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PREDIKCE BOTANICKEHO SLOZENI T‘RAVNICH_JT;
POROSTU POMOCI SPEKTROSKOPIE V BLIZKE ="
INFRACERVENE OBLASTI (NIRS)

PREDICTION OF BOTANICAL COMPOSITION OF GRASSLANDS
USING SPECTROSCOPY IN NEAR INFRARED REGION (NIRS)

V. Mika, F. Smital, P. Nerusil

Institute of Agricultural and Food Information, Praha, Research Station of Grassland
Ecosystems, Jevicko, Czech Republic

ABSTRACT: From the experiments conducted at the Research Station of Grassland Ecosystems Jevitko, 297 samples of
lucerne-grasses and 716 samples from grasslands were taken. Each sample was divided into two parts, whilst the first part in
the fresh state was determined for agrobotanical analysis and the second one after drying and grinding in the laboratory
grinder (Pulverisette 15 with standardized 1 mm mesh sieve) for spectral measurement. Beside this, samples were taken from
grasslands of 51 herbal species of 17 families which were mixed after crushing in gradated percentage with grasses and red
clover. Spectral data were measured on the apparatus NIR Systems 6500 in the form log 1/R, where R is reflectance, and
they were correlated with the percentage of agrobotanical groups of families, or species (weight % of dry matter). In natural
two-component mixtures (lucerne-grass, Tab. I) as well as in three-component mixtures (grass, clover crop, herbs, Tabs II,
III) spectral data had a very close relationship to the botanical composition. Relatively exact prediction of weight percentages
of components corresponds with it. Analyses of multiple linear regression of spectral data with botanical composition gave
prediction equations with high coefficients of determination (r* = 0.86-0.94), whereas the relationship is linear. BIAS values
in the predicted set (Tab. III) show that actual and predicted means are not significantly different. SEP values vary from 4.05
(grasses) to 5.82 (herbs) what is somewhat more than SEC. The share in it has also the accuracy of reference method, i.e.
accuracy of manual separation of different agrobotanical groups. The close relationship of spectral data was also manifested
in mixtures prepared in the laboratory. The relationship of actual and predicted percentage of grasses, clover and herbs in
three-component mixtures was very close (r2 = 0.93-0.97) and SEP amounted to 2.71 to 4.07. Some species, genera, or
families from the group of herbs show certain systematic shift of predicted values in the positive sense (Lenthodon hispidus,
Geranium pratense, Galium sp.), other species in the negative sense (Sorchus asper, Glechoma hederacea, Aegopodium
podagraria). SEP in these cases, however, did not exceed 5%. The NIRS technique can be used to predict with a sufficient
accuracy weight percentages of agrobotanical species in simple and complex clover-grass mixtures provided that groups will
appear in sufficiently high percentage. NIRS technique is now commonly used as an alternative of agrobotanical analyses of
harvested forage, because it is sufficiently accurate, very fast (measurement last less than 2 min) and measurements can be
conducted with dry ground material outside the rush working hours, whenever after harvest.

spectroscopy; forage crops; agrobotanical analyses; NIRS; grasslands and clover-grass stands

ABSTRAKT: Na pfistroji NIRSystems 6500 byla mé&fena spektra 51 druhii bylin ze 17 &eledi, p&t druh trav, riznych vzorkid
vojt&iky seté a jetele lu&niho v suchém semletém stavu, jakoZ i vojtéSkotrav a druhové pestrych travnich porosti na VSTE
Jevitko. Déle byly laboratorn& pfipraveny smési trav, jetele luéniho a jednotlivych druhd, &eledi, resp. sm&sného vzorku bylin.
V3echna spektrélni data byla zachycena ve form& log 1/R a korelovédna s podilem agrobotanickych skupin, Celedi, pfipadné
druhu. Ve vSech t&chto ptipadech méla spektralni data velmi tésny linedrni vztah k botanickému sloZeni. Technikou NIRS
Ize s pfijatelnou pfesnosti predikovat hmotnostni podily agrobotanickych skupin v jetelotravnich porostech. Méfeni pomoci
NIRS lze doporuéit jako alternativu agrobotanickych rozbori sklizené pice. Mé&feni trva méné neZ 2 min a lze je provadét na
suchém semletém materidlu mimo pracovni $picku, kdykoliv po sklizni.

spektroskopie; picniny; agrobotanické rozbory; NIRS; travni a jetolovinotravni porosty
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Spektrum jakéhokoliv vzorku v blizké infraervené
oblasti (tj. 1100-2500 nm) je obecné bohaté na chemic-
ké informace. Pomoci multivaria¢ni techniky lze z néj
vytéZit nejen spolehlivé rozliSeni jednotlivych kompo-
nentl, ale i jejich kvantitu. Nezbytnym pfedpokladem
pro praktické vyuZiti je viak vyvoj vhodnych kalibraci
s pouZitim datového materidlu zjiSténého standardnimi
referenénimi metodami.

Jednou z moZnosti aplikace techniky NIRS v prato-
technickém vyzkumu je stanoveni agrobotanickych
skupin, ¢eledi, pfipadné niZ$ich taxonomickych jedno-
tek ve smésnych vzorcich, pfipravenych uméle (Mi-
ka, 1997) nebo ve vzorcich z pfirozenych travnich po-
rostd (Pitman etal, 1991; Berardo et al., 1994).

PredloZen4 préce si klade za cil provéfit moZnosti
nasazeni a hranice omezeni vyuZiti techniky NIRS ke
stanoveni botanického sloZeni sloZitych travnich smési
v suchém semletém stavu jako alternativy pracovné
a Casové naro¢nych agrobotanickych rozbord.

MATERIAL A METODA

1. Z pokust s vojtéSkotravami (Medicago sativa, odru-
da Zuzana + ruzné druhy a odridy trav v odstupiio-
vaném poméru) na VSTE Jevitko bylo v prvni
a druhé seci v roce 1996 odebrano 297 vzorkua. Po
sklizni byly vzorky rozdéleny na dvé &asti. Prvni
¢ast vzorku byla ru¢né separovana na vojtésku a tra-
vy a oba podily vyjadieny v hmotnostnich procen-
tech. S druhou &4sti vzorku, kterd byla dehydratova-
na v su$arné€ s nucenym pohybem vzduchu pfi 60 °C
a semleta na rotacnim fezacim mlynu Pulverisette 15
s normalizovanym sitem 1 mm, bylo provedeno
spektralni méfeni.

1. Predikce podilu vojt€sky seté (hmotn. % v sudin€) ve vojtéskotra-

véich z polnich pokusi — Prediction of p ge of lucerne (weight
% in dry matter) in lucerne-grasses from field experiments
Parametr! ve lzlﬁ:;;l,(?t‘s:ﬂ);h“ LS!::(isticki
skutetny’ | predikovany®
SEP 6,25
Primér? 3545 34,90
SEP (C) 6,23"
SEP (C) limit® 4,49
Smérodatné odchylka® | 26,11 26,23
Smémice ptimky’ 0,97
r 0,94
n 297
" Pyos
s % ge, 3limil. 4 dard error, Sline sloj 3 (’pen::n(ngc

P 3
of lucerne in lucerne-grasses, "actual, "predicled. statistical eva-
luation
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2. Z pokusu s doasnymi porosty a pfisevy na VSTE
Jevicko bylo v prvni a druhé seci v roce 1996 ode-
brano 716 vzorku, které byly zpracovéany stejnym
postupem s tim, Ze pfi agrobotanickém rozboru byly
separovdny ti skupiny (trdvy, jeteloviny, byliny).

3. Z travnich porostd na VSTE Jevitko bylo v dobé
senosede v roce 1996 vybrino 51 vzorki riznych
bylin ze 17 &eledi. Dale bylo vybrdno v prib&hu
vegetace 214 riznych vzorkd od péti druht kultur-
nich trav, které byly semlety a homogenizovany
a byl z nich vytvofen jeden vzorek, ktery byl ozna-
&en jako trava. Podobné byl pofizen primérny vzo-
rek jetele luéniho. Ze viech téchto vzorki v suchém

Pofadové &islo kombinace Trivy Jetel Byliny
1 20 60 20
2 40 20 40
3 60 20 20
4 20 20 60
5 40 40 20
6 20 40 40

semletém stavu byly sestaveny umélé kombinace

jednoho vzorku trivy, jednoho vzorku jetele a vzor-

ki jednotlivych bylin podle schématu:

V dal§im kroku byly byliny smichiny podle Celedi
do skupin a podle stejného kli¢e pofizeny smési trav,
jetele a jednotlivych Celedi bylin. Nakonec byly &eledi
bylin smichany a podle stejného kliCe utvoreny smési
travy, jetele a smichanych &eledi bylin.

Meéfeni spekter bylo pofizeno na pristroji NIRSys-
tems 6500 v oblasti VIS a NIR 400-2500 nm (tj.
25 000-4 000 cm") a jednotliva spektra byla vyjadie-
na ve formé log 1/R, kde R = reflektance. S pouZitim
programového vybaveni ENSAS byla pro kazdy kom-
ponent (agrobotanickou skupinu, &eled, druh) pofizena
knihovna spekter tfikrit paralelné méfenych. S pouZi-
tim programového vybaveni ISI byly pro kazdy kom-
ponent generovany kalibraini rovnice a korelovany
s deklarovanym podilem:

a) agrobotanickych skupin (u dvojkomponentnich smé-
si trdva a vojtéska; u trojkomponentnich smési tra-
va, jetelovina a smésny vzorek bylin);

b) &eledi, resp. druhi bylin u ad 3 v pfipravenych smé-
sich s trdvou a jetelem.

VYSLEDKY

V pfirodnich dvojkomponentnich smésich (vojtés-
kotrava) méla spektralni data velmi tésny vztah k bota-
nickému sloZeni (tab. I). Podobné tomu bylo i v troj-
komponentnich smésich (trava, jetelovina, byliny —
tab. II, III). Z toho vyplyva relativné piesnd predikce
hmotnostnich podilu jednotlivych komponenta (obr. 1,
tab. III). Pramérna spektra trav, jetele lu¢niho a bylin
v oblasti VIS a NIR jsou znizornény na obr. 3. Analyza
mnohondsobné linearni regrese spektralnich dat s bota-
nickym sloZenim poskytovala predikéni rovnice s vyso-

ROSTLINNA VYROBA, 44, 1998 (6): 245-249



11. Podily agrobotanickych skupin (hmotn. % v susing); statistika kalibra¢ni a kiiZové validace — Percentages of agrobotanical groups (weight
% in dry matter); statistics of calibration and cross validation

Parametr' n Xts SEC* 72 SEC (V)" P
Travy? 178 62,4 +21.5 331 0,98 392 0,95
Je[eloviny:' 155 16,6 + 13,2 4,20 0,96 511 0,94
Byliny4 172 20,9 £ 16,7 4,93 0,95 537 0,90
* smérodatn odchylka kalibrace — standard error of calibration
smérodatni odchylka k¥iZové validace - standard error of cross validation
'parametcr. zgmsses. 3elover crops, “herbs
1. s ika predik h boru — Statistics of predicted set
Parametr! n Skutegny podil® Predikovany podil® 2 BIAS SEP*
Tréivy? 716 59.8 + 20,6 609 + 19,6 0,93 -1,94 4,05
Jelcloviny:‘ 668 13,1 £98 11,7£83 0,90 -1,40 5.54
Byliny* 706 255+ 18,0 27,1 20,5 0,86 0,42 5,82
* smérodatnd odchylka predikce - standard error of prediction
For 14 see Tab. II, *actual p ge, “predicted p g
100—- o i e 8 e e e e - - o7
4 7 VA
] [ 1
h N, | ]
b L. R A e N e o pevs |
4 ' !
] ! 1
] ' 1
80+ 1 '
4 ! ]
o 1 '
- 1 1
b | .
] ! 1
] ! 1 t
< 1 !
: ! i 1
604 ! 1 1
1 - L i
4 ! 1 1
4 1 1 0
] ! i 1
] ! 1 1
b 1 + -
] i t 2
40’ X2 |’
- Mrmcccanncccc e s
- 2. Vzorky trav, jetele lu¢niho a bylin zobrazené proti souboru PCA
G (analyza hlavnich komponentu) luénich rostlin — Samples of grasses,
b red clover and herbs depicted against PCA set (analysis of main
20 components) of meadow plants
1
2 0 — diagonalni pohled — diagonal view
] | - pohled shora - top view
- 2 - pohled zleva - left view
3 3 - pohled zprava - right view

IF'|i|“;”ll;lﬂilllll‘lIll|IIH’IIHIIHII:!:IHH!-
40

0 20 €0 §0

1. Vztah skuteného podilu vojt&€sky (hmotn. % v su3in&) k podilu
predikovanému ve vojt€ikotravé - Relationship of actual lucerne
percentage (weight % in dry matter) to predicted percentage in lu-
cerne-grass

Y=097X + 1,69

osa x: predikovany — x axis: predicted
osa y: skuteény — y axis: actual

ROSTLINNA VYROBA, 44, 1998 (6): 245-249

+ oznalené vzorky — marked samples

* velmi vzdalené (netypické vzorky) — global outliers (atypical sam-
ples)

+ stfed pohledu zprava — middle right view

kymi koeficienty determinace (r2 = 0,86-0,94), pfi-
¢emZ vztah prokazuje linearitu. Hodnoty BIAS (statis-
tické kritérium chybového &lenu predikce) u prediko-
vaného souboru (tab. IIT) ukazuji, Ze skuteiné a
predikované pruméry se podstatné neli$i. Hodnoty smé-
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L 3. Priméma spektra trav, jetele luéniho
a bylin — Average spectra of grasses, red
clover and herbs

osa x: vinova délka — x axis: wavelength
= trivy - grasses

jetel - clover

byliny — herbs

-

0.9000
0.7000 |
~
[
N
2 o.soo0
o
0
-
0.3000 |
0.1000
400 700 1000 1300 1600
nm

rodatné odchylky predikce kolisaji od 4,05 do 5,82 %
(tab. III), coZ je ponékud vice neZ SEC (smérodatna
odchylka kalibrace). Smérodatna odchylka predikce
(SEP) obecné odréZi pfesnost referenéni metody, tj.
ruéni separace jednotlivych agrobotanickych skupin.
Té&sny vztah spektralnich dat s botanickym sloZenim
byl prokdzan téZ u laboratorn& pfipravenych smési
(tab. IV, V, VI). Vztah skuteEnych a predikovanych
podilu trav, jetele a bylin v trojkomponentnich smé&sich
byl velmi t&sny (r2 0,93-0,97) a SEP relativné nizka
(2,71-4,07). Pfi detailni analyze vlivu jednotlivych &e-
ledi bylin na pfesnost predikce jejich podilu v trojkom-
ponentnich smésich se ukazalo, Ze nékteré druhy, rody
a Celedi vykazuji ur€ity systematicky posun predikova-
nych hodnot v kladném smyslu (Leonthodon hispidus,
Geranium pratense, Galium sp.), jiné druhy v zépor-
ném smyslu (Sorchus asper, Glechoma hederacea,
Aegopodium podagraria). Pfi hodnoceni souboru po-
uZitych vzorku luénich rostlin (obr. 2) podle statistické
hodnoty H (spektralni vzdalenost sousednich vzorku)
vykazovala nejvétsi hodnoty &eled Chenopodiaceae
(H = 2,834) a v klesajicim poradi nasledovaly Centau-

IV. Predikce podilu trav (hmom % v sudin€) v trojkomponentnich

1900

2200 2500

rea jacea > Cirsium oleraceum > Veronica chamaedrys
> Rumex obtusifolius (H = 1,667) > Geranium pratense
> Equisetum arvense (H =1,525) > Taraxacum offici-
nale (H = 1,403) > Polyganum bistorta > Aegopodium
podagraria (H = 1,282) > Prunella vulgaris > Poten-
tilla anserina (H =1,208) > Senecio erraticus (H =
1,025) > Plantago major (H = 1,04) aZ po Heracleum
sphondylium, Chrysanthemum leucanthemum (H =
0,497) a Viola tricolor (H = 0,394). Druhy, rody a &e-
ledi s vysokou hodnotou H jsou ostatnim vzorkum
spektralné vzdaleny nejvice, a pokud by se vyskytovaly
v porostu ve vétSim hmotnostnim podilu, technikou
NIRS by je bylo moZno postihnout citlivéji neZ druhy
s nizkou hodnotou H.

DISKUSE

Technikou NIRS lze s pfijatelnou pfesnosti prediko-
vat hmotnostni podily hlavnich botanickych skupin
v jednoduchych jetelovinotravnich sméskach (napf.
vojtéskotravach i v pfirozenych multikomponentnich

V. Pmdlkz.c podilu jetele lu¢niho (hmotn. % v suding) v trojkompo-

&sich (lab né pfip é binace) - Predi of percen- &sich (lab & pfipravené kombinace) — Prediction
tage of grasses (weight % in dry matter) in three-component mixtu-  of percentage of red clover (weight % i m dry matter) in three-com-
res (combi prepared in lab y) ponent mi ( d in laboratory) ¢

P Podil trav® Statistické — Podil jetele lugniho® | Statistické

skute&ny’ | predikovany® hodnoceni” skuteny” | predikovany® hodnoceni”

SEP 2,71 SEP 3,40

Prumér® 33,33 33,50 Primér? 33,33 33,30

SEP (C) 2,72 SEP (O) 3,42

SEP (C) limit* 3,69 SEP (C) limit* 4,62

Smérodatné odchylka? 14,96 15,18 Smérodatnd odchylka* 14,96 15,07

Smé&mice ptimky’ 097 Smémice ptimky® 0,97

7 0,97 2 0.95

n 714 n 714

For 1-5, 7-9 see Tab. I, (’pcrcenwge of grasses
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For 1-5, 7-9 see Tab. I, “percenmge of red clover

ROSTLINNA VYROBA, 44, 1998 (6): 245-249



VI. Predikce podilu bylin (hmotn. % v susing) v trojkomponentnich

gsich (lab & pfipravené kombinace) — Prediction of percen-
tage of herbs (weight % in dry matter) in three-component mixtures
(combinations prepared in laboratory)

P Podil bylin® Statistické
skutedny’ | predikovany® hodnoceni”

SEP 4,07

Pramér? 333 33,03

SEP (C) 4,09

SEP (C) limit 0,57

Smérodatna odchylka® | 14,96 14,76

Smérnice piimky® 0,98

7 0,93

n 714

For 1-5, 7-9 see Tab. I, ®percentage of herbs

travnich porostech). Dostate€nou pfesnost predikce po-
tvrzuji vysledky i dalSich autord (Pitman et al.,
1991; Berardo et al., 1994) za pfedpokladu, Ze tyto
skupiny budou ve smési zastoupeny v dostatedné vyso-
kém podilu. Technika NIRS je dokonce schopna odli3it
rizné botanické druhy méfenim rozdili molekularniho
pnuti chemickych vazeb v organickych latkach, zvlasté
pokud tyto druhy vykazuji téZ charakteristické vibrace
vyznamnych chemickych skupin (Murray, 1994). Na
zékladé naSeho zevrubného Setfeni miZeme techniku
NIRS doporuéit jako alternativu agrobotanickych roz-

borli sklizené pice, nebot je dostatedné pfesnd, velice
rychla (mé&feni trvd < 2 min) a lze ji provadét na su-
chém semletém materidlu mimo pracovni ¥picku, kdy-
koliv po sklizni.

Podékovéni

Experimentélni price byly provedeny za finanCni
podpory GA CR projekt & 503/95/1457 Vyvoj expedi-
tivnich metod hodnoceni kvality travni biomasy.
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VLIV LYOFILIZOVANYCH PUDNICH VYLUHU

NA KLICIVOST, DELKU HYPOKOTYLU A KORENE
TRIFOLIUM PRATENSE, CV. VESNA A FESTUCA
ARUNDINACEA, CV. KORA

THE EFFECT OF LYOPHILIZED SOIL EXTRACTS ON GERMINATION,
LENGTH OF HYPOCOTYL AND ROOT OF TRIFOLIUM PRATENSE,
CV. VESNA AND FESTUCA ARUNDINACEA, CV. KORA

A. Kohoutek', A. Fojtik’, 1J. Horsk?, V. Odstr&ilova', P. Novosadov4®

! Institute of Agricultural and Food Information, Praha, Research Station of Grassland
Ecosystems, Jevicko, Czech Republic
zBreeding Station Hladké Zivotice, Ltd., Czech Republic

ABSTRACT: Allelopathic action of extracts from soil samples from grasslands taken from eight perennial grass species

(trial A) and from band reseeding into grassland (four depths) in four dates (trial B) was studied as affected the energy

of germination capacity, length of hypocotyl and roots of Trifolium pratense, cv. Vesna and Festuca arundinacea, cv.

