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Abstract: In years 2010–2011 in the areas of the Plant Breeding Station of Polanowice near Krakow (220 m

a.s.l.) a field study was conducted in order to assess diversity in seed production potential, thousand kernel

weight and germination capacity among different forms of common meadow grass. The study covered 31

different forms of common meadow-grass including 28 families of the Eska 46 cultivar, 2 ecotypes and

1 strain. The experiment was established by planting the grasses (solitaries) in rows 40 m of length and every

40 cm in the row. The rows of experimental objects were 2.20 m apart. It is known from literature that this

species cultivated as seed crop gives low seed production and the yields would differ substantially among

cultivars. The study demonstrated considerable differentiation in seed yield among all the forms, which was

confirmed by high coefficient of variation scores, between 32.5 % (group III) and 55.3 % (group II). Seed

production extended from 13 kg � ha–1 for the family E24 to 100 kg � ha–1 for the ecotype EK. POLWAMOD

193 143 714. The variation of germination capacity was between 12.8 % for group III and 15.9 % for group II.

The only low variation in thousand kernel weight was noted within the analysed forms of Poa pratensis.
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Common meadow-grass (Poa pratensis L.) is one of the most important grass

species, whether used for fodder or for lawns. Morphological and biological traits

determine seed production potential in its cultivars, which is of great consequence in

terms of economic use. Common meadow-grass cultivation for seed is fairly difficult

and unfortunately, seed yielding is low [1, 2]. The species is distinguished by a negative
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correlation between seed production potential and the use value of its cultivars. The

most valuable cultivars, both in the respect of nutritional value and turf quality in lawns,

would give lower seed production. As demonstrated by experimental data the volume of

seed yielding is for the most part determined by genetic potential of a given cultivar [3,

4]. Kaszuba and Ostrowska [5] reported that appropriate materials for growing can be

common meadow-grass forms and ecotypes coming from natural settings. Apart from

the amount of generative shoots given by a plant as well as the numbers of pedicels and

spikelets, another significant yield-affecting trait of Poa pratensis is the weight of seeds

expressed as thousand kernel weight. Literature on the subject states that grain weight is

a genetically determined trait, which can be treated as a marker in assessment of

cultivars.

The thousand kernel weight (TKW) along with grain health, purity, humidity and

germination capacity assessments are factors in sowing value evaluation. Some

researchers maintain that the seeds of high weight provide higher production and

facilitate seed cleaning.

Differences in grain weight and size are found not only among various species and

cultivars, but certain variations are also observable within a seeds portion of the same

cultivar [6]. Decisive for grain weight and size would be environmental conditions,

especially during plant flowering, as well as harvest timing or the position of the

caryopsis in a panicle. Germination speed and capacity are considered to be basic

factors of seed vigour. The relationships between weight and size of grains and

germination capacity of seed material were found out in numerous studies [7–10]. In

certain works the grains of average size occurred to give higher germination percentage

than both smaller and larger ones [11, 12]. Other authors did not reported any

correlation between these traits [13] or the correlation was negative [7, 14].

Our aim was to analyse planted objects in terms of the parameters concerning traits

related to propagational potential, and perform selection to choose the forms which are

the most valuable for cultivation.

Materials and methods

The study was conducted in the areas of the Plant Breeding Station of Polanowice

near Krakow (220 m a.s.l.) in years 2010–2011. Polanowice is situated in Lesser Poland

Viovodeship, Krakow County, Gmina of Slomniki. It is about 25 km to the north-east of

Krakow. This area belongs to the Proszowice Plateau located within Lesser Poland

Upland. Soils occurring here are deep humus-rich loess on calciferous bed-rock or

sometimes shallow rendzina soil.

The experimental field was set up on degraded black-earth formed from loess.

Chemical properties of the soil were as follows: pHKCl: 7.0, available nutrients:

51 g � kg–1 P, 104.2 g � kg–1 K and 41.1 g � kg–1 Mg.

Climate in this region is temperate. Having analysed multi-year data one would

suppose that springs are generally bright with average precipitation and late spring

ground frosts. Summers are sunny also, although with high precipitation in July and

August, mainly from storms. Autumns are usually dry and bright, and higher precipita-
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tion scores are noted not until a late autumn. First ground frosts happen early. Winters

are typically mild with light snowfalls. Multi-year average annual precipitation is at

about 500 mm. The beginning of work in the field is toward the end of March, whereas

the end falls in the middle of October. Such climate conditions are favourable for

principally all crops grown in Poland. The highest loss in cultivated plants are due to

temperature jumps in the absence of snow cover (winter crops would freeze) or, even

though the station is situated on the border of a hail belt, due to incidental hailing.

