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ABStRACt. the paper presents results of studies on the morphological variation of a natural intergeneric 
hybrid originating from crossing Ammophila arenaria (l.) link ×Calamagrostis epigejos (l.) roth. Qualita-
tive traits of components of spikelets and the rachis were analysed under SeM. a total of 17 quantitative 
traits were included in the analysis, concerning the inflorescence, lower and upper glumes, the lemma and 
the palea, anthers, pollen and the caryopsis. pearson’s correlations were calculated for biometric data of 
analysed quantitative traits. as a result of investigations it was found that the existence of morphological 
variation in C. baltica is to some extent of a modification nature, but it is more likely that it is connected 
with genetic heterogeneity within C. epigejos, which in turn affects differences in the appearance of the 
hybrid. the size and shape of glumes, the lemmae and paleae in C. baltica transform it in the direction 
of A. arenaria, while colour of inflorescences – in the direction of C. epigejos. the number of veins in the 
palea indicates its hybrid character, the bicrenate palea with a deep indentation indicates heritability after 
C. epigejos, while the surface sculpture assumes characters of both parent species. the above results show 
that the sculpture of the lower and upper glumes, the lemma and palea as well as pollen and caryopses may 
be considered new diagnostic characters of the analysed species.

Key WordS: ×Calammophila baltica, Ammophila arenaria, Calamagrostis epigejos, variability, SeM, 
Poland

intRoduCtion

×Calammophila baltica (Flüggé ex Schrad.) Brand is 
a natural intergeneric hybrid generated by crossing Am-
mophila arenaria (l.) link ×Calamagrostis epigejos (l.) 
roth. It occurs in foredunes of northwestern europe, 
but is less dominant than A. arenaria (Westergaard 
1943, Kubień 1964, Klimko 1975, piotrowska 2002). 
the hybrid character was confirmed by the cytological 
and embryological studies conducted so far (Wester-
gaard 1943, Skalińska et al. 1957, Kubień 1970), as 
well as morphological and anatomical analyses of leaves 
(Kubień 1964, Klimko 1975).

Ammophila arenaria (marram grass) is a perennial 
grass species occurring naturally on coastal foredune 
ridges in europe and the Mediterranean (huiskes 1979). 
it has been introducted in Australia and north America. 
In the field, C. baltica can be distinguished from A. are-
naria because it produces less dense tussocks, has more 
flattened, supple and greener leaves, and infertile flowers 
(olsson 1974, heukels and Van der Meijden 1984). 
Ammophila arenaria and C. baltica are also planted to 
control erosion of coastal foredunes.

Calamagrostis epigejos (l.) roth is an eurasian spe-
cies, brought to North america (hulten and Fries 
1986). In poland it is found throughout the country 
(atlas... 2001). In exhibits intraspecific caryological 
variation and is found as an octoploid and a tetraploid 
(Kubień 1964). genetic heterogeneity results in morpho-
logical variation. It also exhibits a considerable adapta-
tion ability, being found in different habitats.

Interspecific hybrids are most frequently sterile, but 
exhibit longevity due to the possibility of vegetative 
propagation by rhizomes (tsvelev 1976). the analysed 
parental species are apophytes and taxonomically belong 
to Poaceae, Pooideae, Aveneae, and Alopecurinae (clay-
ton and renvoize 1986, Frey and rutkowski 2002).

the aim of this study was to determine differences, 
especially micromorphological, in spikelet elements be-
tween the hybrid and its parental species and to apply 
those characters for the purpose of taxonomic charac-
teristics. the number of chromosomes: C. baltica var. 
intermedia 2n = 28; var. subarenaria 2n = 42; A. arenaria 
2n = 28; C. epigejos 2n = 56.



114 m. Klimko, m. truchan, m. Wawrzyniak, I. Wysakowska

MaterIal aNd MethodS

Material for morphological analyses came from the 
private collections of the authors of the study, gathered 
in the years 2004-2006 in the polish coast of the Bal-
tic Sea, A. arenaria and C. baltica were collected in the 
area of rowy, Ustka, chłopy, Świnoujście and C. epigejos 
– chłopy, Staniewice, Kępka, Bolewice (the pomorskie 
province, district of Słupsk).

