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In the years 1997 to 1999 in submontane region of the Sumava Mountains
(Kaplice, 680m above sea level) methodological tasks of exact determination
of homogeneity of grazing stands were studied together with tasks of relation-
ships between homogeneity of pastures and relative amount of left-overs. To
determine the frequency of different species for experimental studies the need
to place repeatedly 30 times a square of the 0.30 m side into the stand, then
on operational plots 12 times per 1 ha (with unified stand type), whereas
a preliminary method of randomizing seems to be the most suitable one. A gra-
dual decrease of proportion of left-overs in the total yield of pastures at growth
of their homogeneity was proved. The percentage of left-overs falls below 15%
(in statistical expression) at the values of homogeneity index over 5.5.

grazing stands; species frequency; homogeneity of stands; selectivity of graz-
ing; left-overs; analysis of stands

INTRODUCTION

Solution of pratotechnic tasks in CR from the very beginnings when
meadow and pasture managements was constituted as scientific disciplines,
1s closely connected particularly due to well-defined biological and ecological
Orlenta}tion of the founder of the Czech grassland school of academician
‘;“;;)éllnhKleéka with a wi-de .appli(?ation of phytocenologic and ecologigal
Ciplin: ies. However, application Qf methodologlcal approaches of these'dls—

in grassland management is corrigated by Klecka and Fabian

(1934) by the following principles: (1) If a question is to be answered which
\-
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method to use, it is necessary to specify firstly that the purpose of our re-
searches is much different from those of pure scientific sociology, (2) In
grassland management methods used are only a means to understand the
effect of intervention on the stand. Therefore the method used has to be not
only simple, but also accommodated for special purpose of certain experi-
mental investigation.

In the given intentions in the presented contribution an attention was paid
to methodological tasks of the study of homogeneity of grazing stands with
a special regard to utilization of data on homogeneity to selection prediction
of grazing and its consequences manifested by amount of left-overs. The
paper is connected to solution of tasks of the study of frequency of plant
species in grasslands as starting points for judging of their homogeneity
(Klecka, Fabian, 1934; Braun-Blanquet, 1964; Kubikovi,
1971; Gazda, 1977; Klime§, 1983; Slavikova, 1986; Dykyjova
et al.,, 1989; Moravec et al., 1994 etc.).

MATERIAL AND METHODS

In the years 1997 to 1999 in the submontane region of the Sumava Moun-
tains (Kaplice, 680 m above sea level) methodological tasks of exact deter-
mination of homogeneity of grazing stands were studied. Within these studies
three sets of starting hypotheses related to: (1) selection of necessary number
of replications at determination of frequency of different species as in experi-
mental, as in operational plots (2) selection of suitable way of randomizing
at replicated allocation of square for determination of frequency in opera-
tional plots and (3) importance of finding of homogeneity of grazing stands
as an indicator suitable for prediction of selectivity of grazing whose conse-
quence is an amount of left-overs.

To determine frequency of different species square of the 0.30 m side was
used (Gazda, 1977; Klime§, 1983). On experimental plots for random-
izing at allocation of square to determine frequency of different species chess”
board method was used. On operational plots of area 0.5 ha (2 stands) an
1 ha (6 stands) the following systems of allocation were tested: (1) random

throws into the stand (2) diagonal system of allocation of squares (3) ol
tinuous method of allocation of squares. In operational plots commum“'e:1
wit

which belong to the field of union Cynosurion (cristati) T X 1947
dominant species combination of Festuca rubra, Poa pratensis, Phlew
pratense and Trisetum flavescens were represented uniformly. These arepoly”
dominant phytocenoses with small differences in projective dominanc®

4 dominant or subdominant species, resp. (15 to 25% D). In summer seaso"
projective dominance of Trifolium repens also ranged in the given i!‘ﬂCf‘"‘ﬂ‘
_93
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In tgstmg of the suitable number of replications as in experi al, as i
Oper.auonal pllots the following numbers of replicationz vlvmemdl; oen:
12 times, 18 times, 24 times, 30 times and 36 times. In spri eri'cl ical
control of operational plots in 1999 the investigation was.exlendpednf . Oglcz'll
son for 2 ways of determination of the frequency of different spe .Of.C?mparl-
neously with deter‘mination of frequency using the square gfc(l)e;.()SImUI'ta—
using the square.ot 1 m side, distributed into 9 squares of 0.33 m' fi n e
was dete.rml.ned in these different partial squares. In this invésti \t ot
135 replications were used. Comparison was included too for tﬁc Ion'm ™
in newer studies more authors start to use for determination ?Eieab('m -
also the frequency of 1 m side, divided into 9 partial squares TO 'Olmmance
results the methods of variation statistics and the testing of e.tat'o ?thuate'the
ses together with the methods of correlation and regr b e il
used. gression analyses were

