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Expansion of Puccinellia distans (Jacq .) P a r ł, 
in the city of Tarnów

Ekspansja Puccinellia distans (Jacq.) P a rł, na terenie miasta Tarnowa

INTRODUCTION

Puccinellia distans belongs to the species of the Euro-Siberian element 
characteristic of naturally or secondarily highly salted habitats (8, 9, 16, 26). 
It is found in almost the whole of Europę and in the westem-central-northern 
part of Asia and in the north-western periphery of Africa (8, 11). In Poland 
natural habitats of this plant occur in inland areas with salinę water heads and 
in salted seaside habitats (11). On the global scalę Puccinellia distans spreads, 
by being brought in, in secondarily salted anthropogenic habitats, in the vast 
expanses of Europę, Asia and North America (2, 8-11, 16, 20, 26). In Poland the 
first brought-in stations of Puccinellia distans on anthropogenic salted habitats 
were reported in the first half of the 19th c. (11). Intense domestic expansion of 
Puccinellia distans started as late as on the turn of the 1970’s, which is basically 
due to the progressing salinity and contamination of the substratum caused by the 
increasingly frequent use of salt to remove snów from streets, squares and other 
areas (2, 11, 16, 26-28). Currently Puccinellia distans as a brought-in species 
has spread in many regions of Poland, the relatively smallest extent being in the 
Carpathians, Sandomierz Basin, in Polesie and in Lakelands (11).
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EXPANSION OF PUCCINELLIA DISTANS (JA C Q .)  P A R L. IN THE CITY OF TARNÓW 7 5

INYESTIGATION AREA

The Town of Tarnów has an interesting history of development in respect of architecture, 
culture and education, administration, Industries and tourism (17, 27, 29). It is also characterized 
by many specific features of urban and generał environment (6, 12, 14, 18, 23, 27, 29-30). The town 
covers the area of 7,238 ha and numbers over 107,000 inhabitants. It is situated on the Southern 
margin of Sandomierz Basin, where three regions meet: Wojnicę Plateau, the converging valleys 
of the Biała Dunajcowa and Dunajec rivers, and Tarnów Plateau. The built-up areas of Tarnów 
are basically situated on a wide plain, at times slightly undulating and transsected with deep river 
valleys, at 240-280 m above sea level. On the national scalę Tarnów belongs to few towns that 
are characterized by the warmest and driest climate, Continental rather than oceanie. The average 
annual air temperaturę ranges between 8.2-8.3°C while the average annual precipitation ranges 
650-700 mm. The warmest month is July (18°C), the coldest is January (-4.5°C ). Moreover, 
a distinguishing mark of the Tarnów region is its exceptionally long vegetation season that lasts 
210-220 days. The natural soil substratum in Tarnów is usually highly permeable, lime-free and 
deficient in nutrients for plants. Most often these are sandy-gravel, loamy-sandy, dusty-sandy or 
sandy formations.

In Tarnów, the largest and at the same time environmentally most noxious industrial object 
is the Nitrogen Works built in 1923-1924. Nitrogen compounds emission from the plant causes 
exceptionally high contamination of the urban environment (18, 23, 27). Noteworthy in Tarnów 
are also intersections of major sub-Carpathian and national railroad and road transport routes with 
four PKP (Polish Railroad) stations and two PKS bus stations.

GOAL AND METHODS OF INYESTIGATION

The present study has characterized the dynamics of expansion in Tarnów of Puccinellia 
distans as an accidentally hrought-in plant, permanently settling in anthropogenic, secondarily 
salted habitats. The first records of occurrence of Puccinellia distans in Tarnów come from 1985 
and 1986 (27). Currently, intensive field studies on Puccinellia distans occurrence within the town 
of Tarnów were conducted during vegetation seasons in 1995 and 1996. Ali the hitherto located 
stations of Puccinellia distans in the area of Tarnów were presented in Fig. 1.

Phytosociological studies on the currently identified phytocenoses in Tarnów, characterized 
by the presence of Puccinellia distans were conducted according to the generally accepted 
phytosociological methods (24). The investigations were documented with 62 phytosociological 
records. The records were listed in Tables 2-5, their spatial distribution being shown in Figurę 1.

Syntaxonomic structure of the investigated plant communities was given mainly after 
M a tu s z k ie w ic z  (19), less frequently after O b e r d o r f e r  (22), R iv e z - M a r t in e z  (25) 
and S w ię s  (27, 28). Nomenclature of the listed bryophytes as well as pteridophytes and flower 
plants was given according to two successive studies cited on the subject (15, 21).

In the fali of 1996 ten soil samples were taken from the best formed expanses of the plant 
communities under investigation. They come from the substratum level with the highest rooting 
of dominant species and at the same time most characteristic of the community. In the Provincial 
Soil-testing Station, Lublin, in the soil samples collected there were determined: pH  (using type- 
-N-512 p/7-meter) and the contents of: P2O5 and K2O contents (using Egner and Rhiem method), 
Ca, Cl and N-NO3 (using the potentiometric method), Na and Mg (with the photometric method) 
and generał salinity (with the conductimetric method). The results of Chemical soil analyses carried 
out according to the methods collected by C z u b a  (1) were specified in Table 1.
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6 4 . 1 . 39 7 .6  7 ,2 5 2 ,0  34 84 5010 190 90 5 3 ,0 0 ,1 2
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8 4 .1 . 45 7 ,3  7 .2 8 ,9  34 60 3820 185 20 1 3 ,0 0 ,0 9
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11 4 .2 . 59 6 ,7  6 ,3 6 ,5  34 24 1800 100 ♦ 3 ,3 0 ,0 9

Tablc 1. Some Chemical properties of soils in Tarnów area among ruderal communities with 
Puccinellia distans. Attention. The data of Chemical analyses of soils samples collected at the

depth of 5-15 cm

In Poland similar investigations of the expansion of Puccinellia distans were conducted earlier 
in the areas of Kraków (Cracow, 21), Poznań (10) and Lublin (28).

The Phytosociological Characteristics of Phytocenoses with Puccinellia distans

LIST OF PHYTOCENOSES

In Ś w i ę s’ (27) phytosociological characteristics of the whole of synanthrop- 
ic plant communities in the town of Tarnów as few as nine phytosociological 
records of four phytocenoses, included in the study, show the presence of Puc­
cinellia distans. These are the following phytocenoses:

Association: Polygono-Bidentetum (K och . 1926) L o h m . 1950 in a variant 
with Bidens tripartitus (Table 2, rec. 8, 9).

