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In recent decades the interest to the study of Hedysarum has increased. Researchers touched 
upon the classical issues of morphology and variability of external features of Hedysarum 
grandiflorum and other species of Hedysarum (to clarify morphology, to more accurately separate 
existing species, to describe the morphology of new species, including rare ones) providing almost 
no detailed descriptions. The paper provides information about the morphology of external fea-
tures of H. grandiflorum in the Southern Volga Upland. The study was conducted in 2007–2018. 
We have studied 23 H. grandiflorum cenopopulations in habitats with various environmental con-
ditions, where more than 600 counting sites were laid, and concluded that the morphological fea-
tures of H. grandiflorum are rather variable and the values of morphometric parameters are higher 
in the northeastern part of the study area. The well-being of the population is achieved due to some 
heterogeneity in the size of individual plants and by means of suppressing the growth and size of 
separate cenopopulations. The decrease in the parameters of signs is often associated with a higher 
anthropogenic load. Dimensional indicators of individuals from the cenopopulations of the species 
studied depend on the thickness of soil, which decreases from fescue-feather grass to petrophyte 
steppes. Cluster analysis has allowed us to divide the cenopopulations into southern, northern and 
northeastern ones, and those with anthropogenic impact. The least variable and most informative 
morphological features of H. grandiflorum (in the descending order of importance) are: the length 
of the standard, the diameter of the caudex, the plant height, the number of foliole pairs, the num-
ber of inflorescences, the number of leaves, the length of the unpaired foliole, the number of flow-
ers on the inflorescence, the length of leaves and the width of the unpaired foliole. In the over-
whelming majority of the plants encountered, all the petals of the corolla were of uniform light 
yellow color, turning into a white tint to the edges of the petals. In some cenopopulations, the co-
rolla can be colored differently and unevenly, especially at the keel. Approximately 0.3% of indi-
viduals of the corolla petals and/or the lower part of the keel and/or veins are light blue or light 
pink, less than 0.07% has a light magenta or even light purple tint of the veins of the carina, edges 
of the petals or the whole corolla. Similar individuals are found in other regions. Many scientists 
noted this peculiarity a long time ago and had already described this phenomenon as a color varia-
tion (for example, H. grandiflorum var. violaceum) or less often, as a subspecies (for example, 
H. grandiflorum ssp. argenteum). Individuals with recessive coloring of the corolla from the area 
of study are called intraspecific color variations. 

Keywords: Hedysarum grandiflorum, Hedysarum, morphology, variability, corolla coloring, 
Volga Upland. 
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INTRODUCTION 
When working with rare plant species, using morphometric methods can be signifi-

cant in obtaining information about the biology of their local populations (Zlobin et al., 
2013). Such an approach allows us to avoid any impact on individuals while studying 
protected species, such as Hedysarum grandiflorum Pallas, 1773 – calciphilous everlast-
ing taproot caudex polycarpic, listed in the Red Books of the Russian Federation (2008) 
and the Saratov region (2006) with category 3 and the status of the rare species, recom-
mended for inclusion in the next edition (Arkhipova et al., 2016). In addition, we need to 
study and clarify the features that are informative for the taxonomy of the genus Hedysa-
rum and determination of the viability of the H. grandiflorum cenopopulations according 
to the previously proposed criteria (Lavrentiev, 2016 a; Lavrentiev, Boldyrev, 2017). 