To express homogeneity of tested stands the summary indicator of
of homogeneity — homogeneity index (/;) was introduced in solort'0 'the e

i ution:

. ey

where: niv, v — total number of QI)CC.C represented in higher freque vV
vV, S 1€S, repres i lgl Cy Cl¢ i i T
b " i fi quency leSSCS, ie. in IV and

ny, 11 — total number of species i
) cies, represented in lower fi i
e ~ ~ H
il quency classes, i.e. in I and II

whereas classification of differe ies i
2 nt species into f sses is as
(Braun-Blanquet, 1964; G az da, 13707?:6‘1”3“0}’ Bk

Frequency class Frequency in different species in %
Ii till 20
i 20.1-40
iy 40.1- 60
§ 60.1- 80
80.1-100

Analyse
S 0 i
@l allWaysfbtefsted gra_zmg st‘ands were carried out in different grazing
o ¢ left_(;c ore grazing fo alone. After grazing off of stands tge total
the e left_vers was finding, which was simultaneously determined as
tially B tOvers in the total yield. Tested stands were grazed differen-
Y the herg ofg o earliness (early, semi-early and late) in 5 pasture cycl
b meat cattle of the Hereford breed. e
a 5 i
glOts and iy bofh s;ures was 2_.7 DJ/ha as in experimental, as in operational
€ Tationa the cases rational grazing was applied in ti g ing o
BB o for 2 duys pplied in time of grazing of
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RESULTS

m conducted investigations and their evaluation that op
experimental plots due to growth of repeated insertion of square into stands
in ascending line from 12 to 30 replications gradual exacting of homogeneity
index (I — y) occurs, what is documented by the data on mean €rror of

average (Sy), as well as variation coefficient (Vy) presented in Table 1.

It is showed fro

—7y) and its basic statistic characteristics on experi-

I. Average values of homogeneity index (In
d finding of frequency of different species

mental plots at different number of repeate

Statistic Number of replications

characteristics

y 1.058 0.939 0.745
S, 1.134 1.021 0.731
V',v (%) 115.160 107.200 108.670 98.060
S 0.192 0.164 0.147 0.106

The process of gradual exacting of homogeneity index at increasing num-
ber of repeated finding of frequency is expressed in the following regression

model:
= 0.423 462 — 0.091 473 In x

(Ispe = —0.9297)

where: x — number of replications
Sy — mean error of average

For exact judgement of suitable number of replications on experimental
plots at determination of homogeneity of grazing stands another verification~
comparison of homogeneity index, found at different number of replications
using pair #-test (Table II) — was carried out.

Similarly like from the course of values Sy
correlation and regression analyses, it also follow from performcd st
testing (Table II), that on experimental plots for determination of homo
ity of grazing stands it is suitable to choose 30 replications in total (repeat®
insertion of square into the stand). Further increase of of the number_o
replications already does not bring statistically significant exacting of fi? in
homogeneity index, because the difference between homogeneity index hr
found at 30 and 36 replications is no more significant. On the contrary i
plications (12 times (o 24 times) gives highly significant!y

@

(Table II), analyzed using
atistic

gene'

number of re
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ison of h ity i .
1. CplﬂPa(fi S o Em‘Ogenelty m@exes found at different number of replications with h
genelty index at highest number of replications (on experimental plots) 1 omo-

compared pairs according to the number of replications ¢ (calculated)
alculate
12
¥ =8 3.063"
. 36 3.564"
0 2.852"
A 36
0.763
t-critical values foos = 2-010
L—— tyo1 = 2.680

