum (Michelson s.n.). Scale bars = 10 pm. 
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mammilliform papillae and either longitudinal tightly pressed or randomly ridged 
cuticles. Type I11 is considered a unique cell structure, which occurs in some taxa 
of Fizgo jy~n  (cf. Figs 37-39) and Oygonum (Figs 57-60). 

In the genus Persicaria, Ronse Decraene & Akeroyd (1 988) lumped sects. Echino- 
caulon, Ambhgonon and Cephalophilon within a single section Persicaria. Most taxa of 
sect. Echinocaulon and Cephalophilon share a smooth or rarely weakly striate cuticle. 
Following the cladogram of the genus Persicaria presented by Hong (1993: 1 lo), I? 
sect. Persicaria is the sister group of l? sect. Echinocaulon, which is supported by two 
synapomorphies (the presence of simple multiseriate or stellate hairs and a similar 
phytochemistry, such as methylated flavonoids). This is not well supported by tepal 
morphological data. However, more data should be included before definite answers 
can be reached for the delimitation and recognition of sections. Similar patterns are 
found in the genus Bistorta, but striations are mostly well-marked. In the genus 
L-lronogonon the cuticles mostly show a longitudinal striation, which is well-marked in 
some cases (A. campanulatun, Fig. 29), or cuticles are almost smooth (e.g. A. coriarium, 
Pig. 25, A. rhombitepalum, Fig. 29). Only in one taxon, A. molle var. rude, cuticles show 
a more or less transversal pattern, which is never found in other genera (cf. Fig. 
30). However, the striae at the cell extremities tend to run longitudinally. Horizontal 
patterns of the striae also occur in some species of Fagopyrum (e.g. R tataricum, R 
lineare, I? snowdenii, cf. Figs 41, 42). 

In conclusion, all taxa placed under Persicaria by Ronse Decraene & Akeroyd 
(1  988) show the same pattern of variation, with a more or less pronounced tendency 
to stability to one kind of epidermis. The shape of cells, strictly rectangular with 
straight or undulating margins, the absent, faintly present to strongly developed 
cuticular striae converge to one basic type. 

It was interesting to find that the tepal shape and surface of the investigated 
Oggonum taxa are more or less similar to those of some species of Fagopyrum. It is 
probable that these mammilliform papillae with either longitudinal tightly pressed 
or randomly ridged cuticles in Oaygonum and some taxa of Fqopyrum have probably 
been acquired as a better adaptation to the insect-pollination mechanism than the 
tepal surface structures of any other taxon in these two tribes. It is also noteworthy 
that a heterostylous sexual system has been found in some taxa of both Fagopyrum 
(Ye & Guo, 1992; Hong, unpublished data) and Oygonum (Graham, 1957, 1958). 
Some of the heterostylous taxa from both general have mammilliform papillae with 
either longitudinal tightly pressed or randomly ridged cuticles, but this is not so in 
all heterostylous taxa (most of the studied taxa in Oqgonum, except 0. delagoense, 
which is hermaphrodite). However, other species of Fagopyrum are similar to the 
l’enicaria type (Figs 40-42; Ronse Decraene, unpubl.). In E tataricum and perhaps I;: 
dibotys both types may be present, as transitions were found from bottom to top of 
the tepal surface. Contrary to Fagopyrum the mammillae are a constant feature in 
Oygonum. It is therefore possible that the similar tepal structure of Fagopyrum and 
OTvgonum represents a homoplasy, as both genera show important differences, such 
as tepal vasculature, nectaries, etc. (Ronse Decraene & Smets, 1991). 

The general impression is that the tesselated tepal structure of the genus Pobgonella 
is highly similar to that of the genus Pobgonum s.s., especially I? sect Durauia which 
is interesting phylogenetically. Pollen morphology (cf. Hedberg, 1946; Horton, 1963; 
Hong & Oh, 1996 and unpublished SEM data), floral morphology (Ronse Decraene 
& Akeroyd, 1988), tepal structure (ibid., this study), some seed characters (Hong & 
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Oh, unpublished SEM and anatomical data), and the anatomical evidence (Har- 
aldson, 1978) support the phylogenetic proximity of these two taxa as one natural 
group, even though Hedberg (1 946) speculated that these resemblances probably 
evolved by convergence. A detailed nomenclatural proposal, however, will be delayed 
until we get more data (such as molecular data and others) to clariEj the phylogenetic 
relationship between Pobgonum and Pobgonella (Ronse Decraene & Hong, in prep.). 

