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Introduction 

 

Historically, phytoliths are considered to be the intercellular and intracellular 

structures of plants of exclusively biogenic silica. Their main characteristics are 

morphological specificity for the cells of many plants, in particular for cereals and 

sedges, as well as the ability to persist for a longer period of time in soils and 

bottom sediments than pollen and spores. This allows phytoliths to be a successful 

addition to other methods of micropaleontological analysis in paleoecological 

research and archeology (Rovner. 1971; Piperno. 1985; Blinnikov. 2005; Bobrov, 

2007; Ball, Ehlers, Standing. 2009; Neumann et al., 2017; Sharma et al., 2019). 

The use of phytolith information give encouraging perspectives to 

paleofloristic studies. In the proposed  Photoatlas of phytoliths, from the author's 

point of view, the most characteristic and indicator forms of phytoliths for each of 

the studied plant species are given. 

 

Characteristics of phytolith analysis and its use in modern research 

 

Phytolith composition. The method of X-ray diffraction analysis showed the 

similarity of phytoliths with natural opal (SiO2 x nH2O). At the same time, the 

possibility of identifying silica bioliths as both opal and alpha-quartz is indicated 

(Hayward and Parry, 1973). In a recent work, using the ultrastructure of Hordeum 

vulgare phytoliths as an example, it was shown that the phytolithic complex is an 

anisotropic composite consisting of at least 3 components - siliceous bodies, a 
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matrix between phytoliths, and globular inclusions (probably not mineralized 

(Kornas et al., 2017). 

 

Dimensions. Up to 75% of all phytoliths are in fractions less than 0.02 mm 

(Wilding and Dress, 1971). The informative value of the morphometric analysis of 

phytoliths formed under different conditions is an important indicator of 

environmental conditions (Ball  et all. 2009). 
 

Phytolith morphology. The morphological analysis of phytoliths is of great 

importance. At the same time, the dominance of C3 phytoliths indicates a cold 

period, while C4 phytoliths indicate a warm one (Phytolith Analysis.htm). Saddle 

and lobe morphs related to C4 characterize warm conditions. An increase in the 

number of festucoid forms (C3) indicates a cold phase of the climate and indicates 

the progressive development of meadows. In the first case, phytoliths are larger in 

size, long (polylobate trapezoidal particles), and in the second, short and simpler 

shapes (two-lobed short, saddle-shaped short, truncated conical, trapezoidal short 

particles). The morphological features of phytolithic complexes of different families 

have long been the subject of study. In particular, sedge (Ollendorf, 1992; Ball et al., 

1999; Honaine et all, 2009; Colomonova et al., 2018; Bobrov et al., 2001; Stevanato 

et al., 2019), cereals (Lisztes-Szabo et al.,  2014; Rudall et al., 2014; Shakoor, Bhat, 

2014; Novello, Barboni, 2015). 

 

Features of phytolithic analysis. Three main properties of biogenic silica can 

be noted, which make possible to use it as an indicator of the conditions of 

biogeocenoses.  

1) The aboveground part of plants produces phytoliths in an amount sufficient 

to reflect the composition of the vegetation associated with them. Phytoliths have a 

specific  morphology associated with the plant taxa that formed them.  

2) The preservation of biogenic silica is sometimes estimated at tens of 

thousands of years or more, which characterizes the phytolithic complexes as one of 

the most stable soil characteristics.  

3) Silica bioliths have a limited ability to move both through the air and over 

the soil surface and within the soil profile. 

  

Phytolith analysis has several advantages over the spore-pollen method, the 

most important of which is the much weaker, compared to pollen, the introduction 

of phytoliths from the surrounding phytocenoses. Phytoliths enter the soil when 

vegetation dies; they are never released into the air in quantities comparable to 

pollen emissions from wind-pollinated plants. There is no doubt that the parallel 

carrying out of phytolithic and spore-pollen analyzes will make it possible to obtain 

mutually complementary data on the composition of vegetation of the past. An 

extensive library of phytolith analysis publications can be found at 

https://www.academia.edu/Documents/in/Phytolith_Analysis?page=1. 

 

https://www.academia.edu/Documents/in/Phytolith_Analysis?page=1
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Out of 140 publications in which the results of research in archeology, 

paleosoology, paleocology, and ethnobotany are presented, only 6 consider 

phytolithic plant complexes in it (Albert et al., 2008). However, in the Botanical 

Garden of the Southern Cross University of Sydney (Australia), a specially created 

laboratory, which includes a team of scientists of 7 employees, research is currently 

being carried out on phytolithic complexes of plants from various taxonomic groups 

(Lentfer, 2014). The working herbarium includes 113 plant species. The purpose of 

the study is to compile a phytolithic database of various plant species in Australia. 

The general list of plants includes representatives of 56 families. Analysis of the list 

shows that only a small group of families aroused particular interest among 

researchers, in each of which more than 2 species were studied. These are 

Apocynaceae, Arecaceae, Convolvulaceae, Euphorbiaceae, Malvaceae, Moraceae, 

Musaceae, Piperaceae, Poaceae, Rubiaceae, Solanaceae, Zingiberaceae, 

Pteridophyta.  Most families are dicotyledonous. These are mainly ornamental 

plants such as bindweed, others are used as a spice, such as pepper and ginger. This 

interest of Australian scientists indirectly indicates that it is in these plant families 

the indicator forms of phytoliths can be found, and the Atlas of Australian phytoliths 

can be used in paleoecological studies. 
 

In 2006, the Phytolith Research Institute was established in India 

(http://www.phytolithresearch.com/). It is the only private institution in Asia 

dedicated to the application of phytolith analysis in a variety of interdisciplinary 

sciences. The institute includes a laboratory, microscopes, a reference library and a 

herbarium. The research institute provides services to the international community 

for the analysis of samples in archeology, ecology, agronomy and other related 

sciences. The most famous use of phytolith research is the identification of ancient 

agricultural lands, the determination of the time of domestication of agricultural 

plants such as corn, arrowroot, rice, bananas, wheat, and barley (Hodson et al., 

2008). Therefore, most publications provide data on the morphology of phytoliths of 

agricultural plants, in particular, rice in north-central India (Harvey, 2005; Saxena et 

al., 2013). 

In the Americas, the time and place of domestication of corn is of particular 

interest. Analysis of phytolithic complexes of the annual grass teosinte (Zea 

mexicana), a wild relative of corn, showed the possibility of using statistical 

methods to determine the taxonomic relationship of this cereal with corn (Hart et. 

Al., 2011).  Traditional studies of the last 20 years in ethnobotany have recognized 

the work on the phytolith analysis of the domestication of bananas in the tropics 

(Ball et all., 2006). The identification of banana phytoliths has helped to establish 

the timing of the domestication of bananas in New Guinea (Lentfer, 2009). Climatic 

conditions have been determined in relation to soil moisture of agricultural lands 

and the use of fire for cooking in one of the regions of Turkey in the Neolithic time 

(Shillito, 2011). Phytolith analysis also involves food products, in particular, grain 

products (Chen, 2013). The shape of phytoliths can provide information about the 

type of cereals. The Lower Pleistocene spectra of phytoliths are discussed in a 

publication for Georgia (Messager et al., 2010). 



5 
 

 

Increasingly, work in archeology or paleoecology is carried out using 

phytolith analysis, since silicified plant cell replicas make it possible in some cases 

to identify specific plant species. The latter refer either to ecofacts, that is, they 

characterize a certain type of herbaceous vegetation or to artifacts, that is, they are 

able to answer the question - which plant species were used for food or for certain 

economic needs and in ceremonial rites, that is, were part of the cultural context of 

the culture under study (Shishlina et al., 2018). The works with the analysis of 

phytoliths of regional floras are of the greatest interest. But such studies are few. In 

one of the latest and most interesting works, a phytolith analysis of the surface layer 

of soils from 25 loci of an ecological transect crossing the Mozambique rift along 

geographic, altitude, climatic, and botanical gradients was carried out (Mercader,  

2017). The analysis confirmed the possibility of detecting changes in the 

composition of forest / grassland plants. 

 

The results of phytolithic studies of modern African soils show that: 1) it is 

possible to separate different plant zones according to phytolith spectra, with the 

exception of the Masai steppe region of Somalia, in which phytolithic spectra are 

close to the spectra of the region, 2) different morphological types of phytoliths 

occur in different plant zones; 3) there are problems in the interpretation of the 

results, but they can be overcome in the future with the help of additional studies on 

the altitude gradients of landscapes in the Masai region of Somalia in East Africa, as 

well as with the expansion of species definitions of phytolith types and subtypes, 

their systematization and further analysis of the studied herbarium material (Barboni 

et al., 2007). 

An overview of phytolithic studies with bibliography is given in the 

publication on Southeast Asia (Kealhofer, Piperno, 1998). This article shows the 

results of studies of phytolith forms in a wide range of 77 families of 

monocotyledonous and dicotyledonous plants. A total of 800 samples from different 

parts of plants of 377 species were studied, with the isolation of diagnostic forms of 

phytoliths from 9 monocotyledonous and 26 dicotyledonous families. In 

representatives of a number of families, diagnostic forms of phytoliths were not 

found, and the list of plants in which such forms were found was reduced by half. 

Judging by the photographs, some of the phytoliths can be named conditionally as 

diagnostic forms. The same comment can be attributed to a significant number of 

publications by other authors. One of the directions of phytolithic analysis in 

paleoecology and archeology is determination of the age of soils and sediments 

using radiocarbon dating (Santos et al., 2010). It is based on the extraction of 

occluded carbon from a concentrated mass of phytoliths 

Summarizing the results of the work of many researchers, it can be noted that 

the stability of phytoliths, and, consequently, the nature of their accumulation and 

distribution in the soil profile is determined by a number of factors: 1) soil and 

climatic conditions (first of all, the pH value, the composition of the soil solution), 

biological activity, granulometric and mineralogical composition of the soil, the 

degree of its moisture; 2) physicochemical characteristics of phytoliths of each type 
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of vegetation. These questions in a broader context are of understandable interest 

(Nawaz et al., 2019). In most archaeological and paleoecological sites, phytoliths of 

the Poaceae family make up the most informative part of phytolithic analysis 

(Neumann et al., 2017), along with the sedge family. 
 

However, there are a number of problems in phytolith analysis, some of 

which were highlighted at the end of the 20th century (Rovner. 1996). This is an 

inventory of phytoliths of regional floras, despite the fact that such works have 

begun to appear more and more frequently in recent decades (Zurro et al., 2016). A 

thorough preliminary study of the forms of phytoliths from modern species growing 

in the study area or in the vicinity is necessary. In addition, it should be noted that 

illustrated atlases of spores and pollen have long been used in scientific practice, 

while it is not yet possible to compile at least a preliminary atlas of plant phytoliths 

for any vast territory. It was noted that the problem of accumulating information on 

the diversity of phytolithic forms can be solved by joint efforts of scientists from 

different countries through a gradual study of local spectra (Pipierno, 1988). 
 

The preservation of phytoliths of different forms is assessed in different ways. 

