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The influence of fertilization (combination NoPoKg, NoP4oKi00, NigoPaoKigo. NaooP40oKigo) on species richness, species diversity and
stand composition of foxtail stand type was studied in the long-term exact experiments (from 1967 to 2003) for extending of
knowledge useful for development of species richness and species diversity of grass stands. The experiment is situated at the alti-
tude 363 m above sea-level and the site is mesophytic to mesohygrophytic. From the long-term point of view the best combination
is NoP4oK o0, when in species diversity expressed by Simpson index the value of Simpson index after 21 to 22 years comes to ex-
cess the values of nonfertilized stands. The suitability of the method accordingtoRegal and Vesela (1975) was proved for the
stand composition analysis. The experiment confirmed that foxtail stand type is marked by the lower number of species with their
higher persistence, which can be the cause of different tendencies of development of its species richness and diversity. The dose of
100 kg N per ha with PK fertilization according to soil fertility is the lowest for the sustainable dominance of Alopecurus pratensis
L. in community. The doses of nutrients must be corrected according to the stand composition. Extraordinary attention to the fox-

tail type stands is important because of its role in soil and hydrosphere protection.
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INTRODUCTION

The floristic composition of permanent meadow
stands (PMS) is the resulting point of the interaction of
all ecological factors in the whole ecosystem and the
controlled conditions. Each change in stand conditions
results in the changes of species composition and repre-
sentation of agro-botanical groups. Directed manage-
ment influences species diversity for the benefit of for-
age valuable species, which are usually dominant in
stands. Other species in these communities persist with
lower vitality or in latent state (Rychnovska et al.,
1985). Accordingto Moravec andJenik (1994) the
number of species present at the locality provides the ba-
sic information about the species richness of community
which is influenced by site factors when the species rich-
ness of phytocenosis is higher in favourable conditions.
The most significant influence on species diversity is
presented by intensity of fertilization and used mineral
fertilizers. N fertilization particularly in higher doses in-
fluences the stand composition quickly and most consid-
erably (Velich, 1985; Mrkvicka, Vesela,
2002a, b).

MATERIAL AND METHODS

Stand composition, species richness and species di-
versity were observed in permanent meadow of
mesophytic to mesohygrophytic character in the locality
of Cernikovice (district BeneSov) in the years
1967-2003. Original growth type was Alopecuretum.
The altitude above sea level is 363 m, the average annual
precipitation sum 617 mm, average annual temperature
7.8 °C. Depth of underground water level ranged from
0.1 to 0.5 m. Soil type is gley, soil species (0-0,2 m)
loam, pH 5.0; % Cox 2.90; % N,=0.41; C,/N,=7.07. Ex-
periment was established in the randomised blocks de-

Table 1. Variants of fertilization

3 Fertilizers / aplication /
‘ Vaiant Nutrignt . doses!of nutrients (kg/ha)
f combination ASL | SP PS
Spring autumn | after 1% cut
1 No Py Ko & - ‘ -
2 No Pao Koo - 40 100
3 Nigo Pao Kigo 100 40 100
4 Naoo Pag Kioo 200 40 100

ASL — ammonia saltpeter with limestone; SP — superphosphate;
PS — potash salt

* This study was financially supported by the Research Project of MSM 6046070901.
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Table 2. Species richness of stand expressed in total number of vascular plant species (Q), variants 1-4

Year
Variants \ Qrmn Qumax.
1967 1975 1984 1993 | 2003
T
i 31 32 3 32 \ 29 29 3
2 27 28 25 31 | 25 25 31
3 21 19 18 | 17 18 10 23
‘ 4 22 21 20 12 14 | 7 24

Table 3. Average values and basic statistical characteristics of species richness expressed in total number of vascular plant species (Q), variants 1-4

Variants ‘ 0 So Vq (%) \ Qoas Qo7s
1 ‘ 31.231 1.363 4.364 ‘ 30.000 32.000
2 27.462 2.025 7.374 ‘ 25.500 29.000
3 ‘ 18.000 3.674 20411 ’ 16.000 20.500
4 | 16.615 4.942 29.744 ‘ 13.000 20.500

sign with four replications. The plot size was 30 m® (5 m
x 6 m). The studied variants are presented in Table 1.

