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INTRODUCTION

Flora of every region comprises native species as 
well as alien species, either accidentally or purposefully 
introduced by man (STACE ͻ΃΃ͽ). The group of plants 
spreading thanks to humans includes a species com-
ing from Central Asia, Impatiens parvifl ora DC. It be-
longs to the family Balsaminaceae, comprising over ΂Ϳͺ 
species. It is an anthropophyte and at the same time 
a holoagriophyte – naturalized in natural habitats (POD-
BIELKOWSKI ͻ΃΃Ϳ). At present it may be found through-
out Poland (ATLAS... ͼͺͺͻ), in particular abundance in 
forested areas (CHMURA ͼͺͺ;). It is characterised by 
a wide ecological amplitude, which has contributed to 
its high invasiveness (CHMURA et AL. ͼͺͺ΁). Production 
of generative organs (frequently not used in reproduc-
tion) in this species is very high, strongly modifi ed by 
environmental conditions (PISKORZ and KLIMKO ͼͺͺͼ, 
PISKORZ ͼͺͺͿ), while the mechanism of seed disper-
sal results in an extension of its range area. Within 
phytocenoses it avoids strongly shaded sites (CHMURA 
and SIERKA ͼͺͺ΀), occupying empty and disturbed mi-
crohabitats (PISKORZ and KLIMKO ͼͺͺͻ). It eff ectively 
displaces a native species Impatiens noli-tangere L. (FA-
LIŃSKI ͻ΃΀΃).

Response of plants to environmental conditions may 
be manifested in the variation of morphological, ana-
tomical and physiological traits, reproduction potential, 
as well as lability of development cycles (FALIŃSKA ͻ΃΃΁, 

STACE ͻ΃΃ͽ). Impatiens parvifl ora, despite slight genetic 
diff erences between populations (KOMOSIŃSKA et AL. 
ͼͺͺ΀), inhabits highly varied habitats, exhibiting ex-
treme morphological elasticity (ELIÁŠ ͻ΃΃΃), manifested 
e.g. by variation in plant habit (PISKORZ ͼͺͺ;). Pheno-
typic elasticity of specimens in a given species indicates 
its potential capacity to live under diff erent conditions 
(FALIŃSKA ͻ΃΃΁). DAUBENMIRE (ͻ΃΁ͽ) claimed that it 
is of ecological importance, since it extends the range 
of habitats which a given species may occupy and that 
individual representatives of the species may adapt to 
more than one habitat.

Light preferences of Impatiens parvifl ora are not pre-
cisely defi ned. It is found both in insolated and shad-
ed positions (MAJ and BEDNAREK ͻ΃΁΁, PISKORZ and 
KLIMKO ͼͺͺͻ, ͼͺͺ΁). Studies conducted to date have 
concerned primarily the mesophyll structure in leaves. 
Under conditions of poor insolation the palisade paren-
chyma is most frequently one-layered, while in spongy 
parenchyma an increased number of intercellular spaces 
is observed in comparison to plants from well-insolated 
positions, where palisade parenchyma may have more 
layers, whereas spongy parenchyma is more compact 
(RYERSON and DENGLER ͻ΃΃;). However, there are no 
such data on the anatomical structure of stems.

The aim of the study was to compare variation in the 
anatomical structure of leaves and stems of Impatiens 
parvifl ora found under diff erent light conditions in the 
Wielkopolski National Park.
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ABSTRACT. The paper presents the results of the investigations on the anatomical structure of vegeta-
tive organs (stems and leaves) of fi ve samples of Impatiens parvifl ora DC. from the Wielkopolski National 
Park. Samples varied in terms of light conditions and came from diff erent phytocenoses. It was found that 
plants coming from an anthropogenic locality are characterised by the thickest stems, the thickest layer 
of the sclerenchymatous sheath, thick angular collenchyma and the biggest vascular bundles. Plants from 
a strongly shaded locality had the thinnest layer of collenchyma, a thin layer of the sclerenchymatous 
sheath at the thickest layer of mesophyll. Analyses showed a signifi cant eff ect of habitat conditions on 
variation in anatomical traits. The biggest variability in stem traits was observed for the thickness of the 
sclerenchymatous sheath between bundles, while the smallest – for the thickness of epidermisis and the 
number of vascular bundles. The biggest variability in leaf traits was found for the number of idioblasts 
with rafi des, while the smallest – for the width of stomata. 
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MATERIAL AND METHODS

Impatiens parvifl ora is a component of meso- and 
eutrophic broad-leaved forests, which are represented 
by one class Querco-Fagetea (WYSOCKI and SIKORSKI 
ͼͺͺͺ). It occupies very diff erent areas, irrespective of 
the physical and chemical properties of soils (CHMURA 
et AL. ͼͺͺ΁). Localities of fi ve samples were located in 
the Wielkopolski National Park (Fig. ͻ), which compo-
sition of fl ora comprises almost ͼͿ% alien species (ŻU-
KOWSKI et AL. ͻ΃΃Ϳ).

Biometric analyses were conducted on samples 
composed of ͼͿ plants from each investigated locality, 
which diff ered in light conditions and they occurred in 
diff erent phytocenoses (Fig. ͻ, Table ͻ). These plants 
were characterised in terms of eight anatomical char-
acteristics of stems and three anatomical traits of leaves 
(Table ͼ).

