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Based on analyses of 430 natural grasslands, correlations between floristic
composition, yield and quality of soil, and soil reaction were observed. Soil
reaction is not a dominant ecological yield-forming factor, hence the disper-
sion on all degrees of soil reaction is very extensive. Oligotrophic soils have

very wide amplitude, except Nardetum, which is maximally spread at pH/KCI
= 3.6 with pH amplitude of 3-4.7.

soil reaction; meadow components; grass phytocenoses; production; quality of
grasslands; phytoindication

INTRODUCTION

Concentration of hydrogen ions in soil and its relationship to composition
and production abilities of grasslands was involved in a series of studies, but
as it is not unambiguously dominant ecological factor, literary data are in-
consistent. Already Kle&k a and Fabian (1934) indicated that the mean-
ing of soil reaction is often overvalued. Dmitriev (1953) reported that
leguminous crops grow well only on non-acid soils what cannot become
generalized (Regal, Stréfe]da, 1955; Regal, Krajcovig, 1963;
Krajcovic et al., 1968). As reported K | app (1956) high yields of herb-

AS to s0il reaction, only a little number of grassland species have a narrow
amplitude with a possibility of phytoindication (Boeker, 1954; Re gal,
1967, Larcher, 1988). As reported Braun—Blanquet (1951) plant

for 8rassland species were determined by Ellenberg, Zeler (1950),
lfﬂlpp (1957), de Vries (1957), Regal (1967). Balatovs-
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-Tulackova (1955, 1983) report indication of some ecological factors o
the basis of indication values of species for individual ecological factors.

MATERIAL AND METHODS

The aim of this study is evaluation of the effect of soil reaction on yield
and quality of soil of grasslands, determination of amplitude and pH optima
for most spread grassland species and stand types. In the whole territory of
the Czech Republic 430 natural grasslands were analyzed in total, their yield
and percentage of reduced projective dominance of meadow species. On
156 localities soil samples were taken and exchangeable soil reaction was
determined in laboratory. Of the total number of localities, 5 localities were
in maize-growing region, 21 in beet-growing region, 65 in potato-growing
region, 50 in mountain region and 15 in subalpine zone. Five-degree ecologi-
cal series of soil reaction was determined:

pH Under 4.0 4.1-5.0 5.1-6.0 6.1-7.0 Over 7.0
Ecological degree I. 2. 3. 4. 5.
Indication value -100 - -60  -59 — 20  -19 - +20 21 - +60 61 — +100

For individual ecological degrees were determined: presence (P) and aver-
age dominance (D) of most spread species. In addition, index of occurrence
was calculated according to the formula (Regal, 1968):

P.D
100

Indication values were calculated on the basis of index of occurrence
according to the formula of de Vries et al. (1957):

Iv=

_ (es+05.e4—05.ex—e1).100

h e1+ey+eztestes

e1 = pH under 4; e = 4,1-5,0; €3 = 5,1-6,0; e4 = 6,1-7,0; e5 = over 7
Quality of stands was determined by six-degree scale with coefficients

1.00; 0.75; 0.50; 0.25; 0.00 and —-1.00 (Regal et al., 1958).

1

RESULTS

In practice an opinion that wetted grasslands are acid prevails. For ‘iﬂd‘j
vidual degrees of hygroseries the following mean pH values were determined:
1. xerophyta — 6.5, 2. mesoxerophyta — 5.3, 3. mesophyta — 5.6, 4. meSOhY_i
grophyta — 5.6, 5. hygrophyta — 5.8. Statistically significant difference in sO!
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reaction was recorded only for xerophytic sites. Hygrophyta had higher pH
yalue than on central ecological degrees, however, without statistical signifi-
cance.

Closer dependence of soil reaction was found in relationship to weather
conditions characterized by agricultural production type. Based on phytoin-
dication, the following values of pH/KCI were found: 1. maize production
type — 6.75; 2. beet production type — 6.20; 3. potato production type — 5.25;
4. mountain type — 4.65; 5. subalpine zone — 3.80.