The genus Pteropyrum produces mostly short, more or less rectangular cells with a 
deeply reticulate, randomly striate cuticle. Almost the same type is found in the 
closely related taxa Atraphaxis and Calligonum, although the tepal shape of some 
species of Atraphaxis tends to approach type I (A. billardieri Fig. 74). They have been 
considered closely related to each other phylogenetically (cf. Haraldson, 1978; Ronse 
Decraene & Akeroyd, 1988). Some authors proposed that these three taxa should 
be treated as one tribe (Dammer, 1893) or subtribe (Gross, 1913; Jaretzky, 1925). 
However, on the basis of the tepal characters found in these three genera it may 
be difficult to separate them from other genera in the tribe Polygoneae. It is also 
true that the monotypic genus Parapteropyrum, being endemic to the Xizang Plateau 
(South-east Tibet) of China, has a similar tepal surface to that of Phpyrum. 
Pollen morphological data also suggest a close relationship between Pteropyrurn and 
Parapkropyrurn (Hong, 1995). 

In general, the present data support Ronse Decraene & Akeroyd’s (1 988) system 
which divided the genus Pobgonum L. s.1. into two tribes (i.e. Persicarieae and 
Polygoneae), except for the taxonomic position of the genus Fagopyrum for which it 
is still not clear whether it belongs to Persicarieae or Polygoneae. Traditionally, 
Fagopyrum is placed closely to the genus Fallopia (Gross, 19 13), because of a similar 
habit and superficial resemblance. However, on the basis of some floral characters 
(e.g. stamen morphology, the vasculature of the tepals and nectaries), Ronse Decraene 
& Akeroyd (1 988) did not support a relationship of both genera, which we continue 
to maintain. Thus, on the basis of the inner tepal surface characters alone, the genus 
Fagopyrum could be considered as paraphyletic. It may also be speculated that these 
differences are possibly caused by the variety of habitats. Fagopyrum also shows 
numerous floral characters which place the genus at the base of evolution in the 
Persicarieae (see also Ronse Decraene & Akeroyd, 1988; Ronse Decraene & Smets, 

Most of the taxa studied here occasionally have a few stomata occurring on the 
epidermis of the tepals. Some taxa, such as Pobgonum S.S. (especially sections Pobgonum 
and Tiphis), Fagopyrum, Pteropyrum and Callgonum, have stomata on the tepal surface 
on a more frequent basis. The occurrence of stomata on the floral parts has been 
reported earlier in some angiosperm families (Maercker, 1965), but may have a 
wider distribution. In Polygonaceae Brandbyge (1990) and Hong (1 992) demonstrated 
the presence of stomata on the tepal epidermis of two Coccoloba species and on two 
Aconogonon species respectively. However, stomata found on the tepals are usually 
non-functional (cf. Fahn, 1990). 

The studied tepal characters tend not only to improve intrageneric classification 
but also to clarify plant-plant as well as plant-pollinator relationships. The optical 
geometry of a smooth lenticular tepal surface does not enable it to function as a 
light-trap, and smooth (unstriated) lenticular tepal surfaces usually show fairly 
strong surface reflections. According to Baagae (1 977) the papillate epidermal cells 
compensate for the increase in volume by increasing the surface area of the anticlinal 
cell walls which are in contact with neighbouring cells, thereby allowing a better 

1991). 
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nutrient exchange to take place. In addition, the cuticular striations appear to afford 
extra strength to the cell walls (cf. Gale & Owens, 1983). 

The cuticular striations do not appear to have much taxonomic value. However, 
it seems that there are some correlations between the degree or shape of cuticles 
on the tepal surface and the pollination mechanisms and the habitat of the plants, 
at least to some degree. The genus Oxygonum and some Fagopyrum taxa show a 
typically insect-adapted inner tepal surface (mammilliform papillae) which acts as a 
foothold for a specific pollination vector or even as a light-trap for incident light (cf. 
Kay et al., 1981). The rest of the taxa in the two tribes Persicarieae and Polygoneae 
seems to be adapted to various pollination mechanisms, not only to a specific vector. 
For example, Koaz@ ZrlandiCa, the tiny self-pollinated arctic plant, has a fairly smooth 
inner tepal surface, while the other Himalayan taxa of Koenigia mostly have deep 
longitudinal striae, which are probably linked to entomophily. A highly striate cuticle 
may also be habitat-dependent, viz. taxa of dry or ruderal places. 