Total annual precipitation for the experimental period (years 2010 to 2011) ranged

between 390.3 and 940.0 mm (Table 1). However, average precipitation for a growing

season (Apr to Sep) varied from 309.3 to 784.8 mm. Average annual temperature in the

experimental years ranged between 4.75 and 5.47 oC, while average temperature in

April to September periods was 10.76 to 13.23 oC. The year 2010 was distinct due to

a high rate of precipitation, so certain areas of Poland were flooded then.

Table 1

Distribution of precipitation rates and average air temperature for Plant Breeding Station at Polanowice

No. Month

Mean temperature [oC] Precipitation [mm]

Year

2010 2011 2010 2011

1 January –7.5 –2.8 37.3 23.0

2 February –4.8 –5.0 21.5 2.7

3 March –0.4 –0.7 16.6 14.5

4 April 7.1 6.1 27.7 35.5

5 May 11.4 1.3 185.6 43.2

6 June 17.8 16.1 130.0 38.1

7 July 18.3 15.9 179.5 135.1

8 August 16.5 14.7 151.6 40.2

9 September 8.3 10.6 110.4 17.2

10 October 1.9 4.1 9.0 19.9

11 November 2.7 –1.5 46.3 0.0

12 December –5.7 –1.7 24.5 20.9

Average yearly air temperature 5.47 4.75 — —

Average air temperature in growing

season (Apr. to Sept.) 13.23 10.76 — —

Total annual precipitation — — 940.0 390.3

Total precipitation in growing

season (Apr. to Sept.) — — 784.8 309.3

The study involved 31 different forms of common meadow-grass including 28

families of the Eska 46 cultivar, 2 ecotypes and 1 strain. The experimental field was

established by planting the grasses (solitaries) 40 cm apart, in rows 40 m long.

A distance between the rows of experimental objects was 2.20 m.
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The experiment was set up in May 2010. In this year before planting the grass

50 kg N � ha–1 had been spread as ammonium nitrate, 60 kg P2O5 � ha–1 as triple

superphosphate, and 80 kg K2O � ha–1 as potassium muriate 57 %.

In autumn time the grown grasses was cut down to the height of 10–12 cm over the

ground, because cutting them too low would considerably decrease seed yielding in the

successive year. The closing time for mowing was the end of September. In the

following year the whole plantation was harrowed carefully in order to remove the

remnants of dead plants and to stimulate plant growing. In situations of excessive weed

expansion Chwastox Extra 330 SL and Starane 250 SL were applied at the respective

doses of 1.5 and 0.6 � ha–1. Individual stubborn weeds were eliminated by spot

application of Roundup herbicide. Moreover, dicotyledonous weeds were eradicated at

the beginning of September and in spring as soon as the growth had started, with the aid

of Stomp 330 EC, where 5 dm3
� ha–1 dose of preparation was dissolved in 300 dm3 of

water. After threshing seeds were initially winnowed with the use of a fanner. Drying

up took place in a roofed space permeable to air until humidity had fallen below 14 %.

Being dried up the seeds were winnowed again.

Next to threshing, drying up and cleaning samples of the seed were taken and

thousand kernel weight estimated. The appraisal of TKW was performed according to

ISTA rules and based on the weight of 800 individual caryopses. For each form

3 replicates were employed.

Evaluation of germination process in Poa pratensis seeds was proceeded in

laboratory conditions. The grains were sown onto a filter paper placed in a germinator

using 50 seeds per a filter. There were 4 replicates done, which enabled to evaluate

germination process in 200 grains of each form. Seeds were germinated at alternating

temperatures, in conformity with ISTA rules, 20/30 oC (23–25 oC on average). The

numbers of germinated sees were recorded twice, when 10 and 28 days passed after

sowing. The initial counting allowed to determine germination speed (germination

energy over 10 days), while the final one, past 28 days, allowed to determine the index

of germination capacity.

Data from the field experiment were statistically appraised by proceeding the

analysis of variance according to the repeated measures design. Significant differences

between means were estimated using the confidence interval by Tukey’s range test at

the significance level � = 0.05.