Fragments of stems and leaves were fi xed in a ͽ:ͻ 
alcohol and glycerin solution. In order to leach chlo-
rophyll from leaves microsections were placed in chlo-
ral hydrate with water and glycerol (Ϳ:ͽ:ͻ). Anatomical 
analysis was conducted on cross-sections. Material was 
collected from central parts of plants. Diameters of stem 
cross-sections were measured using the Brinell scope, 

biometric analyses of the other traits were performed 
with the use of an ocular scale in a Studar microscope. 
Microphotographs were taken using the MultiScan 
v.ͻͻ.ͺ΀ CSS Scan: Advanced System of Image Laogding 
and Analyses software. For all quantitative traits the fol-
lowing characteristic values were calculated: X – arith-
metic mean, MAX – the highest value of a given trait, 

FIG. ͻ. Localization of studies samples of Impatiens 
parvifl ora

TABLE ͻ. Localization of studied samples of Impatiens 
parvifl ora

Sample
I

Partial protection area in the patch of central 
oak-hornbeam forest characterised by two-layer 
tree stand. The fi rst tree stand consists of Quer-
cus petraea and Pinus sylvestris while the second 
is characterised by frequent occurrence of Cory-
lus avellana. The sample was taken from shad-
owed places under the canopy.

II The same area. The sample was taken from 
a strongly exposed to sun tree gap.

III Within nature reserve area “Grabina”, which 
represents regeneration form of typical oak-horn-
beam forest, while high density of tree and bush 
stands leads to overshadowing of the tree fl oor. 

IV On the border of sun-lit forest road in the Impa-
tientetum parvifl orae stand (antropogenic stand).

V Ecotone (transitionary) system between phyto-
coenosis Galio sylvatici-Carpinetum and Calama-
grostio-Quercetum (sun exposed). Transitionary 
character of sun-exposed patch is evidenced by 
the presence of species passing from Scots pine 
forest and acidophilous oak forest. Simultane-
ously the tree layer is less dense than in a typical 
broadleaved forest.

TABLE ͼ. Analysed characters of the stems and leaves of 
Impatiens parvifl ora

No. Characters Units of 
measurement

Stem

ͻ Stem diameter mm

ͼ Epidermis thickness μm

ͽ Collenchyma thickness μm

; Cortex thickness μm

Ϳ Number of vascular bundles μm

΀ Vascular bundles thickness μm

΁ Vascular bundles width μm

΂ Sheath of sclerenchyma thickness μm

Leaf

΃ Length of stoma μm

ͻͺ Width of stoma μm

ͻͻ Number of idioblasts mmͼ
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MIN – the lowest value of a given trait, SD – standard 
deviation as a measure of absolute variation, and V – 
coeffi  cient of variation in a given sample. Numerical 
data were subjected to statistical analysis, calculating 
correlations and Pearson’s coeffi  cient of determination, 
as well as agglomerative clustering using the nearest 
neighbour method, which graphic image is a dendro-
gram (KAROŃSKI and CALIŃSKI ͻ΃΁ͽ, SOKAL and ROHLF 
ͻ΃΃΁, STATISTICA... ͼͺͺͼ).

RESULTS

Stems
Stems of Impatiens parvifl ora at the cross-section is 

circular in outline (Fig. ͼ A). The diameter ranged from 
ͼ.ͺ΀ mm (sample III) to ͽ.΁΁ mm (sample IV). The big-
gest similarity was found for plants from samples I, II 
and V. The degree of variation for this trait in investigat-
ed plants of fi ve samples was high, as it is manifested by 
coeffi  cients of variation, ranging from ͻͿ.΀΀% in sample 
I to ͻ΂.ͺ;% in sample IV, respectively (Table ͽ). 

The cuticle layer is very thin. Stem epidermisis is 
single-layered, smooth, composed of rectangular cells, 
devoid of chloroplasts (Fig. ͼ B). Mean thickness of the 
epidermis ranged from ͻ;.΂ͽ μm (I) to ͻ΀.΀΀ μm (IV). 
Plants from samples I and II in terms of this trait varied 
slightly, similarly as it was the case for samples IV and V. 
The intermediate character in terms of epidermis thick-
ness was found for sample III, where mean thickness was 
ͻͿ.΂΀ μm (Table ͽ). Thickness of the epidermis needs to 
be considered a character of limited variability, as it is 
refl ected in low values of standard deviation (SD) and 
the coeffi  cient of variation (V), which ranged from ΁.΀ͽ% 
(sample III) to ͻͽ.ͽ΁% (sample II).

In the outer sections of the cortex immediately below 
the epidermis the angular collenchyma is found (Fig. 
ͻ). Most frequently it is two-layered, diverse in terms of 
thickness. Thickness of the collenchyma ranged from 
ͼ΁.Ϳ΂ μm (sample III) to ;΁.΁΂ μm (sample IV). The big-
gest similarity in this trait was observed for plants from 
samples I and II as well as IV and V. Variation in this 
character was high, as it is evidenced by high coeffi  -
cients of variation, ranging from ͻ΁.ͽͻ% (sample IV) to 
ͽ΀.ͺ;% (sample III).

The layer of parenchyma in the cortex is relatively 
thin, most commonly three- or four-layered, while con-
siderable spaces in the stem are fi lled by the parenchy-
ma together with retort cells. The thickest parenchyma 
was observed in plants from sample III (ͼͽͼ.ͺ΂ μm), 
while the thinnest in plants from sample II (ͻͽ;.Ϳͼ μm). 
Plants from samples I, IV and V in terms of this trait dif-
fered slightly. The coeffi  cient of variation was relatively 
high, falling within the range from ͻ΂.Ϳ΀% (sample I) 
to ͽͺ.΀΀% (sample III).

A one-layered endodermis, containing starch grains, 
is adjacent to the parenchymal layer of the cortex. The 
outer part of the pith has smaller dimensions of cells 
and thicker walls, which are found between vascular 
bundles as the sclerenchymatous sheath (Fig. ͽ), which 
thickness exhibited relatively considerable variability 
(Table ͽ). Moreover, plants were observed, particularly 
in sample III, in which the sclerenchymatous sheath was 

not detected. The thickest sclerenchymatous sheath was 
recorded in sample IV – ΂Ϳ.ͺͻ μm (Fig. ͽ), while the 
thinnest in sample III – ͼͻ.ͽ; μm (Fig. ͽ). Plants from 
samples I and III diff ered slightly. Thickness of the scle-
renchymatous sheath is one of the most variable charac-
ters (Table ͽ), while light conditions have a signifi cant 
eff ect on the above characteristic.