The relationship of soil reaction to soil fertility is not fully unambiguous,
though generally trend of higher pH/KCl values for more fertile soils prevails.
Acidophilic species grow mostly on oligotrophic soils, but phytoindicators of
oligotrophic soils may grow also on slightly acidic soils. Despite it, the
coefficient of correlation for these two factors is significant (r = 0.54) and
regression line has an equation: y = —12.84 + 62x.

Within trophoseries these average pH/KCI values were found: 1. oligotro-
phic — 4.15; 2. mesooligotrophic — 5.68; 3. mesotrophic — 6.10; 4. mesoeu-
trophic — 6.27; 5. eutrophic — 6.30.

As soil reaction is not a dominant ecological yield—forming factor, disper-
sion of yields of herbage in all degrees of soil reaction is very extensive: For
individual yield categories (dry matter in t.ha™) the follwoing average
pH/KCI values were determined: 1. under 1.5 t = 4.70; 2. 1.6-3.0 t = 5.60;
3.3.1-4.0t=593; 4. 4.6-6.0 t = 6.30; 5. over 6.1 t = 6.23.

Tab. I shows average yields in five degrees of soil reaction as for the whole
set as for mesophytic and mesotrophic sites. It can be said in all cases that
general trend of reduction of yields with increasing concentration of hydrogen
ions. Most significantly it is manifested in mesotrophic sites. Within the
whole set with increasing pH over 6.0, however, differences are not signifi-
cant, because drier sites have higher pH values and the yield here is limited
by moisture conditions.

L. The effect of soil reaction on dry matter yields in tha™!

pH/KCI Sites
total mesophytic mesotrophic
Under 4.0 1.79 1.87 3.17
4.1-5.0 2:57 2.47 3.05
5.1-6.0 3.14 3.59 3.48
6.1-7.0 3.27 4.06 3.60
Over 7.1 3.23 433 3.67
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The effect of soil reaction is not so significant at mesotrophic sites. The
limit value of pH = 5.00 what confirmed conclusions made by Klapp
(1957). Correlation between indication values of meadow species for soj]
reaction and yield capacity does not show unambiguous dependence. Only
exclusively acidophile species have altogether high negative values also for
yield capacity of the stand what confirmed correlation coefficient r = 0.53
and equations of regression line: y = —16.65 + 0.60x.

More complex herbage value of the stand is expressed by its quality which
manifested greater dispersion at all pH values than yields:

pH/KCI Under 4.0 4.1-5.0 5.1-6.0 6.1-7.0 Over 7.1
Amplitude 24 to 84 23 to 95 22 to 88 13 to 87 38 to 78
Average 35 41 57 64 66

The quality of the stand is improving with increasing pH over 5.0. These
results prove that exceptionally also when pH value fell under 4.0 the quality
stand may grow at sufficient amount of moisture and nutrients. For example,
locality with pH = 3.9 from mountain region where meadow foxtail with the
value of the quality — 84 points — prevails after intensive nutrition.

Most of communities which grow on strongly acid soils, have an average
quality under 50 points, except Festuca rubra. On slightly acid soils stand
types of culture grasses prevail with the quality over 60 points. There are also
grass species like Parvocariceta with 33 points. Amplitude of occurrence of
most meadow phytocenoses is very wide in view of soil reaction, except
Nardet, it cannot be used for safe phytoindication.

Tabs. II, III, IV summarize indication values and indices of occurrence of
64 most spread grass components at various degrees of soil reaction. These
results, too, showed that most of grass species can grow at amplitude
pH/KCl = 3.5-7.5.

Meadow species can be divided according to the range of amplitude of
most frequent occurrence to the following groups (figures in parentheses
present indication value for pH):

a) pH =< 4,0: Vaccinium myrtillus (-96), Deschampsia flexuosa (-92), Cal-
luna vulgaris (-89), Hypericum maculatum (=59),

b) pH = 3-5: Nardus stricta (-84), Polygonum bistorta (-61), Agrostis
tenuis (=61), Potentilla erecta (-54), Luzula campestris (=50,
Sieglingia decumbens (-47),

¢) pH = 3-6: Agrostis canina (-53), Molinia coerulea (=52), Anthoxanthutt
odoratum (-44), Alchemilla d. sp. (-43),

d) pH = 3-7: Pimpinella saxifraga (-19),
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11. Indication values and indices of occurrence of most spread meadow grasses