Previously, the facts of finding phytoliths in paleosols and layers estimated the age 

of phytoliths at hundreds of years, and sometimes tens of thousands of years 

(Wilding, 1967). The earliest finds of phytoliths were made in coprolites of 

dinosaurs from Late Cretaceous (Prasad et al., 2005).  At the same time, attention is 

drawn to the fact that there is a problem of cleaning carbon included in phytoliths 

from extraneous organic compounds (Piperno, 2016). Recent studies have shown 

that different phytolith morphotypes are subject to dissolution at different rates, 

which can lead to distorted morphological spectra and, accordingly, incorrect 

interpretation of paleoecological conditions (Cabanes, Shahack-Gross. 2015) 

Another very important area of research is the use of phytolith analysis for 

plant biosystematics and phylogenetic studies. Evolutionary trends of different parts 

of plants appear to be varied and different when compared, for example, vegetative 

structures (stem, leaves, buds), root systems and generative organs (flowers, fruits 

and seeds). On the basis of the obtained results of phytolithic analysis of sedges 

(Bobrov et al., 2001), some preliminary conclusions can be drawn: a) phytolith 

complexes can be used in the taxonomy of sedges as an addition to the final answer 

in case of difficult situations in determining their place in the family; b) mainly 

specific phytoliths can be used for the taxonomy of sedges and other plants; c) 

vicarious sedge species can also be differentiated by their phytolith spectra. Among 

the siliceous formations in sedge and cereal plants, there are some forms that are 

specific to the sedges or only to cereals  (groups of specific forms). First of all, this 

refers to phytoliths that are hexagonal in plan, with a pointed, centrally located 

cone-shaped outgrowth of phytoliths, which are characteristic only of some species 

of sedges (C. tomentosa, C. distans, C. stenophylla). 
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The presence of the same complexes of phytoliths in different taxonomic 

groups of plants can be considered as evidence of their possible phylogenetic 

relationships and unity. Being mostly replicas of tissue cells of plant vegetative 

organs, similar phytolith complexes emphasize their ancient evolutionary 

relationship and, from this point of view, can be used in the analysis of the evolution 

and phylogeny of plants. Despite these often significant problems, phytolith analysis 

is developing extremely dynamically and brings impressive results in a significant 

number of studies. Twenty years ago, a monograph with almost 500 photographs of 

phytoliths of 151 plant species was published (Gol'eva, 2001). Unfortunately, the 

photographs were taken using only a scanning electron microscope. This Atlas was 

the result of a great and fruitful work, but for practical purposes it is advisable to 

also have photographs from a light microscope, on which all practical work is 

usually carried out. 

 

Photoatlas. The main idea of this Photoatlas is to identify and show the 

characteristic and indicator forms of phytoliths, mainly cereals and sedges. Plants 

for phytolith analysis were collected during expeditions, from a personal collection 

and provided by the Department of Geobotany, Faculty of Biology, Moscow State 

University. The number of studied plant species is 152, of which 94 were 

investigated using a light biological microscope, 54 - using an electron scanning 

microscope. The samples were sieved in water suspension (50 ml of water for 5g of 

soil, pores 0,5 mm in diameter) to separate coarse mineral grains and organic 

residues. Soil samples for phytolith analysis were boiled for 1 hour in 20% H2O2, 

then 10% HNO3 was added. The suspension was washed with distilled water and 

sieved to separate coarse mineral grains. A total of 300 phytoliths were counted for 

each sample under magnification of 200. 

This Photoatlas of phytoliths includes 806 photographs. Of these, 552 

photographs were obtained using a light biological microscope Carl Zeiss Axioplan-

2 and 254 photographs of a Jeol 6060 scanning electron microscope. Each 

photograph was processed in the editing programs Corel Photo-Paint X4, FSViewer 

and Photoshop 7. The subject of analysis on a light biological microscope was 

vegetative organs of ninety-nine plants, on a scanning electron microscope, fifty-six. 

Some of the plants were selected on the territory of Russia and in the herbarium of 

the Faculty of Biology of Lomonosov Moscow State University. From the point of 

view of the author and his practical experience, the Atlas presents the most 

characteristic morphotypes of phytoliths of various plants for the reconstruction of 

both ecofacts and artifacts, and the author hopes that the Atlas will be useful in 

paleoecological and archaeological research. The grouping of phytoliths by 

morphotypes and the analysis of the similarities and differences of morphotypes in 

different groups of plants remained outside the scope of this Atlas, since this 

analysis is an independent line of research that can be implemented on the basis of 

the International Phytolith Code (Madella et al., 2005). 

List of researched plants  
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(LM – light microscope, EM - electron scanning microscope)  

 

Apiaceae  

 

Astrantia biebersteinii FISCH. & C.A.MEY.  Astrantia are native to Central, Eastern 

and Southern Europe and the Caucasus.  LM 

 

 Asteraceae  

 

Achillea millifolium  L. grows the mildly disturbed soil of grasslands and open 

forests, native to Eurasia.  LM 

 

A. campestris L. is native to a wide region of Eurasia and North America.  LM 

 

A. lerchiana Weber ex Stechm. is native to eastern and the Caucasus, grows on 

sandy soils.  EM 

 

 Cannabaceae  

 

Cannabis sativa  L. is indigenous to eastern Asia but now of cosmopolitan 

distribution due to widespread cultivation.  LM-EM 

 

 Dioscoreaceae  

 

Dioscorea caucasica Lipsky is native to west Caucasus, where it grows in 

broadleaved forests (400-1000 м a.s.l.).  LM 

 

 Fabaceae  

 

Galéga orientális Lam. is native to the Caucasus, prefers deep, light, friable, well-

drained, higher-pH soils. It is quite tolerant of winter cold, but late-season frosts can 

damage fresh growth. It is somewhat tolerant of drought and flooding. It does not do 

as well on acidic, peaty, or water-logged soils.  LM 

 

 Ericaceae  

 

Rhododendron luteum Sweet is native to southeastern Europe and southwest 

Asia.  LM 

 

R. ponticum L. is native to southern Europe and southwest Asia.  LM 

 

 Fagaceae  

 

https://ru.wikipedia.org/w/index.php?title=Astrantia_biebersteinii&action=edit&redlink=1
https://ru.wikipedia.org/wiki/Fisch.
https://ru.wikipedia.org/wiki/C.A.Mey.
https://en.wikipedia.org/wiki/Central_Europe
https://en.wikipedia.org/wiki/Eastern_Europe
https://en.wikipedia.org/wiki/Southern_Europe
https://en.wikipedia.org/wiki/Caucasus
https://ru.wikipedia.org/wiki/L.
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Eurasia
https://en.wikipedia.org/wiki/North_America
https://en.wikipedia.org/wiki/Eastern_Europe
https://en.wikipedia.org/wiki/Caucasus
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Caucasus
https://en.wikipedia.org/wiki/Friability
https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Drought
https://en.wikipedia.org/wiki/Peat
https://en.wikipedia.org/wiki/Native_species
https://ru.wikipedia.org/wiki/L.
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Asia
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Castanea sativa  L. is native to Southern Europe and Asia Minor, and widely 

cultivated throughout the temperate world.  LM 

 

 Poaceae  

 

Aegilops cylindrica  Host el-lm is native to Southern Europe and Russia.  LM-EM 

 

A. triunciolis L. is native to Eastern and Mediterranean Europe and Western Asia, 

thrives in mainly rocky, serpentine soil, but also does well in grasslands and 

ruderal/disturbed ground as well as oak woodlands.  LM 

 

Agropyron cristatum (L.) Gaertn. EL prefers well drained, deep, loamy soils of 

medium and moderately coarse texture, can tolerate salinity in the range of 5 to 15 

mS/cm and prefers moderately alkaline conditions, extremely drought tolerant. EM 

 

A. cristatum ssp. desertorum (Fisch. ex Link) A. Löve, is native in Russian and 

Siberian steppes. LM 

 

A. fragile (Roth) A. Löve. Europe, Eurasia. LM 

 

A. intermedium el (Thinopyrum intermedium (Host) Barkworth & D.R. Dewey) is 

native to Europe and Western Asia. syn. Many scientific binomial names.  EM 

 

Agrostis capillaries L. is native to Eurasia and has been widely introduced in many 

parts of the world. Colonial bent grows in moist grasslands and open meadows, and 

can also be found in agricultural areas, roadsides, and invading disturbed areas. 

grows in neutral to acidic soils. EM 

 

A. gigantea Roth is native to Europe, can be found in open woodland, rough 

grassland, hedgerows, roadsides and waste ground, and as a weed on arable 

land.  LM 

 

A. sp. LM 

 

Alopecurus pratensis L. is native to grasslands of Europe and Asia, common on 

moist, fertile (especially neutral) soils, but avoids waterlogged, light or dry soils.  

LM-EM 

 

Anthoxanthum odoratum L. is native to acidic grassland in Eurasia.  LM 

 

Arundo donax L. is native to the Mediterranean and Middle East, forms dense stands 

on disturbed sites, sand dunes, in wetlands and riparian habitats.  LM 

 

https://en.wikipedia.org/wiki/Native_plant
https://it.wikipedia.org/w/index.php?title=Nicolaus_Thomas_Host&action=edit&redlink=1
https://en.wikipedia.org/wiki/Eastern_Europe
https://en.wikipedia.org/wiki/Mediterranean_Europe
https://en.wikipedia.org/wiki/Western_Asia
https://en.wikipedia.org/wiki/Serpentine_soil
https://en.wikipedia.org/wiki/Grasslands
https://en.wikipedia.org/wiki/Ruderal_species
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Joseph_Gaertner
https://en.wikipedia.org/wiki/Ssp.
https://en.wikipedia.org/wiki/Russia
https://en.wikipedia.org/wiki/Siberia
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Western_Asia
https://en.wikipedia.org/wiki/Syn.
https://en.wikipedia.org/wiki/Binomial_name
https://en.wikipedia.org/wiki/Eurasia
https://en.wikipedia.org/wiki/Grasslands
https://en.wikipedia.org/wiki/Meadows
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Acid
https://en.wikipedia.org/wiki/Grassland
https://en.wikipedia.org/wiki/Eurasia
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Mediterranean_Basin
https://en.wikipedia.org/wiki/Middle_East
https://en.wikipedia.org/wiki/Riparian
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Arrhenatherum elatius (L.) P. Beauv. ex J.Presl & C.Presl is common in the 

temperate regions of  Europe. LM-EM 

 

Bambusa sp. 1  LM 

 

Bambusa sp. 2  LM 

 

Bambusa sp. 3  LM 

 

Bambusa is a large genus of clumping bamboos. They are native to Southeast Asia, 

China, Taiwan, the Himalayas, New Guinea, Melanesia, and the Northern Territory 

of Australia.   

 

Bothriochloa ischaemum (L.) Keng is native to Europe, Asia, and Africa.  LM 

 

Brachiaria eruciformis (Sm.) Griseb. synonim Echinochloa eruciformis.   