In recent decades the interest to the study of Hedysarum has increased. Researchers 
touched upon the classical issues of morphology and variability of external features of 
H. grandiflorum (Ilyina, 2005, 2006; Avdeyev, Ryazanova, 2008; Lavrentiev, 2016 b; 
Suprun, Schanzer, 2017) and other species of Hedysarum (clarified morphology (Zubai-
rova, Anatov, 2012; Belous, Zinner, 2013; Syeva, Mandaeva, 2013; Zhmud, 2013; 
Dural, Citak, 2015), existing species are more accurately separated (Zvyagina et al., 
2016), describes the morphology of new species (Bidarlord et al., 2015; Dehshiri, 
Goodarzi, 2016; Liu et al., 2017; Başköse et al., 2018; Liu et al., 2019 a; Nafisi et al., 
2019), including rare ones (Haidar, Qaiser, 2018)) and providing no detailed descriptions 
(Golovanov et al., 2018; Abbas et al., 2019). The information for full and clear separa-
tion of species, subspecies and hybrids of the intricate genus Hedysarum has not been 
gathered so far. To resolve this issue, the use of chemotaxonomy has begun (Huang et 
al., 2019; Liu et al., 2019 b), but despite this, the use of morphology is mandatory to 
eliminate errors in the description of new species (Arigela, Singh, 2018). In addition, 
morphology is taken into account when studying ontogenesis and life forms (Karnauk-
hova, 2015), diagnostics of the state of populations (Zubairova, 2015; Abramova et al., 
2019), restore populations (Maslova et al., 2019) and phytocenoses (Wu et al., 2019). 
Changes in morphological and anatomical features are used when studying the adapta-
tion of species to new conditions (Erst et al., 2014; Portnyagina et al., 2014; Zhmud, 
2014; Karnaukhova, 2016; Zhmud et al., 2018; Karnaukhova et al., 2018; Tonguç et al., 
2019). 

The territory of the study area is located between the Volga and the Medveditsa riv-
ers and stretches from the northern to the southern border of the Saratov region. The 
need for this study was determined by the diversity of natural environment of the terri-
tory and the presence of significant areas of immature humus-carbonate soils and out-
crops of carbonate rocks in the study area, which create very peculiar edaphic and mi-
croclimatic conditions leading to the formation of plant communities, different from 
zonal vegetation (Arkhipova et al., 2017). 

The aim of the work was to study the morphological features of H. grandiflorum 
and its variability and phytocenotic plasticity in the southern Volga Upland in the admin-
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istrative borders of the Saratov region. This article supplements the information received 
earlier (Lavrentiev, 2018). 

 
MATERIAL AND METHODS 

The object of the study was the cenopopulations (C) of the H. grandiflorum Pall. 
located in the southern Volga Upland in the administrative boundaries of the Saratov 
region (Fig. 1). 

 

 
The study was conducted in 2007–2018. 23 H. grandiflorum cenopopulations in 

habitats with various environmental conditions, in which more than 600 discount area 
were laid, were studied in detail. Over the period of our study, we described more than 3600 
individuals of the species and measured about 67150 of them. Detailed description of the 

 
 
Fig. 1. Schematic map of the study area (according to Lavrentiev, Boldyrev (2017) with modifications) 
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studied habitats and cenopopulations are presented in the dissertation of M. V. Lavrentiev 
(2018). 

Anthropogenic load was determined by the route method. Comprehensive account-
ing of various qualitative and quantitative objects was carried out: changes in microre-
lief, disturbances of soil and grass vegetation, artificial reservoirs and streams, distur-
bances of woody vegetation and individual trees, the presence of stationary anthropo-
genic objects, household trash lying on the ground and meetings of synanthropic ani-
mals. For qualitative objects representation was expressed in shares of the total length of 
the route, and for quantitative objects – in units per 1 km2 of the route. 

The following morphological parameters are described in each individual H. gran-
diflorum of an mean generative ontogenetic state: the plant height, the number of leaves, 
the length of the leaves, the number of pairs of foliole (including unpaired), the length 
and the width of unpaired foliole, the number of inflorescences, the number of flowers 
on the inflorescence, the length of the standard and the diameter of the caudex. Statistical 
processing of the research results was carried out in accordance with the universally ac-
cepted methods using the integrated system «Statistica» version 6.0 and Microsoft Office 
Excel 2003. Comparison of indicators was carried out according to parametric criteria, 
using the Fisher LSD (F-test). For each parameter, the formulas were used to determined 
the arithmetic mean (X), arithmetic mean error (Sx) and the coefficient of variation (CV). 
For parameters was determined the coefficient of phytocenotic plasticity (Ip) (Zlobin et 
al., 2013): 

max

minmax )(
x

xxI p
−

= , 

where xmax – maximum value of the parameter, xmin – minimum value of the parameter. 
Variability of parameters is estimated by coefficient of variation, and plasticity – by 

phytocenotic plasticity. When estimating the amplitude of the parameters variability, an 
empirical scale of the levels of variability of morphometric parameters was used, devel-
oped by S. A. Mamaev (1970). When constructing a cluster, we used the algorithm of 
weighted Euclidean distance based on pair-group method using arithmetic averages. To 
identify the dynamics of the relationship existing between the analyzed parameters and 
indicators, correlation analysis was used, and only significant correlation relationships 
were taken into account (p < 0.05). 