Kora. Soil samples with above-ground biomass (stubble of the 100 mm height) were taken, extracted with distilled

water, lyophilized and subsequently diluted to three concentrations of calculated weight moisture of soil according to
a. Wllml g MPVL

a. Whm H Mv L (M.\'”,+ Whm)

the formula MRL= . Testing of soil samples was conducted by the method after Pederson
(1986). Water extracts from soil samples of grasses inhibited statistically highly significantly the root length, less the energy
of germination capacity and length of hypocotyl. Inhibition of the root length of Trifolium pratense, cv. Vesna (Fig. 1) was
falling in the order Arrhenatherum elatius, Bromus inermis, generic hybrid HZ-5-DK, Festuca arundinacea, Alopecurus
pratensis, Poa pratensis, Dactylis glomerata, Phalaris arundinacea; inhibition of root length is statistically highly significant
in all grass species compared with the control with the distilled water, only in Phalaris arundinacea the inhibition is
statistically significant. The hypocotyl length of Trifolium pratense. cv. Vesna inhibited extracts in the following order:
Bromus inermis > Festuca arundinacea > Arrhenatherum elatius > Dactylis glomerata compared with distilled water and
they stimulated in the order: Poa pratensis < Alopecurus pratensis < generic hybrid HZ-5-DK < Phalaris arundinacea;
decrease in the length of hypocotyl against control with distilled water is highly significant in Bromus inermis and increase
is highly significant in Phalaris arundinacea. Energy of germination was inhibited in descending order Bromus inermis >
Festuca arundinacea > Arrhenatherum elatius > Dactylis glomerata > Poa pratensis > Phalaris arundinacea > generic hybrid
HZ-5-DK > Alopecurus pratensis, whereas decrease of energy of germination capacity in Bromus inermis and Festuca
arundinacea is statistically highly significant against control (distilled water). In the experiment A statistically highly signi-
ficant inhibitory action of concentration of soil extracts on average of grass species on energy of germination, length of
hypocotyl and roots of Trifolium pratense, cv. Vesna at increasing concentration of soil extract (Fig. 2) was found. Soil
extracts from different depths of sampling in the experiment B (Fig. 6) inhibited the length of roots of Trifolium pratense
(statistically highly significantly) in all depths compared with distilled water; length of roots of Festuca arundinacea was
strongly stimulated, that is again statistically highly significantly compared with distilled water. Extracts from soil samples
taken band reseeding into grassland on four dates of reseeding (Fig. 9) demonstrated highly significantly action on the length
of roots and length of hypocotyl among different dates in both tested species. The results obtained showed that in the grassland
ecosystem are comprised specifically active substances which can stimulate or inhibit initial growth and development of
introduced species in dependence on the concentration of substances comprised in soil solution. Allelopathic action is
a significant regulatory mechanism of technology of additional seeding into grasslands.

allelopathy; soil extracts; band additional seedings; lyophilization; grass species

ABSTRAKT: Bylo sledovino alelopatické pisobeni vyluhi z pidnich vzorki z travnich porostii odebranych z osmi vytrva-
lych travnich druhi (pokus A) a z pasovych piisevii do travniho porostu (&tyfi hloubky) ve &tyfech terminech piisevu
(pokus B) na energii kli¢ivosti, délku hypokotylu a kofen Trifolium pratense, cv. Vesna a Festuca arundinacea, cv. Kora.
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Pudni vzorky i s nadzemni biomasou (strni§tém o vySce do 100 mm) jsme odebrali, vyluhovali destilovanou vodou, lyofili-
zovali a nasledné nafedili na tfi koncentrace mé&fené hmotnostni vlhkosti piidy. Vodni vyluhy z piidnich vzorki trav inhibovaly
statisticky vysoce vyznamné délku kofene, méné energii kliCivosti a délku hypokotylu. V pokuse A jsme zjistili statisticky
vysoce vyznamné inhibi¢ni plsobeni koncentrace pudnich vyluhi v primé&ru travnich druhti na energii kli¢eni, délku hypo-
kotylu a kofent Trifolium pratense, cv. Vesna pfi zvySujici se koncentraci pidniho vyluhu. Pidni vyluhy z jednotlivych
hloubek odbéru (pokus B) inhibovaly délku kofenl Trifolium pratense (statisticky vysoce vyznamné) u viech hloubek ve
srovnéni s destilovanou vodou; délka kofenl Festuca arundinacea byla siln& stimulovéna, a to opét statisticky vysoce vy-
znamné& ve srovnani s destilovanou vodou. Vyluhy z pudnich vzorki odebranych z pasového pfisevu do travniho porostu ve
étyfech terminech pfisevu prokézaly statisticky vysoce vyznamné pisobeni na délku kofenit a délku hypokotylu mezi jednot-
livymi terminy u obou testovanych druhii. Vysledky ukazuji, Ze v travnim ekosystému jsou obsaZeny specificky G&inné léatky,
které mohou stimulovat ¢&i inhibovat po&ate¢ni rust a vyvoj introdukovanych druhii v zédvislosti na koncentraci litek obsaZe-

nych v pidnim roztoku.

alelopatie; pudni vyluhy; pasové pfisevy; lyofilizace; travni druhy

UvoD

Alelopatie je definovédna jako pfimé &i nepiimé,
Skodlivé nebo prospésné pusobeni jedné rostliny na ji-
nou diky produkci chemickych slougenin, které unikaji
do prostfedi (Rice, 1984).

Bezorebné pfisevy, péstovani rostlin v monokultufe
a kombinovani rostlin v porostu zkvalitiiuji poznatky
a informace v oblasti alelopatie. Chung, Miller
(1995a) zjistili, Ze rostliny vojt&€sky obsahuji vodoroz-
pustné substance, které inhibuji kli¢ivost a rist seme-
nacka vojtésky. Inhibi¢ni pisobeni se zvy3ovalo se
vzrustajici koncentraci vyluhu z list, lodyh, kvéta, se-
men a kofeni vojtéSky, méfeno klidivosti, suchou hmo-
tou hypokotylu, kofinkid a délkou pétidennich seme-
niacku vojtésky. Délka kofinku byla citlivéj§i neZ
kli¢ivost nebo délka hypokotylu. Inhibice se sniZovala
v poradi vyluhi: listy, semena, smés celé rostliny, pi-
da, koten, kvét, lodyha. Pida z pozemku, na kterych se
péstovala vojtéska, byla siln&j$im inhibitorem neZ pu-
dy, na kterych se pé&stovalo Zito nebo vikev.

RovnéZ zbytky trav ovliviiuji rist a vyvoj vojtésky
(Chung, Miller, 1995b) prostiednictvim alelo-
chemikélii pfitomnych v rostlinnych zbytcich. Kligi-
vost vojtésky nejsilnéji inhibovala Festuca arundina-
cea Schreb., sucha hmotnost cotyledonud, hypokotylia
a kofend vojtésky byla vyznamné sniZena piedevsim
vyluhy z Bromus inermis Leyss., Dactylis glomerata L.
a Sorghum bicolor (L.) Moench. Vyluh Phleum praten-
se L. zpusobil nejniZsi procento preZiti semenacku voj-
tésky, zatimco Agrostis gigantea Roth. a Phalaris
arundinacea L. nemé&ly Zadny vliv na vzejiti a preZiti
vojtésky.

Grant, Sallans (1964) zhodnotili kli¢ivost
a rust &ty jetelovin a &tyf trav v pfitomnosti vodnich
vyluht stejnych druhi. Uréili intenzitu inhibice v se-
stupném poradi: vojtéska setd, Stirovnik ruzkaty, jetel
plazivy, jetel lu¢ni, lesknice, svefep, bojinek a srha.
Inhibi¢ni inky travnich porostl jsou vyznamnou pie-
kéaZkou pfi zakladani pfisevi do travnich porosti (Ko -
houtek et al.,, 1995). Inhibice se projevuje zpomale-
nym ristem a vyvojem pfisetych rostlin jetele lu&niho
a trav (kostfava rdkosovitd, rodové hybridy) a vede
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k vypadnuti velkého poctu rostlin v pocate¢nim obdobi
po pfisevu, pfipadné k uplnému vypadnuti pfisevu.

MATERIAL A METODA

Pii sledovani alelopatického pusobeni travnich po-
rost na energii kli¢eni, délku hypokotylu a kofenti Tri-
folium pratense a Festuca arundinacea jsme se zamé-
fili na sloZku pidniho ekosystému, ktera je rozpustni
a mobilni v pudnim roztoku a Setrnym zpisobem ex-
trahovatelnd a pouZitelna pro dalsi biologické testy.
Pudni vzorky i s nadzemni biomasou (strni§tém o vys-
ce do 100 mm) jsme odebrali, vyluhovali destilovanou
vodou, lyofilizovali a nésledné nafedili na poZadova-
nou hmotnostni vlhkost pudy.

Pokus A

Pudni vzorky o hmotnosti 5 kg byly odebrany 5. 6.
1995 z pokusu se sortimentem vytrvalych trav (Ko-
houtek, 1994) ze zdsevu 1986 na stanovisti Jevicko
z hloubky 0 aZ 100 mm u variant: a; — Dactylis glome-
rata, cv. Niva, a, — Arrhenatherum elatius, cv. RoZnov-
sky, a3 — Festuca arundinacea, cv. Kora, a; — rodovy
hybrid HZ-5-DK, a5 — Poa pratensis, cv. Slezanka, ag
— Alopecurus pratensis, cv. Levotskd, a; — Bromus
inermis, 00-1282-09, ag — Phalaris arundinacea, cv.
Motterwitzer, ag — kontrola (orna ptida s plodinou krm-
né fepa), a( — kontrola (trvaly travni porost — prazdna
mista), a;, — kontrola (destilovani voda).

Pokus B

V roce 1996 jsme z pasovych pfisevii do Sestiletého
obnoveného travniho porostu s pfevahou Dactylis glo-
merata na stanovisti Jevi¢ko (fluvizem glejova) ve Cty-
fech terminech (T} - 22. 5. 1996, T, - 1. 7. 1996, Ty
-9.8.1996 a Ty - 17. 9. 1996) odebrali pidni vzorky
o hmotnosti 10 kg do hloubky: &; (0-50 mm), A, (0-
100 mm), hy (0-150 mm), k4 (0-200 mm), hy — kon-
trola (destilovana voda).
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Pro pfipravu vyluhti o poZadované hmotnostni vih-
kosti pudy jsme experimentdlné ovéfili metodu lyofili-
zace pudniho vyluhu drnové vrstvy travnich porosti
s nadzemni biomasou a vypracovali postup pfipravy
roztoku na poZadovanou hmotnostni vlhkost pudy.
Padni vzorky byly vyluhovany destilovanou vodou
v poméru 1 : 1 na hmotnostni mnoZstvi zeminy. Po
dobu 24 h, pfi teploté 20 °C probihalo vyluhovani tak,
Ze se stfidalo pilhodinové stani s pilhodinovym micha-
nim pomoci vibratoru. Po 24 h byla provedena separace
na kyvetové odstfedivce pii 4 500 ot.min™. Slity su-
pernatant byl pfefiltrovan pres fidkou plachetku (od-
stranéni hrubsich &astic s niZ§i hustotou neZ voda — listo-
vy opad apod.) a znovu odseparovan pfi 4 500 ot.min~".
Takto upraveny vyluh byl lyofilizovan na miskach. Po
lyofilizaci byl kazdy vzorek kvantitativné rozpustén
v destilované vodé do 400 ml (pokus A), resp. 800 ml
(pokus B) a takto pfipraveny vyluh byl rozdélen do
dvou (pokus A), resp. Ctyf (pokus B) NTS lahvi a zno-
vu lyofilizovdn. Vyluhovéani a lyofilizace pudnich
vzorki byly realizovany v Biotechnologické hale MBU
AV CR v Praze. Lyofilizované vyluhy piidnich vzorkt
byly nafedény bezprostiedné pfed testovanim na hmot-
nostni vlhkost pidy b; — 10 %, by — 20 % a by — 30 %
podle vzorce:

“'Whml'MPVL
T a W, +M,. (M, +Wimy

My

kde: Mg, - hmotnost nafed&ného lyofilizatu (g)
M"VL -h pidniho vyluhu pouZitého k lyofilizaci (g)
Whm, — poZadovand hmotnostni vlhkost pidy (%)

W, — hmotnostni vihkost plidy pouZité k vyluhovéni (%)

M, - hmotnost vyluhovadla (g), tj. vody pouZité k vy-
luhovani

a - navédZka zeminy (g) pfi pivodni W,

M, - hmotnost lyofilizovaného vzorku pudy relativni

rel

(100 %), pouzitd jako zdklad pro vypocet hmotnostni
vlhkosti pudy

Priklad vypoctu:

Vypoctéte hmotnost nafedéného lyofilizitu My , jestlize hmot-
nost navizky zeminy ¢ = 2 500 g pfi hmotnostni vlhkosti pudy
pouZité k vyluhovini W, = 17,1 %, hmotnost vyluhovadla, tj. des-
tilované vody, M, = 2 500 g, hmotnost pidniho vyluhu pouZitého
k lyofilizaci M,,VL =2 000 g (pti M“m = 100 %), poZadujeme-li
hmotnostni vihkost pidy Wim, = 10 %.

Vypotet:
My = 2500. 10. 2000
R 2500.17,1+2500. (100+ 17,1)

Mg, = 149,03 (g)

Zavér: Hmotnost nafedéného lyofilizitu pfi 10% hmotnostni
vlhkosti piidy bude u daného vzorku 149,03 g.

Padni vyluhy vybranych travnich druhi z vytrva-
lych travnich porostd a pfisevir jsme testovali podle
publikované metody (Pederson, 1986) v biologic-
kych laboratofich 8§S Hladké Zivotice. Nafedéné lyofi-
lizaty jsme filtrovali pfes papirové filtry Filtrac 390,
Whatman 4 a dile ve sterilnim prostfedi na filtratnim
zafizeni Filtra 50 se synporovym filtrem &. 2. Nafed&né
lyofilizaty b?'ly sterilné smichany s rozvafenym aga-
rem (10 g.I”") v poméru 1 : | a rozlity do Petriho mi-
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sek. K testiim na agarovych plotnich jsme pouZili dvoj-
nasobné koncentrovany nafedény lyofilizat My /2, pro-
toZe rozvareny agar jsme povaZovali za hmotnost nafe-
déného lyofilizitu. V piipadé, Ze bychom nepouZili
dvojnédsobné koncentrovany natfedény lyofilizét, do§lo
by po smichéani s rozvafenym agarem k dvojnasobné-
mu nafedéni poZadované hmotnostni vlhkosti pidy. Ja-
ko kontrola byla pouZita destilovan4 voda. Semena Tri-
folium pratense byla postupné povrchové sterilizovana
v 70% etanolu (5 min), 1% chloraminu (10 min) a 70%
etanolu (5 min) a tfikrat promyta sterilni destilovanou
vodou. Semena Festuca arundinacea, vzhledem k je-
jich vy3&§i citlivosti na uvedeny proces, byla sterilizo-
vana 0,1% HgCl, po dobu 5 min s naslednym promy-
tim sterilizovanou destilovanou vodou. OS$etfend
semena byla ve Etyfech opakovénich po 50 ks vyseta
na agarové plotny v Petriho miskich, umisténa do ter-
mostatu a kultivovdna ve tmé pfi teploté 23 °C.

K testovani alelopatického pusobeni pudnich vyluha
jsme za testaéni druhy zvolili Trifolium pratense, cv.
Vesna (pokus A i B) a Festuca arundinacea, cv. Kora
(pokus B) a hodnotili jsme po &tyfech dnech u jetele
a po deseti dnech u travy energii kli¢ivosti, délku ko-
fend a hypokotylid. Hodnoty energie kli¢ivosti byly pro
statistické zpracovéni transformovany na arcsin %
(Mudra, 1958). Délka hypokotylu u Trifolium pra-
tense, cv. Vesna byla méfena podle stupnice: 1. tfida
0-10 mm, 2. tfida 10-20 mm, 3. tfida 20-25 mm, 4. tfi-
da 25-35 mm, S. tfida > 35 mm; délka kofenu podle
stupnice: 1. tfida 0-5 mm, 2. tfida 6-10 mm, 3. tfida
11-20 mm, 4. tfida 21-30 mm, 5. tfida > 31 mm. Zis-
kané vysledky jsem pfepoletli na vaZeny prumér tfidy.
Délku hypokotylu a kofene u Festuca arundinacea, cv.
Kora jsme méfili v mm a vypoditali aritmeticky pru-
mér. DosaZené vysledky jsme hodnotili dvou- a tfifakto-
rovou analyzou variance s jednim pozorovanim v pod-
tfidé, testovani prukaznosti rozdili bylo provedeno
Tukeyovym testem.

VYSLEDKY A DISKUSE
Alelopatické pilisobeni vyluhli z travnich druhi

V rémci testovanych druh@i (pokus A) inhibovaly
pudni vyluhy viech druhu statisticky vysoce vyznamné&
délku kofene, méné energii kli¢ivosti a délku hypoko-
tylu. Inhibice délky kofene Trifolium pratense, cv. Ves-
na (tab. I, obr. 1) klesala v poradi Arrhenatherum ela-
tius, Bromus inermis, rodovy hybrid HZ-5-DK, Festuca
arundinacea, Alopecurus pratensis, Poa pratensis,
Dactylis glomerata, Phalaris arundinacea; inhibice
délky koiene je statisticky vysoce vyznamna u vSech
travnich druht oproti kontrole s destilovanou vodou,
pouze u Phalaris arundinacea je inhibice statisticky
vyznamnd. Délku hypokotylu Trifolium pratense, cv.
Vesna inhibovaly vyluhy v pofadi Bromus inermis >
Festuca arundinacea > Arrhenatherum elatius > Dac-
tylis glomerata ve srovnani s destilovanou vodou a sti-
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el Liéhe sdcak

I. Dvoufaktorovéa analyza variance patického pudnich vyluhi travnich druhti na délku kofene a hypokotylu a energii kli¢ivosti
Trifolium pratense, cv. Vesna (pokus A) - Two- fnctor variance analysis of allelopathic action of soil extracts of grass species on the length
of root and hypocotyl and on energy of germination capacity of Trifolium pratense, cv. Vesna (experiment A)

Hodnoceny znak?
Zdroj promenlivosti' I délka kofene® délka hypokotylu* energie klitivosti’
S MS S MS S MS
Travni druhy'2 10 10,90 1,00" 28,84 2,88" 1776,2 177,6™
Koncentrace pidniho vyluhu® 2 3,03 151" 6,83 342" 554.6 277,3"
Opakovéni® 3 0,09 0,03 0,08 0,03 14,3 4.8
Interakce'” travni druhy x koncentrace 20 2,29 o™ 11,61 0,58" 838,8 419"
Reziduum'' 96 4,22 0,04 9,68 0,10 1911,1 19,9
Vysvélhvky k tab. I az V - Explanations lo Tabs I to V:
& statisticky vy y rozdil na hlading vy. i o= 0,05; 0,01 - significant difference on the level of significance o = 0.05; 0.01
f - pocet stupiii volnosti — number of degrees of freedom
§ - soucet &tverc — sum of squares

MS - primérnd ¢tvercova odchylka - average square error

'source of vnnabllny. Zevaluated trait, leng(h of root, lcnglh of hn)ocotyl energy of germination capacity, depth of sampling, Tdate of
sampling, *concentration of soil extract, rephcnuon io interaction, ' residue, ' gmss species
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1. Vliv vyluhi z pidnich vzorki travnich druhii na délku kofene a hypokotylu a energii klitivosti Trifolium pratense, cv. Vesna v priméru
koncentraci pidnich vyluhu (pokus A) — Effect of extracts from soil samples of grass species on the length of root and hypocotyl and on
energy of germination capacity of Trifolium pratense, cv. Vesna in average of concentrations of soil extracts (experiment A)

Vysvétlivky k obr. 1 aZ 9 — Explanations to Figs I to 9:

osa x: hmotnostni vlhkost pidy (%), resp. hloubka a termin odb&ru — x axis: weight moisture of soil (%), depth and date of sampling, resp.
hloubka odbéru - depth of sampling: 5 = 0-50 mm, 10 = 0-100 mm, 10 = 0~150 mm, 20 = 0-200 mm, K = kontrola - control
osa y (vlevo): délka kofene a hypokotylu - y axis (left): length of the root and hypocotyl

Vesna = vaZeny primér tiidy — weighed mean of category, Kora = mm

osa y (vpravo): energie kliCivosti - y axis (right): energy of germination capacity

M délka kofene — length of root

3 délka hypokotylu — length of hypocotyl

-4 energie kliCivosti - energy of germination capacity

omd pudy — arable land

prizdnd mista - blank space

K = kontrola (voda) — control (water)

T)-T4 = terminy odbéru, resp. pfisevu — dates of sampling or reseeding, resp.
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mulovaly v pofadi Poa pratensis < Alopecurus praten-
sis < rodovy hybrid HZ-5-DK < Phalaris arundinacea;
sniZeni délky hypokotylu oproti kontrole s destilova-
nou vodou je vysoce vyznamné u Bromus inermis
a zvySeni je vysoce vyznamné u Phalaris arundinacea.
Energie kli¢eni byla inhibovdna v sestupném pofadi
Bromus inermis > Festuca arundinacea > Arrhenathe-
rum elatius > Dactylis glomerata > Poa pratensis >
Phalaris arundinacea > todovy hybrid HZ-5-DK >
Alopecurus pratensis, pri¢emZ sniZeni energie kli¢ivos-
ti u Bromus inermis a Festuca arundinacea je oproti
kontrole (destilovand voda) statisticky vysoce vyznam-
né. Ziskané vysledky v souladu s literaturou dokazuji,
Ze latky obsaZené v pudnim roztoku lucnich porosta
jsou biologicky velmi G¢inné a mohou ovlivnit pola-
te¢ni rist a vyvoj introdukovanych druhti na lu¢nim
stanoviti v zdvislosti na citlivosti jednotlivych druhu,
resp. odrid. Chung, Miller (1995b) napf. uvadé-
ji, Ze zbytky trav ovliviiuji rist a vyvoj vojtésky pro-
stfednictvim alelochemikalii pfitomnych v rostlinnych
zbytcich. Grant, Sallans (1964) obdobné& hodno-

ti inhibi¢ni pisobeni &tyf jetelovin a &tyf trav na klici-
vost a rist v pfitomnosti vodnich vyluhi stejnych
druhd.