Association: Puccinellietum distantis K n a p p  1948 in a variant with Lepidum 
ruderale and Puccinellia distans (Table 3, rec. 44-45).

Association: Senecioni-Tussilaginetum M o l ie r  1949 (Table 7, rec. 96, 108, 
109).

Community: with Lactuca serriola and Chenopodium album in a variant with 
Lactuca serriola and Chenopodium album (Table 8, rec. 128).

It follows from the present studies on Puccinellia distans occurrence in the 
area of Tarnów that the presence of the plant in question was found in the 
following five phytocenoses (Table 2-4):
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1. Association: Potentilletum anserine R a p a ic s .  1927
2. Association: Lolio-Plantaginetum (Beg. 1930) Siss. 1969

2.1. subassociation: L.-P. typicum F. S w ię s
2.1.1. variant: with Artemisia vulgaris
2 .1.2. variant: typical

2.2. subassociation: L.-P. puccinellietosum Tx. 1970
2.2.1. variant: with Plantago major
2.2.2. variant: typical

3. community with Bryum argenteum and Puccinellia distans
3.1. form: with Plantago intermedia and Fumaria hygrometrica
3.2. form: typical
3.3. form: with Calamagrostis epigeios
3.4. form: with Cerastium vulgatum and Sisymbrium officinale
3.5. form: with Solidago gigantea

4. Association: Plygono-Matricarietum discoideae (S is s . 1969) Tx. 1972
4.1. subassociation: P.-M. d. typicum subass. nove
4.2. subassociation: P.-M. d. puccinellietosum G u t te  (1966) 1972

5. community: with Medicago lupulina
For the sake of clarity it should be also added that the two phytocenoses 

characterized earlier (27) with the presence of Puccinellia distans ranking as the 
association Puccinellietum distantis and communities with Lactuca serriola and 
Chenopodium album should be assigned to the subassociation Polygono-Matri­
carietum discoideae puccinellietosum and the association Erigeronto-Lactucetum 
respectively. Moreover, among the four phytocenoses characterized earlier with 
the presence of Puccinellia (27) only the subassociation Polygono-Matricarietum 
discoideae was at present characterized morę broadly in the new stations of phy- 
tosociological records (Table 3).

THE SURVEY OF PHYTOCENOSES

1. Potentilletum anserinae 
(Table 2, rec. 1)

In the only expanse found of this association Potentilla anserina undividedly 
dominates over other plant species. This dominant is regarded as the main 
species characteristic of this association. Among other rarely recorded species 
only Polygonum aviculare has the relatively highest occurrence.

Phytosoćiological record: 1. Koszycka St., the roadside with a low-beaten, 
dry humous-sandy-loamy surface.
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Table 2. Phytosociological structure: 1. — association Potentilletum anserinae, 2.1. — sub- 
-association Lolio-Plantaginetum typicum in variants — 2.1.1. with Artemisia vulgaris, 2.1.2. —

typical — syntaxonomic groups only with sporadic species, listed at the bottom

Number o f  comraunity
2 .
1 .

Number o f  record <\i «n\£> MD o>o

Datę
7 7 7 7 7 7 7 7 7 7 7 7  g g g g g g g g g g  ggi i i i i i i i i i i i
(Ti CT'<T'CT'CT'O'<T'Cr'O'CT'Cr'(X'

Area o f  p lo t  ln (M KA KO

Cover th e  la y e r  in  %
8 O O O O O O O O O  o o  v o c o K O O c o o o '0 0 'r - c o

Number o f  s p e c ie s  in  record in ICJChNCDT-C^tOfM O^

I .  Ch: a -  I so S to -N a n o ju n ce te a , b -  B id e n te te a  t r i p a r t i t i  (x )
P la n ta g o  in term ed ia  ................................................................................ ♦ . .
I I .  Ch: a -  M o lin io -A rrh en a th ere te a , b -  T r l f o l lo  f r a g i f e r i - A g r o s t i e -  
t a l i a ,  Agropyro-R um icion c r i s p i ,  c -  P la n t a g in e t a l ia  ro a jo r is , L o lio -  
-P la n t a g in io n
Taraxacum o f f i c i n a l e  ..............................................  + . r . ♦ + ♦ 1

a T r ifo llu m  rep en s  
a A c h il le a  m il le fo l iu m  
a Leontodon au tu m n alis  
b P o t e n t i l l a  a n se r in a  
b A g r o s t is  g ig a n te a  .

(Ch: a s s .  1 ).«

P la n ta g o  major 
Lollum perenne

'Ch: a s s .  
,Ch: a s s ,

2 )
2 )

♦ 1 2 2 2 2 4 4 4 4 4 4

b -  P u c c in e l l io n  m arltlraaeI I I .  Ch: a -  P o lygon o-P oS tea  annuae, 
a Polygonum a v ic u la r e  . ,
a Bryum argenteum  .......... .
a Poa annua ..........................
a Lepidlum r u d e r a le  . . . ,  
a Chamomlila su a v e o len s  
b P u c c in e l l la  d ls t a n s  .,

IV . Ch: a -  S e c a l ie t e a ,  b -  C henopodletea  
a M a tr lca r ia  m aritim a su b sp . inodora
b Sonchus o le r a c e u s  . 
b L actuca s e r r io la  . .  
b Chenopodium album . 
b E ch in och loa  c r u s - g a l l l  
b A tr ip le x  p a tu ła  . . .  
b S e ta r ia  pum ila . . . .
c Daucus c a r o t a ..........
c A rtem isia  v u lg a r is  
c Arctlum  lappa . . . . .  
c Tanacetura v u lg a re  . 
c M e ll lo tu s  a lb a  . . . .

V. Ch: a -  A gropyretea  r e p e n t i s ,  b -  Festuco-B roroetea
-S c le r a n th e te a

a C a p se lla  bur sa -p a  s t o r  i  s .............................  r  .  . .  . ♦
c C eratodon p u r p u r e u s .......... .. • ♦ .  .  . .

V I. O thers
Conyza ca n a d en sis  . .
A g r o s t is  c a p l l l a r i s
M edlcago lu p u lin a  . .