It can be concluded that tepal characters in the tribes Persicarieae and Polygoneae 
can be useful in improving tribal classification, and give additional support at the 
infrageneric level. 
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APPE!'iDIX: SPECIES A,".;o SPECI.\IE:\"S EXAMINED 

The herbarium of origin of the material indicated by the abbreviations used in Holmgren et al. 
(1990). Species are listed alphabetically within genera/sections. For facility and comparative purposes 
all 'iections are listed, notwithstanding our acceptance of these. 

Tribe Persiearieae Dumortier 

Persicaria Mill. 
Sect. Pmicaria l\lill. 
Persicaria amphibia (L.) Gray: France, Berek, Pas-de-Calais, de Bullemont s.n. (LV); Russia,Jenisei, Lundstrom 

s.n. (UPS); USA, l\Iinnesota, Swede Lake, Bodin S_V: (UPS). 
Persicaria bungeana (Turcz.) Nakai: China, Chili Prov., Cho-kou-tien, Bohlin 268 (UPS). 
Pmicmia coccinea (Mehlenb.) Greene: USA, Iowa, Clinton Co., Cooperrider 3236 (UPS). 
Persiraria hydmpiper (L.) Opiz: China, Szechuan, Hsu-tsing, H. Smith 4778 (UPS). 
Persicaria hydropiperoides Michx.: Brazil, Rio Grande, Afealme 1482 (UPS). 
Persiraria hispida (H.B.K.) M. Gomez: Ecuador, El Oro Prov., Asplund 15861 (UPS). 
Persicaria lanigem (R. Br.) Sojak: Ghana, mouth of Volta River, Ryding 77 (UPS). 
Pmiraria lapathijolia (L.) Gray: China, Shansi PrO\· .. H. Smith 7984 (UPS). 
Persicaria marulata (Raf.) Love & Love: Belgium, Bruges, Ronse Dmaene 24 Lb (LV). 
Pmicarin minus (Huds.) Opiz: UK, Sussex, SandzL'ith s.n. (K). 
Persicaria nodosa (Pers.) Opiz: UK, Louslt:Y 1671 (R~G). 
Penirarin pukhra (Blume) Sojak: Tanzania, Iringa distr., Kidatu, Mohoro 588 (UPS). 
Per.1iraria viscosa (Buch.-Ham. ex D. Don) H. Gross: :-.iepal, Bagrnati, Kathmandu, Ryding 332 (UPS). 
Pmiraria_vokusaiana (Nakai) Makino: japan, Hondo, Kyoto, Ohzt'l 9077 (UPS). 

Sect. E-l:hinucaulon (Meisn.) H. Gross 
Persirmia artifolia (L.) Haraldson: USA, :\-Iinnesota, Chicago, Bodin s.n. (UPS). 
Pmicaria hastato-sagittata (.:liakai) Nakai: japan, ::'\ikko, Kanai 10383 (UPS). 
Persimria per.fiJ/iata (L.) H. Gross: China, Szechuan, I ping, H. Smith 10000 (UPS). 
Pmiraria sagittata (L.) H. Gross: ::'\epal,Jumla. Einarsson eta/. 3915 (UPS). 
Persiraria sieboldii (.Meisn.) Ohki: Korea, Ditaku, Ohwi 2569 (UPS). 
Pmiraria thunbergii (Siebold & Zucc.) H. Gross ex Nakai: Japan, Hondo, Musashi, Ohwi 170 (UPS). 

Sect. Cephalophilon (Meins.) H. Gross 
Prrsiraria alatn (Buch.-Ham.) Nakai: Kenya, cult. Uppsala Bot. Card., Hedberg s.n. (UPS). 
Pmicaria rapitata IBuch.-Ham. ex D. Don) H. Gross: Nepal, Muga Karnali, Polunin et a/. 5248 (UPS). 
Pmiraria rhinmsis (L.) H. Gross: Without country name. Chin Hill, Tenning 88 (K). 
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Persicaria nepalensis (Meisn.) H. Gross: Nepal, Muga Khola, Polunin et al. 301 7 (UPS); Korea, Kangwon- 

Persicaria runcinata (Buch.-Ham. ex D. Don) Masamune: India, Kashmir, Ladlow @ S h m f f  8250 (UPS). 
Do, Mt. Kwangduk, Hong 96-79 (KHUS). 