Brachiaria can grow in many environments, from swamps to shady forest to 

semidesert, but generally do best in savannas and other open tropical ecosystems 

such as in East Africa. LM 

  

Brachypodium pinnatum (L.) BEAUV.  It is found in Russia in the European part, in 

Siberia, in the Caucasus. Outside Russia, lives in Central and Atlantic Europe, in the 

Mediterranean, Central Asia, Japan and China. It occurs sporadically. It lives on 

open and or sparse afforested slopes of the banks of rivers and lakes, on the edges 

and floodplain meadows.  LM 

 

B. rupestris (Host) Roem. & Schult. synonim Brachypodium pinnatum (L.) P. 

Beauv. is widespread in temperate regions of the Northern Hemisphere, grows in 

calcareous grassland.  EM 

 

B.  sp. Genus is a widespread across much of Africa, Eurasia, and Latin America.  

LM 

 

Briza australis Prokudin el синоним Briza media L. is native in temperate regions 

of the Northern Hemisphere, grows in dry calcareous grassland.  EM 

 

Bromus arvensis L. is native to southern and central Europe, grows along roadsides, 

in disturbed areas, and in fields.  LM-EM 

 

B. commutatus Schrad. found throughout Europe, N. Africa, W. Asia in meadows, 

wasteground, road verges, hayfields and rough grassland.  EM 

 

B.  tectorum (L.) Nevski. is native to Europe, southwestern Asia, and northern 

Africa, grows in many different climates, primarily in the 150-560 mm precipitation 

https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Ambroise_Marie_François_Joseph_Palisot_de_Beauvois
https://en.wikipedia.org/wiki/Jan_Svatopluk_Presl
https://en.wikipedia.org/wiki/Carl_Borivoj_Presl
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Bamboo
https://en.wikipedia.org/wiki/Southeast_Asia
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/Taiwan
https://en.wikipedia.org/wiki/Himalayas
https://en.wikipedia.org/wiki/New_Guinea
https://en.wikipedia.org/wiki/Melanesia
https://en.wikipedia.org/wiki/Northern_Territory
https://en.wikipedia.org/wiki/Australia
https://en.wikipedia.org/wiki/Swamp
https://en.wikipedia.org/wiki/Savanna
https://ru.wikipedia.org/wiki/L.
https://ru.wikipedia.org/wiki/Beauv.
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/P.Beauv.
https://en.wikipedia.org/wiki/P.Beauv.
https://en.wikipedia.org/wiki/Northern_Hemisphere
https://en.wikipedia.org/wiki/Calcareous_grassland
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Africa
https://en.wikipedia.org/wiki/Eurasia
https://en.wikipedia.org/wiki/Latin_America
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Northern_Hemisphere
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Asia
https://en.wikipedia.org/wiki/Africa
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zone. It will grow in almost any type of soil, including B and C horizons of eroded 

areas and areas low in nitrogen.  It has invaded the natural ecosystems of the steppe. 

LM-EM 

 

B. japonicas Thunb. is native to Eurasia, grows in fields, waste places, road verges, 

sand dunes, is intolerant of alkaline soils.  LM-EM 

 

B. riparius REHMANN Canada and Asian meadow brome.  EM 

 

B. scoparius L. is native from to the Mediterranean to northwestern China and 

northwestern India. LM 

 

B. squarosus L. is native to Russia and Europe, common in overgrazed pastures, 

fields, and road verges. It prefers loamy or alluvial soils.  EM 

 

B. sterilis L. is native to Europe, northern Africa, western and middle Asia, 

Caucasus, can be found along roadsides, hedge bottoms. Known as malicious weed 

plant.  LM-EM 

 

Calamagróstis arundinacea (L.) Roth is native to Eurasia, China and India.  LM 

 

Calamagrostis canescens (Weber) Roth is native to Europe and western 

Siberia. Growing, usually in wet areas. EM 

 

C. epigeios (L.).  Roth is native to Eurasia and Africa, can be found from average 

moisture locales to salt marsh and wet habitats.  LM 

 

Cenchrus longispinus (Hack.) Fern. Europe, Asia Africa,: Morocco, South Africa, 

North America: Canada, Mexico, USA. Oceania: Australia. Contaminated regulated 

products and regulated territories: First of all, it is a row crop (crops of corn, 

sunflower, vegetables, melons and vineyards), the species is suppressed in 

continuous sowing crops.  LM 

 

Colpodium versicolor (Steven) Schmalh. is native to Iran, Iraq, Turkey, Caucasus. 

LM 

 

Dactylis glomerata L. is native throughout most of Europe, temperate Asia and 

northern Africa.  LM 

 

Echinochloa crus-galli (L.) Beauv is common from boreal moist to wet through 

tropical very dry to moist forests. Succeeds in cool regions, but better adapted to 

areas where average annual temperature is 14-16°C. Adapted to nearly all types of 

wet places, grows on variety of wet sites such as ditches, low areas in fertile 

croplands and wet wastes, often growing in water.  LM 
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E.  sp.  LM 

 

Elymus caninus L. is native to Europe.  EM 

 

Elytrigia gracillima (Nevski) Nevski.  It grows in the temperate climate of Eurasia 

from Central Europe in the west to China in the east and from Poland in the north to 

Pakistan in the south. LM 

 

Elytrigia pseudocaesia (Pacz.) Prokudin  Europa. EM 

Elytrigia is a genus of about 20–40 species of grasses, native to temperate regions of 

the Old World, in Europe, Asia, and northwest Africa.  

 

Festúca  glauca Vill. tolerates dry and low nutrient soils.  EM 

 

F. sulcata (Hack.) Nym.  Eurasia. Synonim Festuca valesiaca Schleich. ex Gaudin 

em-lm is native to Europe and Asia.  LM-EM 

 

F. valesiáca SCHLEICH. EX GAUDIN  It grows in the temperate climate of Eurasia 

from Central Europe in the west to China in the east and from Poland in the north to 

Pakistan in the south.  Steppe plant.  LM-EM 

 

Hieróchloe repens (HOST) P. BEAUV. em  Eastern Europe, the Caucasus, Western 

Siberia and Central Asia. In the center of the European part of Russia, it mainly 

grows in black soil regions and less often in northern ones. A rare plant of the 

Republic of Tatarstan and in the Ulyanovsk region. Found in the Chuvash Republic 

in the Cheboksary district. Dry meadows, steppes, slopes, sands, forest glades, 

shrubs.  EM 

 

Helictotrichon schellianum (HACK.) KITAG. SAME AS Helictotrichon hookeri subsp. 

schellianum (HACK.) TZVELEV.  East European-Asian species. The European part of 

the range covers the forest-steppe and steppe regions of Ukraine, the Lower Don 

and Trans-Volga; in Asia, the species is distributed from Siberia and northeastern 

regions of Central Asia to China and Japan. Throughout the range, it grows in the 

steppes, in forest glades, upland meadows, in sparse oak forests.  LM 

 

Hólcus lanátus L. is native in northern Europe, a hardy pasture grass. EM 

 

Hordeum mirinum L. is native to Europe, northern Africa and temperate Asia.  LM-

EM 

 

H. violaceum Boiss. et Huet is common in Caucasus, Middle East, Iran, grows on 

meadows, stony slopes, upper alpine zone.  LM 

 

https://www.plantarium.ru/page/taxonomy/taxon/14418.html
https://en.wikipedia.org/wiki/Poaceae
https://en.wikipedia.org/wiki/Old_World
https://en.wikipedia.org/wiki/Europe
https://en.wikipedia.org/wiki/Asia
https://en.wikipedia.org/wiki/Africa
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https://ru.wikipedia.org/wiki/Gaudin
https://ru.wikipedia.org/wiki/Хост,_Николаус_Томас
https://ru.wikipedia.org/wiki/P._Beauv.
https://ru.wikipedia.org/wiki/Kitag.
https://ru.wikipedia.org/wiki/Tzvelev
https://en.wikipedia.org/wiki/Carl_Linnaeus
https://en.wikipedia.org/wiki/Caucasus
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H. vulgare L. is one of the first cultivated grains, particularly in Eurasia as early as 

10,000 years ago.  LM 

 

Imperata cylindrica (L.) P. Beauv. native to tropical and subtropical Asia, 

Micronesia, Melanesia, Australia, Africa, and southern Europe, a highly flammable 

fire-adapted species.  LM 

 

Koelēria cristata (Ledeb.) Schult. is widespread across much of Eurasia and North 

America, occurs in a large number of habitat types. EM 

 

K. glauca (Schrad.) DC. is mainly distributed in eastern Central Europe, with its 

western outposts in the coastal dunes of Jutland and inland dunes in the Rhine 

Valley. LM-EM 

 

Lolium perenne L. grows in dunes and other sandy places, native to Europe, Asia 

and northern Africa.  LM 

 

Melica gracilis Aitch. & Hemsl is common in most temperate regions of the 

Eurasia, predominantly in the forests.  LM 

 

Molina arundinacea Karl Foerster is native to damp moorland in Eurasia and 

northern Africa.  LM 

  

Oplismenus undulatifolius (Ard.) P. Beauv. is native to South Asia, East Asia, 

Southeast Asia, Australia, and Southern Africa.  LM 

 

Panicum miliaceum L. was first domesticated before 10,000 BCE in Northern 

China. The crop is extensively cultivated in China, India, Nepal, Russia, Ukraine, 

Belarus, the Middle East, Turkey, Romania, and the United States.  LM 

 

Paspalum sp.  LM 

 

Pennisetum orientale Rich is native  to North West Asia and North Africa.  LM 

Paspalum is a genus widespread across much of Asia, Africa, Australia, and the 

Americas.  

 

Phleum nodosum L. is common in forest and forest-steppe of northern Eurasia, 

grows on meadows.  LM 

 

P. phleoides (L.) H. Karst. is native to most of Europe, North Africa, and temperate 

Asia, prefers lighter soils and grows on chalk downland.  LM-EM 
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P. pratense L. is native to most of Europe except for the Mediterranean region, 

grows well in heavy soil, and is noted for its resistance to cold and drought, and thus 

ability to grow in dry upland or poor sandy soils.  LM 

 

Phragmites australis (Cav.) Trin. ex Steud. found in wetlands throughout temperate 

and tropical regions of the world. (leaves).  LM 

   

P. australis (culm).  LM 

 

Piptatherum virescens (Trin.) Boiss. South of Russia, steppe. LM 

 

P. sp. They are widely distributed across much of Eurasia, North Africa, and North 

America.  LM 

 

Poa angustifolia L. is native to Eurasia.  LM-EM 

 

P. bulbosa L. is native to Eurasia and North Africa, but it is present practically 

worldwide as an introduced species.  LM 

 

Puccinellia burragensis TZVELEV: endemic to Taymyr, Siberia, grows in tundra.  

LM 

 

P. convolute (HORNEM.) FOURR. is native to most Eurasia, North Africa, common on 

salty soils.  LM 

  
Secale cereale L. is one of a number of species that grow wild in central and eastern 

Turkey and in adjacent areas. Domesticated rye occurs in small quantities at a 

number of Turkey Neolithic sites, but is otherwise absent from the archaeological 

record until the Bronze Age of central Europe. LM 

  

Sesleria alba SM. is native in east Mediterranean, Crimea and Caucasus.  LM 

 

Setaria pumila (Poir.) Roem. & Schult. is native to Europe, grows in lawns, 

sidewalks, roadsides, cultivated fields.  LM 

 

Sorghum halepense (L.) Pers. is native in Mediterranean, but grows throughout 

Europe and the Middle East, occurs in crop fields, pastures, abandoned fields, 

rights-of-way, forest edges, and along streambanks. It thrives in open, disturbed, 

rich, bottom ground, particularly in cultivated fields.  EM 

 

Stipa capillata L. grows in the meadow and highland steppes of the southern Russia, 

in the Caucasus, Western Siberia, Central Asia. EM 
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S. dasyphylla (CZERN. EX LINDEM.) TRAUTV.); grows from east Europa to West 

Siberia.  LM-EM 

 

S. lessingiana EM TRIN. & RUPR. is native in southeastern Europe, Caucasus, 

Western Siberia, Central Asia. EM 

 

S. longifolia BORBÁS = S. pennata L. is native in southern Europe, Caucasus, 

Western Siberia, Central Asia. EM 

 

S. pennata L.  The plant is widespread in the steppes of Russia and Kazakhstan, also 

some small islands are found in the forest-steppe zone of Western Siberia on the 

warm southern slopes. EM 

 

S. pulcherrima K.KOCH is native in northern Africa, southern Europe, Caucasus, 

Western Siberia, Central Asia. EM 

 

Stipagrostis plumosa (L.) Munro ex T.Anderson. Middle East, Northeast Africa, 

deserts and semi-deserts.  LM 

 

Tragus racemosus (L.) ALL. Is native in Africa and Eurasia.  LM 

 

Triticum aestivum L. is a cultivated wheat species.  LM 

 