Koncentrace piidnich vyluhii

V pokuse A jsme zjistili statisticky vysoce vyznam-
né inhibi¢ni plisobeni koncentrace pidnich vyluht
v priméru travnich druhi (tab. I, obr. 2) na energii
kli¢eni, délku hypokotylu a kofent Trifolium pratense,
cv. Vesna pii zvySujici se koncentraci pidniho roztoku.
Pfi koncentraci pidniho vyluhu 10 % hmotnostni vih-
kosti pudy, coZ je stav, ktery odpovid4 u daného pid-
niho typu (fluvizem glejova) vlhkosti pudy za sucha,
doslo ke sniZeni délky kofene Trifolium pratense
z 2,60 na 2,26, délky hypokotylu z 4,19 na 3,67 a ener-
gie kli¢ivosti z 57,8 na 52,8 (arcsin V%), tj. vysoce
priikazné oproti 30% hmotnostni vlhkosti pudy, tj. vlh-
kosti pIné nasycené pudy po desti. V pokuse B zvySo-
véni koncentrace pudnich vyluhi z 30 na 10 % W,
v praméru hloubek odbéri a termint pfisevu (obr. 3,

45 59 2. Vliv koncentraci vyluhi
z pudnich vzorkd, méfenych
41 1 58 hmotnostni vlhkosti pidy, na
délku kofene a hypokotylu a en-
35 - 57 ergii kli¢ivosti Trifolium pra-
tense, cv. Vesna v priméru
3 1 s6 travnich druhdi (pokus A) - Ef-
fect of concentrations of ex-
9 | o5 tracts from soil samples, mea-
i sured by weight moisture of
soil, on the length of root and
21 154 hypocotyl and on energy of ger-
mination capacity of Trifolium
1,5 53 pratense, cv. Vesna in average
of grass species (experiment A)
19 52
05 1 51
0 + + 50
10 20 30
10 5 3. Vliv koncentraci vyluhu
$ z pudnich vzorki z pdsovych
T74 pfisevit na délku koiene a hy-
8 4 pokotylu a energii kliCivosti
173 Trifolium pratense, cv. Vesna
7 a Festuca arundinacea, cv.
6l + 72 Kora v priméru hloubek a ter-
mind odb&ri (pokus B) — Effect
54 7 of concentrations of extracts
from soil samples from band re-
4 4 70 seedings on the length of root
3 and hypocotyl and on energy of
1 69 germination capacity of Trifo-
2+ lium pratense, cv. Vesna and
1 68 Festuca arundinacea, cv. Kora
Lt in average of depths and dates
0 : i i 6 of samplings (experiment B)
10 20 30 10 30
Vesna Kora
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II. Dvoufaktorovi analyza vari lel : Léh beni p

dnich vyluhi z pasovych pfisevit dotasného travniho porostu na délku kofene

a hypokotylu a energii kli¢ivosti Tnfohum pralem'e. cv. Vesna v jednolIIVYch tcrmlnech odbéru (pokus B) — Two-factor variance analysis

of allelopathic action of soil from band dings of

d on the length of root and hypocotyl and on energy of

germination capacity of Trifolium pratense, cv. Vesna in different dates of sampling (experiment B)

Hodnoceny znak?
Termin | 7 droj promenlivosti! ! délka kofene? délka hypokotylu® energie Kligivosti®
odb&ru’ ) P! iivosts Y y il

s MS s MS s MS
hloubka odb&ru® 4 4,46 1,12 2,30 057" 197,80 | 4945
koncentrace pudniho vyluhu® 2 0,08 0,04 0,51 0,25 68,62 34,31
T, opakovéni® 3 0,11 0,04 0,22 0,07 107,79 35,93
interakce'? hloubka x koncentrace 8 0,41 0,05 097 0,12 194,98 24,37
reziduum'! 42 1,89 0,04 4,57 0,11 2 131,16 50,74

hloubka odbéru 4 3,30 082" 2,51 063" 70925 | 177317
koncentrace pidniho vyluhu 0,22 0,11 0,10 0,05 245,48 122,74
T opakovni 3 0,01 0,00 0,58 0.19 30,62 10,21
interakce hloubka x } 8 031 0,04 0,90 0,11 257,86 32,23
reziduum 42 1,74 0,04 6,23 0,15 171042 40,72

hloubka odb&ru 4 2,75 0,69 3,01 075" 310,70 77,68
koncentrace pidniho vyluhu 2 0,13 0,06 0,19 0,09 3,95 1,97
T3 opakovéni 3 0,12 0,04 0,17 0,06 64,26 21,42
interakce hloubka x k 8 0,36 0,04 0,67 0,08 210,09 26,26
reziduum 42 0,94 0,02 2,60 0,06 1 106,35 26,34
hloubka odb¥ru 4 5.28 132" 1.55 0,39 12928 | 3232
koncentrace pidniho vyluhu 2 0,20 O,IO‘ 0,10 0,05 169,33 84,67
T, opakovani 3 0,03 0,01 0,29 0,10 9,41 3,14
interakce hloubka x } 8 0,55 0,07" 1,54 0,19 247,67 30,96
reziduum 42 1,16 0,03 6,02 0,14 1 621,01 38,60

For 1-11 see Tab. |

III. Ttifaktorova analyza variance alelopatického pisobeni

adnich vyluhi z pasovych pfisevii dotasného travniho porostu na délku kofene

a hypokotylu a energii kli¢ivosti Trifolium pmmue. cv. Vesna (pokus B) — Three-factor variance analysis of allelopathic action of soil

from band dings of temporary grassl
pratense, cv. Vesna (experiment B)

d on the length of root and hypocotyl and on energy of germination capacity of Trifolium

Hodnoceny znak?
Zdroj prom&nlivosti' i 4 délka kofene? délka hypokotylu* energie klicivosti®
s MS s MS s MS
Hloubka odb&ru® 4 13,1 3,27 1,9 048" 457,3 114,33
Terminy odb&ru’ 3 1,2 042" 38 126" 1004 3345
Koncentrace pidniho vyluhu® 2 0,5 024" 0.2 0.1 157.8 789
Opakovéni® 3 0,1 0,02 0,1 0,04 121,7 40,58
Interakce'" hloubka x terminy 12 2,7 0,23 7.4 062" 889,7 74,14°
Interakce hloubka x & 8 07 0,09™ 14 018 480,9 60,11
Interakce terminy x koncentrace 6 0,1 0,01 0,7 0,12 3296 54,93
Interakce hloubka x terminy x koncentrace 24 09 0,04 26 0,11 4297 17,90
Reziduum'! 177 59 0,03 20,6 0,12 6 659,3 37,62

For 1-11 see Tab. I

tab. III) inhibovalo délku kofent Trifolium pratense
z 2,55 na 2,46 (statisticky vysoce vyznamné), a¢innost
na délku kofenl Festuca arundinacea byla neprikazné
stimulaéni. Vy3§i koncentrace pudniho vyluhu vysoce
vyznamné stimulovala délku hypokotylu Festuca arun-

256

dinacea z 7,75 mm pfi 30% W, na 8,20 mm pfi 10%
W,,,,,I; v délce hypokotylu Trifolium pratense a energii
kli¢ivosti obou druhii nebyly mezi koncentracemi pud-
nich vyluhi rozdily. Na drovni testovanych druhd
v jednotlivych terminech v priméru hloubek odbéri se
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1V. Dvoufaktorovi analyza variance alel ick

h vyluhl z pasovych pfisevil dotasného travniho porostu na délku kofene

a hypokotylu a energii kli¢ivosti Festuca arundmal.ea. cv. Kora v jednotlivych (erm(nech odbéru (pokus B) — Two-factor variance analysis

of allelopathic action of soil extracts from band dings of

P

Y g d on the length of root and hypocotyl and on energy of

germination capacity of Festuca arundinacea, cv. Kora in different dates of sampling (experiment B)

Hodnoceny znak?
Tochi Zdroj prom&nlivosti' 3 délka kofene? délka hypokotylu* energie kliGivosti®
odbé&ru
s MS s MS s MS

hloubka odbéru® 4 285,61 71,40" | 254,10 63,53"" 77420 | 193,55
koncentrace pidniho vyluhu“ 2 711 3,55 1,44 0,72 109,55 54,78
T, opakovéni® 3 7,32 2,44 472 1,57 154,65 51,55
interakce'? hloubka x koncentrace 8 86,84 10,86™" 82,18 10,27"° 465,82 58,23
reziduum!! 42 86,13 2,05 67,02 1,60 2 128,52 50,68
hloubka odbéru 4 119,90 29,98"" | 38541 96,35"" 135,83 33,96
koncentrace piidniho vyluhu 2 6,07 3,04 11,63 582" 95.45 47,73
T opakovéni 3 0,22 0,07 2,06 0,69 26,17 8,72
interakce hloubka x k 8 63,45 793" 64,30 8,04 75,22 9,40
reziduum 42 51,78 1,23 72,81 1,73 2010,95 47,88
hloubka odbéru 4 137,76 34,44" | 146,10 36,53"" 239,02 59,75
koncentrace pidniho vyluhu 7.16 3,58 4,80 2,40 53,29 26,64
T3 opakovani 3 2,56 0,85 2,60 0,87 198,02 66,01
interakce hloubka x k 8 41,34 517" 36,68 4,59" 299,96 37,50
reziduum 42 59,53 1,42 61,53 1,47 2 007,29 47,719
hloubka odbéru 4 52,73 13,18" 37,86 9,46" 304,69 76,17
koncentrace pidniho vyluhu 7.44 372 19,05 9,53" 167,81 83,90
Ty opakovini 3 3.50 1,17 0,53 0,18 97,98 32,66
interakce hloubka x koncentrace 8 53.77 672" 66,80 835" 55,38 6,92
reziduum 42 60,69 1,45 63,56 1,51 1311,34 31,22

For 1-11 see Tab. I

V. Trifaktorovd analyza variance alelopatick

k P

vyluht z pasovych pfisevii doasného travniho porostu na délku kofene

a hypokotylu a energii kli¢ivosti Festuca arundmw.eu cv. Kora (pokus B) — Three-factor variance analysis of allelopathic action of soil

23

extracts from band
arundinacea, cv. Kora (experiment B)

gs of y grassl

P

d on the length of root and hypocotyl and on energy of germination capacity of Festuca

Hodnoceny znak?

Zdroj proménlivosti' f délka kofene? délka hypokotylu* energie klicivosti®

s MS S MS S MS
Hloubka odb&ru® 4 124,5 312" 2283 57,08" 158,31 39,58
Terminy odbéru” 3 131,1 4372" 1559 51,95"" 229,43 76,48
Koncentrace piidniho vyluhu® 2 1,6 0,81 1,7 5,85 204,94 102,47
Opakovéni® 3 37 1,22 57 191 319,0 106,33
Interakee ' hloubka x terminy 12 4715 39,29" 595.1 49,60" | 129543 | 107,95"
Interakce hloubka x koncentrace 8 1127 14,09™ 86,7 10,84" 190,99 23,87
I terminy x k ace 6 26,2 436" 252 420" 221,16 36,86
Interakce hloubka x terminy x koncentrace 24 132,7 553" 163,2 6,80"" 705,39 29,39
Reziduum!! 177 268,1 1,51 269,1 1,52 7 615,92 43,03

For 1-11 see Tab. I

koncentrace piidnich vyluhi v pokuse B projevily pou-
ze v trendech bez statistické vyznamnosti (obr. 4 a 5,
tab. II a IV). Prikazné a vysoce prukazné rozdily se
ukdézaly pouze v priméru termini (tab. III a V), coZ si
vysvétlujeme povétrnostnim charakterem ro&niku
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1996, ktery byl srazkové nadprimérny. DeStové srazky
zfejm& vymyvaji alelopatické latky do hlub3ich vrstev
pudy, ¢imZ sniZuji jejich koncentraci, a tim i alelopa-
tické pisobeni. V piesnych lu¢nich pokusech s piisevy
jsme zjistili (Kohoutek et al.,, 1995), Ze dsp&nost
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74 4. Vliv koncentraci vyluhi
z pudnich vzorkd, méfenych
hmotnostni vihkosti pudy,
z pésového pfisevu dofasného
travniho porostu na délku
kofene a hypokotylu a energii
klig¢ivosti Trifolium pratense,
cv. Vesna v priméru hloubek
odbéru (pokus B) - Effect of
concentrations of extracts from
soil samples, measured by
weight moisture of soil, from
band resceding of temporary
grassland on the length of root
and hypocotyl and on energy of
germination capacity of Trifo-
lium pratense, cv. Vesna in
average of depths of samplings
(experiment B)
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zakladéni pfisevi se zvySuje v mokrych letech, coZ se
potvrdilo i v pasovych pfisevech z roku 1996, které
jsou velmi dobfe zapojeny (Kohoutek et al., 1997).

Hloubky odbérii piidnich vzorki

Pudni vyluhy z jednotlivych hloubek odbéru z paso-
vych pfisevii do travnich porostd v priméru termint
odbéri a koncentraci pudnich vzorkt (pokus B) se pro-
jevily rozdilné v zavislosti na testovanych druzich
(obr. 6). Pudni vyluhy z jednotlivych hloubek odbéru
sniZily délku kofenu Trifolium pratense oproti destilo-
vané vodé z 2,99 na 2,46 aZ 2,37, inhibice byla statis-
ticky vysoce vyznamna (tab. II, III) u viech hloubek ve
srovnani s destilovanou vodou, zatimco délka kofend
Festuca arundinacea byla vyluhy stimulovédna z 7,26
na 8,29 aZ 9,36 mm (statisticky vysoce vyznamné) ve
srovnani s destilovanou vodou. Mezi jednotlivymi
hloubkami nejsou u Trifolium pratense vyznamné roz-
dily v délce kofene; u Festuca arundinacea jsou vyso-
ce vyznamné rozdily mezi délkou kofenti u hloubky £,
(9,36 mm) ve srovnéni s niZ§i délkou kofent v hloubce
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30

78 5. Vliv koncentraci vyluhi
z pudnich vzorki z pisového
pfisevu ve Ctyfech terminech,
méfenych hmotnostni vlhkosti
pudy, na délku kofene a hypok-
otylu a energii kli¢ivosti Fes-
tuca arundinacea, cv. Kora
v primé&ru hloubek odbérd
(pokus B) - Effect of concentra-
tions of extracts from soil sam-
ples from band reseeding in
four dates, measured by weight
moisture of soil, on the length
of root and hypocotyl and on
energy of germination capacity
of Festuca arundinacea, cv.
Kora in average of depths of
samplings (experiment B)

- 76

10
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h4 (8,29 mm). Délka hypokotylu byla nepriikazné inhi-
bovéana u Trifolium pratense a statisticky vysoce vy-
znamné stimulovana u Festuca arundinacea (zvySeni
délky hypokotylu z 5,98 na 8,12 aZ 8,74 mm) ve srov-
nani s destilovanou vodou; mezi hloubkami nejsou vy-
znamné rozdily. Energie kli¢ivosti byla ovlivnéna nej-
méné, k mirné inhibici doSlo u Trifolium pratense
a k mirné stimulaci u Festuca arundinacea.

Vyluhy pidnich vzorki z jednotlivych hloubek od-
béru péasovych pfisevil do travniho porostu statisticky
vysoce vyznamné inhibuji délku kofene Trifolium pra-
tense ve viech terminech pfisevu a ve v8ech hloubkach
(obr. 7, tab II). Vyluhy pudnich vzorki z jednotlivych
hloubek vyznamné aZ vysoce vyznamné v nékterych
hloubkach stimuluji délku kofene Festuca arundina-
cea, pfi¢emZ nelze vysledovat zdvislost na hloubce fré-
zovani (obr. 8, tab. IV) ve srovnéni s kontrolou (desti-
lovana voda), vyskytly se i dva pfipady inhibice;
sniZeni délky kofene v terminu T4 ze 7,26 na 5,81 mm
bylo statisticky vyznamné. Délka hypokotylu je inhibo-
véna v terminu T, u Trifolium pratense a stimulovina
ve viech terminech u Festuca arundinacea, vysoce vy-
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75 6. Vliv vyluht z pidnich
vzorki z pasového pfisevu
1% dotasného travniho porostu do
73 &tyF hloubek na délku kofene a
/A hypokotylu a energii kli¢ivosti
+ 72 Trifolium pratense, cv. Vesna
a Festuca arundinacea, cv.
17 Kora v prim&ru termind odb&ri
koncentraci pudnich vyluhd
T (pokus B) — Effect of extracts
6 from soil samples from band re-
seeding of temporary grassland
1 68 in four depths on the length of
root and hypocotyl and on en-
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Trifolium pratense, cv. Vesna
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Kora in average of dates of
e lings and ations of
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Vesna Kora
5 78 7. Vliv vyluhi z pudnich
| 76 vzorki z pasového pfisevu
docasného travniho porostu do
1 M A n W7 &tyF hloubek ve &tyfech ter-
M minech na délku koiene a hy-
;‘ r72 pokotylu a energii kli€ivosti
Trifolium pratense, cv. Vesna
T v priméru koncentraci piidnich
| 68 vyluht (pokus B) — Effect of ex-
tracts from soil samples from
It 66 band reseeding of temporary
grassland in four depths in four
64 dates on the length of root and
H 62 hypocotyl and on energy of ger-
M mination capacity of Trifolium
60 pratense, cv. Vesna in average
5 10 15 20 K 5 10 15 20 K 5 10 15 20 K 5 10 15 20 K of concentrations of soil ex-
Tl T2 T3 T4

znamné rozdily jsou mezi jednotlivymi hloubkami, ten-
dence nejsou jednozna¢né a budou vyZadovat dal3i stu-
dium.

Terminy odbéri piidnich vzorki

Vyluhy z pudnich vzorkd odebranych z pasového
pfisevu do travniho porostu ve &tyfech terminech pfi-
sevu (obr. 9, tab. III a V) ovlivnily statisticky vysoce
vyznamné délku kofeni a délku hypokotylu u obou
testovanych druhi; energie kli¢ivosti nebyla terminy
pfisevu ovlivnéna. U Festuca arundinacea jsou nejvys-
§i hodnoty délky kofene a hypokotylu (tj. nejmensi in-
hibice) v jarnim terminu odbéru a klesaji k podzimnim
odbérim, zatimco u Trifolium pratense jsou nejvy3si
hodnoty délky kofene a hypokotylu v terminech T,
a T3 a nejniZsi na jafe a na podzim. Pfi pfisevech je
proto tieba v prubéhu roku ocekavat rozdilné alelopa-
tické pisobeni, které muZe vyznamné ovlivnit jejich
aspésnost.

Je ziejmé, Ze v travnim ekosystému jsou obsaZeny
specificky u¢inné latky, které mohou stimulovat ¢i in-
hibovat pocate¢ni rust a vyvoj introdukovanych druhi
v zavislosti na koncentraci latek obsaZenych v pudnim

ROSTLINNA VYROBA, 44, 1998 (6): 251-260

tracts (experiment B)

roztoku, ktera je v pribéhu roku variabilni a ovlivnéna
fadou faktort. Vysledky maji prakticky vyznam pro
metodické oddéleni konkurence travniho porostu od
alelopatického pusobeni pudniho roztoku travniho po-
rostu na pfisevy do travnich porosti. PouZiti metody
lyofilizovanych piidnich vyluhti s fedénim na poZadova-
nou hmotnostni vlhkost pidy se ukazalo jako nezbytn&
nutné k objektivnimu studiu alelopatik v pudé travnich
porostii. Vyzkum v dané oblasti sméfuje k determinaci
alelopatickych latek nachazejicich se v travnim ekosys-
tému, protoZe hodnoceni alelopatik z vyluht nadzemni
biomasy, resp. z pidnich vyluhti doposud probiha bez
bliZsi charakteristiky chemického sloZeni a koncentrace
litek obsaZenych ve vyluzich. V souCasné dobé jsou
poloZeny velmi dobré zdklady k determinaci chemicky
ucinnych liatek novym pfistrojovym vybavenim na
Ustavu chemie a biochemie MZLU v Brn& (Kubaii,
1997 — ustni sdéleni), kterd pfedznamenéva kvalitativ-
né novou etapu studia alelopatik v travnich ekosysté-
mech v CR.

Price byla finanéné podpofena grantem GA CR

¢. 503/94/1289 Vyzkum vzdjemného pisobeni kultur-
nich druhu jetelovin a trav v travnich ekosystémech.

