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Summary

A comprehensive micromorphological and anatomical study was carried out on achene of five species and 1 variety from
Thalictrum Tourn. ex L. using scanning electron microscopy and hand sections to evaluate achene characteristics for use in the
examination of systematic relationships. Considerable differences were found in achene micromorphology and anatomy both among
the species and variety. Exocarp was ribbed and the shape of exocarp cells was either papillate, reticulate, ruminate, and reticul ate-
papillate. In addition, the number of fibre cells, collenchymas, schlerenchymas, and parenchyma were important characteristics for
distinguishing the taxa. A phenogram from statistical analysis based on nine quantitative anatomical traits showed that, varieties of
T. minus have different anatomical characters and are similar to T. tacabicum. Besides, the present data convincingly support a close
relationship between T. isopyroides and T. foetidum more than other species. On the other hand, T. sultanabadense with lesser
vascular bundles and curved achene showed less similarity with other species. This study is congruent with the earlier groupings of
the Thalictrum species based on morphology and agrees in part with molecular studies. The results of this study showed that, the
anatomical features of the achene due to the provision of diagnostic traits could be useful for identifying and isolating species of this
complex genus.
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Table 1. Thelist of Thalictrum species used in anatomical and micromorphological studies
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Fig. 2. Various forms of Thalictrumachenes: A, B. T. minus var. minus, C, D. T. tacabicum, E, F. T. sultanabadense.
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Fig. 2. Various forms of Thalictrum achenes:. A, B. T. isopyroides, C, D. T. foetidum,
E, F. T. minus var. majus.
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Fig. 3. Anatomical structure of costae of achenein cross section: A. T. sultanabadense, B, C. T. tacabicum, D. T. minus

var. minus, E. T. isopyroides, F. T. foetidum. e: epidermis, ph: phloem, xy: xylem, fs: fiber, iph: internal phloem,
p: parenchyma.
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Fig. 4. Anatomical structure of achen in Thalictrum species: A. T. foetidum, B. T. isopyroides, C. T. minus var. majus,
D. T. tacabicum, E. T. minus var. minus, F. T. sultanabadense. Lg: largerib, sg: smal rib.
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Fig. 5. Achen sculpture: A. T. isopyroides, B. T. foetidum, C. T. minus var. majus, D. T. minus var. minus,
E. T. sultanabadense, F. T. tacabicum.
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Fig. 6. Cluster analysis by Ward’s method on achene quantitative anatomical characters in Thalictrum species.
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Fig. 7. Phenogram by Ward’s method based on morphological characters in Thalictrum species (Pakravan et al. 2014).
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Fig. 8. T. minus plant in natural habitat (Iran: Ardebil province, Kaleibar, Arasbaran protecred area. Photo by

M. Pakravan).
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