 Cyperaceae  

 

Carex acutiformis Ehrh. t is native to parts of northern and western Europe, where it 

grows in moist spots in a number of habitat types. EM 

 

C. buekii Wimm. southern Europe to the Volga. Pre-Caucasian, Caucasian, 

Caucasian. Meadows on fresh salted soils, ditches.  LM-EM 

 

C. brevicollis D.C. Southern Europe, Moldova, Caucasus, northern Turkey. Open 

broad-leaf forests, hillside slopes.  LM 

 

C. colchica J.GAY common on sandy soils in the steppe zone of Europe, is brought 

into the forest zone, on the seaside sands of the Baltic Sea coast.  LM-EM 

 

C. cuspidata Host  forests and dry meadows in Western Europe, Crimea, 

Caucasus. LM-EM 

 

С. depauperata Curtis ex Stokes broad-leaved forests in the lower mountain belt of 

Central and southern Europe, Caucasus, and Crimea.  LM 

 

C. depressa ssp. transsilvanica (Schur) K.Richt.  Europa.  EM 
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C. distans L. is native to Europe and North Africa. It is part of a complex of similar 

species that occur across Eurasia. grows in moist meadows, often on sandy or rocky 

soils. They can grow in brackish marshes and are especially common along 

coastlines. EM 

 

C. divulsa STOKES is native to Europe, Caucasus, grows in broadleaved forests. EM 

 

C. flava L. is common from Europe to Western Siberia, growing on damp meadows 

and so-called minero-swamps with pH of about 7. LM-EM 

 

C. grioletii Roem. ex Schkuhr, in of the middle and lower forest belt Caucasus 

including the northern regions of Turkey and Iran.  LM-EM 

 

C. hirta L. is native across Europe. EM 

 

C. holleriana Asso grows broad-leaved forests of the lower and middle zones of 

mountains in Crimea, Caucasus, northern Africa. LM 

 

C. humilis Leyss. is a disjunctive European-Siberian species with distribution 

limited to he hills with black-earth limestone soils in the steppe zone.  EM 

 

C. melanostachys M. Bieb. ex Willd. It occurs on flat peaks and gentle areas of the 

northern and western slopes within 1700-1900 m above sea level. The peaty soil 

with a close level of permafrost.  EM 

 

C. micropodoides V.I. Krecz. Caucasian alpine meadows. The species is close 

related to the European species C. pyrenaica Wahlenb. and Siberian C. micropoda 

C.A.Mey. LM 

 

C. mingrelica Kük.  Caucasian alpine meadows.  LM 

 

C. montana L. is native to most Europe, tolerant of alkaline soils and temperatures 

down to -23 C.  EM 

 

C. oreophila C.A. Mey.  Greater Caucasus (upper Kuban, center and east), Klukhor 

pass, South Ossetia, Georgia (Lagodekhi environs), Karabakh, South Transcaucasia; 

West Asia: Turkey, Northern Iran, Northern Iraq. Caucaus alpine, meadows in forest 

zone.  LM 

 

C. otrubae (Carex cuprina (SÁNDOR ex HEUFF.) NENDTV. ex A.KERN., 1863) grows 

predominantly in steppe zone of northern Eurasia on salt marshes, bottom of beams.  

LM-EM 
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C. pendula HUDS. is native to western, central and southern parts of Europe, occurs 

in woodland, scrubland, hedges and beside streams, preferring damp, heavy clay 

soils.  LM 

 

C. riparia Curtis, has a broad distribution over Europe and Western and Central 

Asia, can form large stands along slow-flowing rivers, canals, on the edges of lakes, 

and in wet woodland, in tall-herb fens.  EM 

  

C. stenophylla Wahlenb. Asia. North America.  EM  

C. strigosa Huds. wet places, valleys of streams in broad-leaved forests, more often 

in the foothills in southern Europe, Caucasus, northern Iran. LM 

 

 C. tomentosa L. synonim Carex filiformis grows on meadow and steppe habitats.  

EM 

  

C. turcestanica Regel. Uzbekistan. Two vertical plant belts - a tree-shrub and belt of 

subalpine "steppes" with sporadically meeting lawns. Actually alpine vegetation is 

barely expressed, due mainly to the configuration of this mountain range. Grows on 

rocky soils in dry steppes, semi-desert in southern Western Siberia and Central 

Asia.  LM 

 

C. vesicaria L. is an essentially Holarctic species, grows in wet habitat, including 

many types of wetland, and areas that are soaked or submerged during the spring 

and dry over the summer.  LM 

 

C. vulpina L. grows on marshy meadows, grass-sedge swamps, less often in wet 

forests.  LM 

 

Cyperus fuscus L. is native to much of Europe, Asia and North Africa, grows on wet 

meadows, on the banks of rivers and lakes, the outskirts of swamps.  EM 

 

Kobresia stenocarpa (Kar. & Kir.) Steud. is common on wet meadows at the upper 

mountain belts.  LM 

 

Sciprus sylvestris L. (leaves).  A genus of grass-like species in the sedge family 

Cyperaceae. They mostly in habit wetlands and damp locations.  Is widespread in 

Eurasia grows in moist places: swamps, lake shores, wet forests and wet meadows.  

LM 

 

S. sylvestris (culm).  LM 

 

Schoenoplectus triqueter  (C.C. Gmel.) Palla is native to Europe, Asia and North 

Africa,  Caucasus and the Middle East to the Far East, Japan, India and Pakistan, as 
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well as in North Africa. It is found along the banks and along river deltas, in 

swamps, in ditches. EM 

 

Sch. tabernaemontani Zebrinus. It can be found throughout much of the world. It 

grows in moist and wet habitat, and sometimes in shallow water.   EM 

Agricultural plants (LM) 

 

Panicum miliaceum 

Triticum aestivum 

Secále cereal 

Hordeum vulgare 
 

 

Results of phytolith analysis of plants examined using an light microscope 

Apiaceae 

Astrantia biebersteinii 

  
1 2 

Asteraceae 

Achillea millifolium   

  
1 2 

https://ru.wikipedia.org/wiki/Triticum_aestivum
https://ru.wikipedia.org/w/index.php?title=Astrantia_biebersteinii&action=edit&redlink=1
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3 4 

A. campestris 

  
1 2 

 
3 

Dioscoreaceae 

Dioscorea caucasica 

  
1 2 
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3 4 

Fabaceae 

Galéga orientális 

  
1 2 

  
3 4 

Ericaceae 

Rhododendron luteum 

  
1 2 
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Rhododendron ponticum 

  
1 2 

Fagaceae 

Castanea sativa 

  
1 2 

  
3 4 

Poaceae 

Aegilops cylindrica 
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1 2 

  
3 4 

  
5 6 

Aegilops triunciolis 

  

1 2 

  
3 4 

Agropyron cristatum ssp. desertorum 

https://en.wikipedia.org/wiki/Ssp.
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1 2 

  
3 4 

  
5 6 

  
7 8 
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9 10 

Agropyron fragile 

  
1 2 

  
3 4 

  
5 6 

Agrostis capillaries 
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1 2 

  
3 4 

Argostis gigantea 

  
1 2 

  
3 4 

Agrostis sp. 
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1 2 

  
3 4 

  
5 6 

  
7 8 
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9 10 

Alopecurus pratensis 

  
1 2 

  
3 4 

  
5 6 

Anthoxanthum odoratum 
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1 2 

Arrhenatherum elatius  

  
1 2 

  
3 4 

Arundo donax 
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1 2 

  

3 4 

  

5 6 

  

7 

9 

8 

10 
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Bambusa sp. 1 

  
1 2 

  
3 4 

  
5 6 

Bambusa sp. 2 

  
1 2 
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3 4 

Bambusa sp. 3 

  
1 2 

  
3 4 

Bothriochloa ischaemum 

  
1 2 



32 
 

  

3 4 

  

5 6 

  
7 8 

Brachiaria eruciformis 

  
1 2 
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3 4 

Brachypodium rupestris 

  

1 2 

Brachypodium pinnatum  

  
1 2 
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3 4 

  
5 6 

Brachypodium sp. 

  
1 2 

  
3 4 

  
5 6 
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7 8 

  
9 10 

Bromus arvensis 

  
1 2 

  
3 4 
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5 

Bromus japonicas 

  

1 2 

 
3 

Bromus scoparius 

  

1 2 
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3 4 

  

5 6 

Bromus sterilis  

  
1 2 

  
3 4 
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5 6 

Bromus tectorum 

 
 

1 2 

  
3 4 

Calamagrostis arundinacea 

  

1 2 
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3 4 

  

5 6 

Calamagrostis epigeios 

 
 

1 2 
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3 4 

  
5 6 

  
7 8 

  
9 10 

Cenchrus longispinus 

  

1 2 
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3 4 

 
 

5 6 

Colpodium versicolor 

  
1 2 

  
3 4 
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5 6 

  
7 8 

Dactylis glomerata 

  
1 2 

  
3 4 
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5 6 

  
7 8 

  
9 10 

  
11 12 

Echinochloa crus-galli 
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1 2 

  
3 4 

  
5 6 

  
7 8 
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9 10 

Echinochloa sp. 

  
1 2 

  
3 4 

  
5 6 
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7 8 

  
9 10 

Elytrigia gracillima 

  
1 2 

  
3 4 
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5 6 

  
7 8 

  
9 10 

Hordeum mirinum 

  
1 2 
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3 4 

 
 

5 6 

Helictotrichon schellianum 

  
1 2 

  
3 4 
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5 6 

Hordeum violaceum 

  
1 2 

  
3 4 

  
5 6 
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7 8 

Hordéum vulgáre 

  

1 2 

  
3 4 

  
5 6 
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7 

Festuca sulcata 

  
1 2 

  
3 4 

  
5 6 

Festúca valesiáca 
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1 2 

  

3 4 

Imperata cylindrica 

  
1 2 

  
3 4 



53 
 

  
5 6 

 
7 

Koleria glauca 

  

1 2 

  
3 4 

Lolium perenne 
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1 2 

  
3 4 

  
5 6 

  
7 8 
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9 10 

  

11 12 

  

13 14 

Melica gracilis 

  
1 2 
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3 4 

  
5 6 

  
7 8 

Molina arundinacea 

  
1 2 



57 
 

 
3 

Oplismenus undulatifolius 

  
1 2 

  
3 4 

  
5 6 



58 
 

  
7 8 

 
9 

Panicum miliaceum 

  
1 2 

Paspalum sp. 

  
1 2 



59 
 

  
3 4 

  
5 6 

Pennisetum orientale 

  
1 2 

  
3 4 



60 
 

  
5 6 

  
7 8 

Phleum nodosum 

  
1 2 

 
3 

Phleum phleoides 



61 
 

  

1 2 

  

3 4 

Phleum pratense 

  

1 2 



62 
 

 
 

3 4 

  
5 6 

Phragmites australis (leaves) 

  
1 2 

 



63 
 

3 

Phragmites australis (culm) 

  
1 2 

Piptatherum virescens 

  
1 2 

  
3 4 

  
5 6 



64 
 

  
7 8 

  
9 10 

Piptatherum sp. 