Y

Indication Indices of occurrence at pH amplitude
B values | <40 | 415 | 506 | 617 | 71>
Agropyrum repens +65 0.12 0.92 0.59 0.39 4.86
Agrostis stolonifera +62 0.02 0.95 0.46 1.36 4.09
Agrostis canina -33 1.28 1.05 0.54 -~ 0.18
Agrostis tenuis —60 12.10 9.61 2.51 2.10 -
Alopecurus pratensis +13 2.79 2.67 2.83 3.05 1.00
Anthoxanthum odoratum —44 3.22 2.03 2.41 0.92 s
Arrhenatherum elatius +54 - 0.82 0.22 4.38 2.54
Avenastrum pubescens +20 0.15 0.55 - 0.67 0.45
Briza media -12 0.43 0.58 0.42 0.40 0.27
Cynosurus cristatus -1 0.06 0.20 0.73 0.30 -
Dactylis glomerata +32 0.51 0.23 2.27 1.85 1.88
Deschampsia caespitosa 22 4.36 3.62 0.80 4.24 1.00
Deschampsia flexuosa -92 2.12 0.39 - - -
Festuca pratensis +37 - 1.34 3.81 3.14 3.36
Festuca rubra -20 2.44 2.10 1.86 1.43 1.00
Holcus lanatus +20 0.27 1.87 2.68 1.95 2.00
Molinia coerulea =52 273 2.76 1.51 0.45 -
Nardus stricta -84 24.00 6.41 2.00 - -
Phleum pratense +8 0.63 0.80 0.92 0.51 1.09
Poa pratensis +21 0.93 0.99 2.60 2.34 2.09
Poa prat. augustifolia +25 0.15 2.05 3.06 2.80 2.36
Poa trivialis +23 0.24 0.26 0.92 1.27 0.45
Sieglingia decumbens 47 0.66 0.77 0.42 0.17 -
Trisetum flavescens +34 0.36 032 0.95 3.48 0.82
| Sum of cultural grasses - 7.68 10.22 15.92 21.54 17.87
| Sum of low-grade grasse - 16.74 18.07 13.32 10.80 10.39
Sum of weed grasses - 35.15 15.00 5.27 4.86 1.18
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III. Indication values and indices of occurrence of most spread meadow clover crops

Indication Indices of occurrence at pH amplitude

valves | 40 | 41-5 | 51-6 | 617 | 71>
Lathyrus pratensis +38 0.07 0.16 0.70 2.20 0.41
Lotus corniculatus +25 0.07 0.57 1.03 0.99 0.73
Medicago lupulina +84 - - 0.11 0.59 1.99
Medicago falcata +83 - - 0.27 0.50 2.97,
Trifolium dubium +40 — 0.13 0.63 0.37 0.55
Trifolium hybridum +29 0.05 0.13 1.38 1.96 1.23
Trifolium pratense +28 0.22 1.04 4.38 3.55 2.09
Trifolium repens +13 0.10 2.44 3.71 2.22 1.45
Vicia cracca +19 0.09 0.15 0.70 0.87 0.09
Sum of leguminous crops - 0.60 4.62 1291 13.25 10.59

e) pH = 3-8: Deschampsia caespitosa (-22), Festuca rubra (-20), Briza
media (-12), Ranunculus acer (-4), Hypericum perforatum
(6), Phleum pratense (8), Alopecurus pratensis (13), Poa
pratensis (21), Poa trivialis (23),
f) pH =4-7: Cynosurus cristatus (-1),
g) pH = 4-8: Trifolium repens (13), Avenastrum pubescens (20), Holcus
lanatus (20), Poa pratesis angustifolia (25), Lotus cornicula-
tus (25), Trifolium pratense (28), Equisetum palustre (35),
Agrostis stolonifera (62), Agropyrum repens (65),
=7: Carum carvi (25), Sanquisorba officinalis (42),

8: Vicia cracca (19), Trifolium hybridum (29), Dactylis glom-
erata (32), Trisetum flavescens (34), Festuca pratensis (37),
' Trifolium dubium (40), Taraxacum officinale (40),

J) pH = 6-8: Galium mollugo (33), Lathyrus pratensis (38), Plantago me-
dia (47), Galium verum (53), Arrhenatherum elatius (54), Ru-
mex crispus (67), Cirsium oleraceum (82),

k) pH =7-8: Daucus carota (61), Medicago falcata (83), Medicago lu-
pulina (84).