Sect. Rubrivena (M. Krd) S.-P. Hong 
Persicaria wallichii Greuter & Burdet: Cultivated in Reading Bot. Gard. Ronse DeMaene 15 LA (RNG). 

Sect. Zvara (Adans.) H. Gross 
Persicaria neoJil$rmis Ohki: Japan, Hondo, Koshigaya, Ohwi 331 (UPS). 
Persicaria vip'niana (L.) Gaertn.: USA, Illinois, Peoria, McDonald s.n. (UPS). 

Sect. Ambhgonon Meisn. 
Persicaria limbata (Meisn.) Hara: Clulkana, near Lakarumpour, Herb. Hookerianum s.n. (K). 
Persicaria orientalis (L.) Spach: USA, Pennsylvania, Reading, Brumbach 6921 (UPS). 
Persicaria senegalensis (Meisn.) Sojak: Uganda, Busiro Co., Bukiberu, Lye 281 6 (UPS). 
Persicaria tomentosa (Willd.) Sasaki: India, Dacca Station, Clarke 8144 (UPS). 

Bistorta Mill. 
Bistorta aznis (D. Don) Greene: India, Kashmir, Mantnar Nullab, Ludlow & Shmff 8203 (UPS). 
Bistorta amplexicaulis (D. Don) Greene: Nepal, Chiong, Dhwoj 108 (UPS). 
Bistorta major Gray: Hercegovina, Murbeck s.n. (UPS). 
Bistorta grzzthii (Hook.) Grierson: SE Tibet, Showa Dzong, Ludlow et al. 13097 (UPS). 
Bistorta macmphylla (D. Don) Soj& China, Sikang, Kngting, H. Smith 10932 (UPS). 
Bistorta perpusella (Hook.) Greene: Bhutan, Shingh, Ludlow et al. 21115 (UPS). 
Bistorta sufilta (Maxim.) Greene ex H. Gross: Japan, Honshu, Nagano Pref., Ydara et al. 6998 (UPS). 
Bistorta vaccin$olia (Wall. ex meisn.) Greene: Bhutan, Thampe La, Ludlow et al. 17136 (UPS). 
Bistorta vioipara (L.) A. Gray: Canada, NW Territory, Baffin Island, Hedberg 3168 (UPS). 

Aconogonon (Meisn.) Reichenbach 
A. alpinurn (All.) Schur: India, Himachal Pradesh, Stewart 200 (K). 
A. angustifolium (Pall.) Hara: UK, Aberdeen, Poget s.n. (RNG). 
A. campanulatum (Hook. f.) Hara var. campanulatum: Seed from Edinburgh Bot. Gard., Hong-cult., 89-A3 

A. coriarium (Grig.) Sojak Afghanistan Parwan, Panjahir Valley, Mukeni, Hedge @ Wendelbo 51 48 (E). 
A. divaricatum (L.) Nakai ex M o n  China, Hsiao Wutaishan, King 1165 (K). 
A. hookeri (Meisn.) Hara: China, Yunnan, Likiang, Mt. Haba, Rock 9642 (E); Tibet, Dzomo La, Rock 

A. molle (D. Don) Hara var. rude (Meisn.) Hara: Originally cultivated in Kew Bot. Gard., Hong-cult. 89- 

A. rhombitepalum S.-P. Hong: China, Yunnan, near Tali, Forrest 29864 (E). 
A. rumic$lium (Royle ex Bab.) Hara: Pakistan, Ushu-Tales, Ern 7620-Hang-cult 89-Dl (UPS). 
A. seniium (Pall.) Hara: Originally cultivated in Cambridge Univ. Bot. Gard. Anonym. 52.96 (K). 
A. tortuosum (D. Don) Hara var. tortuosum: Seed from Kew Bot. Gard., Hong-cult., 89-Kl (UPS). 
A. triptmcarpum (A. Gray) Hara: Ex. Herb. Hort. Bot. Imper. Petropolitani, Nowicz s.n. (K). 
A. weyrichii (F. Schmidt) Hara: Cult. Oxford Bot. Gard., Ronse Decraene 19 IL (LV). 

(UPS); Rome Decrme cult., 12 Lb (LV). 

14376 (K). 

XI (UPS); cult. in Kew, 267-72.02550 B.L.@M., Ronse Decraene 624 LA (LV). 