259



14 85 8. Vliv vyluhi 2z pudnich
vzorkli z pdsového pfisevu
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EFFECT OF COPPER ON GROWTH AND CHLOROPHYLL
CONTENT OF SOME HERBS

VPLYV MEDI NA RAST A OBSAH CHLOROFYLOV U NIEKTORYCH
DRUHOV BYLIN

E. Masarovi¢ova, M. Holubova

Comenius University, Faculty of Natural Sciences, Bratislava, Slovak Republic

ABSTRACT: The effect of heavy metals on growth and leaf chlorophyll content of three herbs originating from tolerant and
sensitive populations was studied. Seeds of the Agrostis stolonifera L., Melandrium rubrum L. and Rumex acetosela L. were
collected from the region with contaminated (tolerant population) and not-contaminated (sensitive population) soils. Seedlings
of the above mentioned herbs were treated with different Cu concentrations and cultivated under laboratory conditions. Leaf
chlorophyll content was determined in Agrostis stolonifera L. plants (tolerant and sensitive populations) cultivated in growth
chamber before and after Cu application. The plants of both tolerant and sensitive populations accumulated higher Cu content
in the leaves and roots. However, higher Cu content was in the roots than in the leaves as well as in the seedlings of tolerant
than sensitive populations. Growth of the roots and shoots was reduced, but the first one was reduced faster. The index of
tolerance (IT) was higher for the plants of tolerant population as the result of their adaptation to the higher metal content in
the soil. The chlorophyll content was lower in Cu affected leaves of tolerant and sensitive populations. On the basis of plant
adaptation to high metal content in the soil, these plants could grow, reproduce and cover anthropic substrates. Thus the
tolerant plant populations could help to solve the problem concerning with recultivation of contaminated and degraded soils.

chlorophyll; copper; growth; tolerant and sensitive populations; herbs

ABSTRAKT: ZvySeny obsah tazkych kovov (najmi Cu) v haldovom substrite po faZbe rid spdsobuje zniZenie diverzity
druhov rastlin ako nasledok rozdielnej druhovej tolerancie. Na sledovanej lokalite Piesky pri Starych hordch (kraj Banska
Bystrica, Slovensko) umoZiiuje vy$3ia medzidruhové tolerancia druhom Agrostis stolonifera L., Melandrium rubrum L.
a Rumex acetosela L. rast a reprodukoval sa aj na metalickom substrite hald. PouZité koncentricie Cu (0,3, 0,6, 4,0, 8,0
a 12,0 uM CuS0,.5 H,0) sice redukovali rast korefiov aj nadzemnej Casti Studovanych druhov tolerantnej (kontaminovani
pdda) a rezistentnej (nekontaminovana pdda) populécie, ale v men3ej miere u tolerantnej populécie z héld. Si&asne sa doka-
zala vidc3ia citlivost rastu koreiiov oproti rastu nadzemnej &asti. Stupeii tolerancie sa kvantifikoval indexom tolerancie (IT),
ktory vyjadruje zmenu rychlosti rastu korefiov po aplikacii Cu. Hodnoty IT u druhov vyskytujicich sa na haldovom substrite
boli vy3Sie ako u druhov populicie z nekontaminovanej oblasti, ¢o potvrdilo existenciu ich vnitrodruhovej tolerancie. Pri-
tomnost fazkych kovov (Cu) v substrite zniZila aj obsah chlorofylov (a, b, a + b) u populdcii z haldového substritu aj
z nekontaminovanych oblasti. Viac bol negativne ovplyvneny obsah chlorofylu b, &im sa zvy3il pomer chlorofylu a : b, aviak
v men3ej miere u rastlin tolerantnej populicie. Na ziklade ziskanych vysledkov moZno kon$tatovat, Ze existencia tolerantnych
populacii uvedenych bylinnych druhov méZe byt kli¢om k rieSeniu problémov spojenych s rekultiviciou kontaminovanych
a degradovanych péd.

chlorofyl; med; rast; tolerantné a citlivé populacie; byliny

INTRODUCTION

Toxic effect of heavy metals is manifested on the
different level of the structure and function of the
plants: reduction of a growth and productivity, changes
in membrane structure, metabolic processes or water
and ion uptake. There were developed the specific
mechanisms at the plants to enable them to grow and
reproduce under contaminated conditions. One of these
mechanisms is the existence of barriers as follows: pro-
duction of calose, efflux of malate and citrate in to root
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surroundings or production of the slime on the root
surface (e.g. Horst, 1995; Ryan et al., 1995;
Budikova et al, 1997). To the second mechanism
belongs the ability of some plants to absorb and then
to immobilize uptaken ions by specific proteins (stress-
-proteins and chaperons) such as phytochelatins and
metallothioneins (Guy, 1990; Mistrik et al., 1996;
Tamés et al., 1997). Tolerance of the plants to heavy
metals is either genetically fixed or developed through
adaptation processes. Species of genus Agrostis,
Deschampsia or Silene produced ecotypes with the tol-
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erance to higher metal concentration (mainly Cu, Pb
and Zn) in the substrate (e.g. Banasova, 1976;
Banasova et al, 1987). These findings possessed
practical application in a recultivation of contaminated
and degraded soils.

This paper reports the results of a study on the effect
of different Cu concentrations on the growth and chlo-
rophyll content in some herb species of the tolerant and
resistant population.

MATERIAL AND METHODS

Herb species Agrostis stolonifera L., Melandrium
rubrum L. and Rumex acetosela L. were investigated.
Seeds were sampled from the following localities:

— Piesky pri Starych horach (region Banska Bystrica,
Central Slovakia, tolerant population), piles with
heavy metals contaminated soils;

— Staré hory and Borinka (Little Carpathians, SW Slo-
vakia, sensitive population), region with not-conta-
minated soils.

Soil samples were taken up from the same localities
as the seeds. Chemical analyses (concentration estima-
tions of Cu, Pb, Mn and Cd) were done spectro-
photometrically using the standard procedures (Ing. A.
Blazkova) on the Institute of Irrigation Research, Bra-
tislava. Density of the population and habitus of the
plants were observed directly in the field.

Plant cultivation and root test

Seeds of the plants sampled from contaminated lo-
cality were disinfected with 10% H,O, and germinated
in Petri dishes (cotton wool and filter paper with solu-
tion of 0.5 g Ca(NO3), per | of water) in growth cham-
ber under standard conditions: 25 °C, 80% relative air
humidity and 125 },lmol.m'z.s_l photosynthetic photon
flux density. Seeds of both variants (contaminated and
not-contaminated) were treated with four increasing
concentrations of CuSO4.5 H,0: 0.6, 4.0, 8.0 and
12.0 uM, respectively. As a control variant the seeds
germinated in Petri dishes with Ca(NOj3), solution
were used. After 10 days of cultivation, 90 seedlings of
all variants were picked up and 14 days cultivated in
a paper rolls under the same conditions. Thereafter the
root length was estimated. Index of tolerance (IT) was
calculated as follows:

_root lenght of the plants treated with Cu

W= root lenght of the plants without Cu % 100

Chlorophyll content determination

Pigment analysis has been done in the leaves of
Agrostis stolonifera cultivated from the seeds in the
pots with control, not-contaminated soils (Borinka, Lit-
tle Carpathians) in growth chamber under the same
conditions as the seedlings for the root test. There were
used four variants:
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1. plants grown from the seeds of tolerant population
treated with Cu (5 g CuSO4.5 H,O per 1 kg soil),

2. plants grown from the seeds of tolerant population
without Cu application,

3. plants grown from the seeds of sensitive population
treated with Cu (5 g CuSO,4.5 H,0 per 1 kg soil),

4. plants grown from the seeds of sensitive population
without Cu application.

After 10 days of cultivation, the leaf samples for
pigment analyses were taken up. Chlorophyll content
was determined in 80% acetone extract, measuring the
absorbance at 645 and 663 nm by spectrophotometer
SPECOL 20 (in detail see Masaroviova, 1997).
Chlorophyll a, b, a + b were calculated according to
Lichtenthaler (1987).

For statistical evaluation of the results the Mann-
-Whitney U-non-parametrical test has been used
(Holubova, 1996).

RESULTS
Chemical analysis

The content of Cu, Pb, Mn and Cd in the leaves and
roots of Agrostis stolonifera were determined. For the
plants of tolerant population the higher Cu concentra-
tion was estimated in both, leaves (1.9 times) and the
roots (4.2 times) than for the plants of sensitive popu-
lation. The concentration of Mn was lower in the roots
and shoots of the plants from tolerant population
(Tab. I).

1. The content of Cu, Pb, Mn and Cd in the root and above-ground
part of the Agrostis stolonifera plants cultivated in the contaminated
soil of the piles

Content . Above-ground
of metal Fopalation part of the plants Raot

sensitive 933 2 607
Cu (mgkg™) K

tolerant 1 764 10 977

sensitive 14 16
Pb (mgkg™)

tolerant 12 16

| sensitive 125 215

Mn (mgkg™)

tolerant 113 170

sensiti 0.6 0.7
Cd (mgkg™) ensitive

tolerant 0.6 1.0

Root test and index of tolerance

Both root length and height of the plants decreased
continually with the increasing Cu concentration. For
the plants of sensitive population the greatest decline
of root length occurred at 0.3, 0.6 and 4.0 pM Cu
treatment. For the plants of tolerant population the de-
crease of root length was moderate and the most sig-
nificant at 0.6 and 4.0 pM Cu treatment. Comparing
the sensitive and tolerant populations, the most sensi-
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tive from the all studied species to the Cu treatment
was found Agrostis stolonifera (Tab. II).

The highest values of index of tolerance were found
for all studied species of tolerant population (Tab. III).

Chlorophyll content determination

Pigment analysis confirmed that all chlorophyll
components (Chl a, Chl b, Chl a + b) decreased in the
Agrostis stolonifera leaves of both sensitive and toler-
ant populations under Cu treatment. The greatest de-
crease was found in Chl b content (Tab. IV).

DISCUSSION

Polymetalic ores were exploited in the locality Pies-
ky pri Starych horach from middle age to the end of

the last century. By way of both exploitation and treat-
ment of the metalic ores the piles appeared with the
some of herb species (Agrostis stolonifera L., Melan-
drium rubrum L. and Rumex acetosela L.). Their ex-
pansion was limited by defficiency of humus and nu-
trients, low soil humidity and high content of metals
(mainly Cu). As a pioneer species was earlier observed
Agrostis stolonifera, at present Melandrium rubrum is
dominant species with the highest cover (in detail see
Prat, Komiarek, 1934; Bandsova, 1976).
Similarly, Hunter et al. (1987) or Karataglis
(1980) found that species of genus Agrostis belong to
the plants which occupy the soils contaminated by Cu.

There was estimated 12 700 mg Cu and 70 mg Pb
per kg of soil on the studied localities. The control
samples from locality Borinka contained only 20 to
80 mg Cu and 15 to 50 mg Pb per kg of soil. Compa-
rable piles in Europe are in North Walles, Parys Moun-

II. Root length (mm) of Agrostis stolonifera, Melandrium rubrum and Rumex ucetoselu plants from sensitive and tolerant populations

cultivated under different Cu concentrations

Cu concentration
|
Species Popul St (uM)
0.0 03 0.6 40 8.0 12.0
9 ) sensitive 3190 £ 008 | 638+002"] 665+008" 226+001™"| 1.52£001""| 177+ 001"
Agrostis stolonifera - =2 -
tolerant 2770+ 0.11 | 2630 0.13 | 19.40 £0.08 | 4.30+0.02" | 2.50 £0.01°° | 2.70 £ 0.01
sensitive 34.00 £ 1.29 23454099 |1875+ 088" [11.80+ 061" | 7.85+ 054"
Melandrium rubrum % i S
tolerant 25.50 + 1.21 19.90 1.09 |17.40£0.70° [12.55 + 0.57"" [10.40 + 0.44
sensitive 3050 £ 1.17 27.70 £ 0.97 [12.80 £ 046" | 9.35+0.40" [11.55 + 0.42"°
Rumex acetosela . . .
tolerant 26.50 £ 0.95 22454078 [11.10£0.52" [12.10 £ 0.45" [11.50 £ 0.38

Significant differences between the control and Cu treated plants are indicated by * (P =0.05) or by (P =001)

III. Mean values of the index of tolerance found for Agrostis stolonifera, Melundrium rubrum and Rumex acetosela plants from sensitive

and tolerant populations cultivated under different Cu concentrations

Cu concentration
Species Popul, (uM)
0.3 0.6 4.0 8.0 12.0
X X sensitive 20.3 184 7.1 43 5.5
Agrostis stolonifera
tolerant 96.0 78.8 16.0 8.9 10.3
sensitive 69.1 55.2 348 23.1
Melandrium rubrum
tolerant 78.1 68.2 494 40.8
sensitive 90.9 41.9 30.7 26.6
Rumex acetosela
tolerant 84.6 57.7 456 434

IV. The values of chlorophyll content (Chl a, Chl b, Chl a + b) and chlorophyll « : b ratio in the leaves of Agrostis stolonifera plants from
sensitive and tolerant populations cultivated in the control conditions or under Cu application

Pigments
Population Cu (mgg' d. m)
Chl a Chl b Chla +b Chl a : b ratio
Sensitive +Cu 8.15 + 0.69 335+037 11.50 £ 0.94 293+0.53
Sensitive ~Cu 9.97 £ 0.86 6.33 + 1.08 16.30 + 1.52 1.60 £ 1.12
Tolerant +Cu 8.60 = 0.38 453 +0.19 13.11 £0.57 1.90 = 0.01
Tolerant —Cu 11.26 + 0.96 8.40 £ 0.79 19.66 + 1.64 1.33 £ 0.94
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tain, and Trelogan: 4 360 mg Cu and 11 900 mg Pb per
kg of soil (Karataglis, 1980), Merseyside (NW
England): 11 000 mg Cu per kg of soil (Hunter et
al., 1987), locality Prescot near Liverpool: maximal
concentration 53 000 mg Cu per kg of soil (Wu et al,,
1975).

The ability of plant population to tolerate intoxi-
cated substrate depends on their physiological and bio-
chemical adaptation against present ecological condi-
tions. The basis of this adaptation is avoidance (barrier
against ion uptake) or tolerance (accumulation and im-
mobilization of uptaken ions) (e.g. Baker, 1987,
Punz, Sieghardt, 1993). Presented results con-
firmed the tolerance as the basis of plant adaptation.

The metal components significantly influenced also
growth processes. Bandsova (1976), Ernst et al.
(1990) or Bandsova, Holub (1993) found de-
cline of biomass production by 40%. The species of
Agrostis stolonifera and Rumex acetosela showed the
low height of the above-ground part of the plants on
the studied locality.

As the roots are in primary contact with the uptaken
metal ions, their growth is faster influenced than those
of shoots. Therefore Wilkins (1978) suggested the
index of tolerance (IT) as the most sensitive parameter
for testing of root growth processes. It was found that
inhibition of root growth by Cu ions was higher than
those of shoot growth and reduction of root length was
faster for the plants of sensitive population (e.g.
Karataglis, 1987). Presented results confirmed that
all Cu concentrations caused the decrease of root length
and height of the plants of both tolerant and sensitive
populations. However, length reduction was faster and
IT was lower for the plants of sensitive population. The
higher IT values for the plants of contaminated soil
(tolerant population) were also found by Symeoni-
dis et al. (1985), Baker (1987), Ernst et al.
(1992).

The chlorophyll content is one of the most investi-
gated physiological (but not specific) characteristics
used for identification of physiological disturbation
owing to the consequence of immission impact
(Masarovicova et al, 1996). The most frequent
finding is that the both air pollutants (e.g. Masa-
rovi¢ova, 1992) or heavy metals Masarovifo-
va, 1989) caused the decrease of the total chlorophyll
content. Presented results also confirmed the decrease
of leaf chlorophyll content in studied herbs and there-
fore they are in good coincidence with the findings of
the other authors (Stiborova etal., 1987; Rousos
etal, 1989; Droppa, Horvath, 1990; Fernan-
des, Henriques, 1991; Ouzounidou et al,
1994). As the chlorophyll b content after Cu treatment
decreased faster than chlorophyll a, the values of a : b
ratio were higher. However, decrease of chlorophyll
a : b ratio was lower for the plants of tolerant popula-
tion. Similar tendency found Masarovidova
(1989) for the oaks and Stiborova etal. (1987) for
the barley and maize leaves treated by heavy metals.
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Presented results confirmed the existence of differ-
ent intraspecific tolerance of population to the heavy
metals. These plants could adapt on the high metal
content in the soil and could grow, reproduce and cover
anthropic substrates. Therefore the tolerant plant popu-
lations could be the key for the solution of problems
concerning with recultivations of contaminated and de-
graded soils.
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Z VEDECKEHO ZIVOTA

Osemdesiatiny akademika Emila Spaldona

Diia 12. maja 1998 sa doZil osemdesiatich rokov vyznam-
ny polnohospodarsky vysokoskolsky ucditel a vedec akade-
mik Emil Spaldon.

Vyrastal v poletnej garbiarskej rodine v prostredi chu-
dobnej kopanitiarskej oblasti Cadce. Diplom polnohospodar-
skeho inZiniera ziskal na Slovenskej vysokej $kole technickej
v Bratislave. Po ukonéeni vysokoskolského Stidia nastipil
do DruZstva pre pestovanie papriky v Pate, kde sa stal riadi-
tefom. Mlady ambiciézny a pre vedu zanieteny polnohospo-
darsky odbornik sa aktivne zapojil do rieSenia otdzok pesto-
vania a spracovania papriky na Slovensku.

V roku 1947 bol jubilant ustanoveny za profesora a zro-
veii vediceho katedry rastlinnej vyroby Vysokej $koly pol-
nohospodarskeho a lesnickeho inZenierstva v KoSiciach,
z ktorej neskdr vznikla Vysoka $kola polnohospodarska
v Nitre. Od tohto ddtumu bola jeho vedeckd, pedagogicka
a organizatorskd préica tizko spojend s rozvojom vysokého
polnohospodarskeho $kolstva na Slovensku.

S jeho pdsobenim je spita i vystavba VSP v Nitre, budo-
vanie jej organizacnej Struktiry a vedeckého profilu. Pricinil
sa 0 to podstatnym sp8sobom v rokoch 1952 aZ 1958 ako
dekan agronomickej fakulty a v rokoch 1958 aZ 1966 ako
rektor VSP. Pésobil tieZ ako riaditel Ustavu biologickej ra-
cionalizicie polnohospodarstva VSP v rokoch 1982 az 1991.
Do déchodku odisiel 30. 6. 1991.

Akademik Spaldon svoje organiza&né schopnosti a vedec-
ki erudiciu prejavil pri organizovani vedeckého Zivota na
V8P i v ramci SAV a CSAV. Pod jeho vedenim sa konali
prvé vedecké podujatia, zamerané na semenarstvo, pestova-
nie tabaku, hustosiatych obilnin a dal8ich plodin, zirodiiova-
nie pieskov, a najmi celodtatne konferencie Tedria a prax
vysokych irod sa stali skuto¢nou $kolou agronomickej teorie
a praxe pestovania obilnin na Slovensku. Bol prvym predse-
dom redak¢nej rady Casopisu Polnohospodérstvo a ¢lenom
tejto rady je dodnes.

VSP v Nitre sa pod jeho vedenim stala uznivanou vedec-
ko-pedagogickou institiciou, podla neho sa hodnotila i tro-
veii $koly. Ako &¢len CSAZ, SAV a CSAV sa aktivne podielal
na organizicii vedeckého Zivota na Slovensku, najmi vo
funkcii vedeckého tajomnika SAV a ¢lena predsednictva
SAV a CSAV v rokoch 1966 a% 1970.

Vedecké osobnost akademika Spaldona prerastla sloven-
ské, resp. Cesko-slovenské rozmery. Ako profesor sa podielal
na vychove niekolkych generacii naSich agronomov, s ktory-
mi edte aj teraz nadalej izko spolupracuje. Svojimi mimo-
riadnymi organiza¥nymi schopnostami a hibkou vedecke;j ar-
gumentécie sa mu podarilo presvedCif predstavitelov $titnej
sprivy, Ze vyroba potravin a vyZivy obyvatelstva je vecou
celospolocenskou. Vdaka tomu sa polnohospodarstvo stalo
prioritou hospodirskej politiky.

Sen viacerych generécii o sebestaénosti v hlavnych pol-
nohospodérskych produktoch a naplneni potravinového kola
lacnymi potravinami z domdcich zdrojov sa nielen dosiahol,
ale vo viacerych komoditéch sa Ceskoslovensko stalo expor-
térom. S osobou akademika Spaldona je spojené teoretické
rozpracovanie vedecky zdovodneného systému komplexnej
agrotechniky, vratane delenej vyZivy rastlin ozimnej penice
v naSich podmienkach, znameho pod nazvom ,nitraticia“,
a neskdr komplexnej vyZivy rastlin, zaloZenej na bilancii za-

sob Zivin v pdde a na potrebe porastu dosiahnut poZadovani
drodu, ¢o umoznilo vyrazne racionalizovat hnojenie rastlin
a obmedzit jeho negativny vplyv na Zivotné prostredie.