I I I
I I I
IV 
I I

V
IV

I I
II
IV
I I
I I I

♦ 1 1 ♦ ♦ ♦ 2 1 1 ♦  
c -  A r te m is le te a  v u lg a r is

( x ) ,

2 2 *  
. 2 2

I I
I I I  
II
I
II  
I
I
I I
IV 
I I  
I I  
II

I
I

I I I
I I I
IV

♦ 2

♦ ♦ ♦ r  r

S p e c ie s  o c c u r r in g  in  1 re co rd :
Ib  -  Chenopodium glaucum 8 / r .  H a  -  H olcus la n a tu s  3 /* ,  T r ifo llu m  p r a te n se  
3/*» Phleum p r a te n se  1 0 /+ . I lb  -  Rumex c r is p u s  2 /+ ,  P o t e n t i l l a  re p ta n s  
3 /+ . IVb -  D escu ra in ia  so p h ia  6 /> ,  Polygonum p e r s ic a r ia  6 /+ ,  Sonchus asp er  
1 0 /r .  IVa -  S o lid a g o  g ig a n te a  3 / r .  Va -  C irsium  a rv e n se  3 / r ,  T u ss i la g o  
fa r fa r a  3 /1 ,  Vb -  D ip lo t a x is  rau ra lis  2 /+ .  VI -  P i c r i s  h ie r a c io id e s  2 /+ ,  
V ic ia  g r a n d if lo r a  3 /* ,  H yp och oeris r a d ic a ta  1 0 /r ,  P leurozium  s c h r e b e r i  
1 1 /+ , P o ly tr lch a stru m  formosum 1 1 /+ , P o h lia  n u tan s 1 1 /+ , S e n e c lo  ja co b a ea  
1 2 /r .
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2. Lolio-Plantaginetum 
(Table 2-3, rec. 2-29)

The association under investigation is formed in two subassociations, each of 
them having two separate variants. The main part in the association is played by 
Plantago major and Puccinellia distans.

2.1. Lolio-Plantaginetum typicum 
(Table 2, rec. 2-12)

This association is primarily characterized by a fairly considerable quantitative 
domination of Plantago major over Puccinellia distans. Two variants were 
distinguished. The variant with Artemisia vulgaris differs from the typical variant: 
by a far greater percentage of species of Artemisietea vulgaris class and noticeably 
lesser density of Plantago major.

Moreover, the two variants are characterized by specific but weakly differen- 
tiated facies. This applies chiefly, in the variant with Artemisia vulgaris, to facies 
with Conyza canadensis (rec. 2), with Conyza canadensis and Agrostis capillaris 
(rec. 3), with Agrostis capillaris (rec. 4), with Agrostis gigantea (rec. 5) and typical 
with Plantago major (rec. 6), and in the typical variant, to facies with Polygonum 
aviculare (rec. 7), with Trifolium repens and Poa annua (rec. 8), with Poa annua 
and Lolium perenne (rec. 9) and the typical facies with Plantago major and other 
species (rec. 10-12).

2.2. Lolio-Plantaginetum puccinellietosum 
(Table 3, rec. 13-29)

This subassociation is primarily characterized by a decidedly quantitative 
domination of Puccinellia distans and Plantago major. Two variants were distin­
guished. In the variant with Plantago major there is a slight quantitative dom­
ination of Plantago major over Puccinellia distans, while in the typical variant 
there is a elear quantitative domination of Puccinellia distans over Plantago ma­
jor. At the same time the two variants are characterized by specific but weakly 
differentiated facies systems. In the variant with Plantago major these are mainly 
facies: typical with Plantago major (rec. 13-17), with Polygonum aviculare (rec. 
18-20), and in the typical variant this applies to facies with Poa annua (rec. 21), 
typical with Puccinellia distans (rec. 22-24), with Plantago major (rec. 25-28) 
and with Plantago major and Echinochloa crus-galli (rec. 29).

In Tarnów the association Lolio-Plantaginetum characterized with the pres- 
ence of Puccinellia distans occurs rather rarely, in expanses up to one are. It
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Table 3. Photysociological structure: 2.2. — sub-association Lolio-Plantaginetum puccinellitosum 
in yariants — 2.2.1. with Plantago major, 2.2.2. — typical (x) — as in Table 2

Number o f  community

Number o f  re co rd

D atę

2Area o f  p lo t  in  ■

C
Cover th e  la y e r  in  %

D

Number o f  s p e c ie s  in  record

2 .

8 8 8 8  88 8 8 8 8 8  8 8 8 8 8 8

»- o ©  ioo' c\j m o  r- © o  © © r- ©

I .  Ch: I so tto -N a n o J u n c e te a , b -  B id e n te te a  t r i p a r t i t i
a P lan tago  in t e r m e d ia .........................♦ ....................... ♦ ...........................................
b Chenopodiua rubrum ......................................................................  ♦ . . . . + «

I I .  Ch: a -  M o lin io -A rrh en a th ere te a , b -  T r i f o l io  f r a g i f e r i -  
- A g r o s t i e t a l i a ,  Agropyron ru m ic ion  c r i s p i ,  c -  P la n t a g in e t a l ia  
a a j o r i s ,  L o lio -P la n ta g in io n

a T r lfo liu m  p r a te n s e  . . .
T r i f o l iu a  rep en s
Leontodon au tu m n alis  
A c h il le a  m i l le f o l iu a  
Taraxacua o f f i c i n a l e  
D a c t y lis  g lo a e r a ta  . .

b P o t e n t i l l a  a n se r in a
b Ruaex c r ia p u s  ..........
c L o liu a  perenne (Ch: a a s .  2) 
c P lan tago  m ajor (Ch: a s a .  2 )

1 1 ♦ 1 ♦ .
3 3 5 3 3 3 3 3 2 w  1 2 2 2 2 2

I I I .  Ch: a -  Polygono-P ofttea  annuae, b -  P u c c in e l l io n  m aritim ae
Polygonum a v ic u la r e  
Poa annua

b P u c c in e l l ia  d is ta n a 4 U  5 5 4 U  5 5 5 5 4 5 5 3 5 
-  C h en op od ietea , c -  A r te m is ie te a  

. . ♦ 2
IV. Ch: a -  S e c a l ie t e a  (x )  

b E ch in och loa  c r u s - g a l l i  . . .  
b Sonchus o le r a c e u s
c T anacetua v u lg a r e  
c M e lilo tu a  a lb u a  . .  
c A r te a ia la  v u lg a r ia  
c P a s t in a c a  s a t iv a  . 
c Daucus c a r o ta  . . . .

V. Ch: a -  A gropyretea  r e p e n t i s  ( x ) ,  b -  F e stu co -B ro a e tea  ( x ) ,  
c -  S e d o -S c le r a n th e te a

c  C eratodon purpureus .................................................................................. ♦ . .  r
VI. Other
Medicago lu p u lin a  .................... r  . ............................................
A g r o s t is  c a p i l l a r i s  ...............  1 + . . . . * . 1 . . . 1 . 1 . .