a total of 30-60 plants were collected from each site. 
Qualitative characters of glumes and elements of spike-
lets and the rachis were analysed using SeM. lower and 
upper glumes of the spikelet were analysed at the middle 
of the spike, while lemmas and paleae of the lowest floret 
of the spikelet at the middle part of the spike. Moreover, 
17 quantitative characters were also analysed (table 1). 
the main statistics, i.e. the arithmetic mean, standard 
deviation and coefficient of variation, were calculated for 
each species. the interactions between characters were 
tested using pearson’s correlation coefficient.

table 1. a list of examined morphological characters

no. Character Accuracy

1 lower glume length 0.1 mm

2 number of veins

3 upper glume length 0.1 mm

4 number of veins

5 lemma length 0.1 mm

6 number of veins

7 Palea length 0.1 mm

8 number of veins

9 Anther length 0.1 mm

10 Anther width 0.1 mm

11 Pollen length 0.1 μm

12 Pollen width 0.1 μm

13 Caryopsis length 0.1 mm

14 Caryopsis width 0.1 mm

15 Ratio length/width of anther

16 Ratio length/width of pollen

17 Ratio length/width of caryopsis

reSUltS aNd dIScUSSIoN

Morphologically C. baltica and its parental species 
differ considerably:

• the inflorescence of C. baltica is a more or less lax 
panicle, from 140 to 225 mm; A. arenaria – compact, spi-
cate, cylindrical, slightly narrowed at the top and at the 
bottom, 100-200 mm long. the inflorescence of C. epige- epige-epige-
jos is lax, the panicle 200-300 mm long, straight, dense, 
branches up to 60 mm long, directed upwards. 

• Spikelets of analysed species are oblong, monan-
thous, in C. baltica red-brown, A. arenaria yellow-white, 
C. epigejos violet-green (var. intermedia gercesau) and 
brown-red.

• the lower glume, carinate, 1-2-veined in C. baltica 
and A. arenaria, while it is single-veined in C. epigejos. 
the length of the lower glume in C. baltica ranges from 
9.0 to 12 mm, in A. arenaria it is 10.0-14.0 mm, in C. epi-
gejos 4.0-5.6 mm (table 2). the apex of the lower glume 
is sharp (acute to acuminate) with a spiked, whole awn 
in C. baltica and A. arenaria (Figs 1, 3) and uneven in 
length, 2-crenate in C. epigejos (Fig. 5). the surface of 
the lower glume – in C. baltica covered with rather scarce 
straight, long, sharp hairs with a swollen base (Fig. 2). In 
A. arenaria hairs are more numerous, frequently unci-
nate recurvate (Fig. 4). lower glumes in C. epigejos are 
sparsely hirsute, with two types of hairs: on the vein 
long, straight – as in A. arenaria on the other surfaces 
verrucous, only at the top short and cuspidate (Fig. 6).

• the upper glume in C. baltica and C. epigejos is 
3-veined, while it is 1-3-veined in-veined, while it is 1-3-veined inveined, while it is 1-3-veined in A. arenaria. the 
length of the upper glume in C. baltica is 9.0-12.0 mm, 
A. arenaria 10.0-14.0 mm, while in C. epigejos it is much 
shorter, from 4.2 to 5.6 mm (table 3). lateral veins do 
not reach the apex and the midrib expands into a whole 
pubescent sharp awn (Figs 7, 9, 11). the sculpture of the 
surface of the upper glume in analysed species does not 
differ from that of the lower glume (Figs 8, 10, 12). Until 
now it was reported that the lower glume in A. arenaria 
is shorter that the upper (Szafer 1919, grynia 1974). 
It results from our studies that both glumes are equal, 
which was confirmed also by Watson and dallwitz 
(1992).

• the lemma in C. baltica and A. arenaria is 3-5--5-5- 
-veined, narrow-lanceolate, carinate; 3-veined, non-cari-veined, narrow-lanceolate, carinate; 3-veined, non-cari-
nate in C. epigejos. the mean length of the lemma in 
C. baltica is 7.97 mm, in A. arenaria 9.87 mm, and in 
C. epigejos 2.78 mm (table 4). the lemma in C. baltica 
has a small crenation (awn) placed directly under the 
adjacent or protruding apex (Figs 13, 15). Within the 
inflorescence it exhibits a rather considerable variation 
in length (5.0-12.0 mm). the lemma in-12.0 mm). the lemma in12.0 mm). the lemma in A. arenaria with 
a very short adjacent awn of up to 0.2 mm (Fig. 17). the 
awn in C. epigejos extends from 1/2 length of the lemma 
and considerably exceeds it, 2-crenations of almost equal 
length with a deep indentation (Fig. 19). In the descrip-
tions of C. epigejos given so far it was reported that the 
lemma rarely has two crenations on the apex (Filipek 
1974). all analysed specimens had well-developed small 
crenations. the surface of the lemmas in C. baltica and 
A. arenaria is densely hirsute (Figs 14, 16, 18). hairs are 
straight, long, with a swollen base, especially on the vein, 
on the rest of the surface – varied, both long and short 
(papillate). In turn, in C. epigejos it is naked, straight 
hairs with a wide base are found only on the margin 
(Fig. 20).