Koenigia L. 
K delicatula (Meisn.) Hara ssp. delicatula: Nepal, Annapurna, Stainton et al. 8603 (UPS); Tibet, Upper 

K delicatula (Meisn.) Hara ssp. relicta Hedberg: Upper Burma, NMaikha-Salwinn, Forrest 25042 (UPS). 
Kjlicaulis (Wall. ex Meisn.) Hedberg: India, Assam, Delei Valley, Kingdon Ward 8612 (K). 
Kforrestii (Diels) Hedberg: China, Yunnan, Isekon, M o n b q  82 (K). 
K islandica L.: Greenland, E. Sukkertoppen, H o m e n  601 (UPS); NieOen 69 (RNG). 
K: nepalensis D. Don: Nepal, Jangla, Einarsson et al. 3394 (UPS). 

Chambi Valley, Gould 1586 (K). 
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6: nummuhrifolia (Meisn.) Mesicek & Sojik: Nepal, h n  Valley, Stainton 728 (UPS); India, &main, 

K pilosa Maxim.: China, Szchuan, Sung Pan Hsien, Fang 4419 (K). 
Ralam Valley, Dutlh2p 3337 (K). 

Fq@yrecm Atili. 
F: diboflys (D. Don) Hara: China, Hong Chow, Ling Ying, Clung? 3791 (UPS); cult. in Hyde Park, 

.4nonym. s.n. (K); Cave s.n. (E). 
l? e.sculentum Moench: Bhutan, Thimphu, Grierson G? Long 1272 (E); China, Shansi, Chieh-hsiuh distr., 

Sung-lin-miao, H. Smith 7666 (UPS); USA, Monroe Co., Delaware Water Gap, Brumbach 6902 (K); 
Korea, Kangwon-Do, Pyungchang-gun, Hong 96-84 (KHUS). 

F: gzlaii (Hemsley) Hedberg: China, Yunnan, Londjre, Handel-Mazzetti 801 7 (S) .  
F giraldii (Dammer ex Diels) Haraldson: China, Szechuan, Drogochi, H. Smith 4521: 2 (UPS); N. 

China, Lzcent 4078 (K); ibid., Shansi (seed collected by H. Smith 79), cultivated in Uppsala Bot. 
Gard., H e d b q  7321 (UPS). 

F leptopodum (Diels) Hedberg ssp. leptopodum: China, Yunnan, Forrest 6168 (E). 
F.' leptopodum (Diels) Hedberg ssp. pss i i  (H. G v . )  Lauener & Ferguson: China, Yunnan, Schneider 2015 

E lineare (Sam.) Haraldson: China, Yunnan, Talifu, Handel-Mauetti 8569 (S). 
(K); ihid., La-kon, Maire 3 (E). 

I;: megacarpum Hara: Nepal, Mugu Karnali Valley, Polunln P t  al. 3033 (UPS); ibid., Suli-Gad, Stainton 
5493 IBMi. 

E snowdenii (Hutch. & Dandy) S.-P. Hong: Kenya, Embu distr., Kabuye 72(UPS); Tanzania, firfoot 1546 

F: statice (H. Lev.) H. Gross: China, Ma-hong, Maire s.n. (G). 
i? tataricum (L.) Gaertn.: China, Yang-tao-li, Anonym. 649 (UPS); cult. Leuven, Rome Decraene 626 Ln, 

seeds from Botanische Garten Gottingen, no. 1385 (LV). 
E uroflyium (Boreau & Franch.) H. Gross: China, Yunnan, Mengtze, Heny 9133 (E). 

(K); Rwanda, Gikungu, Tmupin 152.54 (BR). 

Tribe Polygoneae emend. Haraldson 

Pobgonum L. 
Sect. Pobgonum L. 
El auiculare L.: Korea, Kyunggi-Do, Kwachun-si, Hong 96-33 (KHUS). 
P avicuhre L. ssp. aequale (Lindm.) A. & G.: Switzerland, St. Gallen, Koch 48/455 (UPS). 
El arenastrum Boreau: Czechoslovakia, Mora\ia, l h a r  1525 (UPS). 
P bellardii All.: Greece, Pharsalum, Heldreich 877 (UPS). 
El equisetfome Sibth. & Sm.: Palestine, Bethlehem, Lindm s.n. (UPS). 
ElJloribundum Schltr. ex Sprengel: Russia, Seratov prov., Kasakm& s.n. (K). 
El maritimum L.: France, Gallica, JVordin 102 (UPS); Portugal, Barboa Sines, Grandvaux 13573 (FWG). 
I? o.gspennum Meyer & Bunge ex Ledeb. ssp. raii Bab.: UK, without precise locality, j u ~  @ Rum9 

El patulum M. Bieb.: Afghanistan, Tashkargan, Furse 7793 (K). 
I? pkbelum R. Br.: Tanzania, Dodoma, H e d b q  4724 (UPS); India, Karnataka, Belgain, Rao 27 (K). 