Flexible species with wide amplitude (in groups d, e, f) showed altogether

very low indication values (£20). )

If indices of occurrence of all studied species of various degrees of soil

react.ion were summed, it was found that highest representation of quality
species was at pH = 5-7:

h) p
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[v. Indication values and indices of occurrence of the other most spread meadow species
r Indication Indices of occurrence at pH amplitude
values | <40 | 41-5 | 5.1-6 | 6.1-7 | 7.1>

Achillea millefolium +27 0.86 1.62 1.19 1.40 3.18
Alchemilla d. sp. -43 3.84 1.47 2.67 0.78 0.27
Bellis perennis +14 - 0.15 0.15 0.12 0.09
Polygonum bistorta —61 1.46 0.92 0.52 0.43 -
Calluna vulgaris -89 5.81 0.50 0.50 - -
Carum carvi +25 - 0.05 0.49 0.51 0.05
Cirsium oleraceum +82 - = 0.08 1.92 3.82
Cirsium palustre -30 0.28 0.30 0.13 0.27 -
Daucus carota +61 0.02 0.22 0.26 0.15 1.16
Equisetum palustre +35 0.12 0.88 0.56 1.80 1.28
Galium mollugo +33 0.05 0.32 0.22 0.57 0.45
Galium verum +53 0.01 0.26 0.08 048 |0.73
Heracleum sphondylium +42 0.02 - 0.46 0.78 0.27
Hieracium pilosella +2 0.12 0.71 1.21 0.53 0.27
Hypericum perforatum +6 0.24 0.32 0.21 0.03 0.45
Hypericum maculatum -59 0.43 0.08 0.23 0.03 -
Chrysanthemum leucanthemum +6 0.03 0.27 0.36 0.47 -
Knautia arvensis +21 0.05 0.21 0.06 0.16 0.22
Luzula campestris -50 0.33 0:23 0.10 0.12 -
Pimpinella saxifraga -19 0.16 0.29 0.15 0.20 0.05
Plantago lanceolata +25 0.14 1.13 2.07 1.50 1.53
Plantago media +47 - 0.20 0.27 0.48 0.58
Prunella vulgaris +30 0.02 0.63 0.54 0.61 0.82
Potentilla erecta -54 1.02 1.13 0.53 0.14 -
Ranunculus acer -4 1.33 0.66 2.46 1.32 0.73
Ranunculus repens +40 0.61 0.74 1.48 1.79 3.27
Rumex acetosa +13 0.22 0.72 0.97 0.51 0.74
Rumex crispus +67 - - 0.14 0.33 0.45
Sangquisorba officinalis +42 - 0.03 0.52 1.62 0.18
Taraxacum officinale +40 0.13 0.33 2.34 1.96 2.50
Vaccinium myrtillus -96 1.45 - 0.05 =
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pH 3-4 4-5 5-6 6-7 7-8
Quality species 13 20 38 43 36
Low-grade species 40 60 48 44 54
Weeds 47 20 14 13 10

On the contrary, most of weed species are best for strong acid soils and
maximal representation of low-grade components is at pH = 4-5.
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vliv padni reakce na trvalé luéni porosty.
scientia Agric. Bohem., 27, 1996 (4): 261-270.

Cilem studie je vyhodnoceni vlivu pidni reakce na vynos a bonitu lu¢nich porosti
a stanoveni amplitudy a optima pH pro nejrozsifen&jsi lu¢ni druhy. Na zakladé roz-
portt 430 pfirodnich lu¢nich porostd byly sledovéiny koreladni vztahy mezi floristic-
kym sloZenim, vynosem i bonitaci pidy a pidni reakci. Padni reakce neni
dominantnim ekologickym faktorem, a proto je rozptyl vynosi na viech stupnich
pudni reakce velmi rozsahly. Na 156 lokalitdch byly odebriny ptidni vzorky a labo-
ratorn€ byla stanovena vyménnd pldni reakce, ktera byla ¢lenéna do pétistuptiové
ekologickeé fady. Pro jednotlivé ekologické stupné byla stanovena prezence (P) a prii-
mérna dominance (D) nejrozsifenéjSich druhii. Déle byl vypo&itan index vyskytu
a indikacni hodnoty. Bonita porostii byla stanovena pomoci $estistupiiové skaly (Re -
gal et al., 1958).