Sistavna nespokojnost s dosiahnutymi vysledkami prace,
neustdly hlad po novych informdcidch a poznatkoch tak
z rastlinnej vyroby, ako aj z pribuznych vednych disciplin,
prina3ala nové nazory, teérie a pristupy, spracované do uce-
lenych pestovatelskych technolégii a spésobov hodnotenia
drovne agronomickej prace. Vietko to smerovalo k maximél-
nemu vyuZitiu Grodotvorného potencidlu pestovanych druhov
a odrdd polnych rastlin s cielom optimélne vyuZi( bioener-
geticky potencidl agroekologického prostredia, ¢o tvori za-
klad po prvykrat nim formulovaného principu biologickej
racionalizdcie v rastlinnej vyrobe. Tito cestu v rastlinnej vy-
robe pokladal za perspektivnu, pretoZe zabezpeci raciondlnu
intenzifikdciu vyroby obilnin a dal3ich polnohospodérskych
rastlin pri zachovani kritérii na ochranu prirodného prostre-
dia a na zabezpelenie ekologickej a zdravotnej nezdvadnosti
produktov.

Akademik Spaldon vyrazne ovplyvnil droveii niho obil-
nindrstva, ktoré patrilo medzi desat najlepich vo svete
a i v sicasnosti, ked polnohospodaérstvo zapasi s ekonomic-
kymi problémami, pestovanie hustosiatych obilnin si stabilne
udrZuje dobru urovei. Prednasal a publikoval svoje price
v Juhoslavii, Taliansku, Sovietskom zviize, Nemecku, Ma-
darsku, Polsku, Rumunsku, USA a v dal3ich krajiniach. Vo
funkeii rektora VSP sa osobne pricinil o vytvorenie rozsiahlej
vedeckej spoluprice s viacerymi vysokymi $kolami v za-
hranii.

Akademik Spaldon ako autor mno¥stva vedeckych préc,
monografii, vysoko8kolskych uéebnic, odbornych publikacii
i ako organizitor vedeckého Zivota a vysokoSkolsky peda-
gog je zndmy aj v zahrani&i, ¢oho ddkazom je i udelenie
testného doktordtu Polnohospodarskou univerzitou v Go-
dollo (MR) a Univerzitou polnohospodarskych vied v Bu-
kuresti i menovanie &lenom Vojvodinskej akadémie vied
v Juhoslavii (teraz Srbskej akadémie vied a umeni). Pri pri-
leZitosti oslav 50. vyrotia vzniku Agronomickej fakulty VSP
mu bol udeleny titul doctor honoris causa.

Okrem vedeckej a pedagogickej innosti sa plne venoval
riadiacej a organizatorskej praci. Bol ¢lenom viacerych re-
zortnych komisii, poslancom SNR, ¢lenom komise pre pol-
nohospodarstvo a potravinarsky priemysel, ¢lenom predsed-
nictva 3titnej komisie pre udelovanie vedeckych hodnosti,
predsedom sekcie CSAV pre rozvojové krajiny, predsedom
celo3tatnej komisie pre obhajoby doktorskych pric zo $pe-
cidlnej rastlinnej vyroby a €lenom dalSich vedeckych a od-
bornych orgénov.

Usilovnost, hiZevnatost, cielavedomost a vzdcna zaniete-
nost pre vec priniesla celospolofenské prinosy, ktoré boli
ocenené najvy3$simi Stitnymi organmi. Jubilant je lauredtom
viacerych Statnych cien a 3titnych vyznamenani. Je nosite-
Tom striebornej a zlatej medaily CSAV ,Za zasluhy o vedu
a Tudstvo* a zlatej medaily SAV ,,Za zasluhy o spojenie ve-
dy s praxou*.

Ani osemdesiatka ho nezastavuje v jeho tempe, tvorivosti
a zanieteni, nadalej sleduje dianie v poInohospodirstve
a Cinnost na Agronomickej fakulte SPU v Nitre ako &len jej
vedeckej rady.

Prof. Ing. Ivan Michalik, DrSc.
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VLIV APLIKACE CISTIRENSKYCH KALU
NA AKUMULACI RTUTI V ROSTLINACH

THE EFFECT OF SEWAGE SLUDGE APPLICATION
ON THE ACCUMULATION OF MERCURY IN PLANTS

J. Balik, P. Tlustos, J. Szdkova, R. Blahnik

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The effect of sewage sludge application on the accumulation of Hg in plants was investigated in model pot
experiments. Two sewage sludges Praha and Pisek containing 5.64 £ 0.51 and 3.89 + 0.25 mg.kg™' of dry matter, respectively,
were applied (Tab. I). Three soils and four crops were tested in the experiment (Tab. II and III). Direct and subsequent effects
of sewage sludge application were investigated. Sludge was applied as a fresh material following common agriculture practice.
Hg was determined by atomic absorption spectrometer AMA-254. The highest yield effect of sludge application was found
at the least fertile soil — fluvisols (Fig. 1 and 2). The sludge applied at the rate 3.33 g dry matter per kg of soil has not almost
effected the Hg concentration in plants in the first year of planting. The highest Hg content was found in barley straw and
in poppy seeds, the lowest in barley grain. Hg concentration increased by 55% on average of all growing crops in the
subsequent planting period when compared to the first one. Similar effect was found at treated and untreated soil, that is why
we can assume drying of the soil and rewetting next spring made an additional release of Hg probably from roots of the first
crop or from organic bounds of Hg in soils. The second part of the experiment was focused on the determination of available
Hg pool by three extractants (2M HNO;, 0.1M CaCl,, and 0.01M CaCl,) in soil samples taken when crops were harvested
(Tab. V and VI). Results showed almost negligible effect of sewage sludge application on soil Hg accumulation. Three
treatments were applied in 1995 and five in 1996 with significant decrease of Hg in soil extracts at sludge treated soils
compared to zero treatments. Significant increase of Hg soil concentration was only found at one treatment each year. Fig.
3 and 4 showed the relative amount of extractable Hg by different extractants compared to total Hg content in soil. The 2M
HNO, released 29 to 66% of total Hg depended on soil and planting period. The highest amount was extracted at fluvisols
(49% in 1995, and 66% in 1996). That soil has the lowest content of organic matter. Suchdol soil has the highest Hg content
and high sorption capacity corresponding with higher content of humic substances. The 2M HNO, released 29% of total Hg
in 1995, and 47% in 1996. Both 0.IM CaCl, and 0.01M CaCl, released low amount of Hg at all soils with the maximum
from 7 to 12% at fluvisols again. The effect of growing crop on the extractability of Hg is shown in Fig. 5, 6 and 7. Regardless
of soil the highest extractable amount of Hg was released at maize treatments and the lowest at poppy treatments. The
mentioned results support the idea of important effect of organic compound on the Hg sorption and the effect of growing
crop on the Hg mobilisation. The relationship among soil Hg released by individual extractants and plant Hg content was
described by linear regression (Tab. VII). The results showed weak relationship among almost all tested treatments and
a necessity to test extractants releasing organically bound Hg.

sewage sludge; mercury; Hg content in plants; soil extractants

ABSTRAKT: V nadobovych vegetatnich pokusech byl zjitovan vliv &istirenskych kali na obsah Hg v rostlinich. Byly
pouZity dva rizné kaly o primé&mném obsahu Hg. Sledovani prob&hla na tfech riznych zeminéch (€ernozem, hn&édozem,
fluvizem) a se &tyfmi riznymi plodinami (mak, je¢men, kukufice, oves). Bylo ov&fovino pfimé a nasledné pisobeni Cistiren-
skych kalu. Stanoveni Hg bylo uskute&n&no na atomovém spektrometru AMA-254. Pii pouZité divce (16,65 g suliny na 5 kg
zeminy) nebyl zjidt€n po aplikaci kali zvySeny obsah Hg v rostlindch. Nejvy3$si obsahy byly stanoveny ve slaimé& jemene
a v semeni méku, nejniZ3i v zrnu jemene. Ve druhém roce pokusi byl obsah Hg v rostlindch u viech variant v priméru cca
0 55 % vy33i. Déle byl sledovan obsah Hg v pud€ pfi pouZiti riznych extrakénich ¢inidel (2M HNO,, 0,IM CaCl,, 0,0IM
CaCl,). Nebyl prokédzéan vztah mezi mnoZstvim Hg v jednotlivych extraktantech a obsahem Hg v rostlinich.

Cistirenské kaly; rtuf; obsah Hg v rostlinach; pudni extraktanty
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UvoD

Cistirenské kaly jsou velice specifické hmoty, které
obsahuji organické latky, mnoZstvi Zivin, ale soutasné
také celé spektrum rizikovych prvki a organickych po-
lutantii. V CR zaznamendvdme v soudasnosti vyznam-
ny narust jejich produkce. Z celé fady rizikovych prvki
(Cd, Zn, Ni aj.), kterym je vénovana pozornost vyzku-
mu, jsme se v naSich experimentech zaméfili na rtuf
(Hg). Jak také vyplyva z kontrolni &innosti UKZUZ
(Hauptman, Froné&k, 1997), pfevySuje pravé
nejéastéji obsah Hg v kalech povolenou trovei.

Obsah Hg v pudich je dan predevsim pedogenetic-
kymi podminkami (Brimmer et al,, 1991). V pu-
déch s vysokym obsahem Hg v matedné horniné muZe
éinit aZ 40 mg.kg'l (Scheffer, Schachtscha-
bel, 1992). VétSinou viak na nekontaminovanych pu-
dach ¢ini 0,02 az 0,5 mg Hg.kg'l (pfevazné do 0,1 mg
Hg.kg'l). V oblastech s vysokou vulkanickou &innosti
a emisemi Hg mohou byt zna&né& zvySeny pfirozené ob-
sahy Hg v puadé. Obsah Hg v ornici je vyrazné vyssi
nez v podorni¢i. Scheffer, Schachtschabel
(1992) uvadéji souvislost mezi obsahem Hg v ornici
a obsahem organické hmoty. V podorniéi roste podil
Hg vazané na oxidy Zeleza a manganu a na jilové mi-
neraly.

V pudnim roztoku se mohou vyskytovat (v zavislosti
na pH a sloZeni roztoku) ionty Hg2+, rtutnaté komplexy
(HgOH', Hg(OH)), HgCI*, HgCl3, HeCl3, HeCl) a sta-
bilni organické komplexy. Rozpustost Hg v pudé je
velmi nizk4. V pudnich roztocich fady pid byly stano-
veny hodnoty v intervalu 0,2 az 11,0 pg Hg.l'l a v pru-
méru 1,0 pug Hg.l'l (Bradford etal, 1971). V lyzi-
metrickych vodach z pid s mirné kyselou a neutrélni
reakci nebyla Hg stanovena. Nizké obsahy jsou uvadé-
ny pouze na extrémné kyselych pudéach. Pfi¢inou je

Scheffer, Schachtschabel (1992), je tato sor-
pce pfi¢inou malé pfijatelnosti Hg z Cistirenskych kalu,
které maji relativné vysoky podil organické hmoty
s -SH a -S-S skupinami. Podle Gerritse etal. (1982
—cit. Cibulka etal., 1991) naopak aplikace Cistiren-
skych kald zvy$uje mobilitu prvki, véetné Hg.

Cilem price bylo urgit vliv aplikace &istirenskych
kali na obsah Hg v rostlinich a dile sledovat obsahy
Hg v pid€ pii pouZiti riznych extrak&nich Cinidel a je-
jich vztah k pfijmu Hg rostlinami.

MATERIAL A METODA

Cistirenské kaly byly testovany v nadobovych poku-
sech v letech 1995 a 1996 (tab. I). Byly pouzity tfi
zeminy z lokality Suchdol (degradovana ernozem),
Cerveny Ujezd (hnédozem) a Pierov nad Labem (flu-
vizem) (tab. IT). NavdZka suché zeminy &inila 5 kg na
nadobu. Kontrolni varianta byla zvolena jako NPK
hnojeni. Davka dusiku (v NH4NO3;) byla rozdilna v zé-
vislosti na plodiné: mak — 1 g N, jarni jeémen — 1 g N,
sendzni oves — 1,5 g N, kukufice — 2 g N (na nadobu).
Davka fosforu ¢inila 0,44 g P a drasliku 1,1 g K na
nidobu (v K,HPO,). Tyto Ziviny byly dodiny pfed
vysevem a promichany s celym objemem zeminy. Kal
byl dodédn v Cerstvém stavu a v mnoZstvi odpovidaji-
cim v prepodtu 16,65 g susiny na nadobu. Kal byl ap-
likovéan pouze v roce 1995, v roce 1996 bylo sledovdno
jeho nésledné pisobeni. Nadoby byly zavlaZovany de-
ionizovanou vodou. Vlhkost zeminy byla udrZovana na
60% MVK. Kukufice byla sklizena pfi velikosti poros-

1. Zékladni charakteristika pouZitych kalii (obsahy v su3in&) — Basic
properties of the used sludges (contents in dry matter)

pravdépodobné pohyb Hg s vysokomolekularnimi hu- Kal! Praha Pisek
minovymi kyselinami (W im m er, 197‘4). ) pH/H,0 7.30 722
Hlavni ztrata Hg z pudy je té€kénim. Pfedev3im
aerobni mikroorganismy redukuji rtutnaté slouceniny o (%) i i
pomoci enzymatickych reakci na pary Hg, které vola- P (%) 187 2,00
tilizuji z pidy (Landa, 1978). V disledku mikrobiél- K (%) 0,24 0.26
ni &innosti mohou vznikat metylované slouceniny Hg Ca (%) 2,13 2,55
(Kolaf, 1988). Mg (%) 027 0,40
_Pfedev§im organické slouceniny sorbuji Hg do vel- Hg (mgkg) 5.64 + 0,51 3.89 + 0,25
mi pevnych vazeb, které ji chrani pfed dali sublimaci,
vyplavenim nebo pfijmem rostlinami. Jak uvad&ji 'sludge
II. Agrochemicka charakteristika pud — Agrochemical soil properties
5 c, mgkg™! KVK
Zemina @ pH/KCI y - Me Ci He (mvalkg™!)
&. Ujezd 1,54 7,04 151 222 163 2 903 0,082 + 0,013 145
Suchdol 2,29 1,23 176 289 246 5747 0,347 + 0,008 180
Prerov 0,96 6,61 120 180 99 1473 0,026 £ 0,002 75

P, K, Mg, Ca — Mehlich 11

'soil
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tu cca 100 cm, oves v mléEné-voskové zralosti, méak
a je¢men v plné zralosti. KaZda varianta byla zaloZena
ve &tyfech opakovanich. Po sklizni nadzemni hmoty
byla zemina z jednotlivych variant vysuSena, uskladné-
na a pouZita v roce 1996 pro nislednou plodinu
(tab. III). V roce 1996 bylo u vSech variant pouZito
NPK hnojeni.

111. Sled plodin — Sequence of crops

jarni je¢men (Donum)
mék (Dubnik)
oves (Auron)

kukufice (Malta)

Kukufice* (Malta)
Oves (Pan)

Jarni je¢men® (Donum)
Mk’ (Dubnik)

'crop, 1vnriety. Jhybrid, *maize, “oat, 6spring barley, 7poppy. Hsub-
sequent crop

Obsahy Hg v rostlinném materidlu a pidnich vylu-
zich byly stanoveny na jednoicelovém atomovém ab-
sorpénim spektrometru AMA-254 ve Stopové laboratofi
katedry chemie CZU v Praze. Pro analyzu rostlinného
materialu byla pouZita navazka vzorku 50 aZz 100 mg
za téchto analytickych podminek: doba suSeni 100 s,
doba spalovini 150 s, doba &ekani 50 s. V piipadé vy-
luht pid bylo do navaZovaci lodicky pfistroje davko-
vano 100 pl extraktu a doba suSeni ¢inila 100 s. Ana-
lyticka presnost a spolehlivost méfeni je zajiSténa
pouZitim certifikovaného referentniho materidlu
(12-02-03 P-ALFALFA, IRANT, Ko#gice, SK). Jakmile
vzorky obsahovaly men$i mnoZstvi Hg, neZ byla mez
detekce, byla za vysledek brana pravé tato mez detekce.

VYSLEDKY A DISKUSE

Cistirenské kaly byly aplikovany v &erstvém stavu
tak, aby nebyla sniZena jejich agronomicka G&innost.
Z hlediska obsahu Hg byly pouZity Cistirenské kaly
prumérné kvality. U kalu Praha ¢inil obsah 5,64 mg
Hgkg™' a u kalu Pisek 3,89 mg Hg.kg™' (prepotteno
na suSinu). Ve sdéleni UKZUZ (Anonym, 1997) se
uvadi, Ze u 198 vzorki kali COV &inil praimé&rny obsah
43 mg Hg.kg_l. Podle stanovenych hodnot by nami
testované kaly bylo moZno pouZit jako suroviny pro
vyrobu komposti. Také sledované zeminy nevykazova-
ly nadlimitni obsahy Hg. V CR plati podle vyhl.
¢. 13/94 Sb. pro lehké pidy maximalni obsah 0,6 mg
Hg.kg‘l a pro ostatni 0,8 mg Hg.kg". Pro dany expe-
riment byly imysIn& vybrany zeminy s odli¥nymi agro-
chemickymi vlastnostmi a obsahem Hg (tab. II). Ze-
jména zemina Suchdol vykazovala nadprimérny obsah
(Anonym, 1997).

Jak je zfejmé z obr. | a 2, byl po aplikaci kali za-
znamenén narist vynosu suSiny pé&stovanych plodin,
pfitom ve druhém roce pokusu byl jejich efekt vyraz-
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Suchdol Plerov

&. Ujeza

. Relativni vynos plodin v roce 1995 - Relative yield of crops in
1995

2. Relativni vynos plodin v roce 1996 (ndsledné pusobeni) - Rela-
tive yield of crops in 1996 (subsequent ac_tion)

1 smérodatni odchylka - standard deviation

&2 kontrola (100 %) — control (100%)
3 kal Praha - sludge Praha
W kal Pisek - sludge Pisek

néjsi. Odpovida to také jejich agrochemickému chova-
ni, kdy k uvolnéni Zivin doch4zi aZ v prib&hu minera-
lizace kali v pid€. Z uvedenych grafii je také zfejmé,
Ze nejvyssiho efektu bylo dosaZeno na nejméné tirodné
pudé Pierov nad Labem. V prvnim roce péstovéni byl
v priméru na této zemin& u kalu Praha o 22 % a kalu
Pisek 0 39 % vysSi vynos ve srovnani s kontrolou. Ve
druhém roce €inil narast u kalu Praha 62 % a kalu Pi-
sek 65 %. NejmenSi pozitivni efekt byl zaznamenén
u zeminy Cerveny Ujezd. Nérdst vynosi neni vyrazem
lep8i G&innosti dusiku v kalech ve srovnéni s mineral-
nim hnojenim, ale pfedevsim rozdilu v celkové apliko-
vaném mnoZstvi Zivin. Z bilance jednotlivych Zivin vy-
plyva, Ze u variant s kaly bylo oproti kontrole dodéno
v prvnim pokusném roce vice o 14 aZ 26 % dusiku,
o071 aZ 76 % fosforu a o 3 aZ 4 % drasliku. Byla za-
znamendna urcitd tendence vy$Sich vynosi u kalu Pi-
sek, coZ také odpovidd vét§imu mnoZstvi v¥ech vy-
znamnych Zivin v tomto kalu.