• the palea in C. baltica is 2-3-veined (5.00-8.10 mm 
long), in A. arenaria 3-veined (7.90-11.1 mm long) and 
2-veined, from 1.30 to 2.45 mm in C. epigejos, shorter 
by 1/2 than the lemma (table 5). lateral veins do not 
reach the apex. the palea sharply ended with a double-
crenated awn with a small indentation in A. arenaria 
(Fig. 23). In C. baltica and C. epigejos small indentations 
of unequal length with a deep indentation (Figs 21, 25). 
the palea in C. baltica is relatively scarcely hirsute and 
two types of hairs are found: long and straight, pointed 
and short (Fig. 22). In A. arenaria the surface is densely 
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hirsute, hairs only long, protruding (Fig. 24). the surface 
of the palea in C. epigejos is very scarcely hirsute, hairs 
very short with a swollen, rounded base and a pointed 
apex (Fig. 26). epidermal cells of glumes, lemmas and 
paleae elongated, anticlinal undulate walls, covered with 
granular wax and smooth cuticle. In the lower epidermis 
stomata are found. 

• Callus hairs in C. baltica above 1/2 length of the 
lemma (var. subarenaria) and slightly shorter (var. in-
termedia), volute (Figs 27, 28). In A. arenaria short up to 
1/3 length of the lemma (Figs 29, 30), while in C. epigejos 
they considerably exceed the lemma and palea, which is 
characteristic for octoploids (Fig. 31).

table 2. the main statistics of lower glume

Species
lower glume length (mm) number of veins

min max x Sd v min max x Sd v

×Calammophila baltica 9.00 12.10 10.60 0.81 7.64 1 2 1.02 0.14 13.73

Ammophila arenaria 10.00 14.00 12.20 0.85 6.95 1 2 1.02 0.14 13.73

Calamagrostis epigejos 4.00 5.60 4.84 0.41 8.47 1 1 1.00 0.00 0.00

Figs 1-6. SeM. Sculpture of lower glume: Figs 1, 2 – Calammophila baltica; Figs 3, 4 – Ammophila arenaria;  
Figs 5, 6 – Calamagrostis epigejos



116 m. Klimko, m. truchan, m. Wawrzyniak, I. Wysakowska

• Anthers elongated in C. baltica reach 2.90-5.20 mm 
× 0.20-0.50 mm, in A. arenaria 3.0-7.85 mm × 0.25-0.70 
mm, in C. epigejos 1.15-1.90 mm × 0.20-0.30 mm (table 
6). In terms of the size of anthers the observed order is 
from A. arenaria → C. baltica → C. epigejos.

• Pollen grain both in C. baltica (22.11 × 18.54 μm), 
and A. arenaria (27.26 × 22.37 μm) in terms of their size 

belong to the group of small grain, in C. epigejos to medi-
um-sized (34.29 × 30.69 μm) (table 7). Based on the p/e 
ratio they are round, round-elongated, slightly elongated 
and elongated. A considerable variation in pollen grain 
size (small and giant) in C. baltica observed in this study 
confirms the observations by Kubień (1964). however, 
two extreme types were not included in the statistics.  

table 3. the main statistics of upper glume

Species Upper glume length (mm) number of veins

min max x Sd v min max x Sd v

×Calammophila baltica 9.00 12.00 10.56 0.78 7.39 3 3 3.00 0.00 0.00

Ammophila arenaria 10.00 14.00 12.20 0.87 7.13 1 3 2.55 0.62 24.31

Calamagrostis epigejos 4.20 5.60 4.75 0.40 8.42 3 3 3.00 0.00 0.00

Figs 7-12. SeM. Sculpture of upper glume: Figs 7, 8 – Calammophila baltica; Figs 9, 10 – Ammophila arenaria;  
Figs 11, 12 – Calamagrostis epigejos
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table 4. the main statistics of lemma