  

1 2 

  
3 4 



65 
 

  
5 6 

  
7 8 

Poa angustifolia 

  
1 2 

  
3 4 



66 
 

  
5 6 

Poa bulbosa 

  
1 2 

 
 

3 4 

  
5 6 

Puccinellia burragensis 



67 
 

  
1 2 

  
3 4 

  
5 6 

  
7 8 

Puccinellia convolute 



68 
 

  
1 2 

  
3 4 

  
5 6 

  
7 8 



69 
 

  
9 10 

  
11 12 

Sesleria alba 

  
1 2 

 
3 

Setaria pumila 



70 
 

  

1 2 

  

3 4 

  
5 6 

Stipa dasyphilla 

  
1 2 

Stipagrostis plumosa 



71 
 

  
1 2 

  
3 4 

Tragus racemosus 

  
1 2 

  
3 4 



72 
 

  
5 6 

  
7 8 

 
9 

Triticum aestivum 

  
1 2 

https://ru.wikipedia.org/wiki/Triticum_aestivum


73 
 

 
 

3 4 

Cyperaceae: 

Carex buekii 

  
1 2 

  
3 4 

Carex brevicollis  

  



74 
 

1 2 

  
3 4 

Carex colchica   

  
1 2 

  
3 4 

  

5 6 

Carex cuspidata 



75 
 

  
1 2 

Carex depauperata 

  
1 2 

  
3 4 

  
5 6 



76 
 

  
7 8 

Carex flava 

  
1 2 

  
3 4 

Carex grioletii  

  
1 2 



77 
 

  
3 4 

Carex holleriana 

  
1 2 

  
3 4 

  
5 6 



78 
 

  
7 8 

  
9 10 

Carex oerophila  

1 2 

Carex humilis 

 
 

1 2 

Carex micropodioides 



79 
 

  
1 2 

Carex mingrelica 

  
1 2 

Carex otrubae 

  
1 2 

 
 

3 4 



80 
 

  
5 6 

Carex pendula 

  
1 2 

  
3 4 

Careх strigosa  

  
1 2 



81 
 

  
3 4 

  
5 5 

Carex turcestanica 

  
1 2 

  
3 4 



82 
 

  
5 6 

 
7 

Carex vesicaria 

  
1 2 

 
3 



83 
 

  
5 6 

  
7 

Carex vulpina 

  
1 2 

 Kobresia stenocarpa 

  
1 2 



84 
 

  
3 4 

  
5 6 

  
7 8 

  
9 10 



85 
 

  
11 12 

Sciprus sylvestris (culm) 

  
1 2 

  
3 4 

  
5 6 

Sciprus sylvestris (leaves) 



86 
 

  
1 2 

 
3 

Cannabaceae 

Cannabis sativa  

  

1 2 

 
3 



87 
 

Agricultural plants 

Panicum miliaceum 

  
1 2 

  
3 4 

  
5 6 

Triticum aestivum 

https://ru.wikipedia.org/wiki/Triticum_aestivum


88 
 

  
1 2 

Secále cereále 

  
1 2 

  
3 4 

Hordeum vulgare 

  
1 2 



89 
 

  
3 4 

  
5 6 

 

 

 

Results of phytolith analysis of plants examined using an electron scanning 

microscope 

 

Poaceae: 

Aegilops cylindrica 

1 2 

  
X500 X240 

3 4 



90 
 

  
X150 X210 

5 6 

  
X270 X150 

7 8 

  
x600 X300 

9 10 

  



91 
 

X300 X300 

11 12 

  

X300 X300 

Agropyron cristatum 

1 2 

  
X2100 X500 

3 4 

  
X1200 X400 

5 6 



92 
 

  
X1000 x2000 

7 8 

  
X3000 X1000 

9 10 

  
X1000 X2000 

Agropyron intermedium 

1 2 



93 
 

  

X600 X500 

3 4 

  
X300 X900 

Alopecurus pratensis 

1 2 

  
X300 X600 

3 4 



94 
 

  
X3000 X1000 

5 6 

  
X1000 X1300 

7 8 

  
X1000 X1200 

Arrhenatherum elatius  

1 2 



95 
 

  
X800 X1000 

3 4 

  
X1200 X1000 

5 6 

  

X600 X1500 

Brachypodium rupestris 

1 2 



96 
 

  
X300 X1000 

3 4 

  
X4000 X3500 

5 6 

  
X3000 X1000 

Briza australis 

1 2 



97 
 

  

X600 X600 

Bromus arvensis 

1 

 
X1100 

Bromus commutatus 

1 2 

  
X300 X600 

3 4 



98 
 

  
X800 X1200 

Bromus japonicas 

1 2 

  
X1200 X1000 

3 4 

  
X1000 X1200 

5 6 

  



99 
 

X1000 X300 

Bromus riparius 

1 

 
X1700 

Bromus squarosus 

1 2 

  

X1000 X633 

3 4 

  

 

Bromus sterilis 

1 2 



100 
 

  
X300 X1200 

3 4 

  
X1000 X1500 

5 6 

  
X1700 X1800 

7 8 

  
X1000 X1000 

9 10 



101 
 

  
X630 X630 

Bromus tectorum 

1 2 

  
X1200 X1500 

3 4 

  
X400 X300 

5 6 

  
X400 X300 

7 8 



102 
 

  
X1000 X100 

Calamagrostis canescens 

1 2 

  
X1000 X300 

3 4 

 
 

X3000 X1500 

5 6 

  
X1000 X1000 



103 
 

7 8 

  
X100 X300 

Élymus canínus 

1 2 

  
X1000 X300 

Elytrigia pseudocaesia 

1 2 

  
X4000 X2100 

3 4 

https://www.plantarium.ru/page/taxonomy/taxon/14418.html


104 
 

  
X1200 X1200 

Festúca glauca 

1 

 
X1200 

F. sulcata 

1 2 

  
X300 X300 

3 4 

  



105 
 

X300 X1000 

5 6 

  
X300 X350 

Hieróchloe repens  

1 2 

  
X500 X3000 

3 4 

  
X1400 X1400 

5 6 



106 
 

  
X1400 X2400 

Hólcus lanátus  

1 2 

  
X300 X1000 

3 4 

  
X2000 X600 

5 6 

  



107 
 

X1000 X1200 

Hordeum murinum  

1 2 

  

X3500 X300 

3 4 

Koelēria cristata  

1 2 

  
X600 X2000 

Koelēria glāuca  

1 2 



108 
 

  
X1000 X1200 

3 4 

  
X1000 X1000 

5 6 

  
X1200 X1000 

Phleum phleoides 

1 2 

  
X2000 X300 



109 
 

3 4 

  
X2000 X1000 

5 6 

  
X500 X300 

Poa angustifolia  

1 2 

  
X1000 X1000 

3 4 



110 
 

  
X1000 X350 

Sorgum halepense  

1 2 

  
X630 X1200 

3 4 

  
X100 X400 

Stipa capillata  

1 2 



111 
 

  
X500 X500 

3 4 

  
X1000 X500 

5 6 

  
X200 X2100 

7 8 

  
X500 X4200 



112 
 

Stipa dasyphilla  

1 2 

  
X300 X300 

Stipa lessingiana  

1 2 

  

X650 X300 

3 4 

  
X630 X600 

Stipa longifolia  

1 2 



113 
 

  
X886 X300 

3 4 

  
X600 X600 

Stipa pennata  

1 2 

  
X1000 X400 

3 4 

  



114 
 

X300 X300 

5 6 

  
X1000 X1000 

Stipa pulcherrima 

1 2 

  
X1000 X1000 

3 4 

  
X300 X1200 

5 6 



115 
 

  
X1200 X1000 

7 8 

  
X630 X1500 

Cyperaceae:  

Carex acutiformis  

1 2 

  
X630 X630 

Carex buekii  

1 2 



116 
 

  
x1000 x1000 

3 4 

  
X1000 X1000 

Carex colchica  

1 2 

  
X1000 X1200 

3 4 

  
X1200 X300 

5 6 



117 
 

  
X2100 X2100 

7 8 

  
X1200 X1000 

9 10 

  
X1000 X1000 

Carex cuspidata  

1 2 

  



118 
 

X2300 X1000 

3 4 

  
X1000 X1000 

5 6 

  
X2110 X2110 

Carex depressa spp. transsilvanica  

1 2 

  
X1000 X1000 

3 4 



119 
 

  
X3150 X1800 

Carex distans  

1 2 

  
X300 X1000 

3 4 

  
X300  

Carex divulsa 

1 2 



120 
 

  
X1200 X450 

3 4 

  
X700 X1200 

Carex flava  

1 2 

  
X1300 X1000 

3 4 

  



121 
 

X1300 X1500 

Carex hirta  

1 2 

  
X3000 X300 

3 4 

  
X1000 X1200 

Carex humilis  

1 

 
X2100 

Carex melanostachys 

1 2 



122 
 

  
X1000 X1500 

3 

 
X1800 

Carex montana 

1 2 

  
X1000 x1000 

3 4 

  
X3000 X1000 

5 



123 
 

 
X1200 

Carex otrubae 

1 2 

  
X4200 X1000 

3 

 
X630 

Carex riparia 

1 



124 
 

 

X630 

Carex stenophylla 

1 2 

  
X1000 X800 

3 4 

  
X800  

Carex tomentosa 

1 2 



125 
 

  
X530 X630 

3 4 

  
 X630 

X630  

5 6 

  
X2500 X1000 

Cyperus fuscus 

1 



126 
 

 
X1200 

Schoenoplectus triqueter   

1 2 

  
X2100 X1000 

3 4 

  
X630 X600 

Scirpus tabernaemontani  

1 2 

  
X2000 X300 



127 
 

3 4 

  
X1000 X1200 

5 

 
X1000 

Asteraceae: 

Artemisia lerchiana 

1 2 

 
 

Х300  

Cannabaceae: 
Cannabis sativa 

1 2 



128 
 

  

3 4 

  
 

 

Conclusion  

 

The author hopes that the proposed photographs will help archaeologists, 

paleoecologists, and paleosoil scientists find answers about the belonging of certain 

phytolith forms to certain plant taxa. This information helps to reconstruct and 

understand the climatic and ecological aspects of the past. Also important are 

studies in the field of plant evolution, their phylogenetic relationships, which is of 

great importance for plant taxonomy. Some of the results obtained can be used for 

the modern classification of phytolith forms. 

 

Acknowledgments: 

 

This study was funded the Russian Foundation for Basic Research (19-05-

50093). The author thanks Yu.E. Alekseev for invaluable advice on sedges and 

presentation of plants for phytolithic analysis from a personal working herbarium 

(Faculty of Biology, Lomonosov Moscow State University). A. Andreev (Alfred 

Wegener Institute, Potsdam) for his help in compiling a systematic list of the studied 

plants and also D.A. Alekseev for help in translating the text into English and 

editing the text.  

 

 

https://kias.rfbr.ru/index.php
https://kias.rfbr.ru/index.php


129 
 

Reference 

 

Albert, R.M. et al. 2008. Phytolith-rich layers from the Late Bronze and Iron Ages 

at Tel Dor (Israel): mode of formation and archaeological significance // J. 

Archaeol. Sci. 35. 57-75 

 

Ball, T.B., Vrydaghs, L., Van den Hauwe, I., Manwaring, J., De langhe, E., 2006. 

Differentiating banana phytoliths: wild and edible Musa acuminata and Musa 

balbisiana // J. Archaeol. Sci. 33. P.1228-1236 

 

Ball T. B., Ehlers R., Standing M. D. 2009. Review of typologic and morphometric 

analysis of phytoliths produced by wheat and barley // Breeding Science. 59. P. 

505–512 

 

Ball T., Davis A., Evett R.R., Ladwig J.L., Tromp M., Out W.A., Portillo M. 2015. 

