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ABSTRACT

Three dif fer ent types of en vi ron men tal con di tions were used in five years of turf grass eval u a tion: no.1 – in sun,
mod er ately in ten sive man age ment with ir ri ga tion; no.2 – in park shade, ex ten sively man aged but ir ri gated when
nec es sary; no.3 – in park shade, ex ten sively man aged and not ir ri gated. Vi sual merit (VM) of fol low ing cultivars
was scored in 1 – 9 scale: pe ren nial ryegrass Stadion, red fes cue Nimba, smooth-stalked meadow grass Conni, tall
fes cue Asterix, pros trate meadow grass Supranova and tufted hair grass Brok. Sig nif i cant dif fer ences be tween
cultivars as a re sponse to dif fer ent en vi ron men tal con di tions were ob served. Vari a tion of VM across sea sons and
years was dif fer ent for par tic u lar cultivars. Ir ri ga tion strongly in flu enced turf qual ity es pe cially in shade con di -
tions. For each type of environment ‘reference’ cultivars were proposed.
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INTRODUCTION

Spe cific re ac tion of grasses to dif fer ent con di tions of site and man age -
ment is a well known fact (Watschke and Schmidt, 1992). Most field ex per i -
ments on turf grasses re fer to sun con di tions. In the case of com bi na tions of
dif fer ent stress con di tions (i.e. def i cit of light and wa ter) stud ies are scarce.
Nat u ral shade con di tions in com bi na tion with other stress fac tors can
weaken plant growth (Dudeck and Pea cock, 1992; Fresenburg, 2005). Tree
roots com pete with grasses for wa ter and nu tri ents. Allelopathic (i.e. in hib i -
tory) ef fects of some trees are also im por tant for sev eral spe cies. Ex ces sive
or ganic mat ter from leaf lit ter may also in hibit turf growth. There fore it is
hard to make good in ter pre ta tion of vari able shade ef fects in field con di -
tions. How ever any new re sults are valu able as a ‘new ex am ple’ of re la tion -
ships be tween spe cies and spe cific con di tions.

The aim of our study was to eval u ate how dif fer ent en vi ron men tal con di -
tions af fects the per for mance of turf grass cultivars.
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MATERIALS AND METHODS

Eval u a tion was car ried out on the fol low ing turf cultivars: pe ren nial
ryegrass (Lolium perenne L.) cv. Stadion, red fes cue (Fes tu ca rubra L. ssp.
trichophylla) cv. Nimba, smooth-stalked meadow grass (Poa pratensis L.)
cv. Conni, tall fes cue (Fes tu ca arundinacea Schreb.) cv. Asterix, pros trate
meadow grass (Poa supina L.) cv. Supranova and tufted hair grass
(Deschampsia cespitosa L.P.Beauv.) breed ing strain Brok. Seed of above
cultivars was sown on plots of 1 m2 in April of 2001. Sow ing rates ranged
from 10 g × m-1 for tufted hair grass, pros trate meadow grass and smooth
stalked meadow grass cultivars, 15 g × m-1 for red fes cue, 20 g × m-1 for pe -
ren nial ryegrass up to 30 g × m-1 for tall fes cue. Ex per i ment was ar ranged in
ran dom ized block de sign with three rep li ca tions on silt sandy soil (pH 6.7)
in cen tral Po land (Radzików, 52°12’ N, 20°37’ E) in three fol low ing en vi -
ron men tal con di tions: 

— en vi ron men tal con di tion no.1 - full sun, me dium in ten sive man age -
ment, fer til iza tion ca. 190 kg N × ha-1, 20 – 25 cuts per year at ca. 4
cm, ir ri ga tion dur ing drought pe ri ods;

— en vi ron men tal con di tion no.2 - heavy park shade (Sorbus sp. and
Acer sp. trees), ex ten sive man age ment, fer til iza tion ca. 40 kg N ×
ha-1, from 9 to 11 cuts per year at 7 cm, ir ri ga tion dur ing drought pe ri -
ods;

— en vi ron men tal con di tion no.3 – heavy park shade (Tilia sp. and
Pinus sp.), ex ten sive man age ment with fer til iza tion 40 kg N × ha-1,
from 9 to 11 cuts per year at 7 cm, with out ir ri ga tion.