I
I I
I I
I I I  
I I I  
I
I
I
I I I
V

V
I I I

1 ♦ 1 ♦ 2 2 2 
2 2

1

S p e c ie s  o c c u r r in g  in  1 record :
Ib -  Chenopodiura glaucum 1 4 /r ,  B id en s t r i p a r t i t a  2 8 /+ . I l a  -  P lan tago  
la n c e o la t a  1 4 /+ .  I lb  -  Ranunculus rep en s 1 3 /* .  I l i a  -  Chamom11la  su a-  
v e o le n s  2O /+, Bryua arg en teu a  2 6 /+ . IVa -  Bromu3 s e c a l in u s  2O /r , Ma- 
t r i c a r ia  m aritim a s sp . ln od ora  2 7 / t .  IVb -  G a lin so g a  c i l i a t a  1 8 /+ , 
Chenopodiua a lb u a  2 1 /+ , S e t a r ia  pum ila 2 1 /+ , Polygonum p e r s ic a r ia  
2 8 /r ,  Sonchus a sp er  2 9 /r .  Va -  C ir s iu a  a rv e n se  2 8 /+ . Vb -  Medicago 
f a lc a t a  2 0 /r .  VI -  Conyza c a n a d e n s ls  1 4 /+ , H yp och oeris r a d ic a ta  2 6 /+ , 
S e n e c io  v u lg a r i s  2 8 /+ .

develops mainly on the rims of highways, on the roads and sąuares on the sub- 
stratum with a highly beaten surface, most often highly overdried, with a me- 
•hanical composition of sandy deposits with different admixtures of gravel, clay, 
• )ck grains, brick etc.

Phytosociological records: 2. Nitrogen Works, a square with a sandy-gravely



EXPANSION OF PUCCINELLIA DISTANS (J A C Q .) P A R Ł . IN THE CITY OF TARNÓW 81

surface. 3. Nowodąbrowska St., a driveway with a gravely-loamy-sandy surface 
with scant brick grains. 4. Fabryczna St., the roadside with a slightly convex, 
gravely-sandy surface. 5. Near Przemysłowa St., the fringe of a ruderal square 
with a gravely-sandy-loamy surface. 6. Nitrogen Works, the fringe of a square 
with a sandy surface, constantly highly moistened. 7. Krzyska St., the roadside 
with a sandy-loamy surface. 8. The corner of Czerwona St. and Krakowska St., 
a weakly beaten driveway with a sandy-gravely surface with scant brick grains. 9. 
Nitrogen Works, a smali square with a loamy-sandy-gravely surface. 10. Lwowska 
St., the roadside with a sandy-loamy-gravely surface. 11. 16 Pułku Piechoty St., 
the roadside with a slightly lowered, sandy-gravely surface. 12. The corner of 
Krzyska St. and Wiśniowa St., the PKS bus depot, the fringe of a square with 
a gravely-sandy surface. 13. Cmentarna St., the roadside with a sandy surface 
with a negligible gravel admixture. 14. Lwowska St., the roadside with a sandy- 
-gravely surface. 15. Tuchowska St., the roadside with a sandy-loamy surface. 16. 
Lwowska St., the roadside with a sandy-loamy surface with a negligible admixture 
of gravel. 17. Kwiatkowskiego St., the bridge of the Biała river, a wide crevasse 
in the bridge’s concrete surface. 18. Krzyska St., the roadside with a sandy- 
-loamy surface with a negligible gravel admixture. 19. Spokojna St., the roadside 
with a loamy-sandy surface with a negligible admixture of highly crushed furnace 
slag. 20. Tuchowska St., the roadside with a slightly concave sandy-loamy surface 
with a negligible gravel admixture. 21. Nitrogen Works, the fringe of a square 
with a sandy-gravely-loamy surface with scant concrete grains and mortar. 22. 
Krzyska St., the roadside with a loamy-sandy surface. 23. Nitrogen Works, the 
fringe of a square with a sandy-loamy surface. 24. 16 Pułku Piechoty St., the 
roadside with sandy-loamy surface. 25. Błonie St., the roadside with a slightly 
concave, loamy-sandy surface with a scant admixture of gravel and highly wasted 
furnace slag. 26. Nitrogen Works, the fringe of a square with a sandy-gravely- 
-loamy surface. 27. Krzyska St., the roadside with a sandy-loamy surface with 
a scant gravel admixture. 28. Cmentarna St., the site of the municipal landfill, the 
roadside of a gravel road with a sandy-gravely-Ioamy surface with brick grains. 
29. Cmentarna St., the municipal landfill site, the roadside of a gravel road with 
a sandy-gravely-loamy surface.

3. Community with Bryum argenteum and Puccinellia distans 

(Table 4, rec. 30-38)

This community is distinguished primarily for the dense occurrence of 
bryophytes, with a far smaller density of flower plants. Five floristic forms were 
distinguished.

5*
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Table 4. Phytosociological structure: 3. — community with Bryum argenteum and Puccinellia 
distans in the forms: 3.1. — with Plantago intermedia and Bryum argenteum, 3.2. — typical, 3.3.
— with Calamagrostis epigeios, 3.4. — with Cerastium vulgatum and Sisymbrium officinale, 3.5.
— with Solidago gigantea, 4.1. — sub-association Polygonu-Matricarietum discoideae typicum.

(x) — as in Table 2

Number o f  community

Number oc record

Datę

Area o f  p lo t  in

Cover th e  la y e r  in  %

Number o f  s p e c le s  in  record

1. 2 . 3 . 4 . 5 .
4 .
1 .
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I .  Ch: a -  IsoB to-N anoJuncetea , 
a P lantago in term ed ia  
b Chenopodium rubrum .  
b Chenopodium glaucum

B id en tetea  t r l p a r t i t i  
3 r ........................ I I

I I I
II

I I .  Ch: a -  M olin io -A rrh en ath eretea , b -  M o lin ie ta l ia  c o e ru lea e  ( x ) ,  c -  T r i f o l io  f r a g i f e r l -  
- A g r o s t ie t a l la ,  Agropyro-Rum icion c r l s p l ,  d -  Plar
Tarajcacum o f f i c in a le  ........................................  r r r  r
T r ifo liu m  repens .................................................. ♦ • ♦ •
A c h ille a  m i l l e f o l iu m ........................................  ♦ ♦ ♦ .
Da e t y l i 3 g lo m e r a t a ........................................................... ♦ .
Leontodon autum nalia ................................................................
Poa p a lu s t r i s  . . . . . .
P o t e n t i l la  an aerina  
P lantago major . . . . .
Lolium perenne . . . . .