Morphometric analysis of phytoliths: recommendations towards standardization 

from the International Committee for Phytolith Morphometrics  // Journal of 

Archaeological Science. 1-6. http://www.elsevier.com/locate/jas   

 

Blackman E. 1969. The pattern and sequence of opaline silica deposition in rye 

(Secale cereale L.) // Ann. Bot. V. 32. N. 125. P. 207-218 

 

Barboni D., Bremond L., Raymonde B. 2007. Comparative study of modern 

phytolith assemblages from inter-tropical Africa // Palaeogeography, 

Palaeoclimatology, Palaeoecology. 246 (2-4). P.454-470 

 

Blinnikov M. S. 2005. Phytoliths in plants and soils of the interior Pacific 

Northwest, USA // Review of Palaeobotany and Palynology. 135. P.71–98 

 

Bobrov A.A., Bobrova E.K., Alexeev Ju.E. 2001. Biogenic silica in biosystematics - 

potential uses  //  Phytoliths: Applications in Earth Sciences and Human History. 

Balkena Publishers. P. 279-288 

 

Bobrov A.A. 2007. Phytolits and micropaleontological data in boggy soil // Plant 

People and Places - Recent Studies in Phytolith Analysis. OXBOW BOOKS. 

Oxford. P. 163-172 

 

Bronnikova M.A., Zazovskaya E.P., Bobrov A.A. 2003. Local landscape evolution 

related to human impact of an early medieval pre-urban center in the Upper Dnieper 

region (Central Russian Plain): an interdisciplinary experience  // Revista Mexicana 

de Ciencias Geologicas. V. 20. N. 3. P. 245-262 

  

Brown D.A. 1984. Prospects and limits of a phytoliths key for grasses in the Central 

United States // J. Archeol. Sci. V. 11. N. 4. P.345-368 

https://www.researchgate.net/profile/Doris_Barboni?_sg%5B0%5D=-RbIcBdAQMJ3N8GirQ2TQA_sC213IIk41FrhrmCh9t7O615GZIVsKk14-2F-YsqhW3Ru-dY.UUSfGViWlI4BikPHUlAnKf5wpvvf8_84ffRS9ZZ0sj6bEeiF6hfKXwBhaUN-MwYnH7WG3wK95031b6YvVzzq4w&_sg%5B1%5D=nBs3FEU6ke2GrD54x-wxUeO3NvkVcOENuZA6P7UH0PYxfv0Hkn2FrRqbv5FqfbcPxnER6HM.pSfJtWMFkDL6Am3eucPlMwPo2ag6P_eaRapk1-xJhUvDipY2y1Z72M4AFV1ZorTlemzD45V37-o13QM4riuVWQ
https://www.researchgate.net/profile/Laurent_Bremond?_sg%5B0%5D=-RbIcBdAQMJ3N8GirQ2TQA_sC213IIk41FrhrmCh9t7O615GZIVsKk14-2F-YsqhW3Ru-dY.UUSfGViWlI4BikPHUlAnKf5wpvvf8_84ffRS9ZZ0sj6bEeiF6hfKXwBhaUN-MwYnH7WG3wK95031b6YvVzzq4w&_sg%5B1%5D=nBs3FEU6ke2GrD54x-wxUeO3NvkVcOENuZA6P7UH0PYxfv0Hkn2FrRqbv5FqfbcPxnER6HM.pSfJtWMFkDL6Am3eucPlMwPo2ag6P_eaRapk1-xJhUvDipY2y1Z72M4AFV1ZorTlemzD45V37-o13QM4riuVWQ
https://www.researchgate.net/profile/Bonnefille_Raymonde?_sg%5B0%5D=-RbIcBdAQMJ3N8GirQ2TQA_sC213IIk41FrhrmCh9t7O615GZIVsKk14-2F-YsqhW3Ru-dY.UUSfGViWlI4BikPHUlAnKf5wpvvf8_84ffRS9ZZ0sj6bEeiF6hfKXwBhaUN-MwYnH7WG3wK95031b6YvVzzq4w&_sg%5B1%5D=nBs3FEU6ke2GrD54x-wxUeO3NvkVcOENuZA6P7UH0PYxfv0Hkn2FrRqbv5FqfbcPxnER6HM.pSfJtWMFkDL6Am3eucPlMwPo2ag6P_eaRapk1-xJhUvDipY2y1Z72M4AFV1ZorTlemzD45V37-o13QM4riuVWQ


130 
 

Cabanes, D., Weiner, S., Shahack-Gross, R. 2011. Stability of phytoliths in the 

archaeological record: a dissolution study of modern and fossil phytoliths // Journal 

of ArchaeologicalScience. 38 (9). 2480–2490 

Chen, S. T., & Smith, S. Y. 2013. Phytolith variability in Zingiberales: a tool for the 

reconstruction of past tropical vegetation // Palaeogeography, Palaeoclimatology, 

Palaeoecology. 370. P. 1–12 

 

Chowdhury A. K. and Datta B. K. 2017. Diversity, distribution and frequency based 

attributes of phytoliths in some Panicum spp. of Tripura, North East India // 

Bioscience Discovery. 8(2). P. 224-234 

 

Hodson, M. J., Parker, A. G., Leng, M. J. and Sloane, H. J. 2008. Silicon, oxygen 

and carbon isotope composition of wheat (Triticum aestivum L.) phytoliths: 

implications for palaeoecology and archaeology // J. Quaternary Sci., V. 23. P. 331–

339. ISSN 0267‐8179 

Honaine M.F., Borrelli N.L., Osterrieth M.L and Del Rio L. 2013. Amorphous silica 

biomineralizations in Schoenoplectus californicus (Cyperaceae): their relation with 

maturation stage and silica availability // Boletín de la Sociedad Argentina de 

Botánica. V. 48. N. 2 

 

Honaine M. F., Zucol A. F., Osterrieth M. L. 2009. Phytolith analysis of Cyperaceae 

from the Pampean region, Argentina  // Australian Journal of Botany. 57. 6. 512-523 

Geis J.W. 1978. Biogenic opal in three species of gramineae  // Ann. Bot. V. 42. P. 

1119-1129 

 

Gol’eva A.A. 2001. Phytoliths and their information role in natural and 

archeological objects. 190 p. 

 

HarveyE.L., Fuller D.Q. 2005. Investigating crop processing using phytolith 

analysis: the example of rice and millets // Journal of Archaeological Science V. 2, 

Issue 5. P. 739-752 

 

Hart J.P., Matson R.G., Thompson, R.G., Blake, M., 2011. Teosinte inflorescence 

phytolith assemblages mirror Zea taxonomy. PLoS One 6, 18-49 

 

Hayward D. M, Parry D. 1980. Scanning Electron Microscopy of Silica Deposits in 

the Culms, Floral Bracts and Awns of Barley (Hordeum sativum Jess.) // Annals of 

Botany, V. 46, Issue 5. P. 541–548 

 

Kealhofer L. and Piperno D. R. 1998. Opal Phytoliths in Southeast Asian Flora. 

Smithsonian Contributions to Botany. P. 1–39 

 

https://www.sciencedirect.com/science/article/abs/pii/S0305440305000087#!
https://www.sciencedirect.com/science/article/abs/pii/S0305440305000087#!
https://www.sciencedirect.com/science/journal/03054403
https://www.sciencedirect.com/science/journal/03054403/32/5
https://www.sciencedirect.com/science/journal/03054403/32/5
javascript:;
javascript:;
http://dx.doi.org/10.5479/si.0081024X.88


131 
 

Lentfer, C.J., Green, R.C., 2004. Phytoliths and the evidence for banana cultivation 

at the Lapita reber-Rakival site on Watom Island, Papua New Guinea //  

A Pacific Odyssey: Archaeology and Anthropology in the Western Pacific. Papers 

in Honour of Jim Specht, Records of the Australian Museum. Attenbrow, V. 

Fullagar, R. (Eds.). 29. P. 75-88 

 

Lisztes-Szabo Z, Kovács S. Pető Á. 2014. Phytolith analysis of Poa pratensis 

(Poaceae) leaves // Turkish Journal of Botany. 38(5). 851-863 

 

Madella A  M., Alexandre  A. and  Ball T. 2005. International Code for Phytolith  

Nomenclature 1.0  //  Annals of Botany.  Published by Oxford University Press on 

behalf of the Annals of Botany Company 

doi:10.1093/aob/mci172, available online at www.aob.oupjournals.org 

 

Mehra P.N., Sharma O.P. 1965. Epidermal silica cells in the Cyperaceae // Bot. Gaz. 

V. 126. N. 1. P. 53-58 

 

Mercader J., Bennett T., Simpson S. and  Walde D. 2011. Soil phytoliths from 

miombo woodlands in Mozambique  // Quaternary Research. V. 75. Issue 1. P. 138 - 

150 

 

Messager E., Lordkipanidze D. Delhon C. Ferring C.R. 2010. Palaeoecological 

implications of the Lower Pleistocene phytolith record from the Dmanisi Site 

(Georgia) // Palaeogeography, Palaeoclimatology, Palaeoecology. 288. (1-4). P.1-13 

 

Metcalf C.R. 1960. Anatomy of the Monocotyledons. V. 1. Graminae. London: 

Oxford Clarendon Press. 562 p.  

 

Metcalf C.R. 1971. Anatomy of the Monocotyledons.V. 2. Cyperacea. London: 

Oxford Clarendon University Press. 564 p. 

Nawaz  M. A., Zakharenko A. M., Zemchenko I. V., Haider M. S., Ali M. A., Imtiaz 

M., Chung G., Tsatsakis A., Sun S., Golokhvast K. S. 2019. Phytolith Formation in 

Plants: From Soil to Cell // 249 Plants (Basel).8 (8). 249; 

https://doi.org/10.3390/plants8080249  

 

Neumann K., Chevalier A., Vrydaghs L. 2017. Phytoliths in archaeology: recent 

advances // Vegetation History and Archaeobotany. V. 26. Issue 1. P. 1–3 

 

Novello A., Barboni D. 2015. Grass inflorescence phytoliths of useful species and 

wild cereals from sub-Saharan Africa // Journal of Archaeological Science. Elsevier. 