Chem i cal con trol against in sects from Cecidomyiidae fam ily (Diptera),
se ri ously dam ag ing till ers of tufted hair grass was ap plied in May 2002
(lambda-cyhalothrin, 7.5 g per 1 ha).

Vi sual merit (VM), which is a com bi na tion of sward den sity, leaf width,
dis ease re sis tance and healthy color, was eval u ated dur ing early spring (es),
spring (sp), sum mer (su), au tumn (au) and win ter (wi) us ing 1 – 9 scale,
where 9 is per fect turf, 5 – least ac cept able turf and 1 is no turf cover
(Proñczuk, 1993). In spring of 2003 and 2004 snow mould (SM) in fec tion
was eval u ated on a 1 – 9 rat ing scale, where 9 is no dis ease symp toms ob -
served and 1 – no re sis tance, all plants dis eased (Proñczuk, 2000).

Light in ten sity in shade was dif fer ent in hours and sea sons. In ten sity of
PAR (Photosyntetically Ac tive Ra di a tion) was mea sured be fore, dur ing and 
af ter noon on a sunny day with LICOR spectroradiometer. Val ues mea sured
in sum mer ex actly at 12:00 ranged from 120 to 200 mmol × m-2 × s-1 as com -
pared to full sun light 1225 mmol × m-2 × s-1. PAR in ten sity in shade was re -
duced be fore noon (10%) to af ter noon (30%) as com pared to full sun light at 
12:00. Dur ing au tumn, af ter leaf fall and dur ing spring (be fore tree leaf ing)
light in ten sity in shade strongly in creased up to level of full sun light af ter -
noon (Proñczuk et al. 2003, Proñczuk and Proñczuk 2006).
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Cli ma tic con di tions dur ing eval u a tion pe riod are sum ma rized in Table 1.
Re sults of ob ser va tions were an a lyzed with SAS® sta tis ti cal pack age, LSD
val ues were cal cu lated ac cord ing to Fisher test with prob a bil ity of 95%
(SAS In sti tute, 2004 a, b).

RESULTS AND DISCUSSION

All sources of vari a tion (cultivars, sea sons, years and man age ments) as
well as all in ter ac tions sig nif i cantly af fected VM (Ta ble 2). Man age ments
ac counted for more than a half of to tal vari a tion. Cultivars used in ex per i -
ment gave dif fer ent re sults un der dif fer ent: con di tions, years and sea sons
(Ta ble 3 and 4).

The best per form ing cultivars in en vi ron men tal con di tions no. 1 were red
fes cue Nimba and smooth - stalked meadow grass Conni (VM = 6.6 and 6.4,
re spec tively), how ever only fair in early spring (VMes = 5.0 and 5.9).
Cultivars of the high est early spring VM were tufted hair grass Brok and
pros trate meadow grass Supranova (VMes = 6.8 and 6.7, re spec tively).
Grad ual de crease of VM re sulted in the low est win ter val ues of both
cultivars (VMwi = 4.9 and 4.3, for Brok and Supranova, re spec tively). Both
cultivars were brown in stead of green dur ing late au tumn. Supranova ex hib -
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Ta ble 1
Sum mary of cli ma tic data dur ing the ex per i ment

Years

Months
Yearly IV–X

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

Precipitation [mm] Total

2002 34.1 42.4 25.9 21.2 33.4 57.6 19.1 39.5 0.0 34.0 0.0 8.0 315.2 204.8

2003 8.2 0.0 6.2 7.5 21.0 25.4 61.9 35.3 4.3 14.8 15.4 27.1 227.1 170.2

2004 0.0 10.8 0.0 66.6 67.0 56.4 102.5 54.1 7.8 2.2 39.5 9.7 416.6 356.6

2005 30.8 38.5 33.5 22.4 46.2 18.2 44.6 41.8 23.8 3.6 31.0 63.3 397.7 200.6

2006 31.0 44.2 12.4 38.8 52.0 29.0 4.6 190.0 27.8 23.2 55 31 539.2 365.2

1955–2006 24.0 22.1 24.3 34.9 52.6 65.8 75.9 59.2 41.5 31.2 35.9 32.3 499.9 361.2