Pro jednotlivé stupné hygrosérie jsme stanovili tyto primé&rmé hodnoty pH: 1. xe-
rofyta — 6,5; 2. mezoxerofyta — 5,3; 3. mezofyta — 5,6; 4. mezohygrofyta — 5,6;
5. hygrofyta — 5,8. Statisticky vyznamna diference v pidni reakci byla pouze pro
xerofytni stanovisté.

Tésné&jsi zavislost pldni reakce byla zjiiténa ve vztahu ke klimatickym podminkam
charakterizovanym zemédélskym vyrobnim typem. Na zékladg fytoindikace byly zjis-
t€ny tyto hodnoty pH/KCI: 1. kukufi¢ny vyrobni typ — 6,75; 2. fepaisky — 6,20;
3. bramborai'sky — 5,25; 4. horsky — 4,65; 5. subalpinské pasmo — 3,80.

Vztah pldni reakce k tirodnosti pady neni zcela jednozna¢ny, i kdy# celkové pre-
vlada tendence vy38ich hodnot pH/KCI pro Grodngjsi pady. V ramci trofosérie jsme
zjistili tyto pramérné hodnoty pH/KCI: 1. oligotrofni — 4,15; 2. mezooligotrofni —
5,68; 3. mezotrofni — 6,10; 4. mezoeutrofni — 6,27; 5. eutrofni — 6,30. Pro jednotlivé
vynosové kategorie (susina v t.ha™') jsme stanovili tyto pramé&rné hodnoty pH/KCI:
l.pod 1,5t=4,70;2. 1,6 -3,0 t=5,60; 3. 3,1 — 4,0t =593; 4. 4,6 - 6,0 t = 6,30;
5. nad 6,1 t = 6,23.

V tab. I jsou vyhodnoceny primérné vynosy na péti stupnich piidni reakce jednak
pro cely soubor, jednak pro mezofytni a mezotrofni stanovi§té. Ve viech ptipadech
1ze konstatovat tendenci sniZovani vynosi se vzristajici koncentraci vodikovych ion-
ti. Nejvyrazngji se to projevuje na mezofytnich stanoviitich. Na mezotrofnich stano-
viStich vliv pidni reakce jiZ nenf tak pritkazny. Mezni hodnoceni je pH = 5,0, co?
Potvrzuje zavéry, které uvadi Klapp (1957).

Komplexnéjsi picninafskou hodnotu porostu vyjadiuje jeho bonita, ktera se vyraz-
0Eji zlepSuje pfi vzestupu pH nad 5,0. VEtSina spoleCenstev, kterd rostou na silné
kyselych ptdach, ma primérnou bonitu pod 50 bodi, na slabé kyselych pidach
Pfevladaji porostové typy kulturnich trav s bonitou nad 60 bodt. Amplituda vyskytu
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vétsiny luénich fytocenoz je z hlediska padni reakce velmi Siroka, takZe s vyjimkoy
Nardet je neni mozné vyuZit pro bezpetnou fytoindikaci.

V tab. 11, III a IV jsou shrnuty indika¢ni hodnoty a indexy vyskytu 64 nejroziite.
né&jsich luénich komponentd pfi riznych stupnich padni reakce.

Luéni druhy lze rozdélit podle rozsahu amplitudy nejcastéjsiho vyskytu do ngko-
lika skupin (a-k), kde &isla v zévorkach uvadgji indikaéni hodnotu pro pH. Plastickg
druhy se $irokou amplitudou (ve skupinéch d, e, f) vykazaly vesmés velmi nizkg
indika&ni hodnoty (+20). Naopak vEtSiné plevelnych druhi nejlépe vyhovuji pady
silné kyselé a maximalni zastoupeni podiadnych komponentd byva pti pH = 4-5.

piidni reakce; luéni komponenty; travni fytocendzy; produkce; bonita luk; fytoindi-
kace
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