Species
lemma length (mm) number of veins

min max x Sd v min max x Sd v

×Calammophila baltica 7.00 9.80 7.97 0.78 9.79 3 5 4.53 0.81 17.88

Ammophila arenaria 8.00 12.20 9.87 0.79 8.00 3 5 4.85 0.52 10.72

Calamagrostis epigejos 1.50 4.05 2.78 0.65 23.38 3 3 3.00 0.00 0.00

Figs 13-20. SeM. Sculpture of lemma: Figs 13-16 – Calammophila baltica; Figs 17, 18 – Ammophila arenaria;  
Figs 19, 20 – Calamagrostis epigejos
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In the statistical analysis only well-developed pollen 
grains were included. As it was reported before by Kubień 
(1964), pollen in C. baltica was completely degenerated. 
these analyses do not confirm it. In turn, a considerable 
variation in pollen grain size was observed within one 
anther. Very small round pollen grains (6.66-13.32 μm) 
and large rounded-elongated pollen grains (36.63-39.96 

μm) are found. as it is assumed, “giant” pollen grains 
may have an unreduced number of chromosomes. Pollen 
of C. baltica is almost completely sterile. Kubień (1970) 
reported one pore, the sculpture of grain surface, the 
ring and the small roof verrucous (Figs 32-36).

• the caryopsis naked, oblong and cylindrical (Figs 
37, 38), A. arenaria (3.0-4.35 × 1.10-1.45 mm); C. epigejos  

table 5. the main statistics of palea

Species
palea length (mm) number of veins

min max x Sd v min max x Sd v

×Calammophila baltica 5.00 8.10 6.95 0.54 7.77 2 3 2.97 0.14 4.71

Ammophila arenaria 7.90 11.10 9.34 0.68 7.28 3 3 3.00 0.00 0.00

Calamagrostis epigejos 1.30 2.45 1.72 0.39 22.67 2 2 2.00 0.00 0.00

Figs 21-26. SeM. Sculpture of palea: Figs 21, 22 – Calammophila baltica; Figs 23, 24 – Ammophila arenaria;  
Figs 25, 26 – Calamagrostis epigejos
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(2.50-3.50 × 0.30-0.57 mm) pointed, glumed (table 8, 
Figs 39, 40). the hilum of both species long – linear. 
As it results from the literature data published so far 
and the investigations conducted by the authors of this 
study, specimens of C. baltica are sterile and caryopses 
are degenerated. 

• the rachis of the spikelet in analysed species is cov-
ered with straight hairs with a swollen base or in the 
upper part with recurvate hairs (C. baltica) (Fig. 41). the 
rachis of the spikelet is most pubescent in A. arenaria 
(Fig. 42) and the least pubescent in 42) and the least pubescent in42) and the least pubescent in C. epigejos (Fig. 43), 
with C. baltica occupying an intermediate position be-

table 6. the main statistics of anther

Species
anther length (mm) anther width (mm)

min max x Sd v min max x Sd v

×Calammophila baltica 2.90 5.20 4.04 0.44 10.89 0.20 0.50 0.33 0.06 18.18

Ammophila arenaria 3.00 7.85 4.73 0.73 15.43 0.25 0.70 0.49 0.09 18.36

Calamagrostis epigejos 1.15 1.90 1.55 0.17 10.96 0.20 0.30 0.25 0.03 12.00

Figs 27-31. SeM. hair of callus: Figs 27, 28 – Calammophila baltica; Figs 29, 30 – Ammophila arenaria;  
Fig. 31 – Calamagrostis epigejos
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table 7. the main statistics of pollen

Species
pollen length (μm)μm)m) pollen width (μm)

min max x Sd v min max x Sd v

×Calammophila baltica 16.65 32.31 22.11 2.85 12.89 13.32 23.31 18.54 2.27 12.24

Ammophila arenaria 19.98 39.96 27.26 7.90 28.98 13.32 36.63 22.37 7.38 32.99

Calamagrostis epigejos 29.97 39.96 34.29 2.20 6.41 23.31 39.96 30.69 3.15 10.26

Figs 32-36. SeM. Sculpture of pollen: Figs 32, 33 – Calammophila baltica; Figs 34, 35 – Ammophila arenaria;  
Fig. 36 – Calamagrostis epigejos
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table 8. the main statistics of caryopsis