Temperature [°C] Average

2002 -0.1 4.5 5.3 10.2 19.4 19.4 23.0 22.8 13.7 7.2 4.1 -6.6 10.2 16.5

2003 -2.9 -4.9 1.9 7.3 15.7 18.0 20.2 18.7 13.8 15.4 4.9 0.9 9.1 15.6

2004 -5.1 0.0 3.5 8.7 12.0 15.8 17.9 19.0 13.5 10.0 3.7 1.8 8.4 13.8

2005 1.3 -1.4 0.7 9.3 14.1 16.5 20.7 18.0 16.0 9.5 3.4 -0.1 9.0 14.9

2006 -8.4 -2.9 -0.7 9.2 14.3 18.3 23.4 18.1 16.2 11.0 6.0 4.3 9.1 15.8

1955–2006 -2.4 -1.5 2.2 8.1 14.0 17.1 18.8 18.1 13.5 8.8 3.3 -0.5 8.3 14.1



ited the high est sea sonal vari a tion of VM (18.4%). Cultivar of the low est
over all per for mance was tall fes cue Asterix, of es pe cially low VM val ues
dur ing early spring. It was mostly due to se vere snow mould in fec tion as
well as wide leaf neg a tively af fect ing vi sual merit. No strong snow mould
in fec tion was noted for pe ren nial ryegrass Stadion (tab. 5), as usu ally re -
ported by other au thors (Proñczuk, Zagdañska, 1993; Proñczuk, 2000). VM
of Stadion was much more sta ble (CV = 5.6%) across sea sons than for other
cultivars.

In en vi ron men tal con di tions no. 2 the high est over all per for mance was
noted for Supranova (VM = 6.0), which lost much of its qual ity dur ing au -
tumn and win ter, mostly due to change in color of leaves from green to yel -
low ish brown. Nimba, Brok and Conni gave good re sults from early spring
to sum mer but lost its aes thetic val ues in au tumn and win ter. The high est
win ter VM (5.6) was noted for Asterix, which grad u ally re gen er ated af ter
heavy snow mould in fec tion at spring (SM = 2.7, VMes = 3.0). The most sta -
ble cultivar was Stadion (CV = 10.1%) and the  least – Brok (CV = 22.9%).
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Ta ble 2
Anal y sis of com po nents of vari a tion

Variation components df Mean square effect F

Seasons (1) 4 24.1 31.5 ***

Managements (2) 2 199.5 260.4 ***

Years (3) 4 67.8 88.5 ***

Cultivars (4) 5 33.1 43.2 ***

Interactions:

1 × 2 8 8.5 11.1 ***

1 × 3 16 13.4 17.5 ***

2 × 3 8 15.7 20.5 ***

1 × 4 20 17.2 22.5 ***

2 × 4 10 48.1 62.7 ***

3 × 4 20 20.2 26.3 ***

1 × 2 × 3 32 6.0 7.8 ***

1 × 2 × 4 40 2.6 3.4 ***

1 × 3 × 4 80 2.6 3.4 ***

2 × 3 × 4 40 2.3 3.0 ***

1 × 2 × 3 × 4 160 1.5 1.9 ***

Mean square error 0.77



In en vi ron men tal con di tions no. 3 Asterix as well as Nimba ex hib ited the
high est val ues of VM (VM = 5.6 and 5.3, re spec tively). Men tioned cultivars 
gave quite sta ble ‘of fer of green’ from spring to win ter. Mod er ate re sults of
VM were noted for Stadion and Supranova. Per for mance of Stadion de -
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Ta ble 3
Vi sual merit (VM) of tested va ri et ies in dif fer ent sea sons

Species abbreviation/
Cultivar name

VM [scale 1 - 9]