The primary elements of the central cylinder are 
collateral vascular bundles, arranged around the pith 
formed from the primary parenchyma, in which also 
idioblasts with crystals of calcium oxalate are found. 
The mean thickness of a vascular bundle ranged from 
ͻͿͼ.ͽͽ μm in sample III to ͽ΃Ϳ.΃Ϳ μm in sample IV. The 
highest similarity in terms of this character was found 
for plants from samples II and V, which diff ered only 
slightly. The situation was analogous in case of their 
width. The thinnest vascular bundles were observed in 
plants from sample III, while the widest in sample IV. 
These characters need to be considered to be rather vari-
able, as it is manifested in the high values of standard 
deviation and the coeffi  cient of variation (Table ͽ). Sin-
gle vascular bundles are arranged at more or less identi-
cal distances, but they were also observed two one next 
to the other, with either well- or poorly developed xylem 
and phloem in all samples (Figs ͼ A, ͽ). In stems at the 
cross-section a total of four to ͻͺ vascular bundles were 

FIG. ͼ. Cross-section of Impatiens parvifl ora stem; e – epi-
dermis, cl – collenchyma, c – cortex, e – endodermis, vb 
– vascular bundle, p – parenchym, ssh – sheath of scle-
renchyma, r – raphids, ct –  cuticle; sample II; A – ×ͻͺͺ, 
B – ×;ͺͺ
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found. On average the biggest number of vascular bun-
dles (΂.ͽ΀) was observed in sample IV, while the lowest 
(΁.ͼ;) in sample III. Samples I and II in terms of this 
trait did not exhibit diff erences, while in sample V this 
number was slightly higher (Table ͽ). 

Between the eight anatomical traits of stems correla-
tions and coeffi  cients of determination were calculated 
for signifi cant correlations (α = ͺ.ͺͿ) in each sample 
(Table ;).

It was found that the biggest number of signifi cant 
correlations was observed for plants from sample I (in-
cluding the biggest number of positive correlations), 
while the lowest number – in sample II. The biggest 
number of negative correlations was recorded for plants 

in sample III. In sample I eight positive correlations were 
found for the following characteristics: stem diameter 
with the thickness of vascular bundles (also in samples 
III, IV and V) and the thickness of the sclerenchyma-
tous sheath (also in sample III), the thickness of the 
collenchyma with that of the cortical parenchyma as 
well as the thickness of vascular bundles (also in sam-
ple III) and their width, the thickness of the cortical 
parenchyma with the width of vascular bundles and the 
thickness of vascular bundles with their width (also in 
samples II, IV and V) and the thickness of the scleren-
chymatous sheath between them (also in samples I and 
V). A negative correlation was obtained only for one pair 
of traits, i.e. the number of vascular bundles with the 

TABLE ͽ. Statistical descriptions of the analysed anatomical characters of stem

Descriptive 
statistics

STEM
Characters

ͻ* ͼ ͽ ; Ϳ ΀ ΁ ΂

I**

X ͼ.΂ͻ ͻ;.΂ͽ ͽ΂.ͼͽ ͻͿͻ.Ϳ; ΁.΂ͺ ͼͻͿ.Ϳͼ ͻ΀ͼ.Ϳͽ ͼ;.ͻ;

SD ͺ.;; ͻ.΂΀ ΂.ͽͺ ͼ΂.ͻͼ ͺ.;ͻ ;ͼ.΃΁ ͼͿ.΂΀ ͻͼ.ͻͿ

V ͻͿ.΀΀ ͻͼ.Ϳ; ͼͻ.΁ͻ ͻ΂.Ϳ΀ Ϳ.ͼ΀ ͻ΃.΃; ͻͿ.΃ͻ Ϳͽ.ͼ;

MAX ͽ.΁ͺ ͻ΃.ͼͺ Ϳͼ.΂ͺ ͼͼ΀.ͼͺ ΂.ͺͺ ͽͻͿ.ͺͺ ͼͺͻ.ͺͺ Ϳͽ.;ͺ

MIN ͻ.΃ͺ ͻͼ.ͺͺ ͻ΃.ͼͺ ͻͺͼ.΀ͺ ΁.ͺͺ ͻ;Ϳ.ͼͺ ͻͺͿ.΀ͺ ͺ.ͺͺ

II

X ͼ.ͽ΁ ͻ;.΂΂ ͽ΃.;΁ ͻͽ;.Ϳͼ ΁.΂ͺ ͼ΀ͽ.ͺ΀ ͻ΁΁.΃ͻ Ϳͽ.΁΂

SD ͺ.;ͻ ͻ.΃΃ ΂.΀Ϳ ͽ;.;΀ ͺ.΂ͼ ΀ͻ.ͽ΃ ;΂.΃ͽ ͼ΂.΃΁

V ͻ΁.ͽͺ ͻͽ.ͽ΁ ͼͻ.΃ͻ ͼͿ.΀ͼ ͻͺ.Ϳͻ ͼͽ.ͽ; ͼ΁.΀ͻ Ϳͽ.΂΁

MAX ͽ.ͽͺ ͻ΁.;ͺ Ϳ;.ͺͺ ͼ΀΁.ͺͺ ΂.ͺͺ ;ͻͻ.ͺͺ ͼ΁ͼ.;ͺ ͻͽͽ.ͼͺ

MIN ͻ.΁Ϳ ͻͺ.΂ͺ ͻ΂.΀ͺ ΃ͺ.ͺͺ ;.ͺͺ ͻ΀΁.;ͺ ΃ͺ.ͺͺ ͼͺ.;ͺ

III

X ͼ.ͺ΀ ͻͿ.΂΀ ͼ΁.Ϳ΂ ͼͽͼ.ͺ΂ ΁.ͼ; ͻͿͼ.ͽͽ ͻͽ΂.Ϳ΂ ͼͻ.ͽ;