 
RESULTS 

The average values of features in the studied cenopopulations vary greatly, there-
fore, detailed data on all cenopopulations are presented in the dissertation of M. V. Lavren-
tiev (2018). Mean values of features and their variability are shown in the Table. 

Cluster analysis on average morphometric parameters identified several groups and 
subgroups of cenopopulations (Fig. 2). 

In the overwhelming majority of the plants encountered, the color of all the petals 
of the corolla is uniform light yellow or turning into a white tint at the edges of the pet-
als, but during our study it was revealed that in some cenopopulations the corolla can be 
colored differently and unevenly, especially at its keel. Approximately 0.3% of individu-
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als have a light blue or light pink tint of part of the corolla petals and/or the lower part of 
the keel and/or veins (for example, in C6 and 19), less than 0.07% have a light magenta 
or even light purple tint of the veins of the carina, edges of the petals or the whole co-
rolla (Fig. 3). 

 
Table. Average values of morphometric features of H. grandiflorum in the southern Volga Upland 

Lim Feature* X±Sx min max 
Cv, 

%** 
Ip, 

unit fraction** 
Plant height, cm 25.9±0.97 5.1 63.9 23.2 0.71 
Number of leaves, pcs 22.3±0.84 9.0 34.0 29.4 0.62 
Length of leaves, cm 16.9±0.69 3.0 31.8 31.6 0.73 
Number of foliole pairs, pcs 3.0±0.17 1.0 7.0 23.6 0.75 
Length of unpaired foliole, cm 2.1±0.16 0.7 4.6 31.3 0.78 
Width of unpaired foliole, cm 1.2±0.12 0.4 3.7 31.8 0.81 
Number of inflorescences, pcs 5.6±0.28 2.0 18.0 26.7 0.78 
Number of flowers on inflorescence, pcs 37.2±1.83 16.0 109.0 31.5 0.61 
Length of standard, cm 2.0±0.09 1.3 2.8 10.6 0.36 
Diameter of caudex, cm 1.3±0.10 1.0 1.7 21.3 0.19 

Note. *n = 2560; **average for all cenopopulations; X – arithmetic mean; Sx – arithmetic 
mean error; CV – coefficient of variation; Ip – coefficient of phytocenotic plasticity. 

 
DISCUSSION 

Comparative analysis of the data obtained indicates the morphological heterogene-
ity in cenopopulations, which is typical of many plant species: the well-being of the en-
tire population is achieved here 
with a certain heterogeneity in 
the sizes of individual plants 
and in suppressing the growth 
and size of individual 
cenopopulations. Decrease in 
parameters of features, espe-
cially plant height and leaf 
length, in some cases (for ex-
ample, in cenopopulations 4, 
15, 16, 21, 22 and 23), is most 
often associated with a higher 
anthropogenic load in their 
habitats (grazing, trampling, 
steppe burns, recreation, litter-
ing, collection by the popula-
tion, etc.), compared with the 
habitats of other coenotic popu-
lations studied. The mean and 
extremums of individual fea-
tures do not always coincide in 
the same cenopopulations. 
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Fig. 2. The similarity groups of the investigated H. grandi-
florum cenopopulations by the mean values of the morpho-
logical features of the individuals (on the abscissa – the dis-
tance of association, on the ordinate – the  numbers  of ceno- 

populations) 
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Thus, the highest average height of plants is typical for C20 (36.7 cm), and maximum – 
for C6 (63.9 cm). In addition, it is noticeable that H. grandiflorum has higher values of 
morphometric parameters in the northeastern part of the study area (Lavrentiev, 2018). 

The length of the standard generally has a low level of variability, the diameter of 
the caudex, the plant height, the number of foliole pairs, the number of inflorescences 

and the number of leaves 
are increased, the length of 
unpaired foliole, the number 
of flowers on the inflores-
cence, the length of the 
leaves and the width of un-
paired foliole are high. 
However, in some cases (as, 
for example, in C14), even 
the length of the standard is 
quite variable. In differen-
tiation of populations and 
determination of the species 
of Hedysarum the features 
mentioned in the beginning 
are more suitable than the 
later ones. The least variable 
and most informative mor-
phological features H. gran-
diflorum (in descending 

order of importance) are: the length of the standard, the diameter of the caudex, the plant 
height, the number of the foliole pairs, the number of the inflorescences, the number of 
the leaves, the length of the unpaired foliole, the number of flowers on the inflorescence, 
the length of the leaves and the width of the unpaired foliole. 