CV [%]Early
spring Spring Summer Autumn Winter Mean

Environmental condition no. 1 - sun with irrigation

L.p. STADION 5.8 AB 6.6 A 6.1 AB 6.3 BC 6.7 A 6.3 AB 5.6

F.a. ASTERIX 4.2 C 5.1 B 4.9 B 5.5 BCD 5.5 CD 5.1 C 10.6

D.c. BROK 6.8 A 6.5 A 5.2 B 4.9 CD 4.9 DE 5.7 BC 16.3

P.s. SUPRANOVA 6.7 A 6.1 AB 5.4 B 4.6 D 4.3 E 5.4 C 18.4

F.r. NIMBA 5.0 BC 7.0 A 7.1 A 7.3 A 6.6 AB 6.6 A 14.1

P.p. Conni 5.9 AB 6.9 A 6.5 A 6.9 AB 5.9 BC 6.4 A 7.6

LSD 1.13 1.16 0.98 0.93 0.76 0.74 X

Environmental condition no. 2 - shade with irrigation

L.p. STADION 3.1 C 4.2 C 3.6 D 3.5 C 3.5 C 3.6 C 10.8

F.a. ASTERIX 3.0 C 4.2 C 4.7 C 5.4 A 5.6 A 4.6 B 22.8

D.c. BROK 5.2 AB 5.7 B 5.8 B 4.1 B 3.4 C 4.8 B 21.4

P.s. SUPRANOVA 5.9 A 6.6 A 7.5 A 5.2 A 4.8 AB 6.0 A 17.9

F.r. NIMBA 4.7 B 5.5 B 5.9 B 5.7 A 4.9 AB 5.4 B 9.9

P.p. CONNI 5.2 AB 5.8 AB 5.5 BC 4.2 BC 4.1 BC 5.0 B 15.2

LSD 0.94 0.82 0.60 0.79 0.98 0.58 X

Environmental condition no. 3 - shade without irrigation

L.p. STADION 3.9 AB 5.7 A 3.5 B 4.2 C 4.9 B 4.5 BC 19.6

F.a. ASTERIX 3.7 AB 5.1 AB 5.7 A 6.6 A 6.0 A 5.6 A 20.6

D.c. BROK 4.1 AB 4.6 CD 3.7 B 3.7 C 3.1 CD 3.9 CD 14.6

P.s. SUPRANOVA 4.5 A 5.5 AB 4.9 A 4.9 B 3.9 C 4.9 AB 12.5

F.r. NIMBA 4.1 AB 5.7 A 5.3 A 6.3 AB 5.0 B 5.3 AB 15.4

P.p. CONNI 3.2 B 3.8 C 3.1 B 3.5 C 2.8 D 3.3 D 11.8

LSD 1.13 1.10 1.09 1.10 0.95 0.82 X

Ex pla na tions: A, B, C, ….E – means fol lowed by the same let ters are not sig nif i cantly dif fer ent 
Spe cies ab bre vi a tions: L.p. – Lolium perenne, F.a. – Fes tu ca arundinacea, D.c. – Deschampsia cespitosa, P.s. –
Poa supina, F.r. – Fes tu ca rubra, P.p. – Poa pratensis



creased dur ing sum mer (VMsu = 3.5) and of Supranova dur ing win ter (VMwi

= 3.9). Stadion was only slightly in fected by snow mould. Un sat is fac tory
turf was ob served for Conni and Brok (VM = 3.3 and 3.9, re spec tively). The
most sta ble cultivar was Stadion (CV = 12.1%) and the poor est sta bil ity of
VM was found for Supranova (CV = 40.1%).
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Ta ble 4
Vi sual merit (VM) of tested va ri et ies dur ing 5 years of ex per i ment

Species abbreviation/
Cultivar name

VM [scale 1 - 9]
CV [%]