ferent results and hence also the selecti
' als ion of such 3 - can i
tions leads to inexact results. lower numtess of Eplica:
It was found on experimental i
= plots that without
randomizing at allocation of the square into the stﬂreiipe'Ct 10 the method used
cations on areas of 0.5 to 1 ha wh 11 thi ool alreany’ k4 seph-
By exact . en all this area formed by one stand type
: y ct results, what is also confirmed by the resul i .
testing (Table IIL). esults of statistic
It is evident from the data i
a in Table III that the bes
bor g . ‘ e best harmony be
e gfzgiltti}’ index values, found at 12 to 36 replications, is obtai};ed tz}V:etfln
. n}Jous method' of.randomizing. With respect to 1.6 to 10.6 ti ej
diagonalcnllleshof testeq criterion in the method of random throws an.d irler}E;b
- (1;tt0d3éhqn in the continuous method at compared number of re ;
. g t1m§3), both thc?se methods of randomizing seem to be g;
e fmi:s. Th?s pr.er?qmsne is confirmed also by the data presented
E fOund, aiotrgl Wh]Ch‘lt is cvx(_ient, that average values of homogeneit
e eluse of the continuous method of randomizing are loadezil
e diagon-al es lower error than in the use of the method of random th
Bol s methpd which therefore seem also as inexact and bl for
X BB il sieas of pastures act and unsuitable for
Seems from supplementing investi At .
Square of | m siq : iting investigation on suitability of the use of th
. side with division into 9 ial s S 3 : ©
“lermination of fre : . partial squares 4 0.33 m side for
L quency, that this method gives always signific
stan.., enificantly) lower values il ys significantly (sta-
Adard meghod. af i er values of homogeneity index compared with the
the stang , at which always one square of 0. side is inserted i
e b e use of confinuous m t(l]] : 3 m side is inserted into
ent squar % methed on 1 ha area of pastures w
€ stang quares were repeatedly inserted 135 time pstures 5 e
X0 ard method it was 0.36 P S, haumgeueny, e b
) 033 m S] .36, at the use of compared method with squares
, only the value I; 0.23 was recorded. It seems from
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dex (In) on operationul plots at different number of

I1I. The found values of homogeneity in
ion of square into the stand

replications and at different way of randomizing at insert

Method of randomizing

continuous

Locality number of replications

t calculated

s=236
| =350

t-critical fh.0

values "
0.0

razing stands (x), found by different methods

IV. Average values of homogeneity indexes of g
of randomizing at allocatoin of different squares on tested operational localities, suppéemented
by basic statistical characteristics

Method of randomizing

Statistic
characteristics

random throws

39.930

) 074
0'()_,,/_/

rent species using the pair f-test (t= 4331 )

that both these methods at identical number of replications give siu\isﬁcalz
different results. It is evident from further comparisons when different loW ]
numbers of replications were tested that the standard method againSt ¢

evaluation of frequency of diffe
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ared method (9 x 0.33 m x 0.33 m) 1 i

homogeneity o ) 1.63 to 2.31 times higher values of
It followed from the study of mut i i

. ual relationship bet i d
razing stands, expressed by homogeneity inde:xp Iy ‘fei;l zgglégenelty Ot‘
leﬁ,overs,tixpgessed by their percentage in the total yield (y — in ‘;mO}?m -
most' suxvta e form of explanation and prediction of this relati {])"t a e
B fonciion: relationship is expo-

y= 22.154 . o 0070x s = _01274*)
3

]:Or 1 luS ration are pIGSClltC the Va]ueS caicula ed fr()m the gl\/cn ]Clatlon hll).
d ~ l ~ ] ti > S .

21.40
“ 20.65 19.26 17.96 16.74 15.61 14.55 13.57

The studied dependence can be i i
' : | proximated i
is possible only with slightly less exact resiltss&ll?igg [hl(;'lmear B At

y’ = 23.262 — 1.534x (s = 0.272)
“

Statistic significance of m i
utual relatlonship be e
and relative amount o left-overs is on the level Pg s fulfilled f(g)l thelt)i/n;enldva);
1 h Po.os fulfi .

y 44
38 # .
%
32
s y' =23,262-1,534x (r:yx = "0,272%)

LR S
S e T8y +
+ + E e
++ 3
3 L T
0 H ;
: N
2 3
4 5
6 7
8

1% Rel 3
. ationgh; X
ity inge, 1p between h 3
X (I, — omogeneity of experi :
¥) ex h=X) and L ot exp imental grazing stands (ex
Presse . ;:sl?ltxvu.amount of left-overs (percentage of left-ov(ersI)f;i:)srlsqe;j e hO@ogene.
ion line supplemented with confidence zone for P, ao(rja,%e ——
’ o0s and Py gy (----)

:
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of homogeneity index ranging from 0.5 to 7. Outside this interval predictioy
is loaded by greater error.

It seems from investigations that homogeneity index can be used in pasture
cenoses for prediction of selectivity of grazing whose consequence is the
percentage of left-overs in the total biomass. Exception are only stands ip
which the rate of homogeneity is very low (/x> 0.5) or extremely, very high
(I, < 7) and when evidently other factors are asserted by greater degree
entering into interaction of mutual relationships between homogeneity of
stands and selectivity of their grazing.