Sect. Psvudomollia Boiss. 
P mollzaefome Boiss.: Without exact country name, Kuh-Daena, KStschy 778 (UPS); Iran, Denawand, 

Bnrnmuller 8181 (K). 

4650 (RNG). 

Sect. ZphU (Adans.) Meisn. emend. Haraldson 
P afrwnontanum Greenway: Kenya, Nanyuki distr., Mt. Kenya, Hedberg 4320 (UPS); Ethopia. Kaffa 

Pro\., Danish-Ethwpian Bot. Exped., 1622 (K). 

Sect. Duravia S. Wats. 
El tal$irnicum Meisn.: USA, Oregon, Grant's Pass, Howell s.n. (LV); California, Stanislaus Co., Hoover 

2392 iKi. 
El doug1a.k 'Geene: USA, Washington, Kittitas Co., S a n d b q  &? h b e r g  434 (UPS). 
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l? douglassi Greene ssp. s p q h r i @ m e  (Meisn. ex Small) J. Hickman: Oregon boundary Commission, 

I? kellogii Gem: Canada, British Columbia, Whipsaw Creek, Holm 273 (UPS). 
l? minimum S. Wats.: USA, Washington, Cascade, Sandbog €8 Leibeg 799 (UPS). 
El shastme Brewer: USA, California, Siera Nevada, Sonne s.n. (LV). 

Saturne Is., @all s.n. (K). 

Po&gonelh Michx. 
l? ammiana (Fisch. & C.A. Mey.) Small: USA, Texas, Cat Springs, Fischer 10 (UPS); Arkansas, Hot 

II articukta (L.) Meisn.: USA, Albany Co., Wbbe s.n. (LV); Virginia, Nansemond Co., Long 11563 (K). 
Fjmbriata (Elliott) Horton: USA, Florida, Tampa, Blantun 6825 (S). 
II gacilis (Nitt.) Meisn.: USA, Florida, orange Co., Kdlarney, Kstulund s.n. (UPS). 
II parkrZi Cory: USA, Texas, Leon Co., Correll €8 Corn11 36649 (K). 
II pohgama (Vent.) Engelm. & Gray: USA, Indian River, Curtis 2433 (LV); California, Brunswick Co., 

Springs Co., Palmer 8473 (K). 

Godfig 1046 (K); Florida, Palm Beach, Curtis 5525 (K). 

Oaygonum Burch. 
0. alatum Burch.: S. Africa, Cape Prov., Irquatown, Pole-Evans 27 (K). 
0. atnplic$lium (Meisn.) Martel: Kenya, Eastern Prov., Strid 2405 (UPS); Kenya, Eastern Prov., 

0. delagome Kuntze var. stricturn Wright: Rhodesia, Aborecorn, Fries 1258 (UPS); S. Africa, Bultfonein, 

0. dregeanum Meisn.: Tanzania, Ufipa distr., Napper 1054 (UPS). 
0. dregeanum Meisn. var. canescens (Send.) R.T. Craig: S. Africa, Pretoria, Burl1 Day 2528 (K). 
0. sinuatum (Meisn.) Dammer: Ethiopia, Genale Gorge, FGis et al. 2696 (UPS); Kenya, Coast. Prov., 

0. stuhlmannii Dammer: Tanzania, Moshi distr., Mhom @ B a c h  2236 (UPS). 

Macharos Distr., Haraldson 401 (UPS). 

O'connor 79 (K). 

{umer 56 (UPS). 

Fallofiia Adans. 
Sect. Fallopia (Adans.) Holub 
R convolvuhs (L.) A. Love: China, Szechuan, Matang, H. Smith 4372 (UPS); UK, without detailed 

locality, White 49 (RNG). 
R dumetora (L.) Holub: Portugal, Coimbra, Carduso s.n. (UPS). 
R scandm (L.) Holub: China, SE Tibet, Monyul Prov., Ludlow et al. 7059 (UPS); USA, Philadelphia, 

Bowen U5 (RNG); China, Shantung Prov., Chiao 31 40 (K). 