Z vysledku uvedenych v tab. IV je zfejmé, Ze ke
zvySeni obsahu Hg v rostlinich po aplikaci kala zpra-
vidla nedo$lo. Bylo pfitom aplikovano vysoké mnoZ-
stvi kalu a §lo o nddobové pokusy, kde je diky vysoké
mife prokofenéni zpravidla podstatné vy3si vyuZiti
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IV. Obsah Hg v rostlinich v roce 1995 a 1996 (mg.kg'I sudiny) — Hg content in plants in 1995 and 1996 (mg‘kg‘I of dry matter)

Zemina' Varianta? Jegmen® (zmo?) | JeZmen (slima®) Mik® Makovina’ Kukufice® Oves’
Suchdol kontrola'® 0,0008 0,0153 0,0145 0,0100 0,0040 0,0037
08 kal!! Praha 0,0008 0,0160 0,0168 0,0123 0,0029 0,0036
Kal Pisek 0,0008 0,0180 0,0148 0,0100 0,0026 0,0034
F 0,41 0,92 438" 1,75 3,80 0,35
duin 0,0023
C. Ujezd kontrola 0,0005 0,0135 0,0148 0,0105 0,0026 0.0040
kal Praha 0,0008 0,0143 0,0153 0,0095 0,0026 0,0035
Kal Pisek 0,0008 0,0135 0,0150 0,0123 0,0028 0,0043
F 0,65 0,19 0,07 2.61 0,26 1.16
dmin
Pierov kontrola 0,0005 0,0135 0,0026 0,0032
kal Praha 0,0006 0,0105 0,0029 0,0045
kal Pisek 0,0007 0,0130 0,0028 0,0040
F 0,52 2,11 0,49 2,07
dmin
Suchdol kontrola 0,0008 0,0183 0,0176 0,0251 0,0039 0,0071
668 kal Praha 0,0009 0,0205. 0,0127 0,0226 0,0061 0,0103
Kal Pisek 0,0008 0,0235 0,0107 0,0209 0,0045 0,0095
F 043 0,44 37,93" 1,57 1,53 563
B . 0,0023 0,0028
C. Ujezd kontrola 0,0007 0,0265 0,0113 0,0132 0,0064 0.0076
kal Praha 0,0011 0,0240 0,0097 00174 0,0177 0,0077
Kal Pisek 0,0009 0,0293 0,0100 0,0164 0,0061 0,0084
F 133 1,73 0,60 16,89"" 1,48 0,98
diin 0,0021
Pierov kontrola 0,0011 0,0313 0,0164 0,0237 0,0069 0,0076
Kal Praha 0,0009 0,0300 0,0105 0,0183 0,0064 0,0090
kal Pisek 0,0009 0,0325 0,0139 0,0202 0,0055 0,0084
0,85 0,23 12,18 2,55 038 1,76
dimin 0,0034

prikazné na hladiné vy'zmlmnostilz a = 0,05
prikazné na hlading vyznamnosti & = 0,01

.-

'soil, variant, 3barlcy. 4gmin. *straw, ('poppy‘ 7poppy straw, *maize, ®oat, "control, “sludge. Izsignifu:anl on the significance level

viech dodanych Zivin. Statisticky vysSi obsah byl sta-
noven v roce 1995 pouze u semene maku na zeminé
Suchdol. U ostatnich plodin byly zaznamenané rozdily
statisticky nevyznamné. V roce 1995 doslo k poskoze-
ni kontrolni varianty Pferov nad Labem u méku, a pro-
to byl cely soubor vyfazen. V roce 1996 byl naopak po
aplikaci kald vyrazné sniZen obsah Hg v semenech ma-
ku. Statisticky prukazné vysledky jsou na zemin& Such-
dol a Pferov nad Labem a urdita tendence je také u ze-
miny Cerveny Ujezd. Na této zeminé v3ak byl
stanoven u variant s kaly statisticky zvySeny obsah
Hg v makovin&. V priméru viech péstovanych plo-
din byl obsah Hg ve druhém roce péstovéni pfibliZn&
0 55 % vy$§i neZ v prvnim roce. Vzhledem k tomu,
Ze uvedeny jev byl zaznamenén také na kontrolnich
variantach, nelze pfedpokladat, Ze zde vyraznéji pi-
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sobi uvolnéna Hg z kalu. Ur¢itym zdivodnénim muZe

byt skute€nost, Ze zeminy byly po sklizni vysuSeny

a potom uskladnény do jara roku 1996. Tyto zeminy

obsahovaly znatné mnoZstvi kofenové hmoty, kterd se

v dal¥im roce mineralizovala. Timto zpisobem mohlo

nastat uvolnéni Hg z organickych vazeb. Nizkomole-

kularni organické slou€eniny mohly vytvofit s Hg che-
14ty, a tim také pfispét k v&t§imu piijmu Hg rostlinami.

PiestoZe pokus byl zaloZen pfi Etyfndsobném opako-
vani a kazda analyza byla tfikrat paralelné opakovana,
zaznamenavame pomérné vysoké kolisani vysledka.

Pfi¢iny jsou tyto:

1. PouZiti kali v Eerstvém stavu piedstavovalo zvy3e-
nou nehomogenitu vzorku z hlediska obsahu Hg. Pfi
tomto postupu bylo déle obtiZné zabezpecit nasledné
dokonalé promiseni kald se zeminami.
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2. Pii stanoveni velmi malych obsahti Hg v rostlinach
byla také relativné vét§i chyba méfeni. Zejména ob-
sahy Hg v zrnu jemene byly na hranici detekce nej-
citlivéjii dostupnou méfici technikou. Ve slamé byl
obsah nékolikanasobné vysSi. Pomérné vysoky byl
také obsah Hg v semenech maku. Uvedené obsahy
potvrzuji pfedpoklad o nizké koncentraci Hg v rost-
linach a jsou také v souladu s vudaji z literatury
(Maclean, 1974; DomazZlicka, 1991). Zéaro-
vefi viak nebyly potvrzeny vysledky, které uveiejnil
Zima (1989), jenZ uvadi zvySeni obsahu Hg v rost-
linach kukufice péstovanych v nadobach po aplikaci
Cistirenskych kalu.

Vhodnym méfitkem pro posouzeni biotransferu t&z-
kych kovi je tzv. transferfaktor (TF) (Némecek et
al, 1994; Poletschny, 1996). Je to pomér mezi
obsahem téZkych kovi v rostlindch a obsahem v pudé.
Malé hodnoty TF byly stanoveny na zeminé Suchdol
(0,02 az 0,18) a naopak vysoké na zeminé Pferov nad
Labem (0,04 aZ 1,19). Je to déno predeviim nizkym
obsahem Hg ve fluvizemi Pferov nad Labem. Nejvy33i
hodnoty TF byly stanoveny u slamy je¢mene.

Z tab. IV je dale patrné, Ze nebyly zji$tény zvySené
obsahy Hg u variant na zemin& Suchdol, pfestoZe zde
byl jeji né€kolikanisobné vys§i obsah. Naopak v roce
1996 byl v priméru nejvy3si obsah Hg v rostlinich
u variant Pierov nad Labem, piestoZe méla tato zemina
jeji nejniZsi celkovy obsah. Zfetelné se zde potvrzuje
vyznam sledovini nejen absolutniho mnozstvi Hg v pu-
dé, ale také i riznych forem jeji sorpce v pudé.

V dalsi Casti experimentl byl sledovan obsah Hg
v pidé pfi pouZiti riznych extrak&nich &inidel (2M

HNO;3, 0,IM CaCly, 0,01M CaCly). Analyzy byly
uskute&nény vZdy po sklizni plodiny (tab. V a VI).
Z téchto sledovani vyplyva, Ze po aplikaci Cistiren-
skych kalu nebyla zpravidla stanovena zvySend akumu-
lace Hg v pudé. Na variantich s kaly bylo zazname-
nano v roce 1995 ve tfech pfipadech a v roce 1996
v péti pfipadech statisticky vyznamné sniZeni obsahu
Hg oproti kontrole ve vyluzich pouzitych extrakénich
Cinidel. Naopak ke zvySeni doslo v kaZzdém roce pouze
v jednom pfipad&. Uvedena skutednost sv&d&i o sloZi-
tosti sorpce Hg v pudé, ke které pfispiva i jeji moZna
volatilizace, kterd vSak nebyla v naSich pokusech sle-
dovina.

Na obr. 3 a 4 jsou znazornény podily extrahovatelné
Hg ruznymi extrakénimi Cinidly z jejiho celkového
mnoZstvi v pudé. Pfi vyluhu 2M HNO; bylo stanoveno
v zavislosti na zeminé a ro¢niku 29 az 66 % z celko-
vého mnoZstvi Hg v pudé (Hg,,,), pficemZ nejsnaze by-
la extrahovatelnd Hg na zeminé Pferov nad Labem
(49 % v roce 1995 a 66 % v roce 1996), kterd ma také
nejniZsi obsah organickych litek. Zemina Suchdol, kde
byl celkovy obsah 0,347 mg Hg.kg". je charakterizo-
vana vysokym stupném sorpce, coZ také odpovida vys-
§imu obsahu kvalitniho humusu. Proto zde bylo uvol-
néno pfi vyluhu 2M HNO; v roce 1995 pouze 29 %
a v roce 1996 47 % Hg. Ve viech sledovanych varian-
tach bylo ve vyluzich 0,IM CaCl, a 0,01M CaCl, zji$-
t€no jen velmi malé mnoZstvi. DosaZené vysledky jsou
v dobrém souladu s pfedpokladem, Ze tyto soli jsou
schopny extrakce pouze vyménné sorbované a ne orga-
nicky vazané Hg (Scheffer, Schachtschabel,
1992). Relativné nejvyssi podil byl opét uvolnén na

V. Obsah Hg v pudnich vyluzich v roce 1995 (mg.kg'I suliny) - Hg content in soil extracts in 1995 (mg.kg™' of dry matter)

Zemina' Varianta? Jarni jegmen® Mak* Kukufice’ Oves®
M 0,IM [ 00IM| 2M 0,IM [(00IM | 2M 0,IM | 0,0IM | 2M 0,IM | 0,0IM
HNO, | CaCl, | CaCl, | HNO, | CaCl, | CaCl, | HNO, | CaCl, | CaCl, | HNO, | CaCl, | CaCl,
Suchdol kontrola” 0,101 {0,0050 | 0,0035| 0,088 | 0,0013| 0,0035| 0,099 [ 0,0113| 0,0010| 0,131 | 0,0030( 0,0104
kal® Praha | 0,073 |0,0016 | 0,0016 | 0,073 | 0,0028 [ 0,0007 | 0,092 | 0,0074 | 0,0007 | 0,134 | 0,0009 | 0,0015
kal Pisek 0,070 |0,0011 | 0,0017| 0,080 | 0,0024| 0,0009| 0,152 | 0,0031| 0,0013| 0,114 | 0,0014 | 0,0009
F 382 (894" [263 | 1,17 | 427" | 534" |2281" 583" [325 [ 188 |084 298
dis 0,003 0,0014 | 0,0027| 0,027 | 0,0061
C. Ujezd kontrola 0,031 |0,0009 | 0,0014| 0,025 | 0,0022| 0,0006| 0,043 | 0,0017| 0,0026| 0,034 | 0,0020( 0,0008
kal Praha 0,032 |0,0009 | 0,0009| 0,027 | 0,0014| 0,0005| 0,044 | 0,0019| 0,0018| 0,036 | 0,0020( 0,0008
kal Pisek 0,030 10,0009 | 0,0009 | 0,030 | 0,0025( 0,0005| 0,053 | 0,0021( 0,0014| 0,030 | 0,0037 [ 0,0008
F 029 (1,00 | 1,00 | 141 [472° [1,00 | 1,79 | 040 |338 |o064 |[8427 | 1,00
di 0,0014 0,0013
Prerov kontrola 0,009 |0,0009 | 0,0009 0,020 | 0,0020| 0,0020( 0,011 | 0,0029| 0,0008
kal Praha 0,007 10,0012 | 0,0009 0,023 | 0,0015| 0,0007 | 0,014 | 0,0022| 0,0008
kal Pisek 0,009 10,0009 | 0,0009 0,011 | 0,0011] 0,0012( 0,011 | 0,0029 | 0,0008
1,82 1,00 1,00 329 | 4,16 3,79 2,82 0,11 1,00
: prukazné na hlading vyzmlmnas!i‘J o= 0,05
prukazné na hladin€ vyznamnosti a = 0,01
'soil, variant, "spring barley, 4poppy. 3maize, %oat, "control, ¥sludge, *significant on the significance level
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VI. Obsah Hg v pidnich vyluzich v roce 1996 (mg.kg" sudiny) - Hg content in soil extracts in 1996 (mg‘kg" of dry matter)

Zemina' Varianta? Jarni jetmen® Mak* Kukufice’ Oves®
2M | 0IM [00M| 2M | 0IM [00IM| 2M | 0IM [00M| 2M | 0.IM | 001M
HNO, | CaCl, | CaCl, | HNO, | CaCl, | CaCl, | HNO, | CaCl, | CaCl, | HNO, | CaCl, | CaCl,
Suchdol | kontrola’ 0,138 | 0,0018| 0,0016 | 0,158 | 0,0031 | 0,0011 | 0,197 | 0,0040| 0,0008 | 0,161 | 0,0014 | 0,0011
kal® Praha | 0,140 | 0,0017| 0,0008 | 0,149 | 0,0058| 0,0011| 0,213 | 0,0055| 0,0120| 0,129 | 0,0018 | 0,0011
kal Pisek 0,220 | 0,0020 | 0,0017 0,141 | 0,0030 | 0,0011| 0,182 | 0,0078 | 0,0112| 0,117 | 0,0017| 0,0011
F 278371020 273 |079 070 [100 | 118 | 34 3,14 [3936"] 1.50 | 1,00
doin 0,011 0,014
¢. Ujezd | kontrola 0,060 | 0,0010 [ 0,0019 | 0,036 | 0,0020 | 0,0012| 0,063 | 0,0195| 0,0027| 0,047 | 0,0014| 0,0011
kal Praha 0,056 | 0,0004 | 0,0017 | 0,030 | 0,0006 | 0,0025| 0,046 | 0,0106 | 0,0038 | 0,044 | 0,0014 | 0,0012
Kal Pisek 0,061 | 0,0002 [ 0,0019| 0,038 | 0,0006 | 0,0012| 0,055 | 0,0054 | 0,0098| 0,050 | 0,0019| 0,0011
F 2,12 (443" (022 |440" |29 | 161 092 [ 7304 | 1,89 | 308 [1,74 | 1,00
degia 0,0007 0,008 0,0033
Pferov kontrola 0,022 | 0,0004 | 0,0033 [ 0,010 | 0,0006 | 0,001 | 0,017 | 0,0023| 0,0141| 0,017 | 0,0016 | 0,0011
kal Praha 0,026 | 0,0004 | 0,0013 [ 0,013 | 0,0006 | 0,0016 0,017 | 0,0036 | 0,0050 | 0,016 | 0,0015 | 0,0011
Kal Pisek 0,022 | 0,0005 | 0,0010 | 0,011 | 0,0007 | 0,0059| 0,019 | 00011 | 0,0014| 0,017 | 0,0014 | 0,0011
F 565 (017 (1517 | 1,76 | 100 |246 | 034 [ 078 [1882 | 002 [249 | 1,00
[ dnio 0,004 0,0013 0,0060
= prikazné na hlading vy‘znnmnos!i"‘ o = 0,05
pritkazné na hladin vyznamnosti & = 0,01
For 1-9 see Tab. V
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3. Podil extrahovatelné Hg z jejiho celkového obsahu (Hg,, =
100 %) v zemin€; pramé&r viech plodin v roce 1995 — The percent-
age of Hg extractable from its total content (Hg,,, = 100%) in soil;
average for all crops in 1995

Z 2M HNO,
O 0,1M CaCl,
. 0,01M CaCl,

zeminé Pferov nad Labem a ¢inil 7 aZ 12 % z Hg,.
DosaZené vysledky jsou v souladu se zavéry z literatu-
ry (Rasp, 1996). Citovany autor pouZil 0,1M CaCl,
k extrakci komposti na bazi &istirenskych kald. Celko-
vy obsah Hg v kompostech byl velmi vysoky a &inil 0,4
az22 mg.kg", ale extrahovatelné mnoZstvi 0,1M CaCl,
bylo pod mezi detekce (0,0007 mg.kg"').

Vliv péstované plodiny na extrahovatelnost Hg
z pudy je dokumentovén na obr. 5, 6 a 7. Je patrné, Ze
bez ohledu na zeminu je u kukufice vidy stanovené
mnoZstvi nejvyssi a u maku nejniZsi, coZ nepfimo po-
tvrzuje vliv organickych latek na sorpci Hg v pudé a
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4. Podil extrahovatelné Hg z jejiho celkového obsahu (Hg,, =
100 %) v zemin&; primé&r vech plodin v roce 1996 — The percent-
age of Hg extractable from its total content (Hg,, = 100%) in soil;
average for all crops in 1996

také vliv péstované plodiny na jeji mobilizaci. Stano-
vené hodnoty jsou vyslednici fady faktoru, jako je
mnoZstvi kofenové hmoty, aktivita rhizosféry, oxidag-
né-redukéni podminky v pidé apod. U kukufice byla
sklizeii provedena v dob& maximalniho riistu biomasy,
kdy byla vytvofena mohutna kofenové soustava, a za-
rovefi lze piedpokladat i vysokou aktivitu kofeni.
V piipadé ostatnich plodin byla sklizeii uskute¢néna
v pIné zralosti, kdy byla podstatné omezena Cinnost
rhizosféry. U maku, ktery tvofi nejmensi kofenovy sy-
stém, byly také stanoveny nejniZsi hodnoty v pudnich
vyluzich.

Vztah mezi riznymi extrahovadly a obsahem Hg
v rostlindch byl kvantifikovan linearni regresni analyzou
(tab. VII). Statisticky vyznamna zavislost byla prokazéana
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VIIL Hodnoty korelagniho koeficientu r linedrni regrese mezi obsahem Hg v rostlinich a v pid& — Values of correlation coefficient r of linear

regression between Hg content in plants and soil

Rok' Vyluhovadlo? | Je¢émen® (zrno?) | Jeémen (slima®) Oves® Mik? (semeno®) Makovina® Kukufice!?
2M HNO, 0,2346 0,5074 -0,1661 0,0027 0,0264 0,1796

1995 0,IM CaCl, 0,1438 0,0682 03512 0,1882 0,4107 0,7450
001M CaCl, 0,1201 0,3335 -0,0081 -0,2237 -0,2237 -0,2165
2M HNO, -0,2041 -0,4970 0,1754 02154 04189 -0,2196

1996 0,IM CaCl, -0,2468 -0,6230 0,2383 01812 0,1927 0,1556
0,01M CaCl, 0,1849 0,2008 0,0662 0,0764 0,0119 -0,0543

'yenr, Zextractant, 3b:u-lcy. ‘grain. 3straw, oat, 7poppy, Hseed, ”poppy straw,

Ymaize
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5. Podil extrahovatelné Hg z jejiho celkového obsahu (Hg,, =
100 %) v zemin& Suchdol v zdvislosti na ploding; pramér 1995/1996
- The percentage of Hg extractable from its total content (Hg,, =

100%) in soil from Suchdol in dependence on the crop; average for
1995/1996

g 7]
1N
VD Ghom 7

7. Podil extrahovatelné Hg z jejiho celkového obsahu (Hg, =
100 %) v zeminé Pferov nad Labem v zéivislosti na ploding; pramér
1995/1996 — The percentage of Hg extractable from its total content
(Hg,, = 100%) in soil from Pferov nad Labem in dependence on the
crop; average for 1995/1996

2M HNO,
3 0,IM CaCl,
I 0,01M CaCl,
jeCmen - barley

mék — poppy
kukufice — maize
oves — oat

pouze v roce 1995 mezi 2M HNO; a obsahem Hg ve
slimé jeCmene a déile mezi 0,IM CaCl, a obsahem Hg
v kukufici. Je zfejmé, Ze pro kvantifikovani tzv. pfijatelné

ROSTLINNA VYROBA, 44, 1998 (6): 267-274

6. Podil extrahovatelné Hg z jejiho celkového obsahu (Hg,, =
100 %) v zemin& Cerveny Ujezd v zdvislosti na ploding; prim&r
1995/1996 — The percentage of Hg extractable from its total content
(Hg,, = 100%) in soil from Cerveny Ujezd in dependence on the
crop; average for 1995/1996

Hg pro rostliny je tfeba pouZit jinych &inidel, kterymi
je extrahovana také Hg z organickych sloucenin.
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EVALUATION OF PERFORMANCE IN A COLLECTION
OF PHACELIA TANACETIFOLIA BENTH. VARIETIES

ZHODNOCENI VYKONNOSTI SORTIMENTU ODRUD SVAZENKY
VRATICOLISTE (PHACELIA TANACETIFOLIA BENTH.)

J. Pelikdn

Research Institute for Fodder Crops, Ltd., Troubsko, Czech Republic

ABSTRACT: In 1996 and 1997 as a part of the research project of the Ministry of Agriculture of the Czech Republic — EP
0960006288 ,,Utilisation of forage and other plant species in agricultural production and landscape formation* a collection
of 10 varieties of Phacelia tanacetifolia Benth. grown under field conditions was studied with respect to hay, dry matter and
seed yields. Other traits included were the onset of blooming, growth dynamics and indices of crop quality. The varieties
were grown from spring sowings. In 1996 hay was harvested 54 days after sowing and in 1997 the number of days to harvest
was 65. Under our soil and climatic conditions, besides the domestic variety V&trovsk4, other good producers of hay were
Amerigo and Lisette, other good producers of dry matter were Lisette, Angelia and Phaci, and other good producers of seed
were Lisette and Phaci. In both experimental years the majority of varieties started blooming 50 to 52 days after sowing. The
earliest variety was Polyphaci which started blooming 49 days after sowing in 1996 and 46 days after sowing in 1997. The
quality of biomass was assessed in terms of total nitrogen %, fibre % and digestible N substance %, protein % and ash %.
Total N content in 1996 varied from 8.35 to 12.81% and in 1997 from 14.37 to 17.76%. Fibre content was in the range of
21.76 to 28.87% in 1996 and 20.29 to 22.41% in 1997. The percentage of digestible N substances was 6.65 to 10.62% in
1996 and 11.62 to 14.90% in 1997. Protein content fluctuated from 7.13 to 9.55% in 1996 and from 10.70 to 12.98% in
1997. Ash content in 1996 ranged from 23.11 to 27.05% and in 1997 from 24.60 to 27.92%. Weekly increases in biomass
over both experimental years averaged from 20 to 25 cm.