DISCUSSION

Up to now more extensive works, concentrated on the study of homoge-
neity of grasslands using the data on frequency of different species were
focused altogether on the study of meadow communities (Gazda, 1977;
Klime§, 1983), when 12 replications were enough in insertion of square
of the 0.30 m side into tested stands. The above number of replications allows
very well to classify different species into frequency classes without reaching
the results which are close to the limit of different frequency classes. While
in meadow communities according to great majority of phytocenologic stud-
ies this number of replications is sufficient, in experimentally tested grazing
stands such number seems to be insufficient (Tables I, II). For experimental
study of grazing cenoses based if the results obtained it can be recommended
repeatedly to insert square of 0.30 m side into the stands 30 times. 2 variants
seem to be as suitable: (a) allocation of squares into three replications
a 10 times or (b) allocation of squares a 15 times. At the same time it has
been proved that the required number of replications does not depend on the
stand type and that general regularities can be applied also for grasslands,
which are formulated in rules on quantitative aspects of limiting the selection
set (Klecka, Fabian, 1934; Rybacek et al., 1970).

It was showed from testing of different ways of randomizing on operd-
tional plots that the continuous method of randomizing gives the most exact
results at finding of homogeneity of grazing stands. Regarding that at appli-
cation of continuous method of allocation of squares in the stand it is neces”
sary to define the distance interval (Iv) for conducting of different
investigations, standard formula was specified (Rybacek et al., 1970).10
form, directly utilizable for determination of frequency of different species
on operational plots of pastures as follows:

]‘)ZJP[.lOOOO 6)

Pl 12

where: Pl — area of pasture with unified stand type in ha

JARO (D) ’3’93
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Calculated value is then: Iv = 28.867 m = 29 m. However, it is necessary
{0 emphasi‘ze that in the cases when more stand type are represented in certain
Jocalitys it is necessary to determine the type of frequency of different species
Separately for each stand type.

It seems from comparison newly at the study of grasslands asserting methods
when for determination of the frequency square of 1 m side is used with
division into 9 squares of the 0.30 m side with the standard method when
square of the. 0.30 m side is allocated (Gazda, 1977) that this new method
gives fully different results. At determination the frequency greatly depends
on the size of the used square and in addition, the method when 9 squares
are always concentrated, fully does not correspond to required principles of
randomizing (Rybacek et al., 1970).

Applied indicator on homogeneity of grasslands — homogeneity index (1)
it is explicitly expressed form of homogeneity of stands which was in up to
the present time described only implicitly and which was evaluated only
generally on the basis of the total configuration of frequency diagrams
(Braun-Blanquet, 1964; Slavikova, 1986; Gazda, 1977 etc.).
However, if we want to study the quantitative relationships between homo-
geneity of stands and results of grazing off of the stands themselves, it seems
to be necessary the introduction of explicit form of expression of the rate of
homogeneity of grazing stands. Proved statistically significant correlations
between the values of homogeneity index and relative amount of left-overs
nlot.on¥y confirm the idea on necessity of grazing stands as a prerequisite of
limitation of selective grazing (Voisin, 1960), but at the same time it is
also a confirmation of suitability of evaluation of the rate of homogeneity of
grasslands using the homogeneity index (I5) and suitability of the use of
Square of the 0.30 m side to determine frequency of different species in
tg;:tmdni%fzi?\?& 1131'0{11 s_tandpoint Qf testing of statistic hypotheses the finding
A Signiﬁcr\l/r?tue';shofdhomogenefty indexes show normal d'istribution seems
- beclo. 156(:7 ecrease of percentage of left-overs in the total yield
B w 15% (in biometric concept on the level Po.os) to range the

geneity index between 5.5 and 7.