Result and discussion

The research into the seed production potential of plants from selected Poa pratensis
forms covered the analysis of thousand kernel weight, germination capacity and seed

yielding. Thousand kernel weight in these forms was differential and ranged between

0.255 and 0.429 g (Table 2). Due to high variation of the trait the analysed forms were

classified under 3 groups; similar classification can be found in a paper by Szenejko

[15]. Group I included 11 forms for which TKW fell within the interval of 0.255 to

0.314 g, group II were 7 forms of average weight, whose TKW ranged between 0.315

and 0.373 g, and group III counted as many as 13 forms with seeds weighing from
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Table 2

Characteristics of Poa pratensis seeds (averages for replicates)

Form
Thousand seeds weight

[g]

Germination ability

[%]

Seeds yield

[kg � ha–1]

Group I: tiny seeds (0.255–0.314 g)

E 16 0.255 94 50

E 33 0.265 91 39

E 38 0.265 89 63

E 42 0.282 87 65

E 28 0.283 59 31

E 19 0.283 94 63

E 24 0.286 74 13

E 21 0.287 86 44

E 20 0.287 79 15

E 30 0.298 83 16

E 22 0.301 73 38

Standard deviation 0.014 10.7 19.5

Variation coefficient [%] 5.0 12.9 49.2

LSD(0.05) 0.019 11.1 24.6

Group II: average seeds (0.315–0.373 g)

EK. 143 708 0.316 88 41

EK. POLWAMOD 193 143 714 0.320 83 100

SKW 37 2 0.321 85 38

E 34 0.326 83 25

E 27 0.360 81 43

E 41 0.362 58 38

E 35 0.367 62 31

Standard deviation 0.023 12.0 25.0

Variation coefficient [%] 6.7 15.5 55.3

LSD(0.05) 0.022 10.6 19.6

Group III: massive seeds (0.374–0.432 g)

E 17 0.375 83 31

E 1 0.381 61 38

E 39 0.383 71 39

E 32 0.384 85 63

E 3 0.394 72 35

E 9 0.394 86 25

E 29 0.396 69 56

E 2 0.400 65 36

E 18 0.413 73 35

E 31 0.414 82 49

E 14 0.421 97 26

E 40 0.423 81 19

E 5 0.429 80 43

Standard deviation 0.018 9.9 12.4

Variation coefficient [%] 4.4 12.8 32.5

LSD(0.05) 0.025 15.9 18.6
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0.374 to 0.432 g. The heaviest seeds were characteristic of the families E17, E1, E39,

E32, E3, E9, E29, E2, E18, E31, E14, E40 and E5. The ecotypes and the strain were

classified under group II or these of average weight. Similar connections were observed

by Zylka and Pronczuk [16], who analysed variation in thousand kernel weight for lawn

forms of Poa pratensis L. Average weight of a thousand seeds was 0.281 g for group I,

0.339 for group II, while 0.401 g for group III. Average variation of this trait was

assessed as 5.0, 6.7 and 4.4 % respectively for these groups.

According to the Minister of Agriculture and Rural Development Order of 1st

February 2007 [17] concerning specific requirements for seed material production and

quality, a minimum value of seed germination capacity is assessed as 75.0 %. Common

meadow grass is a species, whose seeds germinate not until 28 days after sowing [18].

Therefore seed germination capacity in the analysed forms was determined as soon as

this time had passed. The percentage of seeds germinated after 28 days for group I was

superior and amounted to 82.6 %, whereas in groups II and III it was respectively

77.1 % and 77.3 %. At the same time the respective ranges of obtained scores were 59

to 94 % for group I, 58 to 88 % for group II, and 61 to 97 % for group III. The variation

of germination capacity within these groups ranged from 12.8 % for group III to 15.9 %

for group II.

As regards seed yielding there was considerable differentiation found among all the

forms, and this was confirmed by high values of the coefficient of variation ranging

from 32.5 % (group III) to 55.3 % (group II). Namely seed production varied between

13 kg � ha–1 for the family E24 and 100 kg � ha–1 for the ecotype EK. POLWAMOD 193

143 714. This parameter reached the highest value for group II, which is 5.4 kg above

group I and 7.1 kg above group III.