As we can see from the table, the greatest phytocenotic plasticity in cenopopu-
lations is inherent in the width and the length of the unpaired foliole, the number of the 
inflorescences and of foliole pairs, length of the leaf and height of the plants, a slightly 
smaller plasticity can be noted in the number of the leaves and of flowers in the inflores-
cence, and the smallest one – in the length of the standard and the diameter of the cau-
dex. The main morphometric features of the studied plants correspond to the description 
of P. S. Pallas (1773). When comparing the obtained data with the factual information 
from the Orenburg Cisurals (Avdeyev, Ryazanova, 2008), it can be noted that the studied 
plants are lower (25.9 opposite 27.5 cm) and their leaf length is more (16.9 opposite 13.3 
cm), especially in southern cenopopulations, and the number of foliole pairs, length of 
the standard and variability indicators are similar. Data from other regions (Volgograd, 
Samara, Lugansk and Belgorod) generally cover the size of the features from the study 
area (Suprun, Filimonova, 2008; Suprun, Schanzer, 2017). 

In total, as a result of cluster analysis, some groups included closely located 
cenopopulations of H. grandiflorum. The cenopopulations located in the southern part of 

 
Fig. 3. Color variations corolla H. grandiflorum (a – standard 
light yellow with a white tint; b – light blue; c –  light pink  with

pink veins; d – light purple at the edges of the petals) 
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the study area (C11–14) (Krasnoarmeysk district) and on the border of the Khvalynsk 
and Volsk districts (C19 and 20) are clearly distinguished. The third group, which con-
sists of cenopopulations and is described from the northeast of the study area (C1–3, 5–
10, 17 and 18) is more complex, which can be associated with a significant diversity in 
those places of landforms, parent rock material and soils (Lavrentiev, Boldyrev, 2017). 
The fourth group consists of cenopopulations with recorded higher anthropogenic influ-
ences (C4, 15, 16, 21–23) and in fact is a component of the first three groups. The 
changes of features are gradual in individuals throughout the study area (Lavrentiev, 
2018). Generalized data analysis suggests that dimensional indicators of individuals of 
cenopopulations of the species studied depend on the thickness of soil, which decreases 
from fescue-feather grass to petrophyte steppes. 

Similar individuals, whose the corolla can be colored differently and unevenly, are 
found in other regions, for example, V. I. Avdeyev, A. A. Ryazanova (2008) noted pale 
violet marginal color of the flower carina in 10–15% of individuals of H. grandiflorum 
in the Orenburg region. Uniform deep pink color is characteristic of the closely related 
species H. argyrophyllum, and although C. von Ledebour assumed it to be typical of 
environs of Khvalynsk (Ledebour, 1842) (and this is periodically mentioned in modern 
publications (Vasyukov et al., 2015)), plants of non standard or uneven colouring of the 
H. grandiflorum in the southern Volga Upland do not belong to H. argyrophyllum, since 
the individuals encountered do not correspond to the morphological features or the uni-
formity of color or morphometry. Perhaps, some of these individuals belong to the re-
cently described hybrid H. × polychromum (H. argyrophyllum × H. grandiflorum) (Ku-
likov, 1998), but most likely these hybrids are typical of the northeastern and eastern 
regions, where the H. argyrophyllum individuals are found close to the Guberlin moun-
tains of the Orenburg region, from which M. S. Knyasev (2013) recently described a 
neotype. The same applies to other close species – H. biebersteinii and the hybrid H. × 
smirnovii (H. biebersteinii × H. grandiflorum) (Knyasev, 2011), which are found in the 
southwest of the study area. 

There is every reason to believe that the slight deviance of the color of corolla and 
the variability of most morphometric features is associated with the complex biomor-
phological heterogeneity of individuals inherent in most species. Formation in the 
H. grandiflorum population of individuals with recessive coloration of the corolla were 
noted by scientists a long time ago and had already been described as a color variation 
(for example, H. grandiflorum var. violaceum В. Fedtsch.) or less often as a subspecies 
(for example, H. grandiflorum ssp. argenteum B. Fedtsch.). 