Botanical analyses of stands were done by the method
of reduced projective dominance (D in % before the first
cut harvest). For reducing of inaccuracy of estimation the
relevés were evaluated on each replication and the basic
agro-botanical groups were separated according to the
individual species (Regal, Veseld, 1975). Simp-
son’s index was used for the estimation of species diver-
sity (Begon et al.,, 1997), the total dominance of vege-
tation was considered.

For the analysis of observed values of species rich-
ness and diversity basic statistical characteristics (aver-
age mean, standard deviation, standard error of mean,
variation coefficient, variation range and quartile devia-
tion) were used and we made the failure of chronological
series of experimental dates using analytical functions
(polynoms of 2™ and 3" degrees) applying mathematic
analyses (dQ’/dt; dD"/dt; d*Q”/dt; d°D"/dt) and to obtain
evidence of their course. For chosen years (because of
considerable extensiveness of evaluated data) from
which are presented relevés and values of species rich-
ness (Q) and species diversity (D) theoretical reconstruc-
tion of data with use of created dynamic models was car-
ried out.

RESULTS AND DISCUSSION

Many authors studied the influence of different level
of fertilization on the changes in grass stand species
composition (Velich, 1985; Klimes§, 2000;
Holtdbek, 2002; Mrkvicka, Veseld, 2002a, b).
The number of vascular species in grass stands usually
ranges from 2-3 to several decades (Regal, Veselad,
1975: Moravec et al.,, 1994). In the observed stands
these values ranged from 7 (var. 4, 1997) to 33 species
(var. 1, 1985; Table 2). The highest average species
number (Q) was found in nonfertilized stand (var. 1) in
the period under consideration and the lowest variation
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of Q value (Vg = 4.364%). Dynamic model analysis of
species richness development (Table 4) shows that after
15 years the number of species increase results in the de-
crease of species richness. It confirms the need of
long-term experiments in meadows and pastures (Re -
gal, Vesela, 1975). The gradual decrease of species
richness with in consequence of higher fertilization in-
tensity (Tables 2—4) is consistent with the knowledge of
many authors (Velich, 1985; Holibek, 2002, etc.).
Different directions of development tendency of species
richness values (Q) and their small changes during moni-
toring (Tables 2-4) contrast with the trends in species di-
versity values (expressed in Simpson’s index) where
clear differentiation caused by fertilization was found
(Tables 5-7) and homogeneity of development tenden-
cies was explicit (Tables 6-9). Regular PK fertilization
seems to be better than treatment without fertilization for
stand type Alopecuretum from the long-term point of
view according to average values (Table 7) and species
diversity development tendencies (Tables 6-9). Accord-
ing to dynamic model of value development of
Simpson’s index (Table 8) it is evident that after 21 to
22 years are higher values of species diversity in stands
with PK fertilization in comparison with nonfertilized
stands and the differences between the variants are in-
creasing (var. 1 and 2). The inner consistency of value
development dynamic model D (Table 8) is confirmation
of stand analysis method suitability accordingtoRe gal
and Veseld (1975). Different directions of develop-
ment tendency of species richness (Q) and species diver-

Table 4. Dynamic model of stand species richness development, variants
1-4 (i = 1 to 4). expressed in total number of vascular plant species Q

Qi=1(® I

Q' = 30.814 + 0.269 t — 0.008 789 0.847%*
Q> =27.473 — 0.517 t + 0.047 662 £ = 0.000 972 ' | 0.686**
Q% =21.019 — 0.290 t + 0.005 662 t* 0.861%+
Q7 =21.599 + 0.542 t — 0.064 752 '+ 0.001212 ¢ | 0.812%*
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Table 5. Theoretical (generated in model) values of species richness in observed stands, expressed in total number of vascular plant species (Q”)

Year
| Variants Q min. Q' max.
1967 1975 1984 1993 2003
1 30.812 32.363 32.837 31.864 29.131 29.131 32.862
2 27.571 25.964 27.760 29.271 25.460 25.961 24.273
| 3 21.023 19.008 17.732 17.300 17.887 17.303 21.023
4 21.602 22.367 18.145 13.212 13.681 12.274 22.839 ‘
Table 6. Values of Simpson’s index of species diversity (D) in observed stands, variants 1—4
| Year | )
Variants 1967 1975 1984 1993 w03 | 0™ Do
1 11.295 3.980 5.810 4.876 4.370 3.322 11.295
2 8.653 4.081 3911 5.205 10.980 3.399 10.980
3 4.109 1351 1.950 1.355 1.343 1.109 4.109
4 1.363 1.204 1.573 1,211 1.065 1.042 3.226
Table 7. Average values and basic statistical characteristics of species diversity expressed in Simpson’s index (D), variants 1-4
Variants D Sp V(%) Do2s Dy7s
1 4.885 2.078 42.538 3.574 4.790 “
2 5.624 2.161 38.425 3.852 6.264 (
3 1.800 0.878 48.778 1.340 1.752 ‘
4 | 1.403 0.571 40.410 J 1.132 1.449 ‘