Phacelia tanacetifolia Benth.; varieties; hay yield; dry matter yield; seed yield; onset of blooming; biomass quality

ABSTRAKT: V letech 1996 a 1997 byl v rdmci vyzkumného projektu Mze CR &. EP 0960006288 ,,VyuZiti picnich a dalich
rostlinnych druhli v zemé&dé&lské vyrobé a pfi tvorb& krajiny* zhodnocen v polnich pokusech sortiment 10 odriid svazenky
vrati¢olisté (Phacelia tanacetifolia Benth.) z hlediska vynosi zelené hmoty, suSiny a semene. Soutasn& byly sledovény dalsi
znaky jako pocitek kveteni, dynamika ristu a ukazatele kvality sklizené hmoty. Sortiment odriid byl p&stovén z jarniho
vysevu. Sklizefi zelené hmoty se uskute¢nila za 54 dnii od vysevu v roce 1996 a za 65 dnli od vysevu v roce 1997. V nasich
pidné klimatickych podminkach prokazaly dobrou vykonnost vedle domici odridy Vé&trovskd v zelené hmot& odridy Ame-
rigo a Lisette, ve vynosu sudiny Lisette, Angelia a Phaci a ve vynosu semene pak Lisette a Phaci. Vé&tSina odrid zahgjila
kveteni za 50 aZ 52 dnii od vysevu v obou letech zkouSeni, nejran&jsi odridou byla odriida Polyphaci, kterd zah4jila kveteni
v roce 1996 za 49 dnii a v roce 1997 za 46 dni od vysevu. Kvalita biomasy byla hodnocena znaky % ve3kerého dusiku, %
vlékniny, % stravitelnych dusikatych litek, % bilkovin a % popele. Obsah veskerého dusiku se pohyboval v rozmezi 8,35 aZ
12,81 % v roce 1996 a 14,37 aZ 17,76 % v roce 1997, obsah vlikniny v rozmezi 21,76 aZ 28,87 % v roce 1996 a 20,29 az
22,41 % v roce 1997. U stravitelnych dusikatych latek bylo rozmezi 6,65 aZ 10,62 % v roce 1996, aviak 11,62 aZ 14,90 %
v roce 1997, u bilkovin 7,13 aZ 9,55 % v roce 1996 a 10,70 aZ 12,98 % v roce 1997. Obsah popele kolisal v roce 1996 od
23,11 do 27,05 % a v roce 1997 od 24,60 do 27,92 %. Tydenni néristy biomasy se v obou letech zkouseni pohybovaly
v priméru od 20 do 25 cm.

svazenka vratiColistd; odridy; vynos zelené hmoty; vynos sudiny; vynos semen; po&étek kveteni; kvalita biomasy

INTRODUCTION

Phacelia tanacetifolia Benth. is a rapid-growing and
high-yielding catch crop grown for forage and green
manure. It provides more nutrient humus than perma-
nent humus and the processes of residue decomposition
are faster in this species than in other green-manure
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plants (Schramml, 1976). Gonetowa, Gonet
(1976) published results of three-year field experiments
which showed that in a group of stubble catch crops
(except leguminous crops) the highest increases in
biomass per unit time were provided by sunflower,
phacelia and mustard. Also Liitke (1971) empha-
sised the importance of phacelia as a previous crop and
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its role as a catch crop in weed control. Pelikén,
Hofbauer (1994) tested two summer sowings of
phacelia and studied total crop yields including root
yields and post-harvest residues. After 70 days of
growing an earlier sowing (early July) gave a yield of
67.44 tha™' in the variety Vétrovska. A later sowing
(early August) produced 164.52 tha™! of matter.

Phacelia is also popular as an excellent nectar-pro-
ducing crop. Recently it has been used on steep slopes
as an erosion-control crop. In winter it is usually left
in the field and in spring grain crops or silage maize
are sown into it by using no-tillage sowing machines
(Votava, 1989). Hay harvest may start as early as
60 days after sowing and should be finished 10 days
after the onset of blooming at the latest because after
that time the quality of forage dramatically falls.
Phacelia forage has a good nutritional value and is
highly prized for its high ash content. It is also recom-
mended by Kniipfer, Schaffer (1987) as a suit-
able catch crop for growing after root crops from mid-
-August. These authors also reported potentially higher
nitrate content in hay and relatively low dry matter
content. For this reason it is only recommended as
a feed supplement.

Schmied (1959) reported forage yields of 20 to
35 tha™!. With good agronomy practice and under suit-
able conditions the yields may increase to 50 tha™,
seed yields are 2.5 to 4 thal.

In the Czech collection registered varieties are the
Czech variety Vétrovsk4, released in 1952 and the Ger-
man variety Angelia, released in 1996. Anonymous
(1996) gives the registration of 14 varieties. Nine of
them are German varieties and the rest are from Poland,
Italy, Greece, Holland and the Czech Republic, each
country being represented by one variety.

MATERIAL AND METHODS

The experiment was established in the years 1996
and 1997 on plots of the Forage Crop Research Insti-
tute, Ltd., in Troubsko by the method of randomised
blocks with three replications for forage and three rep-

1. A survey of the test varieties and sowing qualities

lications for seed. The plots were 5 sq. m. A total of
10 varieties of the world collection were tested. The
variety Vétrovska served as a control. Besides Vétrov-
skd, German varieties Angelia, Lisette, Julia, Balo,
Phaci, Polyphaci and Amerigo, a Dutch variety Titan
and a Greek variety Kyklades were involved. In both
experimental years hay yield, stand height before cut-
ting and biomass increase were studied. At the time of
harvest samples were taken for chemical analysis and
for the determination of dry matter, total N, digestible
N substances, fibre, protein and ash contents. In stands
grown for seed the onset of blooming and seed yields
were determined. In 1996 sowing was made on 19 April
and in 1997 on 22 April. Hay harvest in 1996 was on
12 June (54 days after sowing) and in 1997 on 26 June
(65 days after sowing). In this experiment original seed
supplied by seed companies, owners of the varieties,
was used. A survey of varieties tested and their sowing
qualities are given in Tab. L.

RESULTS AND DISCUSSION

The 1000-seed weight of the original seed ranged
from 1.65 g (variety Balo) to 2.73 g (variety Titan),
which conforms with the literature data (Schmied,
1959).

The results of hay yields, converted to t.ha", from
both experimental years, are shown in Tab. II. The ta-
ble also gives data converted to the percentage of the
control variety and variety ranking in individual years.
In 1996 hay yields ranged from 32.33 to 45.33 tha™,
in 1997 from 46.53 to 63.27 t.ha™'. The control variety
Vétrovska produced a hay yield of 40.33 tha™! in 1996
and was outyielded by Amerigo (Germany) by 12.40%
and Lisette (Germany) by 4.96%. The variety Angelia
(Germany) produced the same yield as the control va-
riety. In 1997 the control variety gave a yield of
60.0 tha™! and was only outyielded by Amerigo by
5.44%.

Hay yields were considerably higher than the yields
reported in the literature. For example, Votava,
Mika (1982) recorded yields of 20 to 30 tha™' and

No. Variety Country 1000-seed weight Purity % germination
1 Angelia Germany 1.86 99.4 97
2 Lisette Germany 24 99 88
3 Julia Germany 1.77 99.7 95
4 Balo Germany 1.65 99.8 82
5 Phaci Germany 229 99.1 91
6 Polyphaci Germany 2.69 99.1 91
7 Kyklades Greece 1.85 99.9 98
8 Vétrovska Czech Republic 1.81 98.9. 97
9 Titan Netherlands 273 100 99
10 Amerigo Germany 1.86 99.4 88
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1I. Hay and dry matter yields converted to % of the control (variety Vétrovskd) and variety ranking in 1996 and 1997

Hay Dry matter
No. | Variety 1996 1997 1996 1997
tha' | %K [ranking| tha' | % K |ranking| tha” | % K |ranking| tha'! | % K |ranking
1 Angelia 40.33 | 100 4 53.93 89.89 6 574 111 2 6.55 84.38 8
2 Lisette 4233 | 105 2 59.13 98.56 3 6.33 122 1 7.55 97.17 3
3 Julia 33 81.82 9 51.87 86.44 7 428 824 9 6.81 87.73 7
4 Balo 35.33 87.6 8 48.47 80.78 9 4.59 88.3 8 6.39 82.32 10
3 Phaci 40 99.17 5 58.8 98 4 5.09 98.1 4 791 101.89 1
6 Polyphaci 3233 80.17 10 50.93 84.89 8 471 90.8 6 741 95.36 5
7 Kyklades 37.67 93.39 6 544 90.67 5 425 81.9 10 7.23 93.05 6
8 Vétrovskd | 40.33 | 100 3 60 100 2 5.19 100 3 .77 100 2
9 Titan 37 91.74 7 46.53 71.56 10 4.59 88.5 7 6.43 8275 9
10 Amerigo 4533 | 1124 1 63.27 105.4 1 5.04 97.1 5 7.54 97.08 4
III. Analysis of variance of hay, dry matter and seed yields
MS for
Source of variability f hay dry matter seed
1996 1997 1996 1997 1997

Variaties g 50.48 88.79 + 1.29 + 0.97 0.01
Replication 2 151.63 ++ 29.48 251 ++ 0.42 0.006
Technical error 18 26.3 38.81 0.41 1.55 0.005

Schramm|l (1976) reported a yield of 31 tha™'. The
yields obtained in our trials were in both experimental
years close to the upper limit of the yields reported by
Weiske (1974) who recorded hay yields of 20 to
50 tha™'.

Tab. II also shows dry matter yields converted to
tha™l. In 1996 the control variety gave a yield of
5.19 tha™' and was outyielded by Lisette by 21.95%
and by Angelia by 10.53%. In 1997 the control variety
produced a yield of 7.77 t.ha™! and was only outyielded
by Phaci by 1.89%.

In 1996 no statistical differences in hay yields were
found by analysis of variance (Tab. III) but in 1997 there
were significant differences between varieties. In that year
the yield of Amerigo was significantly higher than that of
Angelia, Julia, Balo, Polyphaci, Kyklades and Titan. The
yield of Vétrovskd was higher than that of Balo,
Polyphaci and Titan and the yields of Lisette and Phaci
were higher than the yields of Balo and Titan.

In 1996 there was a significant difference between
varieties in dry matter yield. The variety Lisette was
significantly different from all the other varieties tested
except the variety Angelia. The variety Angelia signifi-
cantly differed from the varieties Julia, Balo. Polyphaci,
Kyklades and Titan, and the variety Vé&trovska differed
from Titan. In 1997 no statistical differences were
found by analysis of variance in this trait between the
varieties tested.

Tab. IV gives stand height on individual dates of
measurement. In 1996 the first measurement was made
on day 33 after sowing. At that time stand height was
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between 25.7 (Titan) and 30.2 cm (Lisette). During the
second measurement (seven days later) the height of
stand ranged from 47.3 (Julia) to 53. 9 cm (Lisette).
The lowest increase was recorded in Amerigo
(21.1 cm) and the highest in Lisette (23.7 cm). During
the third measurement (on the date of cutting) stand
height ranged from 64.8 cm (Polyphaci) to 74.7 cm
(Angelia). The highest increase was recorded in Julia
(23.3 cm) and the lowest in Polyphaci (15.7 ¢cm). In the
second experimental year the first measurement was
made on 4 June (43 days after sowing). Stand height at
that time ranged from 28.1 cm (Titan) to 34.7 cm
(Phaci). In the second measurement stand height ranged
from 51.7 cm (Vé&trovska and Titan) to 61.7 cm (Phaci).
The increase over seven days ranged from 22.1 cm
(Amerigo) to 28. 3 cm (Balo). In the third measurement
stand height varied from 75.8 (Titan) to 85.3 cm (Julia).
Seven days’ increase in this case ranged from 21.3
(Polyphaci) to 27.2 cm (Julia). At the time of harvest
which started eight days after the last measurement
stand height was not measured.

The results of chemical analyses of hay are given in
Tab. V. It is evident that in 1997 the percentage of total
nitrogen, digestible N substances and proteins was
higher than in 1996. Fibre content was higher in 1996
than in 1997 and ash content was approximately at the
same level in both years. In 1996 total N ranged from
8.35% in Lisette to 12.81% in Phaci. In 1997 it varied
from 14.37% in Lisette to 17.77% in Kyklades. Fibre
content in 1996 ranged from 21.76% (Balo) to 28.87%
(Lisette) and in 1997 from 20.29% (Kyklades) to
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IV. Stand height on individual dates of measurement and increases in cm between measurements

1996 1997
Variety st 2nd 3rd Ist 2nd 3rd
No.
29 May 5 June 12 June 4 June 11 June 18 June
1 29.7 53.2 235 74.7 215 334 57.7 243 837 26
2 30.2 53.9 23.7 74.6 20.7 323 55.6 233 78.7 23.1
3 26 473 21.3 70.7 234 311 58.1 27 85.3 27.2
4 28.1 51.7 23.6 75 233 287 57 283 83 26
5 285 50.7 222 713 20.6 347 61.7 27 88 263
6 26.2 49.1 229 64.8 15.7 309 54 23.1 75.3 213
7 29 509 21.9 733 22.6 31.8 57.8 26 82.3 245
8 26.2 48.2 22 70.8 226 29.1 517 226 76 243
9 25.7 47.8 22.1 65.7 17.9 28.1 51.7 23.6 75.8 24.1
10 276 48.7 21.1 67.2 18.5 30.6 527 22.1 79.2 26.5
V. Results of chemical analysis of phacelia varieties (content in 100% dry matter)
Variety % dry matter % N % fibre %s‘:‘f:;':\:: N % proteins % ash
s 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997 1996 1997
1 91.13 91.29 9.84 16.15 26.73 22.23 7.88 13.1 7.86 12.2 25.2 246
2 914 91.39 8.35 14.37 28.87 21.6 6.65 1.6 7.13 10.7 23.1 24.95
3 91.14 91.41 9.83 14.46 21.76 2241 7.94 11.8 8.85 12.4 25.8 25.83
4 91.23 91 11.28 16.19 21.76 21.82 9.19 13.7 9.55 12 27.1 25.12
5 91.44 90.88 12.81 16 24.17 2091 10.62 13 8.78 11.3 24.1 24.88
6 91.22 91.04 9.74 16.13 28.23 22.48 7.88 12.2 7.66 11.1 233 26.11
7 90.7 91.19 10.57 17.77 2295 20.29 8.35 149 8.63 13 24 26.3
8 91.29 91.28 9.79 16.03 2435 20.69 7.61 13.2 7.86 12.1 243 2492
9 90.53 91.3 9.62 16.5 24.86 21.42 7.09 13.5 8.62 12.6 244 27.92
10 90.64 91.13 11.02 15.26 25.56 20.74 8.64 123 8.93 11.5 252 25.52

22.41% (Julia). The minimum and maximum contents
of digestible N substances in both experimental years
were recorded in the same varieties as the lowest and
the highest total N content. In 1996 the minimum value
(6.65%) was reported in Lisette and the maximum va-
lue (10.62%) in Balo. In 1997 the minimum content
(11.62%) was found in Lisette and the maximum con-
tent (14.90%) in Kyklades. Protein content ranged in
1996 from 7.13 (Lisette) to 9.55% (Balo) and in 1997
from 10.70% (Lisette) to 12.98% (Kyklades). In neither
of experimental years were the values for protein con-
tent identical with those réported by Schramm]
(1976) who found protein content of 17 to 19.8% in his
experiments.

Ash content ranged in 1996 from 23.11% in Lisette
to 27.05% in Balo, whereas in 1997 it ranged from
24.60% in Angelia to 27.92% in Titan.

As for the onset of blooming, there were no signifi-
cant differences between the varieties tested. In both
experimental years the earliest variety was Polyphaci
which started blooming 49 days after sowing in 1996
and 46 days after sowing in 1997. In 1996 the same
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onset of blooming was recorded in Lisette. The other
varieties started blooming 50 to 52 days after sowing
in 1996 and 51 to 52 days after sowing in 1997. The
control variety Vétrovska started blooming 51 days af-
ter sowing in both experimental years.

Seed yields obtained in 1997 in individual varieties,
converted to tha™ and % of the control as well as
variety ranking are given in Tab. VI. In 1996 the stand
was damaged by hail at the time of blooming and the-
refore no results of seed yields are available for that
particular year. In 1997 seed yields ranged from 0.05
to 0.247 tha™'. The highest yield was obtained in the
variety Vétrovsk4, the lowest yield in Polyphaci. The
control variety Vétrovskd was followed by Lisette
yielding 0.223 tha™' which is 9.5% lower than that of
the control. This was followed Phaci produced a yield
of 0.187 tha™!, which corresponds to 75.7% of the
yield produced by the control variety. The differences
between the varieties tested were relatively high (20.3
to 100%) in spite of the fact that the analysis of va-
riance revealed no statistical differences between the
varieties (Tab. III).
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VL. Seed yields (tha™) in phacelia varicties obtained in 1997

No. Variety Seed yield % K Ranking
1 Angelia 0.147 59.5 8
2 Lisette 0.223 90.5 2
3 Julia 0.173 70.3 5
4 Balo 0.18 73 4
5 Phaci 0.187 75.7 3
6 Polyphaci 0.05 203 10
7 Kyklades 0.173 70.3 6
8 Vétrovska 0.247 100 1
9 Titan 0.097 39.2 9

10 Amerigo 0.163 66.2 7

The results reported for seed yields are very diffe-
rent from the results presented in the literature (e.g.
Schmied, 1959). This was caused by adverse clima-
tic conditions at the time of seed maturing. Rainfall at
the time following the stage of blossom caused stand
lodging and formation of side branches which started
blooming very soon after. Therefore it was very diffi-
cult to determine the time of harvest. Moreover, rainfall
also continued after stand desiccation and the time of
cutting had to be postponed. This contributed to shed-
ding of mature seeds.
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APPLICATION OF THE SCANNING ELECTRON
MICROSCOPY AND THE MICROANALYSIS (SEM-EDXRA)
IN THE STUDY OF MICROCONCRETIONS

IN STAGNOGLEYIC LUVISOL

VYUZITIE SKANOVACIEHO ELEKTRONOVEHO MIKROSKOPU
A MIKROSONDY (SEM-EDXRA) PRI STUDIU MIKROKONKRECII
V LUVIZEMI PSEUDOGLEJOVEJ

S. E. Licznar', J. Hanesz, V. Libant’

U Institute of Soil Science and Agricultural Environment Protection, Agricultural University,
Wroclaw, Poland
2 Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: The scanning electron microscope attached with an X-ray microanalytical device (SEM-EDXRA) has been
applied in the study of ferruginous precipitations in the genetic horizons of stagnogleyic luvisol. The study shows that the
precipitations differ in the form of occurrence and in chemical constitution dependently on the intensity of undergoing
oxidative-reductive processes. In the humus horizon there are Fe-microconcretions and the diffusion spots of Mn and Fe,
whilst in the eluvial horizon - poorly marked microconcretions of Si, Mn, and Fe and ilmenite precipitations occur.

scanning electron microscope and microanalysis; microconcretions; stagnogleyic luvisol

ABSTRAKT: Na vyskum pddnych novotvarov — precipititov v luvizemi pseudoglejovej sa pouZil skanovaci elektrénovy
mikroskop so zabudovanou mikroanalytickou sondou (SEM-EDXRA). Stidium ukazalo, e pddne novotvary v zévislosti od
intenzity prebiehajicich oxida¢no-reduk&nych procesov sa odliuji vo forméch vyskytu a v chemickom zloZeni. V povrcho-
vom horizonte sii to Zelezité mikrokonkrécie a difiizne $kvrny Mn a Fe, zatial ¢o v eluvidlnom horizonte sa v malom mnoZstve

nachéddzaji nevyrazné mikrokonkrécie Si, Mn a Fe a tieZ ilmenitu.

skanovaci elektrénovy mikroskop a mikrosonda; mikrokonkrécie; luvizem pseudoglejova

INTRODUCTION

Non-stabilised and varying hydro-aerial conditions
in soils cause periodic occurrence of oxidation and re-
duction phenomena. It influences distribution of iron
compounds in a soil profile and formation of various
forms of precipitations containing silicon, iron, alu-
minium, manganese, titan, phosphorus, calcium and
magnesium in their chemical composition (Mo-
towicka-Terelak, 1971).

The present knowledge concerning distribution of
iron compounds and genesis of the ferruginous precipi-
tations is based mainly on morphological and chemical
properties of soils. They show that, as a consequence
of the top gleyic processes, undergoes, at low pH and
relatively compact grain composition, accumulation of
various forms of ferruginous precipitations in the upper
part of soil profile (Konecka-Betley etal., 1970;
Motowicka-Terelak, 1971; Berrow et al.,
1978).
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That kind of study not always allows to recognise
the full mechanism of alteration of the soil mass com-
position during formation of various forms of ferrugi-
nous precipitations. Elucidation of the mechanisms
may be facilitated by application of submicromor-
phologic methods which allow to carry out study on a
naturally disposed soil (Brewer et al.,, 1973; Ber-
row etal, 1978; Drozd et al., 1994).

Therefore, the aim of the present work is application
of the scanning electron microscopy for the study on
the soil mass composition and on the microconcretion
occurring in genetic horizons of stagnogleyic luvisol.

MATERIAL AND METHODS
The subject of the study was a profile of stagno-
gleyic luvisol taken from the area of Ziarska Valley, at

the height of 250 m above the sea level. It represented
soils formed under following conditions: 8 to 9 °C of
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average annual temperature and 711 mm of precipita-
tion.

Profile of stagnogleyic luvisol:
0-20 cm Al(e) colour (10 YR 4/3) dark brown,
20-45 cm E+Bt colour (10 YR 5/4) yellowish brown,
45-80 cm Bt (Bm) colour (10 YR 5/6) yellowish
brown,
80-111 cm C colour (10 YR 6/4) light yellowish
brown.