SD ͺ.ͽ΀ ͻ.ͼͻ ΃.΃; ΁ͻ.ͻͿ ͺ.΃; ͽͻ.Ϳ; ͼ΁.ͻ; ͻͻ.΀΁

V ͻ΁.Ϳ΀ ΁.΀ͽ ͽ΀.ͺ; ͽͺ.΀΀ ͻͽ.; ͼͺ.΁ͻ ͻ΃.Ϳ΂ ΃΁.;ͻ

MAX ͽ.ͺͺ ͻ΂.ͺͺ Ϳͻ.΀ͺ ͽ΁΃.΂ͺ ΂.ͺͺ ͼͽ;.ͺͺ ͻ΂΁.΂ͺ ͽͻ.ͼͺ

MIN ͻ.;Ϳ ͻͽ.΂ͺ ͻ΂.ͺͺ ͻͻ΂.ͼͺ Ϳ.ͺͺ ͻͻͻ.΀ͺ ΃ͽ.ͺͺ ͺ.ͺͺ

IV

X ͽ.΁΁ ͻ΀.΀΀ ;΁.΁΂ ͻͿ΁.ͼͺ ΂.ͽ΀ ͽ΃Ϳ.΃Ϳ ͼͿ΀.΃΂ ΂Ϳ.ͺͻ

SD ͺ.΀΂ ͻ.΀΁ ΂.ͼ΁ ͽ΁.ͻ΀ ͺ.΁ͺ ͻͺͺ.΀΁ ΃ͻ.΃΀ ͽ΂.ͻͽ

V ͻ΂.ͺ; ͻͺ.ͺͼ ͻ΁.ͽͻ ͼͽ.΀; ΂.ͽ΁ ͼͿ.;ͼ ͽ΀.ͽͿ ;;.΂΀

MAX Ϳ.Ϳͺ ͻ΃.΂ͺ ΁ͺ.΂ͺ ͼͽͻ.ͺͺ ͻͺ.ͺͺ ΀΀ͺ.ͺͺ Ϳͺͻ.ͺͺ ͼͼ΀.΂ͺ

MIN ͼ.;ͺ ͻ;.;ͺ ͽͻ.΂ͺ ΂ͽ.;ͺ ΁.ͺͺ ͼͼͺ.ͼͺ ͻͼͽ.ͺͺ ͽͻ.ͼͺ

V

X ͼ.Ϳͽ ͻ΀.ͼͿ ;Ϳ.Ϳͽ ͻ΀ͺ.ͽ΃ ΁.΂; ͼ;ͽ.΀ͼ ͻ΁;.΃΂ ͽͺ.΂ͽ

SD ͺ.;; ͻ.΃ͻ ͻͻ.;ͽ ;΂.΀΁ ͺ.΃; Ϳ΀.ͻ; ͽͽ.΃ͽ ͻͽ.ͺͺ

V ͻ΁.ͽ΃ ͻͻ.΁Ϳ ͼͿ.ͻͺ ͽͺ.ͽ; ͻͻ.΃΃ ͼͽ.ͺ; ͻ΃.ͽ΃ ;Ϳ.΁΃

MAX ͽ.ͽͿ ͻ΃.΂ͺ ΂ͽ.;ͺ ͽͽͻ.ͼͺ ΃.ͺͺ ͽͽ΀.ͺͺ ͼͽ΁.΀ͺ ;΃.΂ͺ

MIN ͻ.΀ͺ ͻͼ.΀ͺ ͼͺ.;ͺ ͻͻ΂.΂ͺ ;.ͺͺ ͻͼ΀.ͺͺ ͻͻͻ.ͺͺ ͺ.ͺͺ

NIR α = ͺ.ͺͿ ͺ.ͿͼͿ ͻ.΃΁ͼ ΁.ͼ΁΁ Ϳ΀.ͿͿͼ ͺ.΂΀ͽ Ϳͺ.ͼ΂΀ ͽ΃.ͼͻͿ ͼ΀.ͻ΃ͼ

*See Table ͼ; **See Table ͻ.
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thickness of the sclerenchymatous sheath. In sample II 
only two positive correlations were observed, i.e. the 
thickness of the collenchyma with the thickness of the 
sclerenchymatous sheath and the thickness of vascular 
bundles with their width, as well as one negative cor-
relation, i.e. the thickness of the cortical parenchyma 
with the number of vascular bundles (also in sample 
V). In sample III three positive and three negative cor-
relations were obtained. Positive correlations were 
found for the following traits: stem diameter with the 
thickness of vascular bundles and the thickness of the 

sclerenchymatous sheath as well as the thickness of the 
collenchyma with the thickness of vascular bundles. 
Negative correlations were observed for the diameter of 
the stems and the thickness of the cortical parenchyma, 
the thickness of the collenchyma and the thickness of 
the parenchyma as well as the thickness of the paren-
chyma with the thickness of vascular bundles (also in 
sample V). In sample IV fi ve positive correlations were 
recorded for the following traits: stem diameter with 
the thickness of the collenchyma and the thickness of 
vascular bundles, the thickness of bundles with their 

FIG. ͽ. Cross-section of Impatiens parvifl ora stem; ct – cuticle, e – epidermis, cl – collenchyma, c – cortex, vb –  vascular 
bundle, ssh –  sheath of sclerenchyma (samples I-V, see Table ͻ)
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TABLE ;. Correlations and determination coeffi  cients between characters of stem of Impatiens parvifl ora

I**

ͻ* ͼ ͽ ; Ϳ ΀ ΁ ΂

ͻ* ͻ ΀·.Ϳ΄ Ϳ΄.;;