Sta'rf(?:t:jr:]gr- of grac.iual increase of the qember of squares inserted into the
the genera;ntg fmdmg. the frequency of different species proved also validy of
B rer(ljd, valid also for other phytocenoses that however the selection
e seglra\ pally fluently elose tovthe real value of the basic set from
Similay - ection ‘set was defined. This gradual approximation also explains
set ( b 4 S:ncy of gradual decrease of mean error of average of selection
1989. acek et al, 1970; Slavikova, 1986; Dykyjova et al

* MOravec etal., 1994 etc.). i
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f homogeneity indexes and percentage of left-
s no direct effect on any
vestigations that as

It seems from comparison 0
overs in different stand types that the stand type ha
of these indicators. It is showed from the connecting in

grazing stands, as percentage of left-overs are further affected
particularly by microrelief of the site and preciseness of pratotechnics (uni-
formity of fertilization, regular cuts of left-overs, distribution of excrements,
suitable way of pasture technics etc.). It 18 showed from indicated knowledge
that it will be necessary to deepen the knowledge on structural parameters of
grazing stands. The first phase of application of more detail phytocenologic
analyses of grazing stands can be expected particularly in the field of experi-

mental pratotechnics.

homogeneity of
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V intencich Ceské klasické lukatské Skoly (Klecka, Fabian, 1934), Poéadu’
jici piizplsobit i‘ytocenologické analytické metody acelim, pro které jsou urer?
byly v letech 1997 aZ 1999 na experimemﬁlnich plochéch riiznych dmho\’}?“

b
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h _d

pinaci pasFevnich porostt a ddle na provoznic )
ké oblasti Sumavy (Kapli znich plochach pastevniho ared
;O B e hornil)éendii);,]ce; 6[80 m n. m.) studovany metodologickéd;iza’ﬂziv pOdhO{_
yztahujici se k: (1) volb& ’ Svcvm,Ch porostd. Byly ovéfovany tfi okruh ylexaktr’n_
liyych druhd, (2) 1bvp0trebnﬁfh° poctu opakovani pfi stanoveni f Y o
{‘Ot ich d ’I ) volbé vhodného zplisobu zndhodnéni S o relfvence Jed-
Jedrf 1a};tev fuﬂu na provoznich plochdch a (3) vyznamu Pio stanovent frekvence
i?n};ifni dﬁr;;z;ki(;ro?tu ]akovito ukazatele vhodnéhc; pro Pr\;c?islgilh‘olzjls'[é‘m homo-
a;/erec e 0,301njlesnzln(lutst\vn ’nedopaskﬁ. Pro stanoveni frekzznec]:ntl)l? SpasVa'-
experimentz’llni ordce \-Ih()di;l‘nemm metod induktivni statistiky byla stanoy B
(tab. 1 a I). Na provoznich plgzh‘;‘c):]bgai(\)/filjsgt)lného vkladani &tverce dovgziozx
pypotéz (tab. I a X (Eno. ¥ ‘ ylo na zdkladg testovani statisticky
vl{fﬁdéni . doll\)/o)rjixns]telnz(;, l’ze uwpvoro§tl.f1 o vyméfe do 1 ha j_zvggélitgt;StlikyCh
skazuje prib&znd metoda. Pok rat, pfiemZ jako nejvhodnéjsi metoda zna - O/VM
! etoda. ud se na lokalité vyskytuje vi I
tfeba analyzovat kazdy porostovy typ zvlast yskytuje vice porostovych typd, je

Byla navrZena explicitni f
i % EXp citni forma hodnoceni homogeni i
indexu homogenity (/5): genity travnich porostdi pomoci

_hiv,v
i1
(D

where: nrv, v — celkovy ¢ i
o y powvt druhti zastoupenych ve vysSich frek ¢ni i
i P rekvencnich tfiddch, tj. ve IV

Il — CCIkOVy poéet druhi nych v
u zastou Y 1781 Vi
i penyc niz8ich frekvenénich tfidach tj. viall

V oboru hodnot ind
exu homogenity 0,5
postupny pokles mnoZstvi y 0,5 < Iy <7 byl prokizdn statisti ]
nedopaski na cellf:)rll(:’:iim' nedopaski se vzristem hodnoty /j “(jtﬂtl_btlcok%’;;);znﬂmny
o vynosu klesl pod 15 % (ve statisti Ax T ). Podil
: B Zarover Byl e statistickém pojeti) pti hodnota
porostii pomoci h yla potvrzena Ucelnost expl: odnotach
& od . planace h : § .
frekvence jeantlivyzgtz Iy : vhodnost pouZiti ¢tverce o strané 003n(1)0gemty travnich
ruhil. Nelze doporudit ménit velikost téch’to éltn keastanovem
vercl a rovnéz

neni vhodné
€ sdruZovat vice & .

mnoh vice Ctverci tésné %

dy prosazovat (9 x 0,33 m x 0,33 rrlll)e k sob€, jak se v posledni dobé zacind

Pasteyni

porosty; d "

pasky- y; druhova fr . .

5 analyza porostd a frekvence; homogenita porosti; selektivita spasani; ned
anl; nedo-
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