Table 8. Dynamic model of stand species diversity development, vari-
ants 14 (i = 1 to 4), expressed in Simpson’s index of species diversity (D)

D =1f() I

D’ = 10.000 — 0.476 t + 0.009 355 t* 0.697**
D", = 8.415 - 0.621 t + 0.019 247 ¢* 0.756**
D3 =3.667 — 0.195 t + 0.003 773 * 0.844%*
D’ = 1.300 + 0.016 t — 0.000 622 ¢* 683%*

sity (D) cause randomness in fluctuation of equitability
indices calculated in the basic version and also in im-
proved version (K1imes§, 2004) consequently the gen-
eralisation is not possible.

The development of the species composition is influ-
enced by pratotechnic management, fertilization, exploi-
tation and conservative ecological factors and the most
important is water regime of site. The highest persistency
of all species in foxtail type meadow provided
Alopecurus pratensis. The dose of 100 kg N per ha with

PK fertilization according to soil fertility is the lowest for
the sustainable dominance of Alopecurus pratensis L. in
community. The subdominant species in stands were
Festuca pratensis, Festuca rubra, Deschampsia
caespitosa and Elytrigia repens. The most expanded le-
guminous is Trifolium repens and from other herbs
Ranunculus repens and Sanguisorba officinalis
(Klime§, 2004). In our experiment lasting 37 years
predominant species was Alopecurus pratensis in the
majority of cases but its dominancy fluctuated in variants
NO PQ KQ and NO P4() K]()o (17—50%, 20‘50%, respec-
tively), particularly in the first ten years. The highest
dominancy of Alopecurus pratensis was found in vari-
ants with higher doses of nitrogen. Accompanying spe-
cies in all evaluated variants were Festuca pratensis,
Holcus lanatus, Poa trivialis and Poa pratensis. The
highest dominancy of leguminous and other herbs was
found in variants 2 and 1 where dominated Trifolium
repens, Trifolium hybridum, Ranunculus repens,
Ranunculus acer a Taraxacum officinale (Tables 10—13).

Table 9. Theoretical (generated in model) values of Simpson’s index of species diversity (D) in observed stands

Year ) |

Variants D’ tuin D’ max. i
1967 1975 1984 1993 2003 |

1 10.000 6.761 4.638 3.954 4972 3.941 10.000 El

2 8.415 4659 3418 5.293 10.962 3412 10962 |

3 3.667 2319 1.450 1.140 1.523 1.140 3.667 E‘

4 1.300 ‘ 1.382 1.389 1.290 1.073 1.073 1.398 ‘:
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Table 10. The development of botanical composition expressed in reduced projective dominance (%D) of agro-botanical groups and species,
control variant 1 (NoPoKo)

Species Years
Agrobotanical group 1967 1975 1984 1993 f‘ 2003 F
Alopecurus pratensis 17 42 34 38 20
Anthoxanthum odoratum 2 1 1 1 5
Festuca pratensis 10 8 3 6 2 |
Holcus lanatus 7 + 11 , 11 35 V
Poa trivialis 3 2 9 } 1 1 I
Poa pratensis 11 { 1 1 1 3
Agrostis stolonifera 8 + + + 7
Cynosurus cristatus 4 + + 1 +
Deschampsia caespitosa + + + + + |
Festuca rubra 3 + + + +
Trisetum flavescens + + + + +
Phleum pratense ¥+ + + 1 +
Grasses 65 54 59 60 73
Trifolium repens 4 10 7 1 2
Trifolium hybridum 5| 1 1 + +
Trifolium pratense 2 1 1 1 +
Lathyrus pratensis + + & + + -
Legumes 11 12 9 2 2
Ranunculus acris 4 | 3 4 3 2
Ranunculus repens 8 i 17 10 13 +
Taraxacum officinale 3 l 9 12 5 5
Rumex acetosa 1 } 1 2 + +
Cardamine pratensis 1 | + + + +
Cerastium vulgatum + + 1 + +
Lychnis flos—cuculi 1 + + + +
Alchemilla sp. 1 + 1 1 +
Polygonum bistorta g — + - -
Veronica chamaedrys # + + + +
Angelica sylvestris - + - + -
Achillea millefolium + + 1 + 5