I I I .  Ch: a -  P o lygon o-P oftea  annuae, b -  P u cc in e lio n  raaritimae
a Funaria h y g r o m e tr ic a ....................... ............. .  4 . 1 2 1 1 . . 1 .
a Lepldium ru d era le  ................................................ 2
a Bryum c a e a p i t ic i u m ............................... ..
a Bryum argenteum  (D: com. 3) .................
a Polygonum a v ic u la r e  (Ch: a s s .  4 )  . . .
a Poa annua ...........................................................
a Chamom11la  su av«o len s (Ch: a s s .  4 )  . 
b P u c c in e l l ia  d is ta n s  .....................................................................  * 4 4 5 3 3 1 ♦ 1

IV. Ch: a -  S e c a l le t e a ,  b -  C henopodietea, c -  A rtem ls le tea  
a M atricaria  lnodora subsp . lnodora .
b Sisymbrium o f f i c in a le  . 
b Polygonum p e r s lc a r ia  . .
b Sonchus o le r a c e u s  ..........
b Lactuca s e r r io la  . . . . . .
b E ch lnóch loa c r u s - g a l l i
b Chenopodium album ..........
c Tanacetum y u lg a re  . . . . .  
c A rtem isia  v u lg a r ls  . . . .
c Daucus ca ro ta  ............ ..
c M e lilo tu s  a lb u s  ..............
c S o lid a g o  g ig a n tea  ..........
c P astln aca  s a t lv a  ............
c Arctium lappa ...................
c Melandrlum album ............
c Sisymbrium l o e a e l l l  . . .

V. Ch: a -  A gropyretea r e p e n t is
T u sa llago  fa r fa r a  .............................
C irsium  arv en se  .................................
Equlsetum arv en se  .............................
C eratodon purpureus . . . . . . . . . . .

r r ♦ 1 r ♦ 1 ♦ 
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. .  . ♦
. . .  *
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Table 4 — continued

V I .  O th e rs
Conyza can ad en sis  .......... ♦ ♦ ♦ 1 . ♦ ♦ ♦ ♦ . ♦ . 4- IV II
A g r o s t is  c a p l l la r l a  . . . 1 . . . ♦ . . ♦ ♦ ♦ • ♦ • I I II
Medlcago lu p u lin a  .......... ♦ • • ♦ • •
Barbula con volu ta  .......... 1 • • ■ • • II
C alam agrostis  e p ig e io s ♦ 2 2 3 2 ♦ ♦ IV
Barbula u n g u lcu la ta  . . . • • 1 . 1 •
S a l ix  purpurea C ............ • • ♦ ♦ • r •
C irsium  lan ceo la tu m  . . . . . ♦ ♦ . •
Populus a lb a  C ................. . . ♦ . r . II
O d o n tltes  rubra ............... . . ♦ . ♦ II
L ln aria  minor ................... ♦ ♦ II
P lc r l s  h ie r a c io id e s  . . . • • • • • • r ♦ • I

S p e c ie s  o ccu rrln g  ln  i  record

la  -  Juncua b u fon iu s 3 0 /+ . I lb  -  Cerastium  vulgatum 3 7 /+ , Holcua la n a tu s  3 8 /* ,  T r i f o l lu a  p ra-  
te n s e  4 5 /+ . I lb  -  Deschampsla c a e sp lto s a  5 0 /r .  I l e  -  Ranunculus repena 31/*» Rorlppa s i l v e s t r l s  
3Z* /+ , P o t e n t l l la  reptan a  t»8/+. IVa -  A tr lo le x  pa tu ła  3 9 /+ , D ig i ta r ła  a a n g u in a lia  m 7 / * .  Va -  
C a p se lla  b u r sa -p a s to r is  3 9 /* . Vc -  Poa conpreaaa 3*»/*. VI -  Rubua caea lu a  3 2 /* , V er ba a cum th a -  
paus 3 3 /r ,  S a l lx  caprea C 3 ^ /r , Populua nlgra C 3 5 /r ,  Betula verrucoaa C 3 6 /r ,  E rlgeron  annuus 
3 6 /+ , Poa p ra ten a la  sub sp . a n g u s t lfo ia  3 7 /* , H ypochoerls ra d ic a ta  3 8 /* , 0 1 p lo ta x ls  a u r a lla  
3 8 /+ , C onvolvulus a rven a la  **0/r, Amaranthus r e tr o f le x u s  4 0 /r ,  S en ec lo  v u lg a r ls  4 7 / r ,  G lech o -  
ma hederacea 5 0 /r .

The rtrst form is characterized by the codomination of Plantago intermedia 
and Funaria hygrometrica. The second form is distinguished by Puccinellia 
distans domination. The other three forms of the community are chiefiy composed 
of, respectively, Calamagrostis epigeios and Puccinellia distans, then Cerastium 
vulgatum and Sisymbrium officinale, and Solidago gigantea. Moreover, all the 
last four facies exhibit an almost eąually high percentage of bryophyte co- 
-currence, above all Bryum argenteum and Bryum caespiticium. In the area 
under investigation this community occurs rarely, only in specific habitats. Most 
frequently it was recorded on the floors of dried-out water sedimentation tanks, 
on the thick layer of limę sludge deposits. It occurs less frequently on the 
sides of water sedimentation tanks or on weakly beaten country roads, on the 
substratum with a dusty-sandy surface containing limę sludge or concrete and 
plaster grains.

The secondary floristic forms differentiated in the community with Bryum 
argenteum and Puccinellia distans probably represent succession stages of its 
transition towards better developed phytocenoses: Lolio-PIantaginetum typicum, 
L.-P. puccinellietosum,, Sisymbrietum officinale, Solidaginetum giganteae, Rubo- 
-Calamagrostidetum epigei.

Phytosociological records: 30. Przemysłowa St., the roadside with a slightly 
concave, loamy-sandy-gravely surface, with intermittently stagnant rainwater. 3 1. 
Klikowa, the rim of the dry floor of a water sedimentation tank with a thick hard 
surface of settled sludge. 32. Klikowa, the site of an old dumping ground for soil, 
rubble, concrete and brick grains, the rim of a country road with a beaten dusty- 
-gravely surface with negligible concrete, brick and plaster grains. 33. Klikowa, 
the steep side of a water sedimentation tank, with a hard sandy-dusty surface with 
sludge. 34. Klikowa, as in station no. 31. 35. Klikowa, as above. 36. Klikowa, as
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above. 37. Klikowa, the middle section of the dry floor of a water sedimentation 
tank, as in stations no. 31, 34. 38. Klikowa, as in stations no. 31, 34.