The findings from our study pointed out at sizeable differences in seed production

potential among analysed forms of Poa pratensis. Furthermore, results by other authors

indicate that there is cultivar-specific variation in the seed production potential of

common meadow grass. In a study by Martyniak [19] seed yielding was characterized

by considerable variation between 32.8 and 61.5 %.

Then by our research low variation in thousand kernel weight was noted within the

analysed Poa pratensis forms. The statement that the trait is stable would be confirmed

by the findings of Volterrani et al [20] as well as of Zylka and Pronczuk [16].

This study estimated correlations among the mean values of all examined traits in

selected forms of Poa pratensis (Table 3).

Table 3

Correlation between mean values of the examined traits of Poa pratensis

Investigated trait
Thousand seeds weight

[g]

Germination ability

[%]

Seeds yield

[kg � ha–1]

Thousand seeds weight [g] 1 — —

Germination ability [%] –0.285 1 —

Seeds yield [kg � ha–1] –0.149 0.226 1

Thousand kernel weight was considered here, although it did not affect significantly

the analysed parameters. Negative correlations were demonstrated between thousand
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kernel weight and both germination capacity and seed yield. Weak positive correlation

was shown between germination capacity and seed yielding It deserves our attention

that Zylka and Pronczuk [16] also calculated correlation indices for thousand kernel

weight and seed yield in Poa pratensis amenity cultivars, and these occurred to be low

and statistically insignificant.

Conclusions

1. The average value of thousand kernel weight in the analysed forms occurred to be

a stable trait, which would be confirmed by low values of coefficient of variation (CV).

At the same time higher values of this coefficient were typical for the average seeds.

2. Little correlation was found between thousand kernel weight and germination

capacity. The tiny caryopses of Poa pratensis forms germinated slightly easier than the

heavier ones.

3. The investigated ecotypes and strain in question were evaluated as being at

medium level of the analysed traits in comparison with the families of Eska 46 cultivar.
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ANALIZA PLONU NASION, MASY TYSI¥CA NASION I ZDOLNOŒCI KIE£KOWANIA

WYBRANYCH FORM Poa pratensis L.

1 Zak³ad £¹karstwa, Instytut Produkcji Roœlinnej

Uniwersytet Rolniczy im. Hugona Ko³³¹taja w Krakowie
2 Dzia³ Technologii, Ekologii i Ekonomiki Produkcji Zwierzêcej

Instytut Zootechniki PIB Balice
3 Zak³ad Hodowlano-Produkcyjny Polanowie

Ma³opolska Hodowla Roœlin – HBP Sp. z o.o.

Abstrakt: W latach 2010–2011 na terenie Stacji Hodowli Roœlin w Polanowicach ko³o Krakowa (220 m

n.p.m.) przeprowadzono doœwiadczenie polowe, którego celem by³a ocena zró¿nicowania ró¿nych form

wiechliny ³¹kowej pod wzglêdem potencja³u nasiennego, masy tysi¹ca nasion i zdolnoœci kie³kowania.

Badaniami objêto 31 form wiechliny ³¹kowej, w tym 28 rodzin odmiany Eska 46, 2 ekotypy oraz jeden ród.

Doœwiadczenie za³o¿ono przez sadzenie roœlin (pojedynczych) w rzêdach o d³ugoœci 40 m, w odstêpach 40 cm

w rzêdzie. Odleg³oœæ miêdzy rzêdami badanych obiektów wynosi³a 2,20 m. Literatura fachowa wskazuje, ¿e

gatunek ten w uprawie nasiennej daje niskie plony oraz plony te s¹ bardzo zró¿nicowane miêdzy odmianami.

W badaniach wykazano w przypadku plonu nasion du¿e zró¿nicowanie, co znalaz³o potwierdzenie

w wysokich wartoœciach wspó³czynnika zmiennoœci w zakresie od 32,5 % (III grupa) do 55,3 (II grupa). Plon

nasion waha³ siê od 13 kg � ha–1 u rodziny E24 do 100 kg � ha–1 w przypadku ekotypu EK. POLWAMOD 193

143 714.

Zmiennoœæ zdolnoœci kie³kowania waha³a siê od 12,8 % w przypadku trzeciej grupy do 15,5 % w drugiej

grupie. Jedynie ma³¹ zmiennoœæ odnotowano w przypadku masy tysi¹ca nasion u analizowanych form Poa
pratensis.

S³owa kluczowe: Poa pratensis, ekotyp, zdolnoœæ kie³kowania
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