‘ Carum carvi = + + + -

§ Plantago lanceolata + + + - 1

! Hypochoeris radicata ¥ + + + +

;’ Symphytum officinale = = + - -

| Glechoma hederacea + + + -

| Lysimachia nummularia + + * + +
Other herbs } 19 30 31 3 13 ]
Total dominance “ 95 9% 99 94 88
Uncovered places 5 4 1 6 12 ‘;

»
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Table 11. The development of botanical composition expressed in reduced projective dominance (%D) of agro-botanical groups and species,
variant 2 (NoP4oK;00)

‘ Species ‘ Years U
» | Agrobotanical group 1967 1975 1984 1993 2003
Alopecurus pratensis 20 40 28 32 15
Anthoxanthum odoratum 2 2 1 1 4
Festuca pratensis 12 7 3 3 10
Holcus lanatus 2 6 27 13 15
Poa trivialis 10 1 7 1 1
Poa pratensis 15 2 3 2 5
Agrostis stolonifera 2 + 1 + +
Cynosurus cristatus 1 + + - -
3 Deschampsia caespitosa + + — o - |
Festuca rubra 1 + + + +
Trisetum flavescens — + = 1 +
Phleum pratense — + - — _
Grasses 65 58 70 53 50
Trifolium repens : 5 9 6 8 10
Trifolium hybridum 5 3 4 3 +
Trifolium pratense 4 i} + + +
Lathyrus pratensis 1 + + 4 15
L .
Legumes 15 13 10 15 25
Ranunculus acris 5 1 + +
Ranunculus repens 8 12 12 8 1
Taraxacum officinale 2 2 5 4 4
Rumex acetosa + 2 + + +
Cardamine pratensis + + + -+ =
Cerastium vulgatum + + + + +
Lychnis flos-cuculi + + + + +
= Alchemilla sp. + + + 1 1
Polygonum bistorta + - - + +
Veronica chamaedrys + + + +
Angelica sylvestris - - = = -
Achillea millefolium - - - 3 4
Carum carvi - - - + _
Plantago lanceolata — - — + i
! Hypochoeris radicata | + + + + -
Glechoma hederacea & + + + +
Lysimachia nummularia + + + + -
Other herbs 15 18 18 16 10
Total dominance 95 89 98 84 85
| Uncovered places 5 11 2 | 16 15
=
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Table 12. The development of botanical composition expressed in reduced projective dominance (%D) of agro-botanical groups and species,
variant 3 (N190Pa0K100)

Species Years %
Agrobotanical group 1967 1975 1984 1993 2003 !
Alopecurus pratensis ‘ 44 84 82 79 70
Anthoxanthum odoratum 1 1 + + = +
Festuca pratensis lx 13 2 + 3 +
Holcus lanatus ; 5 3 6 3 10
Poa trivialis 10 1 5 1 ‘ 3
Poa pratensis 10 + + | 6 i 2
Agrostis stolonifera 5 + + + +
Cynosurus cristatus 1 + = - _
Deschampsia caespitosa i+ + - = -
Festuca rubra + + + + 1
Trisetum flavescens #* = - — _
Phleum pratense — ‘ - = - _
Grasses 89 90 93 92 86
Trifolium repens 3 + + ‘ + +
Trifolium hybridum | 1 - + - _
Trifolium pratense ' + - - — _
Lathyrus pratensis 1 - = + - -
Legumes 5 + + + +
Ranunculus acris + | 1 o e 1
Ranunculus repens 4 6 4 Y 2 3
Taraxacum officinale 1 1 1 2 +
Rumex acetosa ‘ + + & + +
Cardamine pratensis + - + = —
Cerastium vulgatum = + 1 + +
Lychnis flos-cuculi - - - - _
Alchemilla sp. - + = + 1
Polygonum bistorta - - - - } _
Veronica chamaedrys + : + + - +
Angelica sylvestris - - - | 2 e
Achillea millefolium - - i3 + 1
| Carum carvi - = _ _ _
v Plantago lanceolata B + - + +
Hypochoeris radicata - - = e _
Glechoma hederacea - - - - ; -
Lysimachia nummularia - - - — _
Other herbs 5 8 f 6 4 6
Total dominance 99 98 99 96 92
| Uncovered places 1 ; 2 1 4 8
r
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Table 13. The development of botanical composition expressed in reduced projective dominance (%D) of agro-botanical groups and species,