ͼ ͺ.;ͺ ͻ

ͽ ͺ.ͼ΂ –ͺ.ͻ; ͻ ͿΆ.΂· Ϳ΄.ΆͿ Ϳ .̈́΄΂

; ͺ.ͽ; ͺ.ͺͽ ͺ.;ͽ ͻ ͿΆ.΂·

Ϳ –ͺ.ͼ΀ –ͺ.ͺͿ ͺ.ͻ΃ ͺ.ͻ΁ ͻ ΀·.Ϳ΄

΀ ͺ.Ϳ; ͺ.ͻ΃ ͺ.;ͻ ͺ.ͼͺ –ͺ.ͻͺ ͻ ͻ΃.ͽ΀ ΀΀.;·

΁ ͺ.ͼͻ –ͺ.ͻͺ ͺ.;ͼ ͺ.;ͽ –ͺ.ͻ΀ ͺ.;; ͻ

΂ ͺ.;ͺ ͺ.ͻ΂ –ͺ.ͺͽ –ͺ.ͻͽ –ͺ.Ϳ; ͺ.;΁ ͺ.ͼ΃ ͻ

II

ͻ ͻ       

ͼ –ͺ.ͺͽ ͻ

ͽ –ͺ.ͺ΃ ͺ.ͺͺ ͻ Ϳ΄.;;

; –ͺ.ͻ΁ –ͺ.ͼͽ ͺ.ͺ΀ ͻ ΅;.΃΄

Ϳ ͺ.ͺ΀ ͺ.ͻͿ ͺ.ͻͿ –ͺ.΂; ͻ

΀ –ͺ.ͺͿ ͺ.ͻ΁ ͺ.ͽͻ ͺ.ͻ΁ –ͺ.ͺ΀ ͻ ΀΄.΂;

΁ ͺ.ͺͺ ͺ.ͺ; ͺ.ͺͻ ͺ.ͼͺ –ͺ.ͻ΀ ͺ.΀΀ ͻ

΂ –ͺ.ͻ΁ ͺ.ͽͺ ͺ.;ͺ ͺ.ͻͻ ͺ.ͺ΀ ͺ.ͽ΂ –ͺ.ͼͿ ͻ

III

ͻ ͻ Ϳ·.΁΄ Ϳ΄.ΆͿ Ϳ΄.;;

ͼ –ͺ.ͼ΂ ͻ

ͽ ͺ.ͼ; –ͺ.ͺ΃ ͻ Ϳ .̈́΄΂ ΃;.΂Ϳ

; –ͺ.;; ͺ.ͽ΀ –ͺ.;ͼ ͻ ΀;.΀΃

Ϳ ͺ.ͽͽ –ͺ.ͺͻ ͺ.ͽͻ –ͺ.ͽ΁ ͻ

΀ ͺ.;ͻ ͺ.ͺͻ ͺ.΁ͻ –ͺ.;Ϳ ͺ.ͼͼ ͻ

΁ ͺ.ͺ; ͺ.ͻͻ ͺ.ͺͺ ͺ.ͼͼ –ͺ.ͻͼ ͺ.ͺͿ ͻ

΂ ͺ.;ͺ –ͺ.ͽͿ ͺ.ͽͺ –ͺ.ͻͿ –ͺ.ͺͽ ͺ.ͼ΂ ͺ.ͺͿ ͻ

IV

ͻ ͻ Ϳ·.΁΄ Ϳ΄.ΆͿ

ͼ –ͺ.ͻͻ ͻ Ϳ΄.;;

ͽ ͺ.;; –ͺ.;ͺ ͻ

; –ͺ.ͼ΁ ͺ.ͽ΃ –ͺ.ͺ΂ ͻ

Ϳ –ͺ.ͼͿ –ͺ.ͺ΂ –ͺ.ͽ΂ ͺ.ͺͼ ͻ

΀ ͺ.;ͻ ͺ.ͻ΁ –ͺ.ͺ΂ ͺ.ͺͽ –ͺ.ͻͻ ͻ ΅ .̈́΂΂ ΄΀.΂Ϳ

΁ ͺ.ͽͿ ͺ.ͻ΃ –ͺ.ͼͺ ͺ.ͺ΁ ͺ.ͺͻ ͺ.΂΂ ͻ ΂ .̈́΄Ϳ

΂ ͺ.ͽ΂ ͺ.ͺ΀ –ͺ.ͺͼ –ͺ.ͺͼ –ͺ.ͻ΂ ͺ.΁΃ ͺ.΀΃ ͻ

V

ͻ ͻ ΀΄.;Ϳ ΀΄.΃΀

ͼ –ͺ.ͼͻ ͻ

ͽ –ͺ.ͺ΀ ͺ.ͺ΀ ͻ

; –ͺ.ͼͻ ͺ.ͽͻ –ͺ.ͻͻ ͻ ΄Ά.Ά· Ϳ΄.ΆͿ

Ϳ ͺ.ͻͿ –ͺ.ͻͻ –ͺ.ͻͽ –ͺ.΂ͽ ͻ

΀ ͺ.Ϳͻ –ͺ.ͽ΃ ͺ.ͼ΁ –ͺ.;ͻ ͺ.ͻ΃ ͻ ΁΂.ΆͿ ΀·.Ϳ΄

΁ ͺ.Ϳͼ –ͺ.ͼͿ ͺ.ͺͿ ͺ.ͺͼ –ͺ.ͼͽ ͺ.Ϳ΃ ͻ

΂ ͺ.ͽ΂ –ͺ.ͻͺ ͺ.ͼͻ ͺ.ͻ; –ͺ.ͻ΁ ͺ.Ϳ; ͺ.ͼ΂ ͻ

Bolded – signifi cant correlations (α = ͺ.ͺͿ).
Italicized – determination coeffi  cients (α = ͺ.ͺͿ).
*See Table ͼ; ** See Table ͻ.
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width and the thickness of the sclerenchymatous sheath 
as well as the width of bundles with the thickness of the 
sclerenchymatous sheath. A negative correlation was ob-
tained for only one pair of traits, i.e. the thickness of the 
epidermis with that of the collenchyma. In turn, in sam-
ple V four positive and two negative correlations were 
observed, with the positive correlations being between 
stem diameter and the thickness and width of vascular 
bundles, as well as the thickness of bundles with their 
width and the thickness of the sclerenchymatous sheath, 
whereas negative correlations were found between the 
thickness of cortical parenchyma with the number of 
vascular bundles and their thickness.