4. Polygono-Matricarietum discoideae 
(Table 4-5, rec. 39-61)

In this association, mainly on account of differences in the quantitative 
occurrence of Polygonum aviculare and Puccinellia distans, two subassociations 
were distinguished, with several facies Systems in each.

4.1. Polygono-Matricarietum discoideae typicum 
(Table 4, rec. 39-51)

This subassociation is mainly characterized by decidedly quantitative dom- 
ination of Polygonum avicuiare over Puccinellia distans. Very weakly marked 
facies are composed chiefly of: Bryum argenteum (rec. 39), Plantago major (rec. 
40-43), Puccinellia distans (rec. 44-45), typical of Polygonum aviculare (rec. 
46-50) and of Chamomilla suaveoiens (rec. 51).

4.2. Polygono-Matricarietum discoideae puccinellietosum 
(Table 5, rec. 52-61)

The other subassociation is characterized by quantitatively diver.se domination 
of Puccinellia distans over Polygonum aviculare. Four fairly marked facies are 
composed of the following plant species: Polygonum aviculare (rec. 52-54), 
Polygonum aviculare and Bryum argenteum (rec. 55), Poa annua and Echinochloa 
crus-galli (rec. 56-57) and Puccinellia distans (rec. 58-61).

The studied association occurs fairly frequently in the area under investigation 
but in smali expanses. Like other phytocenoses with the presence of Puccinellia 
distans it is formed mainly on the rims of highways, roads and squares with 
a beaten surface, with intermittently highly diversified moistening or overdrying, 
with a mechanical composition of the sandy-loamy-gravely type.

Phytosociological records: 39. Biała St., the roadside with a gravely-sandy- 
-loamy surface. 40. Nowodąbrowska St., the roadside with a gravely-loamy-sandy 
surface. 41. Nowodąbrowska St., the roadside with a sandy-loamy surface with 
a scant admixture of gravel. 42. Kwiatkowskiego St., near the Biała river bridge, 
the rim of a driveway with a gravely-sandy-loamy surface. 43. Spokojna St., the 
roadside with a sandy-loamy surface with a negligible admixture of gravel. 44. 
Klikowa, a weakly beaten country-road with a hard, dusty-sandy surface with neg­
ligible gravel. 45. Nowodąbrowska St., the roadside with a sandy-loamy-gravely

diver.se
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surface. 46. Klikowa, as in station no. 44. 47. Cmentarna St., the site of the mu- 
nicipal landfill, the roadside with a sandy-gravely surface. 48. Near Fabryczna St., 
a large ruderal square, the site with a slightly concave, loamy-sandy-gravely sur­
face. 49. Koszycka St., the roadside with a sand-turned loam surface. 50. Nitrogen 
Works, the roadside with a sandy-loamy-gravely surface. 51. Klikowska St., the 
edge of a driveway with a gravely-loamy-sandy surface. 52. Lwowska St., the 
roadside with a slightly concave, loamy-gravely surface, covered with black mud. 
53. Koszycka St., the sandy-surfaced roadside. 54. Witosa St., a roadside with 
a loamy-sandy-gravely surface. 55. Fabryczna St., a square with a slightly lowered, 
loamy-sandy-gravely surface. 56. Nitrogen Works, a square with a sandy-loamy 
surface, constantly highly moist. 57. Nitrogen Works, a square with a sandy- 
-loamy-gravely surface. 58. Nitrogen Works, a square with a gravely-loamy-sandy 
surface, highly contaminated with toxic substances, particularly with mercury. 
59. Nitrogen Works, a square with a sandy-loamy-gravely surface. 60. Cmen­
tarna St., the site of the municipal landfill, the rim of an old garbage heap with 
a loamy-sandy surface. 61. Cmentarna St., near Municipal Landfill Administration 
buildings, the edge of a square with a sandy-loamy surface with brick grains.

5. Community with Medicago lupulina 
(Table 5, rec. 62)

In respect of the generał species composition the community essentially re- 
sembles an intermediate phytocenose between communities of the order Plan- 
taginetalia majoris and of the class Artemisietea vulgaris. The floristic compo­
sition of this community is characterized primarily by quantitative domination 
of Medicago lupulina over Puccinellia distans. Among other, quite numerous 
plant species in the community, the relatively most abundant are: Daucus carota, 
Tusilago farfara and Ceratodon purpureus and Barbula unguiculata.

Only one expan.se of this community on the substratum highly unfavorable 
for plants was recorded in Tarnów.

Phytosociological record: 62. The corner of Tuchowska St. and Leliwitów St., 
a square with a highly beaten, gravely-loamy-sandy surface with a considerable 
share of concrete and brick grains.

DISCUSSION OF RESULTS

In Tarnów Puccinellia distans as a brought-in species first appeared prob- 
ably in the 1980’s. This is corroborated by the absence of earlier reports con- 
cerning the occurrence of this plant in Tarnów in all publications on Tarnów

expan.se
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flora of 1853-1969 (3-5, 7). During the 1985-1986 investigations on the synan- 
thropic plants of Tarnów 23 associations and seven phytosociologically inde- 
terminate communities were reported, which were documented with 287 phy- 
tosociological records (26). In the published phytosociological materials col- 
lected in Tarnów the presence of Puccinellia distans was found only in nine 
phytosociological records of three associations: Polygono-Bidentetum in a vari- 
ant with Bidens tripartitus (Table 2, rec. 8, 9), Puccinellietosum-distantis (= 
subassociation Polygono-Matricarietum discoideae puccinellietosum in a vari- 
ant with Lepidum ruderale and Puccinellia distans) (Table 3, rec. 43, 44, 45), 
Senecioni-Tussilaginetum (Table 7, rec. 96, 108, 109) and in the communi- 
ty with Lactuca serriola and Chenopodium album (= association Erigeronto- 
-Lactucetum) (Table 8, rec. 128). Moreover, sporadic occurrences were record- 
ed of Puccinellia distans also outside the above-named phytocenoses, main- 
ly on the fringes of narrow grass strips on the rims of Klikowska, Lwows­
ka and Krakowska roads and among grasses of different height growing in 
the site of Nitrogen Works (Fig. 1). I do not know if the species occurred at 
that time in the area of the Nitrogen Works’ water sedimentation tanks near 
Klikowa.