2002 2003 2004 2005 2006 Mean

Environmental condition no. 1 - sun with irrigation

L.p. Stadion 6.5 AB 6.5 C 7.1 A 6.5 A 4.9 B 6.3 AB 12.8

F.a. Asterix 6.0 C 5.4 D 6.5 A 4.2 C 3.2 D 5.1 C 26.5

D.c. Brok 6.9 A 6.3 C 5.5 B 4.8 BC 4.8 BC 5.7 BC 16.5

P.s. Supranova 6.3 BC 6.7 BC 6.5 A 4.2 C 3.5 CD 5.4 C 26.7

F.r. Nimba 6.3 BC 7.2 AB 6.9 A 6.3 A 6.3 A 6.6 A 6.6

P.p. Conni 6.2 BC 7.3 A 6.5 A 5.5 AB 6.5 A 6.4 A 10.5

LSD 0.49 0.65 0.66 1.05 1.33 0.74 X

Environmental condition no. 2 - shade with irrigation 

L.p. Stadion 3.5 C 3.3 C 3.6 C 3.4 C 4.2 CD 3.6 C 10.1

F.a. Asterix 4.8 B 5.1 B 5.1 B 4.2 BC 3.7 D 4.6 B 13.1

D.c. Brok 6.3 A 5.2 B 3.3 C 4.3 B 5.0 BC 4.8 B 22.9

P.s. Supranova 6.5 A 6.6 A 6.2 A 5.8 A 4.9 BC 6.0 A 11.6

F.r. Nimba 4.3 BC 5.5 B 5.1 B 5.9 A 6.1 A 5.4 B 12.9

P.p. Conni 4.4 BC 5.3 B 4.3 BC 5.1 AB 5.7 AB 5.0 B 11.7

LSD 1.04 0.59 1.01 0.88 0.81 0.58 X

Environmental condition no. 3 - shade without irrigation 

L.p. Stadion 5.1 BC 4.6 CD 4.9 AB 3.9 C 3.9 B 4.5 BC 12.1

F.a. Asterix 6.4 A 6.9 A 5.5 A 4.8 B 4.1 B 5.6 A 20.4

D.c. Brok 5.1 BC 4.9 C 3.9 BC 3.0 D 2.4 C 3.9 CD 30.6

P.s. Supranova 6.1 AB 6.6 AB 6.0 A 3.3 CD 2.3 C 4.9 AB 40.1

F.r. Nimba 4.1 CD 5.6 BC 5.8 A 5.9 A 5.2 A 5.3 AB 13.4

P.p. Conni 3.7 D 3.7 D 3.3 C 3.1 D 2.6 C 3.3 D 13.5

LSD 1.08 1.19 1.37 0.79 0.57 0.82 X

Ex pla na tions: A, B, C, ….E – means fol lowed by the same let ters are not sig nif i cantly dif fer ent 
Spe cies ab bre vi a tions: see Ta ble 3



Sea sonal changes of vi sual merit were ob served for all tested cultivars.
How ever, in case of tall fes cue and tufted hair grass it is pos si ble to use ef fect
of ‘sea sonal com pen sa tion’ of vi sual merit in hy po thet i cal turf mix ture
(Fig. 1). It also showed how changes of VM could be se ri ously af fected by
dif fer ent en vi ron men tal con di tions.

Apart from sea sonal vari a tion also changes in vi sual merit be tween years of 
main te nance were an a lyzed (Table 4). It is es pe cially im por tant in case of
per sis tency of turf (Diesburg et al. 1997; ¯urek 2007). 

In en vi ron men tal con di tions no. 1 two groups of cultivars were se lected:
one of rel a tively high sta bil ity of VM (Nimba, Stadion and Conni) and sec -
ond of de creas ing VM (Asterix, Brok and Supranova). High sta bil ity of
Stadion and low sta bil ity of Asterix were sur pris ing. For Asterix low VM was 
the ef fect of se vere in fes ta tion of snow mould (Table 5).

In en vi ron men tal con di tions no. 2, Stadion, Supranova and Conni were rel -
a tively sta ble (CV from 10.1 to 11.7%, re spec tively), as com pared to other
tested cultivars. Each of tested spe cies ex hib ited dif fer ent type of changes
with time: tufted hair grass de creased from 2002 to 2004 and fur ther in creased 
up to 2006. In case of this spe cies, ob served VM in crease could be prob a bly
due to chem i cal con trol against in sects ap plied since 2004. VM of Asterix
was sta ble from 2002 to 2004 and fur ther de creased to 2006. VM of Nimba
in creased dur ing all test pe riod with slight de crease in 2004 and VM of
Supranova de creased from 2002 to 2006.