The highest coeffi  cients of determination (amount-
ing to over ΀ͺ%) were obtained for plants from samples 
II and IV. On the anthropogenic locality (IV) the coef-
fi cient of determination for the width and thickness of 
bundles was ΁΁.;;%, while for the thickness of the scle-
renchymatous sheath and the length of vascular bundles 
it amounted to ΀ͼ.;ͻ%. In sample II variation in the 
number of vascular bundles was explained by the vari-
ation of the thickness of cortical parenchyma in ΁ͺ.Ϳ΀%. 

Leaves
Leaves of small balsam are very thin and delicate. 

They are covered by a single-layered epidermis with sin-
gle chloroplasts, evenly distributed along the undulate 
surface of walls. Leaves are amphistomatic and stomata 
are anisoocytic (Fig. ;).

In plants from four samples (II-V) the length of sto-
mata in the underside epidermis was very uniform and 
on average it ranged from ͽͺ.ͺ; μm (in sample III) to 
ͽͼ.΁; μm (in sample II). The longest stomata were ob-
served in sample I (ͽ΃.Ϳ΂ μm) (Table Ϳ). This character-
istic need to be considered to be of limited variability, 
as evidenced by low values of the coeffi  cient of varia-
tion, ranging from ͻͺ.;΃% (in sample III) to ͻͼ.΂ͻ% (in 
sample I). 

The width of stomata in plants from four samples 
(I-IV) was also very uniform and on average it ranged 
from ͼͺ.;΁ μm (sample III) to ͼͻ.Ϳ΃ μm (sample I). The 
thinnest stomata were observed in sample V, where the 
mean width was ͻ΂.΂ͺ μm. The coeffi  cient of variation 
was low and ranged from ΀.΁΃% in sample IV to ͻͼ.ͼ΃% 
in sample II, thus this trait needs to be considered to be 
of a limited variability.

Two types of parenchyma are distinguished, i.e. pali-
sade and spongy. In leaves from shady locality samples 
(I, III) one layer of palisade parenchyma and four lay-
ers of very loose spongy parenchyma are found, while 
for insolated localities (samples II, IV, V) two layers of 
palisade parenchyma and four-fi ve layers of spongy pa-
renchyma were observed, with a markedly lower number 
of intercellular spaces. In spongy parenchyma single-
shaped idioblasts with very thin cell walls were report-
ed, containing calcium oxalate in the form of rafi des 
(Fig. Ϳ).

It was observed that the number of bundles of rafi des 
in plants from sample I (ͼ.ͻͼ) was lower than that in 
sample V (ͽ.ͽ΀). Variation of this trait was high and the 
coeffi  cient of variation ranged from ͼ΂.ͼͻ% in sample 
IV to ;΁.΀ͼ% in sample V (Table Ϳ).

Based on the calculated correlations and coeffi  cients 
of determination it was found that the length of stomata 
is correlated with their width in two samples: I and II. 
The coeffi  cient of determination in sample I was ͻ΂.;΃%, 
while in sample II it was ;ͺ.΃΀%, respectively (Table ΀).

Based on numerical data for anatomical traits of 
stems and leaves the analysis of agglomerative cluster-
ing was conducted using the nearest neighbour method 
on Euclidean distances. Dendrograms are graphic rep-
resentations of the analysis (Fig. ΀).

When comparing dendrograms we may state a high 
similarity of specimens from samples II, IV and V, while 
for samples I and III the biggest variation was found. 
A dendrogram of sample I consists of specimens of one 
large group, divided in itself into numerous subgroups. 
The biggest similarity in the complex of analysed traits 
was found for specimens Ϳ and ͻ΃, ͻ΀ and ͻ΁ as well 
as ͻ and ͻ΂ (the distance of linkages was ͻ;, ͻ΀ and 
ͻ΁, respectively). An individual pair comprised speci-
mens ΃ and ͻͼ as well as specimen ͼ, which showed the 
biggest diff erence. In the dendrogram of sample II the 
biggest similarity was observed for specimens ͽ and ͻͽ 
as well as ͼ, ͻ΃ and ; (the distance of ͼ;). A markedly 
individual character, at a considerable distance of the 
linkage (ͻͼͿ), was shown by specimen ͻ;, which dis-
tance was statistically signifi cant. Sample III exhibited 
a relatively high variation. Eight pairs formed their own 
subgroups, at Euclidean distances from ͼͿ (specimens 
΀ and ͻ΂) to ͽ΃ (specimens ΃ and ͼͿ, as well as ͼ and 
ͼͽ), while specimen ΁ was most individual in charac-
ter (distance ΁ͽ). Sample IV comprises one large group, 
divided into several subgroups. The biggest similarity 
was found for specimens ͻ, ΀, ΁, ΃ and ͻ΀ (distance ͽͺ) 
as well as specimens ͻ΁ and ͼ; (distance ;ͺ). A mark-
edly individual character, at a considerable distance of 
linkage, was observed for specimen ͻͺ (distance ͼͿͺ). 
In the dendrogram of sample V we may distinguish 
two subgroups with low values of Euclidean distances. 
The former includes six specimens, while the other – ͻ΁. 
The biggest statistically signifi cant distance (ͻͼͻ and 
ͻͺ;) was recorded for specimens eight and ͻͼ.