The heightened expansion of Puccinellia distans within Tarnów is essentially 
connected with the period of progressive salinification of the town’s substratum 
as a result of morę and morę frequent use of salt for snów removal from various 
sites. In view of such conditions we can assert with high approximation that 
Puccinellia distans occurred in Tarnów in the 1980’s in 10-20 stations, mostly 
growing there in scant numbers, rarely in numerous and larger tufts. At present 
we can report that in Tarnów Puccinellia distans occurs in several dozen single 
or group stations (Fig. 1). Among all the stations only eight are identical with 
the stations published earlier (27), the others correspond only to the recently 
discovered stations in 1995-1996 (Fig. 1). It turns out that in Tarnów Puccinellia 
distans exhibits the highest expansion only on the rim of the most-used roads. 
It occurs in relatively the highest numbers among the grasses in the squares in 
the area of Nitrogen Works and among grasses and on bryophytous substratum 
in different habitats near the Works’ water sedimentation tanks (Fig. 1). It must 
be observed that the species exhibits rather high expansion on roadsides and the 
fringes of the municipal landfill established in 1984 (Fig. 1). However, in other 
habitats in Tarnów Puccinellia distans occurred only in one of the most littered 
squares near the railroad station (Fig. 1).

In Tarnów Puccinellia distans occurs in the total of eight associations and 
one phytosociologically indeterminate community (27), (Table 2-5). It occurs 
most often in initial ruderal grass and bryophytous communities ignored in phy­
tosociological studies. In the above-named forms of the grass and bryophytous
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community Puccinellia distans successively achieves greater and greater density, 
developing with time its most characteristic three phytocenoses: Lolio-Plantagine- 
tum puccinellietosum and Polygono-Matricarietum discoideae puccinellietosum 
and the community with Bryum argenteum and Puccinellia distans (Tables 3, 4).

Among seven other basie ruderal phytocenoses, however, Puccinellia dis­
tans occurs rarely and in scant numbers. This takes place in four associations: 
Polygono-Bidentetum, Senecioni-Tussilaginetum, Erigeronto-Lactucetum, Potentil- 
letum anserinae, two subassociations: Lolio-Plantaginetum typicum, Polygono- 
-Matricarietum discoideae typicum, and in one community: with Medicago lupuli­
na (Tables 2-5).

It follows from the data presented above that Puccinellia distans strong- 
ly avoids ruderal communities that primarily occur in rich habitats, constant- 
ly highly moistened. This applies to phytocenoses such as: Chenopodietum 
ruderale, Balloto-Chenopodietum, lmpatienti-Convolvuletum and Rudbeckio-Sol- 
idaginetum. It then turns out that Puccinellia distans clearly avoids also phyto­
cenoses that occur in dry and well-exposed habitats but characterized by a highly 
dense and luxuriant plant cover. This is exemplified by associations: Tanaceto- 
-Artemisietum, Echio-Melilotetum and Leonuro-Arcietum tomentosi. In Tarnów 
the absence of Puccinellia distans stations in railroad trackage is puzzling. This 
may be mainly due to the frequent use of highly toxic Chemicals for weeding out 
plants. It is possible that in Tarnów Puccinellia distans has so far failed to settle 
down in many of its favourable habitats. Moreover, stations with Puccinellia dis­
tans are very often accidentally destroyed when the Street rims, squares and other 
sites are being cleaned. This takes place chiefly in the central, most built-up part 
of town (Fig. 1).

In Tarnów Puccinellia distans occurs exclusively on anthropogenic soils with 
very weakly formed profiles. Most frequently it is a loamy or loess substratum 
with a permanently hard-beaten and well-exposed surface, easily permeable, of 
the sandy-loamy-gravely type. Especially worth noting is the strong expansion 
of Puccinellia distans occurring on the floors of the Nitrogen Works’ dried-out 
water sedimentation tanks, on the substratum of compact, up to several-meter 
thick limę sludge deposits with specific Chemical properties (Table 1). It should 
be emphasized that phytocenoses with Puccinellia distans occur almost equally 
frequently in habitats with intermittent variable moistening or drying-out. It turns 
out that the soils investigated in phytocenoses characterized with the presence of 
Puccinellia distans have several significant properties (Table 1), (27). First of all, 
they are soils salted to a greater or lesser degree. It is worth noting that they have 
highly diversified, including toxic, concentrations especially of K2O, P 2 O 5 , N - 
NO3, and Na and Cl ions. Furthermore, these are soils characterized most often 
by alkaline pH  and by the predominantly Iow Ca content.
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Table 5. Phytosociological structure: 4.2. sub-association Polygono-Matricarietum discoideae puc- 
cinellietosum, 5. — community with Medicago lupulina. (x) — as in Table 2

Number o f  community

Nuraber o f  r e c o r d .
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4 .
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t a l i a ,  Agropyro-R uraicion c r i s p i ,  c -  P la n t a g in e t a l ia  m a jo r ia , L o lio -

a
•P la n ta g ln io n
Taraxacum o f f l c i n a l e  ..................................... ♦ ♦ ♦ ♦ . ♦ I I I

a T rifo llu ra  rep en s .............................................. ♦ . ♦ . + I i
a A c h llle a  m il le fo l lu m  , ........................ . . . . . • • ♦ • • • • • ♦ I 1
b P o t e n t l l la  a n se r in a  .................................. . ♦ ♦ I .
c P la n ta g o  m ajor ................................................... 1 . ♦ ♦ . ♦ . . . ♦ I 1
c Lolium p erenne ................................................... ♦ + ♦ • . ♦ I I I 1

a
I I I .  Ch: a -  P o ly g o n o -P o B ta lia  annuae 
Charaomilla su a v e o len s  (Ch: a s s .  4 ) , . ^

b -  
♦ .