Species
caryopsis length (mm) caryopsis width (mm)

min max x Sd v min max x Sd v

Ammophila arenaria 3.00 4.35 3.61 0.27 7.47 1.10 1.45 1.25 0.07 5.60

Calamagrostis epigejos 2.50 3.50 2.80 0.12 7.08 0.30 0.57 0.45 0.15 26.82

table 9. correlation coefficients of 12 traits of Calammophila baltica

features 1 2 3 4 5 6 7 8 9 10 11 12

1

2 –0.14

3 0.90* –0.17

4 0.76* –0.64* 0.78*

5 0.73* 0.36* 0.71* 0.39*

6 0.08 0.91* 0.06 –0.45* 0.49*

7 0.81* 0.23 0.80* 0.51* 0.88* 0.38*

8 0.57* 0.55* 0.58* 0.21 0.80* 0.66* 0.81*

9 0.18 0.90* 0.19 –0.31* 0.67* 0.86* 0.56* 0.77*

10 –0.21 0.99* –0.23 –0.69* 0.31* 0.90* 0.17 0.51* 0.87*

11 0.64* –0.20 0.70* 0.62* 0.56* –0.06 0.61* 0.39* 0.10 –0.26

12 0.70* –0.16 0.75* 0.63* 0.52* –0.02 0.64* 0.50* 0.09 –0.22 0.79*

Figs 37-40. SeM. Sculpture of caryopsis: Figs 37, 38 – Ammophila arenaria; Figs 39, 40 – Calamagrostis epigejos
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tween the two parents. Results make it possible to verify 
data obtained so far “the rachis of the spikelet in A. are-
naria vesicularly hirsute” (grynia 1974). 

Based on biometrical data on analysed quantitative 
characters of investigated species pearson’s coefficient of 
correlation was calculated for α = 0.05. For 12 characters 
in C. baltica 47 determined correlation coefficients were 
statistically significant (table 9).

Ammophila arenaria and C. epigejos were analysed 
in terms of 14 characters and 55 determined correlation 
coefficients for A. arenaria are statistically significant 
(table 10) and only one correlation for C. epigejos (char-
acters 3 and 12). 

Figs 41-43. SeM. Sculpture of spikelet rachis: Fig. 41 – Calammophila baltica; Fig. 42 – Ammophila arenaria;  
Fig. 43 – Calamagrostis epigejos

table 10. correlation coefficients of 14 traits of Ammophila arenaria

features 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1

2 –0.31

3 0.93* –0.29

4 –0.28 0.99* –0.26

5 0.89* –0.04 0.88* –0.02

6 0.20 0.76* 0.17 0.77* 0.38*

7 0.92* –0.11 0.89* –0.09 0.90* 0.33*

8 0.89* –0.64* 0.85* –0.62* 0.72* –0.14 0.78*

9 0.03 0.90* 0.04 0.89* 0.27 0.84* 0.21 –0.37*

10 –0.36* 1.00* –0.34* 0.99* –0.10 0.74* –0.16 –0.68* 0.87*

11 0.53* –0.30 0.57* –0.29 0.48* –0.08 0.51* 0.56* –0.15 –0.32

12 0.44* –0.06 0.45* –0.05 0.47* 0.10 0.49* 0.35* 0.07 –0.08 0.89*

13 0.32 0.75* 0.33* 0.76* 0.54* 0.83* 0.48* –0.06 0.88* 0.72* 0.16 0.35*

14 –0.14 0.98* –0.11 0.98* 0.12 0.84* 0.07 –0.49* 0.92* 0.97* –0.19 0.03 0.85*
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ConCluSionS

1. the occurrence of morphological variation in 
C. baltica balticabaltica has to some degree the character of modifica-
tion, but it is more likely connected with genetic hetero-
genity within C. epigejos, and this affects differences in 
the appearance of the hybrid.

2. the size and shape of glumes, lemmas and paleae 
moves C. baltica towards A. arenaria, while colour to-
wards C. epigejos. the number of veins in the palea in-
dicates the hybrid character.

3. the rachis of the lemma in C. baltica in terms of its 
length shows a marked variation within one spikelet. 

4. the palea, 2-crenated with a deep indentation (af-
ter C. epigejos), and the sculpture of the surface takes the 
characters of both parents. 

5. the size of sterile pollen grains in C. baltica moves 
it towards A. arenaria.

6. the length of hairs at the base of the lemma or 
palea shows the transition: A. arenaria – C. baltica (var. 
subarenaria, var. intermedia) – C. epigejos. Moreover, 
hairs in C. baltica are volute, while they are straight in 
the parents.

7. the results fully confirm the hybrid character of 
Calammophila baltica.
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