 
CONCLUSION 

The variability of most morphological features and the deviance of corolla`s colour-
ing in H. grandiflorum is associated with complex biomorphological heterogeneity of 
individuals. Higher morphometric parameters are characteristic of the northeastern part 
of the study area. Individuals with a recessive colouring of the corolla represent intras-
pecific colour variations. The variability of morphological features of Hedysarum gran-
diflorum ranges from low – for generative sphere signs, such as the length of the stan-
dard, and to high – for vegetative signs like the plant height, the length of the leaves, the 
length and width of the unpaired foliole. 
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The obtained data can be useful when comparing the morphological features of 
H. grandiflorum individuals in other parts of the range, the systematics of the genus He-
dysarum, refinement taxonomic identity of individual populations, introductions and 
further research in the field of variability and adaptation of Hedysarum. 
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В последние десятилетия интерес к изучению Hedysarum только возрастает. 

Исследователи в своих работах охватывают классические вопросы морфологии и 
изменчивости внешних признаков Hedysarum grandiflorum и других видов Hedy-
sarum (уточняется морфология, существующие виды более точно разделяются, 
описывается морфология новых видов, в том числе редких), при этом подробных 
описаний практически нет. В статье приводятся сведения о морфологии внешних 
признаков H. grandiflorum в южной части Приволжской возвышенности. Иссле-
дование проводилось в 2007 – 2018 гг. Были изучены 23 ценопопуляции H. gran-
diflorum в местообитаниях с различными экологическими условиями, в которых 
было заложено более 600 учётных площадок, что позволило сделать вывод, со-
гласно которому морфологические признаки H. grandiflorum достаточно вариа-
бельны, при этом значения морфометрических параметров более высокие в севе-
ро-восточной части района исследования. Благополучие популяции достигается 
при некоторой разнородности размеров отдельных особей и при подавлении рос-
та и размеров отдельных ценопопуляций. Уменьшение параметров признаков 
чаще всего связано с более высокой антропогенной нагрузкой. Размерные показа-
тели особей ценопопуляций исследованного вида зависят от мощности почвы, 
которая снижается от типчаково-ковыльных до петрофитных степей. Кластерный 
анализ позволил разделить ценопопуляции на южные, северные, северно-
восточные и с антропогенным воздействием. Наименее изменчивыми и наиболее 
информативными морфологическими признаками H. grandiflorum (в порядке 
уменьшения значимости) являются: длина флага, диаметр каудекса, высота рас-
тений, число пар листочков, число соцветий, число листьев, длина непарных лис-
точков, число цветков на соцветии, длина листов и ширина непарных листочков. 
У подавляющего большинства встреченных растений окраска всех лепестков 
венчика равномерная светло-желтая или переходящая в белый оттенок на краях 
лепестков. В некоторых ценопопуляциях венчик может быть окрашен по-разному 



 
 
 
 
 
 
 
 
 

VARIABILITY OF MORPHOLOGICAL CHARACTERISTICS 

ПОВОЛЖСКИЙ ЭКОЛОГИЧЕСКИЙ ЖУРНАЛ   № 4   2019                                                                   457 
 
 
 
 
 
 
 
 
 

и неравномерно, особенно его лодочка. Примерно у 0.3% особей встречается 
светло-голубой или светло-розовый оттенок части лепестков венчика и/или ниж-
ней части лодочки и/или жилок, у менее 0.07% – светло-пурпурный или даже 
светло-фиолетовый оттенок жилок лодочки, краёв лепестков или всего венчика. 
Подобные особи встречаются и в других регионах. Эти изменения отмечены учё-
ными достаточно давно и уже описывались ранее как цветовая вариация (напри-
мер, H. grandiflorum var. violaceum) или, реже, как подвид (например, 
H. grandiflorum ssp. argenteum). Особи с рецессивной окраской венчика из района 
исследования являются внутривидовыми цветовыми вариациями. 

Ключевые слова: Hedysarum grandiflorum, Hedysarum, морфология, изменчи-
вость, окраска венчика, Приволжская возвышенность. 
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