variant 4 (NgoP40K100)

| Species Years
Agrobotanical group 1967 : 1975 1984 1993 2003
Alopecurus pratensis 85 | 90 89 91 75
Anthoxanthum odoratum - + 4 _ _
Festuca pratensis 10 ‘ 1 + 1
Holcus lanatus 3 l‘ + 1 1 2
Poa trivialis + 2 3 1 2
Poa pratensis + + + 3 15
Agrostis stolonifera + + + & +
Cynosurus cristatus + + o )
Deschampsia caespitosa + - - — 4
Festuca rubra + + _ — +
Trisetum flavescens - - - - _
Phleum pratense - = = _
Grasses 98 93 93 97 94
Trifolium repens + + + _ _
Trifolium hybridum + - + - _
Trifolium pratense + e= - _
Lathyrus pratensis + - = =
Legumes 0 ’ + + = 0
Ranunulus acris 2 + + 1 %
Ranunculus repens + 6 2 g +
Taraxacum officinale + + 1 i +
Rumex acetosa + + 4 + _
| Cardamine pratensis - - + - +
Cerastium vulgatum + + + + +
Lychnis flos-cuculi - = = — _
Alchemilla sp. + + + = +
Polygonum bistorta - - - - -
Veronica chamaedrys + + - _ +
Angelica sylvestris = = 4 — _
Achillea millefolium + + e _
Rumex obtusifolius - + o =
Carum carvi - — - — =
Plantago lanceolata — + - - -
Hypochoeris radicata - - - - _
Svmphytum officinale - = - _
Glechoma hederacea - - - 2 -
Lysimachia nummularia + + + - —
Other herbs 2 1 0
Total dominance 100 99 96 98 94
| Uncovered places 0 1 4 2 6
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Cesk4 republika):

Zmény druhové pestrosti a diverzity psarkového porostu béhem dlouhodobého hnojeni.

Scientia Agric. Bohem., 37, 2006: 41-48.

V intencich poZadavkil na prohlubovéni teoretickych poznatkl, vyuZitelnych pro rozvijeni druhové pestrosti

a druhové diverzity travnich porosti byly v rdmci dlouhodobych exaktnich pokusti (1967 aZz 2003) v nadmofské vysce
363 m studovany vlivy hnojeni (kombinace NoPoKo, NoP4oKioo, NiooP40Kioo. NogoP40Kg0) na vyvoj druhové pestrosti,
diverzity a porostové skladby psarkové louky na mezofytnim aZz mezohygrofytnim stanovisti. Z hlediska
dlouhodobého Easového horizontu se jevi jako nejvhodn&jsi kombinace Zivin NoP4oKigo, kdy v druhové diverzite,
vyjadiené Simpsonovym indexem, dochazi cca po 21 az 22 letech k pfekroceni hodnot tohoto indexu pres hodnoty
dosahované u nehnojenych porostti. Vedle potvrzeni poZadavku na potfebu dlouhodobych sledovéni vyvoje druhové
pestrosti a diverzity byla pro analyzu porostové skladby prokdzana vhodnost uplatnéni metody podle autort Regal
a Vesela (1975). Sledovéani zaroveii potvrdilo, Ze psarkové porosty se vyznacuji niz§im poctem druhil s vyssi
stélosti, coZ se jevi jako pii¢ina riznosmérnych tendenci ve vyvoji jejich druhové pestrosti a druhové diverzity.

Pro setrvale dominantni postaveni a udrzeni Alopecurus pratensis L. v luéni cendze se jako nejniZsi potfebna
davka ukazuje 100 kg N/ha s odpovidajicim PK hnojenim v zavislosti na drodnosti pidy. Davky Zivin je nutné
korigovat podle porostové skladby. Psarkovym loukdm je tfeba v€novat mimofradnou pozornost ve vztahu k ochrané
pidy a hydrosféry.

psérkovy porost; projektivni dominance; druhova pestrost; druhova diverzita; Simpsontv index
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