DISCUSSION

The stem of Impatiens parvifl ora is covered by a sin-
gle-layered cortex, of similar thickness – irrespective of 
light conditions and the type of phytocenoses. Outer 
walls are thicker – covered by the epicuticular layer, 
which constitutes the boundary layer between the plant 
and the external environment. The cortex is adjacent 
to the epidermis, its primary elements being paren-
chymous cells and the central cylinder, which consists, 
among other things, of vascular bundles and the scler-
enchymatous sheath. METCALFE and CHALK (ͻ΃Ϳ΁) re-
ported that at the cross-section of stems in plants from 
genus Impatiens there are approx. ͻͼ vascular bundles; 
however, this statement was based mainly on studies 
conduced on Impatiens glandulifera. Investigations con-
ducted within this study showed that on average there 
are nine of them in Impatiens parvifl ora. In the opinion 
of METCALFE and CHALK (ͻ΃Ϳ΁) as well as ESAU (ͻ΃΁ͽ), 
the pith is composed of parenchyma, which in many 
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FIG. ;. SEM micrographs of adaxial (A-D) and abaxial (E-H) epidermis of leaf with stomata, cuticle and wax of Impatiens 
parvifl ora (note A, B, E, F – low light; C, D, G, H – high light)
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plants during growth becomes partly destroyed. Also 
in this study empty internodes were observed in many 
specimens. According to GRIS ͻ΂΁ͼ (after ESAU ͻ΃΁ͽ), 
when the pith is preserved, its parenchymal cells may 
be diversifi ed. In such a case the internal part may diff er 
from the main part, as the former has cells of smaller 
dimensions and thicker, strongly lignifi ed walls (ESAU 
ͻ΃΁ͽ). Such a morphologically separate external zone 
is the pith sheath (ESAU ͻ΃΁ͽ). It is composed of dead 
cells, which provide plant organs with strength to resist 

FIG. Ϳ. Leaf; idioblasts with raphids, sample IV, ×;ͺͺ

TABLE Ϳ. Statistical descriptions of the analysed anatomical 
characters of leaves

Descriptive 
statistics

LEAF
Characters

΃* ͻͺ ͻͻ
I**

X ͽ΃.Ϳ΂ ͼͻ.Ϳ΃ ͼ.ͻͼ
SD Ϳ.ͺ΁ ͼ.ͺ΀ ͺ.΂΂
V ͻͼ.΂ͻ ΃.Ϳ; ;ͻ.Ϳͻ
MAX ;΃.΀ͺ ͼ΀.΂ͺ ;.ͺͺ
MIN ͼ΂.΂ͺ ͻ΂.ͼͺ ͻ.ͺͺ

II
X ͽͼ.΁; ͼͺ.΀΀ ͼ.΃΀
SD ͽ.΃ͽ ͼ.Ϳ; ͻ.ͻ΁
V ͻͼ.ͺͺ ͻͼ.ͼ΃ ͽ΃.Ϳͽ
MAX ;ͼ.;ͺ ͼ΀.;ͺ Ϳ.ͺͺ
MIN ͼ;.;ͺ ͻ΀.΀ͺ ͻ.ͺͺ

III
X ͽͺ.ͺ; ͼͺ.;΁ ͼ.ͽͼ
SD ͽ.ͻͿ ͻ.΃ͺ ͻ.ͺ΁
V ͻͺ.;΃ ΃.ͼ΂ ;΀.ͻͼ
MAX ͽͿ.ͼͺ ͼ;.΀ͺ Ϳ.ͺͺ
MIN ͼͽ.ͺͺ ͻ΀.΀ͺ ͻ.ͺͺ

IV
X ͽͺ.;ͼ ͼͻ.ͽ; ͽ.ͻͼ
SD ͽ.΁΁ ͻ.;Ϳ ͺ.΂΂
V ͻͼ.ͽ΃ ΀.΁΃ ͼ΂.ͼͻ
MAX ͽ΃.ͼͺ ͼ;.;ͺ Ϳ.ͺͺ
MIN ͼ;.;ͺ ͻ΂.ͺͺ ͻ.ͺͺ

V
X ͽͺ.ͻ; ͻ΂.΂ͺ ͽ.ͽ΀
SD ͽ.ͼͺ ͻ.΃ͻ ͻ.΀ͺ
V ͻͺ.΀ͼ ͻͺ.Ϳͼ ;΁.΀ͼ
MAX ͽ΀.ͼͺ ͼͼ.ͺͺ ΂.ͺͺ
MIN ͼͽ.ͺͺ ͻͿ.΂ͺ ͻ.ͺͺ
NIR α = ͺ.ͺͿ ͽ.;΃ͻ ͻ.΁΀Ϳ ͻ.ͼͻͻ

*See Table ͼ; ** See Table ͻ.
Descriptive statistics: X – mean, SD – standard deviation, 
V – variance, MAX – maximum value, MIN – minimum value.