Sect. Phmperus  (Turcz.) Haraldson 
R aubertii (L. Henry) Holub: China, Szchuan, Wen-Chuan-Hsien, H. Smith 2316 (UPS); AIa Mt., Ning- 

R baldschuanica (Regel) Holub: Turkestan, Lundquist s.n. (UPS); without detailed locality, Watson 47 

R multijlora (Thunb.) Haraldson: China, Hong Chow, Ching 3843 (UPS). 
R ptemcarpa (Meisn. in Wall.) Holub: India, Darjeeling, Gamble 8520 (K). 

Hsia, Pai 110 (K). 

(RNG). 

Sect. Pamgonum Haraldson 
R cilinodis (Michx.) Holub: USA, Maine, Hancock Co., Mexon €8 WeatheTby 1045 (UPS). 

Sect. Rgnouhia (Houtt.) Ronse Decr. 
R sachalinemi (F. Schmidt.) Ronse Decr.: Japan, Sachalin, Anonym s.n. (LV); UK, Oxon, Marslow, Druce 

s.n. (LV); USA, California, cult.?, Humbolt Co., S. of Elk River Bridge, HE €8 S T  Parks 24448 

R japonica (Houtt.) Ronse Decr.: Japan, Hondo, Yamamoto, Togashi 1264 (UPS); SE Glamorgan, 
(UPS). 

Oystermouth, Barley 1218B (LV). 
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Parapt-m AJ. li 
Paraph@mm tibeticum A.J. Li: China, Xizang, Gyaca, Qng-zang Exped. Suppl. Group 750657 (PE). 

PtPropyrumJaub. & Spach 
Ptmojprurn auchmi Jaub. & Spach: Pakistan, Baluchistan, Kalat, Rechinger 27441 (LD); Iraq, Sulermanrya, 

I? gracile Boiss.: Persica, Snetaunabad, Stram s.n. (LD). 
I? notanum Boiss. ex Meisn.: Iraq, Koisanjak, Horsain B Hmsain 53 (UPS). 
I? olit~ierz~ Jaub. & Spach: Iran, Teheran, Bowles Scholarship Bat. Exped. 2001 (K). 
P sroparium Jaub. & Spach: Oman, Masandam, Miller 6677 (UPS); ibid., Maconochie 3273 (K). 

Al-Raddi 5282 (K). 

.4traphaxis L. 
A. awha'Jaub. & Spach: China, Chili, Hsiao-wu-tai-shan, H. Smith 297 (UPS). 
A. billardim'Jaub. & Spach: Without exact country name, Mt. Hymeto, Balansa 1289 (UPS); Turkey, 

A. buxqolia Jaub. & Spach: Transcauc., Tifilis, Grossbein? 20 (UPS); ibid., Woronow B Schelkownikow 3 

A.frutescens (L.) Koch: Cultivated in Uppsala Bot. Gard., Alm s.n. (UPS). 
A. lanctolata Meisn.: Ex. Hort. Mus. Paris, de Bullemont s.n. (LV). 
A. muschhtr i i  Krasn.: Cultivated in Berlin Bot. Gard., Aninym. s.n. (GB). 
A. spinosa L.: Russia, Herb. Nom., Komarovi, Avelician s.n. (RNG). 
A. suaedijiliaJaub. & Spach: Iran, Azerbaijan, Miaveh, IVmdelbo @ Assadi 28026 (GB). 

Erzerum Prov., Karaugan, Davis B Hedge 030731 (K). 

(K). 

Callgonum L. 
C. arborescar Litw. ex Komarov.: Russia, Buchara, Samokish s.n. (UPS). 
C. caput-mtdusat Schrenk: Turkemenistan, Anonym. s.n. (GB). 
C. comosum L'Herit.: Algeria, d'Oran Prov., Bougeau 43 (UPS); Arabia, Omein, OMJield 183 (K). 
C. eriopodum Bunge: Russia, Transcasparian, Michelson s.n. (GB). 
C. lihrinowii Drobov: Uzbekistan, Kokangom, hachin s.n. (GB). 
C. microparum I.G. Borshch.: Russia, Transcaucasia, Aschabad, Sintenis 2202 (UPS); Turcomania, 

Behauina @ Aoskwiakova I36 (RNG). 
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