59. P.10 – 22 

https://www.researchgate.net/profile/Zsuzsa_Lisztes-Szabo
https://www.researchgate.net/profile/Szilvia_Kovacs3
https://www.researchgate.net/scientific-contributions/2032901312_Akos_Peto
https://www.researchgate.net/journal/1300-008X_Turkish_Journal_of_Botany
http://www.aob.oupjournals.org/
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Julio%20Mercader&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Tim%20Bennett&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Steven%20Simpson&eventCode=SE-AU
https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Dale%20Walde&eventCode=SE-AU
https://www.cambridge.org/core/journals/quaternary-research
https://www.cambridge.org/core/journals/quaternary-research/volume/05AF0E1103D1234BC72B6EE1EDC4E671
https://www.cambridge.org/core/journals/quaternary-research/issue/89686CEC30548CF14764EA364A3CA903
https://www.researchgate.net/profile/Erwan_Messager?_sg%5B0%5D=rS725RqPUD5RK2JhySTBYEPRZ1aOPrD7hFn26z2nvdcoPOfBk-3zJU7YA9SVU7z-IXbsXNQ.STyDm1Bfs3vDytn8wqmMrkMzI9_jja9NQSLAeAPBsdefgbe4RFUAfg1d9tE1xvyFHmCvWFukXW0gNTC7cdJ27w&_sg%5B1%5D=UT9CK37B1fCb0x4fvePbbYhXxz5t_gsdb4qnXfV-FNrw25cHtUqX03vrV-OYGw3knamef_A.AMTNQHqhklKrM6pl_knwwoytv_2aoVgXEuP7dbe1KME9MKfFLQP_3lD87mBq14tVmi5oHabRDQg-zuLUgDPEDg
https://www.researchgate.net/scientific-contributions/D-Lordkipanidze-8597524?_sg%5B0%5D=rS725RqPUD5RK2JhySTBYEPRZ1aOPrD7hFn26z2nvdcoPOfBk-3zJU7YA9SVU7z-IXbsXNQ.STyDm1Bfs3vDytn8wqmMrkMzI9_jja9NQSLAeAPBsdefgbe4RFUAfg1d9tE1xvyFHmCvWFukXW0gNTC7cdJ27w&_sg%5B1%5D=UT9CK37B1fCb0x4fvePbbYhXxz5t_gsdb4qnXfV-FNrw25cHtUqX03vrV-OYGw3knamef_A.AMTNQHqhklKrM6pl_knwwoytv_2aoVgXEuP7dbe1KME9MKfFLQP_3lD87mBq14tVmi5oHabRDQg-zuLUgDPEDg
https://www.researchgate.net/profile/Claire_Delhon?_sg%5B0%5D=rS725RqPUD5RK2JhySTBYEPRZ1aOPrD7hFn26z2nvdcoPOfBk-3zJU7YA9SVU7z-IXbsXNQ.STyDm1Bfs3vDytn8wqmMrkMzI9_jja9NQSLAeAPBsdefgbe4RFUAfg1d9tE1xvyFHmCvWFukXW0gNTC7cdJ27w&_sg%5B1%5D=UT9CK37B1fCb0x4fvePbbYhXxz5t_gsdb4qnXfV-FNrw25cHtUqX03vrV-OYGw3knamef_A.AMTNQHqhklKrM6pl_knwwoytv_2aoVgXEuP7dbe1KME9MKfFLQP_3lD87mBq14tVmi5oHabRDQg-zuLUgDPEDg
https://www.researchgate.net/scientific-contributions/C-Reid-Ferring-2005846240?_sg%5B0%5D=rS725RqPUD5RK2JhySTBYEPRZ1aOPrD7hFn26z2nvdcoPOfBk-3zJU7YA9SVU7z-IXbsXNQ.STyDm1Bfs3vDytn8wqmMrkMzI9_jja9NQSLAeAPBsdefgbe4RFUAfg1d9tE1xvyFHmCvWFukXW0gNTC7cdJ27w&_sg%5B1%5D=UT9CK37B1fCb0x4fvePbbYhXxz5t_gsdb4qnXfV-FNrw25cHtUqX03vrV-OYGw3knamef_A.AMTNQHqhklKrM6pl_knwwoytv_2aoVgXEuP7dbe1KME9MKfFLQP_3lD87mBq14tVmi5oHabRDQg-zuLUgDPEDg
https://sciprofiles.com/profile/515468
https://www.mdpi.com/search?authors=Alexander%20%20Mikhailovich%20Zakharenko&orcid=
https://www.mdpi.com/search?authors=Ivan%20%20Vladimirovich%20Zemchenko&orcid=
https://sciprofiles.com/profile/author/aWo5RCtxdzNORjV4eDF6aE9rSVJDMHMrOTAwUjU3U2xjdDZKcVQ4cC9BND0=
https://sciprofiles.com/profile/126670
https://sciprofiles.com/profile/783569
https://sciprofiles.com/profile/165485
https://www.mdpi.com/search?authors=Aristides%20Tsatsakis&orcid=
https://sciprofiles.com/profile/702608
https://sciprofiles.com/profile/49078
https://doi.org/10.3390/plants8080249
https://link.springer.com/journal/334
https://link.springer.com/journal/334/26/1/page/1


132 
 

Ollendorf A.L. 1992. Toward a Classification Scheme of Sedge (Cyperaceae) 

Phytoliths // Phytolith Systematics. Advances in Archaeological and Museum 

Science. In: Rapp G., Mulholland S.C. (eds). V. 1. Springer.  Boston. P. 91-111 

Ollendorf A.L., Mulholland S.C., Ropp G. 1987. Phytoliths from some Israeli sedgei 

// Israel J. Bot. V. 36. N. 3. P.125-132 

 

Piperno D. 1985. Phytolithic analysis of geological sediments from Panama // 

Antiquity. V. 59. Issue 225. P. 13-19 

 

Piperno D. R. 1988. Phytolith analysis. An archaelogical and geological perspective. 

San-Diego: Acad. Press. 260 p. 

 

Piperno D. R. 2016. Phytolith Radiocarbon Dating in Archaeological and 

Paleoecological Research: A Case Study of Phytoliths from Modern Neotropical 

Plants and a Review of the Previous Dating Evidence  //  Journal of Archaeological 
Science. 68. P.54–61 

Prasad, V., Strömberg, C.A.E., Leaché, A.D., Samant, B., Patnaik, R., Tang, L., 

Mohabey,D.M., Ge, S., Sahni, A., 2011. Late Cretaceous origin of the rice tribe 

provides evidence for early diversification in Poaceae. Nature Communications 2, 

480.http://dx.doi.org/10.1038/ncomms1482. 

Rovner I. 1971. Potential of opal phytoliths for use in paleoecological reconstruction 

// Quaternary Research. V. 1. Issue 3. P. 343-359 

Rovner I. 1988. Macro‐ and micro‐ecological reconstruction using plant opal 

phytolith data from archaeological sediments // Geoarchaeology. V. 3. Issue 2. P. 

155-163 

Rovner I. 1996. Current Research in Phytolith Analysis: Applications in 

Archaeology and Paleoecology // American Antiquity. V. 61. Issue 2.P. 430+ 

 

Rudall P.J., Prychid C., Gregory T. 2014. Epidermal Patterning and Silica Phytoliths 

in Grasses: An Evolutionary History // The Botanical Review. 80(1). P.59-71 

 

Santos G. M., Masion A., Alexandre A. 2010. When the carbon being dated is not 

what you think it is: Insights from phytolith carbon research // Quaternary Science 

Reviews. 197. 162-174  

 

Saxena A. 2013. Holocene palaeoclimate reconstruction from the phytoliths of the 

lake-fill sequence of Ganga Plain //  Current Science. 104 (8). P. 1054-1062 

 

Shakoor S.A. and Bhat M.A. 2014. Phytoliths as emerging taxonomic tools for 

identification of plants: an overview // Journal of Botany. V. Article ID 318163, 9 p. 

https://www.cambridge.org/core/search?filters%5BauthorTerms%5D=Dolores%20Piperno&eventCode=SE-AU
https://www.cambridge.org/core/journals/antiquity/volume/15AC1F88EEC52058E5BC9953E1FCED69
https://www.cambridge.org/core/journals/antiquity/issue/5AD7E567227767EF470A4AACF1A945E8
https://repository.si.edu/handle/10088/26632
https://repository.si.edu/handle/10088/26632
https://repository.si.edu/handle/10088/26632
https://www.sciencedirect.com/science/article/pii/0033589471900706#!
https://www.sciencedirect.com/science/journal/00335894
https://www.sciencedirect.com/science/journal/00335894/1/3
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rovner%2C+Irwin
https://onlinelibrary.wiley.com/toc/15206548/1988/3/2
https://www.researchgate.net/profile/Paula_Rudall
https://www.researchgate.net/profile/Chrissie_Prychid
https://www.researchgate.net/scientific-contributions/2049304053_Thomas_Gregory
https://www.researchgate.net/journal/0006-8101_The_Botanical_Review
https://www.researchgate.net/profile/Anju_Saxena?_sg%5B0%5D=Nj-g4qwzJ7gegNOUaSkzrdQl9xz2xWXFY-i7iAvfbU-hIqJdAPuWkxB9REwPbEDZBhCqnZ4.eD8WjTmWWkZRuIy5MQzVPYVq8bqs5uM7HIVxQVAwn9PsxipXXa48WAl_FYmWRbjEIM5883SfvUBhXDKiJcJLgA&_sg%5B1%5D=Z9Ta7ZoEQBT4ndQYc3ewlnfZLg84IJN0ZhNBIt0tYkSZgih1SShI0f4lQfbIJil1Lrf5geQ.e_K-DRdqbrx_xdkdGg-Ze6h8Z3RcYWNUpzZ_GYa569YwcX1_5QsmMgxm9ko05puWCS3boQ4eMtrb7PDWtLzFTQ


133 
 

Sharma R., Kumar V., Kumar R. 2019. Distribution of phytoliths in plants: a review 

// Geology, Ecology, and Landscapes V. 3. Issue 2. P. 123-148 

 

Shillito L.M. 2011. Taphonomic observations of archaeological wheat phytoliths 

from Neolithic Çatalhöyük, Turkey, and the use of conjoined phytolith size as an 

indicator of water availability // Archaeometry. 53(3)/ P. 631 – 641 

 

Shishlina N. I., Bobrov A. A.,·Simakova·A. M., Troshina, A. A., Sevastyanov 

V.S.,·van der Plicht J. 2018. Plant food subsistence in the human diet of the Bronze 

Age Caspian and Low Don steppe pastoralists: archaeobotanical, isotope and 14C 

data // Vegetation History and Archaeobotany. 10 P. 

https://doi.org/10.1007/s00334-018-0676-9. 

 

Schulz-Kornas E., Braune C., Winkler D. E., Kaiser T., M. 2017. Does silica 

concentration and phytolith ultrastructure relate to phytolith hardness? // Biosurface 

and Biotribology. V. 3. Issue 4.  P. 135-143 

 

Solomonova M.Y., Speranskaya N.Y., Blinnikov M.S., Kharitonova E.Y., 

Pechatnova Y.V., Silantieva M.M. 2018. Cyperaceae Juss. and Juncaceae A. Rich 

ex Kunt. Phytoliths of Western Siberia // Ukrainian Journal of Ecology. 8(4), 332-

334 

 

Soni S.L., Kaufman P.B., Bigelow W.G. 1972. Studies on silicon accumulation in 

developing intermodal epidermal cells of Cyperus alternifoilius // Micron. V. 3. P. 

348-356 

 

Stevanato M., Rasbold G. G, Parolin M., Luz L. D., Lo E., Weber P., Trevisan R. 

Caxambu M. G.. 2019. New characteristics of the papillae phytolith morphotype 

recovered from eleven genera of Cyperaceae // Flora. 253. P.49-55  

 

Toivonen H., Toivonen T. 1978. Perigynium and achene epidermis in some species 

of Carex subopu. Vignea ( Cyperaceae ) studies by SEM // Ann. Bot. Fennici. V. 13. 

P. 49-59 

Wilding, L.P., 1967. Radiocarbon dating of biogenetic opal // Science. 156. (3771). 

P. 66–67 

Wilding L.P. and Dress L.R. 1971. Biogenic opal in Ohio soils // Soil Sci. Soc. Am. 

Proc. 35. P.1004–1010 

Zucol, A.F., Brea, M., & Scopel, A. 2005. First record of fossil wood and phytolith 

assemblages of the Late Pleistocene in El Palmar National Park (Argentina) // 

Journal of South American Earth Sciences. 20. P.33-43 

 

https://www.tandfonline.com/author/Sharma%2C+Rajat
https://www.tandfonline.com/author/Kumar%2C+Vinod
https://www.tandfonline.com/author/Kumar%2C+Rakesh
https://www.tandfonline.com/toc/tgel20/current
https://www.tandfonline.com/toc/tgel20/3/2
https://www.researchgate.net/profile/Lisa_Marie_Shillito?_sg%5B0%5D=W-esjs1BqfxEES1EbBBDvX9GSDT9R46RBaXN30PZViYjy1WZIdpKSq03KgIyPwLq_OmQRvI.oOckgdcwxUtijzksuPERwTY23Rk-et32pu9035Txr-l71WN75o3flC1HO84CJGjpAKjFTKGuYv4kQlAzvK4Z1A&_sg%5B1%5D=yn8v6JK7Fy1DBYkNEvYk_m2U2qon-A3_vpPgEr1VBpmkrmvzePsK-KSKauw7yDoYmnS4tvs.rrwZHnPqK7PidMhnvCpwKf7Vnt6rgcgybjHSd7ttsd4_nlLIjjzNTJEqMHb-AeAYS3NIvH54q_TgQmyZKPwuDg
https://doi.org/10.1007/s00334-018-0676-9.
https://www.sciencedirect.com/science/article/pii/S2405451817300296#!
https://www.sciencedirect.com/science/article/pii/S2405451817300296#!
https://www.sciencedirect.com/science/article/pii/S2405451817300296#!
https://www.sciencedirect.com/science/article/pii/S2405451817300296#!
https://www.sciencedirect.com/science/journal/24054518/3/4


134 
 

 Zurro D., García-Granero J.J., Lancelotti C., Madella M. 2016. Directions in 

current and future phytolith research // Journal of Archaeological Science 68. P. 