P u c c in e l l io n m aritira ae
I

a Polygonura a v ic u la r e  (Ch: a s s .  4 ) .......... 2 ? 2 2 ♦ ♦ . ♦ . . IV .
a Bryum argenteum  ................................................. . . ♦ 2 ♦ . + . I I .
a Poa a n n u a .............................• • • • • • • • • • • • • • • 2 2 I •
b P u c c in e l l ia  d is t a n s  ....................................... 4 4 4 4 5 5 5 5 5 5 2 V 1

a
IV . Ch: a -  S e c a l ie t e a ,  b -  C h en op od ietea , 
M a tr ica r ia  raaritiraa su b sp . in od ora  . .  . .

c A r te m is ie te a
I I

b Chenopodium album ............................................ r  . ♦ I
b Sonchus o le r a c e u s  ............................................ ♦ ♦ I
b Lactuca s e r r io la  .............................................. + ♦ . I
b E ch in och loa  c r u s - g a l l i  ................................. 1 1 ♦ ♦ . I I
b A tr ip le x  p a tu la  .............................................. .. • . r ♦ ♦ . I I
c A rteraisia  v u lg a r i s  .......................................... ♦ • ♦ ♦ ♦ . + ♦ I I I 1
c Daucus ca r o ta  ...................................................... r  . + . ♦ 1 I I 1
c Tanacetum v u lg a r e  ............................................ + ♦ 1
c S o lid a g o  g ig a n te a  ............................................ r r . 1

V. Ch: a -  A gropyretea r e p e n t i s ,  b -  
-Brom etea (x )
C irsium  a rv e n se  .................................................

S e d o -S c le r a n th e te a c - F estu co

a ♦ . + ♦ i 1
b C eratodon p u r p u r e u s ................................ .. . . • ♦ • . . ♦ • ♦ 1 i i 1

V I. O thers
A g r o s t is  c a p i l l a r i s  ....................................... ♦ . ♦ i 1
Conyza c a n a d e n s is  ............................................ ♦ ♦ ♦ ♦ i i 1
M edicago lu p u lin a  (D: córa. 5 ) ................. • • • ♦ • ♦ • • • • 5 i 1

S p e c ie s  o cc u r r in g  in  1 record
I l a  -  Phleura p r a te n s e  5 9 /r ,  H olcus la n a tu s  6 1 /+ , L otu s c o r n ic u la t u s  6 2 /+ .  
I lb  -  Juncus corapressus 4 5 /+ . IVb -  S e ta r ia  puraila 4 4 /+ ,  Polygonura p e r s i -  
c a r ia  6 1 /+ ,  A tr ip le x  n it e n s  6 2 /+ .  IVc -  P a s t in a c a  s a t iv a  & 1/+ . Va -  Tus- 
s i l a g o  fa r fa r a  6 2 /1 .  Vc -  P ira p in e lla  s a x ifr a g a  6 2 /+ .  VI -  Brachytheciura  
a lb ic a n s  5 5 /+ , C on volvu lu s a r v e n s is  6 0 /+ ,  Barbula u n g u ic u la ta  6 2 /1 .

The presented structure of the occurrence, ecology and expansion of Puccinel­
lia distans in Tarnów is basically almost the same as the structure characterized 
earlier in other towns (10, 11, 20, 27)
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STRESZCZENIE

Przedstawiona struktura rozmieszczenia i warunków występowania gatunku Puccinellia distans 
na terenie Tarnowa jest w głównych zarysach taka sama jak scharakteryzowana wcześniej na 
przykładzie innych miast. Rośnie na terenie Tarnowa w wyniku przypadkowego jej zawleczenia 
na siedliskach ruderalnych, wtórnie zasolonych. Z dużym przybliżeniem należy potwierdzić, 
że proces ekspansji omawianej rośliny wiąże się z postępującym stopniem zasolenia podłoża 
w wyniku stosowania związków soli do odśnieżania. Na terenie Tarnowa pierwsze zawleczone 
stanowisko Puccinellia distans pojawiło się prawdopodobnie na przełomie lat osiemdziesiątych 
i dziewięćdziesiątych; na wymieniony okres wskazują wszystkie dotychczas opublikowane dane 
o florze i roślinności tego miasta.
z Aktualnie na terenie Tarnowa Puccinellia distans występuje na kilkudziesięciu pojedynczych 
i grupowych stanowiskach (ryc. I), najczęściej na obrzeżu bardziej ruchliwych szos. Stosunkowo 
najczęściej notowano ją w Tarnowie na terenie Zakładów Azotowych, następnie w rejonie przyfa­
brycznych osadników wodnych i na obrzeżu śmietniska miejskiego. Poza tym zwraca uwagę brak 
w Tarnowie stanowisk z Puccinellia distans, m.in. na torowiskach kolejowych i towarzyszących im 
placach przeładunkowych. Przyczynę prawdopodobnie stanowi niszczenie roślinności preparatami 
chemicznymi. Na terenie Tarnowa Puccinellia distans występuje w obrębie 9 fitocenoz (tab. 2-5). 
Najliczniej rośnie ona w płatach 2 podzespołów (Lolio-Plantaginetum puccinellietosum i Polygono- 
-Matricarietum discoideae puccinellietosum) i w 1 zbiorowisku (z Bryum argenteum i Puccinellia 
distans). W innych fitocenozach ruderalnych Puccinellia distans występuje rzadko i nielicznie. 
Odnosi się to do 4 zespołów: Polygono-Bidentetum, Senecioni-Tussilaginetum, Erigeronto-Lactuce- 
tum, Potentillo anserinae, 2 podzespołów: Lolio-Plantaginetuin typicum, Polygono-Matricarietum 
discoideae typicum oraz do zbiorowiska — z Medicago lupulina.
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Puccinellia distans na terenie Tarnowa występuje głównie na siedliskach korzystnie oświe­
tlonych, najczęściej mezofilnych, rzadziej w dużym stopniu przesuszonych lub uwilgotnionych. 
Omawiana roślina zdecydowanie unika zbiorowisk o bujnie rozwiniętej warstwie roślinnej. Pokry­
wa glebowa w miejscach występowania Puccinellia distans cechuje się najczęściej nawierzchnią 
zbitą, przepuszczalną, typu piaszczysto-żwirowo-gliniastego. Gleby te wyróżniają się przede wszyst­
kim mniejszym lub większym stopniem zasolenia, prawie jednakowym zasadowym odczynem pH , 
bardzo zróżnicowanymi zawartościami związków: K2O, P2O5, Na, N-NO3 oraz stalą i niewielką 
zawartością związków Ca (tab. 1).

Ponadto na terenie Tarnowa na szczególną uwagę zasługuje występowanie Puccinellia distans 
na dnie przyfabrycznych wyschniętych osadników wodnych na twardym, grubym do kilku m pod­
łożu osadzonego szlamu o specyficznych właściwościach chemicznych (tab. 1). Puccinellia distans 
występuje tam często, pojedynczo lub w zwarciu, wśród inicjalnego zbiorowiska z mszakami.