TABLE ΀. Correlations and determination coeffi  cients be-
tween characters of leaves of Impatiens parvifl ora

I**
΃* ͻͺ ͻͻ

΃* ͻ ͿΆ.΂·
ͻͺ ͺ.;ͽ ͻ
ͻͻ ͺ.ͼ΂ ͺ.ͼ΃ ͻ

II
΃ ͻ ΂;.·΄
ͻͺ ͺ.΀; ͻ
ͻͻ –ͺ.;΂ –ͺ.ͼ΁ ͻ

III
΃ ͻ
ͻͺ ͺ.ͼͻ ͻ
ͻͻ –ͺ.ͻ΁ ͺ.ͺͻ ͻ

IV
΃ ͻ
ͻͺ ͺ.ͽͻ ͻ
ͻͻ –ͺ.ͽͿ –ͺ.ͼ΁ ͻ

V
΃ ͻ
ͻͺ ͺ.ͼ; ͻ
ͻͻ ͺ.ͺ΁ ͺ.ͻ ͻ

Bolded – signifi cant correlations (α = ͺ.ͺͿ).
Italicized – determination coeffi  cients (α = ͺ.ͺͿ).
*See Table ͼ; ** See Table ͻ.
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diff erent types of deformations and at the same time 
prevent excessive damage to more delicate tissues. 
Thickness of the sclerenchymatous sheath layer be-
tween bundles varied, depending on light conditions. 
Some plants were devoid of the layer. According to MET-
CALFE and CHALK (ͻ΃Ϳ΁) and the results presented in 
this study in case of the absence of the sclerenchyma 
layer stem rigidity is maintained thanks to the hydrated 
parenchyma. Primary parenchyma was formed of thin-
walled cells, tightly packed and polyhedral in form, be-
tween which retort cells were frequently observed.

Leaves of Impatiens parvifl ora are very thin and deli-
cate. Epidermal cells are irregular in shape and contain 
single chloroplasts evenly distributed along wall surfac-
es. Their presence indicates the hygrophytic character of 

a plant (BRAUNE et AL. ͻ΃΁Ϳ). Stomata are anomocytic in 
character, in contrast to Impatiens sultani, which leaves 
are hypostomatic (METCALFE and CHALK ͻ΃Ϳ΁). BRAUNE 
et AL. (ͻ΃΁Ϳ) reported that in leaves of Impatiens parvi-
fl ora there are cells corresponding in shape and con-
tents to typical idioblasts, which contain calcium oxalate 
in the form of delicate, long crystal needles – rafi des. 
METCALFE and CHALK (ͻ΃Ϳ΁) claimed that they are the 
most characteristic, anatomical traits of family Balsa-
minaceae. The conducted studies confi rmed the pres-
ence of three idioblasts in ͻ mmͼ spongy parenchyma. 
CHEAVIN (ͻ΃ͽ΂) reported that they occur frequently in 
particularly large cells, easily fi lled with swelling slime, 
which in certain parts have thin cell walls, ruptured 
after swelling slime. Crystals are then expulsed outside 

FIG. ΀. Dendrogram of the cluster analysis with Euclidean distances of ͼͿ samples of Impatiens parvifl ora 
constructed on the basis of anatomical characters of stems and leaves of Impatiens parvifl ora (I-V – samples, 
see Table ͻ)
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(ESAU ͻ΃΁ͽ). Scattered needles of calcium oxalate were 
observed among parenchyma. According to BRAUNE et 
AL. (ͻ΃΁Ϳ) the length of rafi des falls within the wide 
ranges and not necessarily corresponds to cell length. 
These observations were confi rmed in these investiga-
tions. In the longest idioblasts frequently the shortest 
bundles of rafi des were observed, arranged along the 
main veins, on the leaf underside. 

Based on the conducted anatomical analysis of 
stems, it was found that in specimens growing under 
strongly shaded conditions (samples I, III) there were 
fewer strengthening elements in the shoot structure 
than it was the case in the others. Stems of these plants 
had the thinnest layer of the collenchyma and a mark-
edly thinner sclerenchymatous sheath in comparison to 
plants coming from well-insolated localities (II, IV, V). 
The number of vascular bundles was also smallest. In 
insolated plants from an anthropogenic locality (sample 
IV) the thickest layer of the sclerenchymatous sheath 
was found. Thickness of collenchyma was similar to that 
in plants from the ecotone (sample V), but at the same 
time it was defi nitely thicker than in plants from the 
other samples. TREPL (ͻ΃΂;) indicated that Impatiens 
parvifl ora adapted to the environments, in which moder-
ate, periodically predictable disturbances, but also they 
are capable to survive strong and irregular disturbances 
and stress. It is light conditions that are considered to be 
the main stressor (PISKORZ ͼͺͺ;). According to ELIÁŠ 
(ͻ΃΃΃), despite its low genetic variation, this species oc-
cupies highly diverse ecological niches, thus indicating 
morphological elasticity, as well as high variation in ana-
tomical traits, as it was shown in this study. 

CONCLUSIONS

On the basis of the conducted investigations it was 
found that habitat conditions, mainly the light factor, af-
fect variation of anatomical traits in Impatiens parvifl ora 
DC. The biggest variation in anatomical characteristics 
of the stem are observed for the thickness of the scle-
renchymatous sheath between vascular bundles, while 
the smallest – for the number of vascular bundles and 
thickness of the epidermis. The most variable characters 
in leaves include the number of idioblasts fi lled with 
rafi des, containing calcium oxalate. Plants from the 
anthropogenic locality (sample IV) are characterised 
by traits typical of heliophilous plants. Stems in these 
plants are thickest, at the simultaneous thickest layer of 
the sclerenchymatous sheath. Thickness of collenchyma 
is similar, as in plants from the ecotone (sample V), but 
markedly thicker that in plants from the insolated local-
ity (sample II) and a strongly shaded locality (sample 
III), while vascular bundles are biggest. In plants grow-
ing in strong shade (sample I) stems had the thinnest 
layer of collenchyma and a markedly thinner scleren-
chymatous sheath than those from insolated, natural lo-
calities (sample II) and anthropogenic localities (sample 
IV). The number of vascular bundles was also smallest, 
at the thickest layer of parenchyma. In specimens from 
shaded localities less strengthening tissue was observed 
and a lower number of vascular bundles, while in leaves 
there was less palisade parenchyma.

Detailed anatomical analyses of stems and leaves, 
presented in this study, indicate that Impatiens parvifl o-
ra exhibits not only elasticity in terms of its morphologi-
cal, but also anatomical traits, which are considerably 
aff ected by light conditions both in natural and anthro-
pogenic habitats.
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