112–117 

 

Articles published by Photoatlas author (anatoly-bobrov@yandex.ru) 

 
Bobrov A.A., Golyeva A.A., Khilimonyuk I.Z., Chemerovskaya E.K. 1989. Silica 

bioliths in soils // Problems of interaction between man and the biosphere, Moscow 

State University, p. 62-66 (in russian) 

 

Bobrov A.A., Khilimonyuk I.Z., Chemerovskaya E.K. 1991 Accumulation of 

biogenic silica in different-aged soils of the southern taiga // Pochvovedenie, Nauka 

(M.), no. 8, p. 137- 142 (in russian) 

 

Bobrova  E.K., Bobrov A.A. 1997. Phytoliths in soils: species composition, 

distribution along a soil profile and value as environmental indicators  // The state of 

the art of phytoliths in soils and plants, Im [rime Graficas Fersan Madrid, Spain. 

P. 5-13 

 

Bobrov A.A., Bobrova E.K. 2001. Phytoliths assemblages in podzol and podzolic 

soils of the South West coast of the Okhotsk sea // Phytoliths: Applications in Earth 

Sciences and Human History. Balkena Publishers/Lisse/Abingon/Exton (PA)/Tokio. 

P. 365-370 

 

Bobrov A.A., Bobrova E.K., Alexeev Ju E. 2001. Biogenic silica in biosystematics - 

potential uses // Phytoliths: Applications in Earth Sciences and Human History. 

Balkena Publishers/Lisse/Abingon/Exton(PA)/Tokio. P. 279-288  

 

Bobrov A.A. 2002. Plant phytoliths of the Iki-Burul region of Kalmykia: first results 

// Ostrovnoy Burial Mound. The results of a comprehensive study of archaeological 

sites in the North Western Caspian region, State. Historical Museum Moscow, p. 

167-175 (in russian) 

 

Bobrov A.A. 2002. Phytolith analyses of contemporary and buried soils from 

kurgan burial grounds in Kalmykia // Ostrovnoy kurgan burial ground. Results of 

interdisciplinary investigation of North-western Caspian archaeological sites. State 

Historical Museum Moscow. P. 137-166 

 

Bobrov A.A. 2003. Micropaleontological methods for studying biogenic silica in 

soils // Eurasian Soil Science. 36:130-316 

 

Bobrov A.A. 2007. Phytolits and micropaleontological data in boggy soil // Plant 

People and Places - Recent Studies in Phytolith Analysis. P. 163-172 

 

https://www.researchgate.net/profile/Debora_Zurro?_sg%5B0%5D=ESAiCyGic5yghaLdHDY4nqqIfSMfv12xrY3XjElZfAEojBhRRRBEl5-Ueoduyl0aSyvWUBc.KgqPwA_1Krv6t1m-gq7jab8VWEZybehmuuoKPk7oiLbI5BsuLT8OVEiX4vn3lt2dovD44TWjYiAtNRRfwgezaQ&_sg%5B1%5D=Zbv2qbzr7m7hHLD7V2YENE2TxrpJwL7p6Kyk5Bu_QJC_JMvtNHHvKDvVRGcModccScG30p0.veSTAS0uIZ-lk2NE5KB2njcSz6fPLmUKzqUfcmIgxjfr-cPUAqvpEfd6QBE0zp7SOGCg_1VuDv0qfpaGIrah2g
https://www.researchgate.net/profile/Juan-Jose-Garcia-Granero?_sg%5B0%5D=ESAiCyGic5yghaLdHDY4nqqIfSMfv12xrY3XjElZfAEojBhRRRBEl5-Ueoduyl0aSyvWUBc.KgqPwA_1Krv6t1m-gq7jab8VWEZybehmuuoKPk7oiLbI5BsuLT8OVEiX4vn3lt2dovD44TWjYiAtNRRfwgezaQ&_sg%5B1%5D=Zbv2qbzr7m7hHLD7V2YENE2TxrpJwL7p6Kyk5Bu_QJC_JMvtNHHvKDvVRGcModccScG30p0.veSTAS0uIZ-lk2NE5KB2njcSz6fPLmUKzqUfcmIgxjfr-cPUAqvpEfd6QBE0zp7SOGCg_1VuDv0qfpaGIrah2g
https://www.researchgate.net/profile/Carla_Lancelotti?_sg%5B0%5D=ESAiCyGic5yghaLdHDY4nqqIfSMfv12xrY3XjElZfAEojBhRRRBEl5-Ueoduyl0aSyvWUBc.KgqPwA_1Krv6t1m-gq7jab8VWEZybehmuuoKPk7oiLbI5BsuLT8OVEiX4vn3lt2dovD44TWjYiAtNRRfwgezaQ&_sg%5B1%5D=Zbv2qbzr7m7hHLD7V2YENE2TxrpJwL7p6Kyk5Bu_QJC_JMvtNHHvKDvVRGcModccScG30p0.veSTAS0uIZ-lk2NE5KB2njcSz6fPLmUKzqUfcmIgxjfr-cPUAqvpEfd6QBE0zp7SOGCg_1VuDv0qfpaGIrah2g
https://www.researchgate.net/profile/Marco_Madella?_sg%5B0%5D=ESAiCyGic5yghaLdHDY4nqqIfSMfv12xrY3XjElZfAEojBhRRRBEl5-Ueoduyl0aSyvWUBc.KgqPwA_1Krv6t1m-gq7jab8VWEZybehmuuoKPk7oiLbI5BsuLT8OVEiX4vn3lt2dovD44TWjYiAtNRRfwgezaQ&_sg%5B1%5D=Zbv2qbzr7m7hHLD7V2YENE2TxrpJwL7p6Kyk5Bu_QJC_JMvtNHHvKDvVRGcModccScG30p0.veSTAS0uIZ-lk2NE5KB2njcSz6fPLmUKzqUfcmIgxjfr-cPUAqvpEfd6QBE0zp7SOGCg_1VuDv0qfpaGIrah2g
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/publications/article/1849957/
https://istina.msu.ru/publications/article/1849957/
https://istina.msu.ru/collections/1849956/
https://istina.msu.ru/collections/1849956/
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/workers/1764211/
https://istina.msu.ru/publications/article/1764324/
https://istina.msu.ru/publications/article/1764324/
https://istina.msu.ru/collections/1764213/
https://istina.msu.ru/collections/1764213/
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/workers/1764211/
https://istina.msu.ru/workers/708161/
https://istina.msu.ru/publications/article/1764214/
https://istina.msu.ru/publications/article/1764214/
https://istina.msu.ru/collections/1764213/
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/publications/article/234223739/
https://istina.msu.ru/publications/article/234223739/
https://istina.msu.ru/collections/234223737/
https://istina.msu.ru/collections/234223737/
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/publications/article/1846841/
https://istina.msu.ru/collections/1846840/
https://istina.msu.ru/collections/1846840/


135 
 

Bobrov A.A., Semenov A.N., Alekseev Yu.E. 2016. Phytoliths of species of some 

genera of the family Cyperaceae // Environmental dynamics and global climate 

change, Ugra State University. Khanty-Mansiysk, V. 1,P. 27-33 (in russian) 

 

Bronnikova M.A., Zazovskaya E.P., Bobrov A.A. 2003. Local landscape evolution 

related to human impact of an early medieval pre-urban center in the Upper Dnieper 

region (Central Russian Plain): an interdisciplinary experience // Revista Mexicana 

de Ciencias Geologicas. V. 20. N. 3. P. 245-262 

 

Dobrovolskiy G.V., Bobrov A.A., Golyeva A.A., Shoba S.A. 1988. Opal phytoliths 

of taiga biocenoses of the middle taiga // Biological Sciences, Vysh. shk. (M.), N. 2. 

P. 37-42 (in russian) 

 

Golieva A.A., Bobrov A.A., Shoba S.A. 1987. Accumulation of biogenic silica in 

biocenoses of the middle taiga // Syktyvkar. 54 p. (in russian) 

 

Shishlina N.I., Demkin V.A., Bobrov A.A. 2002. Study of the food system of the 

steppe inhabitants of the North-Western Caspian region in the Bronze Age and the 

Early Iron Age // Mogilnik Ostrovnoy. The results of a comprehensive study of 

archaeological sites in the North-Western Caspian region, State. Historical Museum 

Moscow. P. 314-323 (in russian) 

 

Shishlina N.I., Borisov A.V., Bobrov A.A., Pakhomov M.M. 2007. Methods of 

interpreting Bronze Age vessel residues: discussion, correlation and the verification 

of data  // Theory and practice of archaeological residue analyses. T. 1650. P. 29-41 

 

Shishlina N.I., Panasyuk N.V., Pakhomov M.M., Bobrov A.A. 2009. The steppe 

archaeological expedition of the State Historical Museum: results of ethnobotanical 

investigation // Brief Communications of the Institute of Archaeology. T. 223. P. 

260-270 

 

Shishlina N.I., Panasyuk N.V., Pakhomov M.M., Bobrov A.A. 2010. Steppe 

archaeological expedition of the State Historical Museum: results of ethnobotanical 

research. Brief Communications of the Institute of Archeology // Brief 

Communications of the Institute of Archeology of the Russian Academy of 

Sciences. N. 223 P. 260-270 (in russian) 

 

Shishlina N.I., Bobrov A.A., Simakova A.M., Troshina A.A., Sevastyanov V.S., 

van_der_Plicht J. 2018. Plant food subsistence in the human diet of the Bronze Age 

Caspian and Low Don steppe pastoralists: archaeobotanical, isotope and 14C data  // 

Vegetation History and Archaeobotany.  Springer Verlag  (Germany). P. 1 10 

 

 
 

https://istina.msu.ru/workers/1680243/
https://istina.msu.ru/workers/5128536/
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/publications/article/164148839/
https://istina.msu.ru/publications/article/164148839/
https://istina.msu.ru/publications/article/164148839/
https://istina.msu.ru/journals/164148838/
https://istina.msu.ru/workers/1680243/
https://istina.msu.ru/workers/488856/
https://istina.msu.ru/publications/article/234223685/
https://istina.msu.ru/publications/article/234223685/
https://istina.msu.ru/publications/article/234223685/
https://istina.msu.ru/journals/234223684/
https://istina.ipmnet.ru/workers/1680243/
https://istina.ipmnet.ru/workers/488856/
https://istina.ipmnet.ru/workers/5128540/
https://istina.ipmnet.ru/workers/1847982/
https://istina.ipmnet.ru/workers/4495112/
https://istina.ipmnet.ru/workers/103650715/
https://istina.ipmnet.ru/publications/article/103650716/
https://istina.ipmnet.ru/publications/article/103650716/
https://istina.ipmnet.ru/journals/91601/
https://istina.ipmnet.ru/publishers/44092/