In en vi ron men tal con di tions no. 3 high VM of Asterix was ob served dur ing 
2002 – 2004 and slight de crease up to 2005. Other cultivars, ex pos ing rather
high and sta ble VM val ues in such un fa vour able con di tions, were Nimba and
sur pris ingly, Stadion. The low est VM val ues were noted for Conni,
Supranova and Brok, where grad ual de crease in VM val ues led prac ti cally to
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Ta ble 5
The oc cur rence of snow mould symp toms on tested va ri et ies af ter win ter 2003/2004

Species abbreviation/ 
Cultivar name

Environmental 
condition no. 1

Environmental 
condition no. 2

Environmental 
condition no. 3

L.p. STADION 6.3 B 3.8 B 7.7  A

F.a.  ASTERIX 3.0 D 2.7 B 4.7 C

D.c. BROK 7.8 A 5.7 A 8.0 A

P.s.  SUPRANOVA 7.0 AB 6.7 A 5.7 BC

F.r.  NIMBA 4.8 C 5.7 A 6.3 B

P.p. CONNI 7.3 AB 6.3 A 5.3 BC

LSD 1.33 1.45 1.19

Ex pla na tions: A, B, C, ….E – means fol lowed by the same let ters are not sig nif i cantly dif fer ent, 
1-9 scale, where 1 – no turf, 9 – no vis i ble dis ease symp toms; Spe cies ab bre vi a tions – see Ta ble 3.
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c — En vi ron men tal con di tion no. 3 (shade with out ir ri ga tion)

Fig. 1. Sea sonal ‘com pen sa tion’ of turf qual ity of Fes tu ca arundinacea Asterix (solid line, shaded boxes) and
Deschampsia cespitosa Brok (dashed line, black boxes) in dif fer ent man age ments 



turf dis ap pear ance. It could be partly due to the wa ter def i cit, which is very
dam ag ing for smooth stalked meadow grass and tufted hair grass in turf cul -
ture, es pe cially in ex ten sive man age ment in the sun (¯urek 2006; 2007). 

The over all qual ity of tested cultivars was sum ma rized in Ta ble 6. Cultivar
of the high est aes thetic val ues in the sun con di tions were red fes cue Nimba,
in mod er ate wet shade con di tions – pros trate meadow grass Supranova and in 
dry shade con di tions – tall fes cue Asterix. Nimba and Supranova were the
mostly ‘uni ver sal’ cultivars. Vi sual merit of both cultivars was at least 5.0 in
all en vi ron ments.

CONCLUSIONS

1. Vi sual merit (qual ity) of turfgrass cultivars was highly de pend ent on
en vi ron men tal con di tions.

2. Some cultivars, the best in sun con di tions were the worst in shade
con di tions.

3. The high est vari a tion of turfgrass qual ity across sea sons and years of
main te nance were ob served un der non ir ri gated shade con di tions.

4. The re sults of eval u a tion were strongly in flu enced by prev a lence of
snow mould. 

REFERENCES

Diesburg K., L., N. E. Chris tians, R. Moore, B. Branham, T., K. Danneberger, Z., J. Reicher, T. Voigt, D.,
D. Minner, R. Newman. 1997. Spe cies for low-in put sus tain able turf in the U.S. Up per Mid west.
Agron. J. vol. 89, no. 4; 690 - 694.

Dudeck A. E., Pea cock C.H., 1992. Shade and turfgrass cul ture. In: Waddington D.V. et. al. (eds.) Turfgrass 
– Agron omy Mono graph no.32. ASA-CSSA-SSSA, Mad i son, Wis con sin, USA: 269 – 284.

Fresenburg B.S. 2005. Grasses in shade: es tab lish ing and main tain ing lawns in low light. Uni ver sity of Mis -
souri Ex ten sion, http://muextension.missouri.edu/xplor/agguides/hort/g06725.htm

The ef fect of dif fer ent en vi ron men tal con di tions on vi sual merit of turf grasses 43

Ta ble 6
Mean val ues of VM across sea sons and years

Species abbreviation/
Name of cultivar
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No. 3 (Shade
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