In the soil under study the soil texture and basic
physicochemical properties were determined by means
of methods commonly applied in the soil science labo-
ratories. The submicromorphologic studies were per-
formed based on one-side microsections taken out of
the soil samples obtained in natural disposition. From
the prepared microsections the appropriate fragments
were selected by means of stereoscopic microscope for
the scanning electron microscopy analyses. The elec-
tron microscope supported with an X-ray microanalyti-
cal device was located at the Environmental Electron
Microscopy Laboratory of Technical University of
Wroclaw in Poland.

RESULTS

In the analysed profile of stagnogleyic luvisol there
are clay formations with different content of clay frac-
tion (Tab. I). The surface eluvial and humus horizons
are characterised by considerably lower content of the
colloidal clay in the limit of 11.89 to 12.80%, when
compared with iluvial and parent rock horizons. In the
latter horizons the clay fraction content was 18.39 to
30.03%. The significant increase of the clay fraction
content in the more compact iluvial horizon contributes
to the occurrence of water derived from precipitations
as well as the redox processes.

Strongly acidic reaction occurring in the whole soil
profile favour also the oxidative-reductive processes
that undergo here (Tab. II). In the analysed soil, despite
the high hydrolytic acidity, the significant content of
basic cations is observed in deeper horizons that is
linked with clay minerals in the Btm horizon. It influ-
ences also degree of saturation with cations of basic
character, the lowest values of which (58.8 to 62.4%)
occur in the surface horizons Al(e) and E+Bt. When
the profile distribution of exchangeable cations of basic

I. Mechanical p of gleyic luvisol
Horizon Depth of pling Particle-size distribution (%)
(m) 2.0-0.25 0.25-0.05 0.05-0.01 0.01-0.001 < 0.01 < 0.001
Al(e) 0.05-0.20 2.06 12.53 45.70 27.82 39.71 11.89
E+Bt 0.25-0.45 272 29.05 31.77 23.66 36.46 12.80
Bt (Bm), 0.45-0.60 2.35 21.34 33.85 24.07 42.46 18.39
Bt (Bm), 0.70-0.85 1.17 15.08 3231 2141 51.44 30.03
C 1.00-1.10 2.03 19.03 32.89 24.04 46.05 22.01
II. Chemical properties of stagnogleyic luvisol
Cation Sum of Base
. Depth of pH exchange basic Total S+H saturation | Carbonates | C,,
Horizon sampling capacity CEC | cations S acidity H percentage V
- H,0 KCl [mmol (p*).kg™"] (%)
Al(e) 0.05-0.20 573 4.55 174.7 67.0 404 1074 62.4 0.0 1.76
E+Bt 0.25-0.45 | 5.63 4.05 117.3 445 31.2 75.7 58.8 0.0 0.48
Bt (Bm), | 0.45-0.60 | 5.26 3.80 142.5 67.0 33.1 100.1 66.9 0.0 0.26
Bt (Bm), 0.70-0.85 5.16 3.58 297.0 120.5 484 168.9 713 0.0 0.21
C 1.00-1.10 5.50 3.55 216.7 105.0 40.0 145.4 722 0.0 0.14
I11. Basic cations of stagnogleyic luvisol
—— Depth of sampling Ca?* Mg?* K* Na* Sum
(m) (mmol (p*).kg™")
Al(e) 0.05-0.20 63.0 120 23 1.7 79.0
E+Bt 0.25-0.45 33.0 220 1.8 1.5 58.3
Bt (Bm), 0.45-0.60 44.0 220 » 1.8 1.6 69.4
Bt (Bm), 0.70-0.85 71.0 44.0 1.9 28 125.7
C 1.00-1.10 61.0 43.0 1.8 1.9 107.7
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1. SEM-EDXRA image of Al(e) horizon
a) iron microconcretion and microanalysis of their surface
b) diffusion spots and microanalysis of bright, white surface

character is analysed, it should be stressed that their
sum and the amount of calcium and magnesium are
lowest in the eluvial horizon (Tab. III).

The morphological properties in connection with the
physicochemical characteristic of the analysed stagno-
gleyic luvisol indicate the top gleyic processes under-
going there which contribute to the migration of chemi-
cal compounds and to the alteration in composition of
soil mass. It was confirmed by submicromorphological
studies on the soil mass composition of the genetic
horizons of soil.

The scanning electron microscopic observations and
application of the microanalytical device indicated that
in the soil mass composition of the analysed genetic
horizons occurred mainly Si, Al, Ca, K, Mn, and Fe.
These horizons differ markedly in the form and amount
of microconcretions present in them that indicates pe-
riodically alternating aerobic and anaerobic conditions.
The humus horizon, in which oxidative processes pre-
vail, is characterised by the presence of microconcre-
tions with distinct contours where Fe is the major com-
ponent (Fig. 1a). In this horizon the other precipitation
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forms occur as well which have the shape of brighter
diffusion spots in the composition of which the pre-
sence of Mn and Fe has been found (Fig. 1b).

The microconcretion forms have the different char-
acter in the eluvial horizons with intense reductive
processes. The microconcretions present here have dif-
ferent structures and chemical constitutions. Some of
them form precipitation forms of poorly marked edges
and with Si, Fe, and Mn dominating in their composi-
tion (Fig. 2a). The second type of forms occurring here
is represented by precipitations of ilmenite that forms
irregular compact nodules with Ti and Fe in their com-
position (Fig. 2b). The presence of titan may be con-
nected with intensification of the reductive processes in
the E+Bt horizon.

In contrast to the others, the iluvial horizon is char-
acterised by compact structure and its soil pores are
filled with a dispersed soil mass which is constituted
by Si, Al, K, and Fe (Fig. 3a). The chemical composi-
tion of this material is close to that of the soil mass of
the upper horizons Al(e) and E+Bt. Moreover, in the
iluvial horizon discussed here, the lower number of
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2. SEM-EDXRA image of E+Bt horizon
a) irregular microconcretion and microanalysis of bright, white surface
b) ilmenite grain and microanalysis of bright, white surface

microconcretions is present. They are constituted by
forms of fine irregular nodules and in their composition
dominates Fe with small amount of Si (Fig. 3b).

DISCUSSION

The studies commonly carried out solely on the ba-
sis of morphological and chemical properties in the
series of soil typological units show a possibility of
occurrence of ferruginous precipitations in the form of
concretions containing iron, manganese, and titan ox-
ides (Motowicka-Terelak, 1971; Berrow et
al., 1978). The elevated content of iron, manganese,
and titan oxides is not always linked to a geochemistry
but also to varying oxidative-reductive conditions in
the soil profile (Konecka-Betley et al., 1970;
Brewer et al, 1973; Yaalon et al, 1974;
Goworek, 1990; Kabata-Pendias, Pen-
dias, 1993).

It was confirmed also by previous micromorphologi-
cal studies by the presence of ferruginous precipitations
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Ti

in the form of irregular spots or distinctly marked mi-
croconcretions, dependently on aerobic or anaerobic
conditions present (Kowalinski, Licznar,
1981). Even better record of that gives the study that
allow to recognise the soil mass composition by means
of the scanning electron microscope (Drozd et al.,
1994).

The accumulation of ferruginous precipitations in
the horizons of stagnogleyic luvisol is favoured by pe-
riodical waterlogged conditions which are connected
with grain composition and acidic reaction. Presence of
precipitations in the form of diffused spots that contain
Fe and Mn in the humus horizon is due to periodical
dislocation of the reduced forms of iron and manganese
compounds to the surface horizons. The occurrence of
microconcretions of Fe which have distinct edges indi-
cates simultaneously that in this horizon periodically
prevail oxidative conditions. On the other hand, in the
eluvial horizon, where reductive conditions dominate,
the occurring microconcretions have poorly marked
contours and contain Mn, Fe, and Si as well as ilmenite
precipitations in the form of condensed nodules.
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3. SEM-EDXRA image ot Bt (Bm) horizon
a) nodules and microanalysis of nodule surface
b) soil pore and microanalysis of infilling

The intensity and duration of the oxidative-reductive
processes contribute to the differentiation of the form
and chemical constitution of ferruginous precipitations
in the genetic horizons of stagnogleyic luvisol.

CONCLUSIONS

On the basis of the carried out study the following
conclusions can be drawn:

1. The investigations by means of scanning electron
microscope supported by an X-ray microanalytical
device showed presence of ferruginous precipita-
tions which varied in the form of occurrence and in
the chemical constitution, both connected with the
course of microprocesses in the horizons of stagno-
gleyic luvisol.

2. Domination of the oxidative processes in the humus
horizon favours occurrence of ferruginous microcon-
cretions and the diffusion manganic-ferruginous spots.

3. Intensification of the reductive processes in the elu-
vial horizon leads to the formation of poorly marked

ROSTLINNA VYROBA, 44, 1998 (6): 281-286
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siliceous-manganic-ferruginous microconcretions as
well as ilmenite precipitations.
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KVALITA PASTEVNI PICE PRI ROTACNI
A KONTINUALNI PASTVE JALOVIC

THE QUALITY OF PASTURE FORAGE UNDER ROTATIONAL
AND CONTINUAL GRAZING OF HEIFERS

V. Pavld', J. Velich®

nstitute of Agricultural and Food Information, Praha, Research Station of Grassland
Ecosystems, Liberec, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic ”

ABSTRACT: The present study was carried out to investigate the effect of different grazing management systems on quality
of pasture forage. The experiment was carried out from 1993 to 1996 at an experimental pasture in the Jizerské hory mountains
(lat. 51° 20" N, long. 15° 02’ W; the altitude is 420 m; the average annual precipitation is 803 mm; the mean annual temperature
is 7.2 °C). The dominant species are couch grass [Elytrigia repens (L.) Desv.], ryegrass (Lolium perenne L.), rough bluegrass
(Poa trivialis L.), Kentucky bluegrass (Poa pratensis L.), bentgrass (Agrostis capillaris L.), white clover (Trifolium repens
" L.) and dandelion (Taraxacum officinale Web.). No fertilizers have been applied since 1992. There were two treatments:
rotational grazing (R) and continuous grazing (K), both of them on 1.0 ha. The areas were grazed by five young Czech Pied
heifers in 1993 and by six young Friesian x Czech Pied heifers in 1994, 1995 and 1996 (the average initial weights of the
“heifers ranged from 135 to 180 kg). The area of (R) was divided into six paddocks, each measuring about 0.166 ha, and
heifers were grazed from one paddock to another. The sward at (K) was maintained at a height of 5 to 7.5 cm by varying
the grazing area available for treatment and by reducing the number of heifers in late summer. Each week, samples of herbage
were taken to simulate herbage grazed by the heifers and were subsequently dried and analysed for nutrients and minerals.
The mean contents of nutrients and minerals are given in Tabs I and II. A surplus of crude protein (CP) and K was found in
forage at rotational and continuous grazing, however, there was a shortage of energy, crude fibre (CF) and Na. These results
are typical for pasture forage in our climatic conditions. Significant differences in the content of CP (P < 0.01) and CF (P <
0.001) were found between both grazing systems, where at continuous grazing the content of CP was about 10% higher and
the content of CF about 10% lower than at rotational grazing. This seemed to be due to greater CP and lower CF content in
younger lower sward at continuous grazing with a higher rate of white clover (Trifolium repens L.) in sward (Fig. 1). Also
the tendency of a higher total minerals content at continual grazing can be connected with the different rate of white clover.
Especially higher content of Ca and Mg (P < 0.05) at continual grazing was probably caused by white clover, that has
a generally higher content of Ca and Mg than grasses. The higher rate of Na in pasture forage at continual grazing greatly
decreased (P < 0.01) the ratio of K/Na. The ratio of K/Ca+Mg in meq. was at both variants always lower than the limit value
2.2. The differences in quality of pasture forage did not strongly affect the average daily liveweight gain of heifers.

grassland; pasture; forage quality; grazing system; heifers

ABSTRAKT: Cilem price bylo srovnavaci studium kvality pice pastevniho porostu pfi rotatnim a kontinudlnim pastevnim
systému na podhorské pastving Jizerskych hor pfi absenci minerdlniho hnojeni. Z kvalitativniho hlediska byl v pici porosti
obou variant zji¥tén pfebytek N litek a K a naopak nedostatek energie, vldkniny a Na, coZ je pro pastevni porosty v nafich
pudné-klimatickych podminkdch typické. Statisticky prikazné rozdily mezi rotadni a kontinudlni pastvou byly v obsahu N
latek (P < 0,01) a vldkniny (P < 0,001), pfiemZ u kontinudlni pastvy byl obsah N litek o 10 % vy33i a obsah vldkniny
0 10 % niZ3i neZ u rotaéni pastvy. U kontinuélni pastvy byly v pastevni pici zaznamendny vy33i obsahy Mg (P < 0,05) a Ca
neZ u rotadni pastvy. Tyto rozdily souvisely se spasénim niZ8i mlad3i pice s celkov& v&tSim zastoupenim jetele plazivého
u kontinudlni pastvy. Mimé& vy33i obsah K v pici byl u kontinudlni pastvy zapfi¢in&n spasdnim mlad3i niZ3i pice s jeho vy3si
koncentraci. Pfes pomé&rmné& vysoky obsah K v pici u obou pastevnich systémi byl tetanicky pomé&r K/Ca+Mg (meq.) vlivem
vy33iho obsahu Ca a Mg v pici vyrazn& pod kritickou hodnotou 2,2. Rozdily v kvalit& pastevni pice mezi ob&éma pastevnimi
systémy vyrazné€ neovlivnily prim&mé denni pfiristky pasenych jalovic.

travni porost; pastvina; kvalita pice; pastevni systém; jalovice
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Kvalita pastevni pice je jednim z rozhodujicich &i-
niteld v pastevnim odchovu zvifat. Rostliny zastoupené
v travnim porostu by mély pasenym zvifatim zajistit
Ziviny pro zachovani a reprodukci organismu a jejich
produkci (maso, mléko, vinu, kdZi).

Obsah Zivin v porostu zdvisi na botanickém sloZeni
porostu a jeho vegetacni fazi, obsahu Zivin v pudg, do-
stupnosti vody a na zpiisobu obhospodafovéni porostu.
Obhospodaiovéni pastevniho porostu je ovliviiovdno
zvolenym pastevnim systémem. PouZivané pastevni
systémy muiZeme zafadit do dvou zékladnich skupin,
a to na kontinuélni (permanentni obsazeni pastviny)
a rota¢ni (oplitkova pastva se stfidanim oplitku), které
pfedstavuji dva protipély v pastevnim vyuZivani. Po-
rovnénim kvality pastevni pice obou pastevnich systé-
mu v zahrani&f se zabyvali napf. Ernst et al. (1980);
Walker et al. (1989); Hoveland et al. (1997);
Popp etal. (1997) aj.

Kvalitu pice v CR sledovali u kontinualni pastvy
(simulovana pastva) Rais, Kralovec (1989)
a Kralovec, Rais (1991), u rotaéni pastvy Siur
et al. (1990) a Pavla (1994). Kvalita pice pfi konti-
nuélni a rotaéni pastvé ve srovnatelnych podminkéach
viak u nds porovnéna nebyla.

Cilem price bylo tedy srovnévaci studium kvality
pice pastevniho porostu pfi rotatnim a kontinuélnim
pastevnim systému na podhorské pastving Jizerskych
hor pfi absenci minerélniho hnojeni.

MATERIAL A METODA

Pokus probihal na pokusnych plochdch Vyzkumné
stanice travnich ekosystémil v oblasti Jizerskych hor
(A = 15° 02"; ¢ = 51° 20°). Expozice pozemku je jiho-
vychodni, nadmofska vyska 420 m, svaZitost 9°. Po-
kusné plochy tvofily 2 ha mezofilniho travinného po-
rostu rozdé&leného na dvé& &asti, kazda o rozloze 1 ha,
na kterych byly uplatfiovany tyto pastevni varianty:

1) rotaéni Sestioplitkova pastva (R) s primérnym zati-
Yenim pastviny 2 a¥ 3 Dl.ha™!,

2) kontinuélnf pastva (K) s udrZovanim vy3ky porostu
v rozmezi 5,0 aZ 7,5 cm a s primérnym zatiZenim
pastviny 2 aZ 3 DJ.ha™.

Geologickym podkladem pokusného pozemku je li-
bereckéd Zula, na které se vytvofila kambizem typick4,
varieta kyseld, pisCitohlinita, stfedn& hluboka, s pH/KCI
5.4 (R) a 4,26 (K); C,, 3,72 % (R) a 4,4 % (K); obsah
pfijatelného P 20 mg.kg'l (R)a30 mg.kg" (K); obsah
prijatelného K 18 mg.kg™! (R) a 67 mg.kg™! (K); obsah
pfijatelného Mg 206 mg.kg™! (R) a 155 mgkg™' (K).
Tyto primérné hodnoty jsou vztahovény k jarnimu od-
béru z hloubky 0 aZ 150 mm v roce 1993. Pastvina
nebyla hnojena minerdlnimi hnojivy od roku 1991.

Klimatické faktory (30leté priméry) jsou charakte-
rizovany ro¢nim dhrnem sraZek 803 mm, za vegetaci
466 mm. Primérnd ro¢ni teplota je 7,2 °C, za vegetaci
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13,1 °C. Languv de$tovy faktor je 112. Nejvy3§i za-
stoupeni v porostu mé&ly druhy: Elytrigia repens (L.)
Desv., Lolium perenne L., Poa trivialis L., Poa praten-
sis L., Agrostis capillaris L., Trifolium repens L. a Ta-
raxacum officinale Web. Druhové sloZeni porostu bylo
hodnoceno metodou redukované projektivni dominan-
ce ve &tverci 10 m x 10 m, Porost byl sledovan dvakrét
za rok (na zaC4tku a na konci pastevni sezony).

Vzorky pro analyzu pice byly odebirany ruéné kaz-
dy tyden ndhodn& z obou variant. U rotaini pastvy
z pravé spasaného oplitku a u kontinuélni pastvy ze
spasané plochy. Vzorky pastevni pice pro chemickou
analyzu byly zvaZeny, poté usueny pii 60 °C a roze-
mlety. Ve vzorcich byl stanoven obsah suiny, tuku,
BNLYV, N, P, K, Ca, Mg a Na. Mineralni latky byly
stanovovany pomoci AAS (fy ZEISS Jena), ostatni Zi-
viny podle Weendeské analyzy. V roce 1995 a 1996
byly vzorky také analyzoviny na ADF, NDF a stravi-
telnost organické hmoty (Gas-test).

VYSLEDKY

Primérny obsah Zivin a minerdlnich latek za sledo-
vané obdobi 1993 aZ 1996 celkem je uveden v tab. I a II.
Obsah su8iny &inil u obou variant okolo 20 % a byl
vétSinou vy3§i u varianty (R), aviak tyto rozdily nebyly
statisticky vyznamné. Primérny obsah energie vyjadre-
ny NEL se pohyboval v rozmezi 4,7 aZ 5,2 MJ, vyssi
hodnoty byly zaznamenény vZdy na zaC4tku pastevniho
obdobi v kvétnu. Rozdily v obsahu energie mezi systé-
mem pastvy (R) a (K) byly statisticky nepriikazné. Pri-
mérny obsah N litek byl ve sledovaném obdobi 195
(K) a212 (R) g.kg‘l susiny a dosahoval vZdy vy$Sich
hodnot u varianty (K). Rozdily v obsahu N litek za
roky 1993 aZ 1996 byly mezi ob&ma variantami statis-
ticky vyznamné (P < 0,01). Nejvyssi obsahy N latek
byly u obou variant zaznamenény v obdobi &ervenec aZ
z&fi. Rozdily v obsahu popelovin (podobné& i v obsahu
organické hmoty) v jednotlivych letech nebyly statisticky
pritkazné a hodnoty se pohybovaly okolo 100 g.kg’|
sufiny u obou variant. Obsah vlékniny stejné jako ob-
sah N latek vykéazal v priméru za roky 1993 aZz 1996
statisticky vyznamné rozdily (P < 0,001), pfi¢emZ cel-
kovy primér obsahu vldkniny byl 200 (R) a 180 (K)
g.kg". NejniZ&i obsahy vlakniny okolo 180 g.kg‘I byly
u obou variant zaznamenany v kvétnu, srpnu a zfi.
Rozdily v obsahu ADF [primér 259 (K), 269 (R) g.kg"]
a NDF [primér 460 (R) a 440 (K) g.kg"] byly statis-
ticky neprikazné a niZSich hodnot dosahovaly v kvét-
nu, srpnu a z&ff, podobné jako u celkové vldkniny.

Obsahy Ca byly ve sledovaném obdobi vyssi u va-
rianty (K) (6,67 g.kg") nez (R) (5,95 g.kg™"), rozdily
mezi variantami byly na hranici statistické prikaznosti.
Rozdily v obsahu P mezi variantou (K) (3,99 gkg™')
a(R) (4,29 g.kg") nebyly statisticky vyznamné. Obsah
K dosahoval v primé&ru hodnot 27,50 (R) a 28,65 (K)
g.kg‘| a byl bez statisticky prukaznych rozdili mezi
variantami, nejvy38i obsahy byly podobné jako u N l4-
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1. Primé&my obsah suliny, Zivin (g.kg" sufiny) a stravitelnost pastevni pice pfi rotaéni (R) a kontinuélni (K) pastv& (1993 aZ 1996) — Mean content of dry mater, nutrients (g.kg’l of dry matter) and digestibility
of pasture forage under rotational (R) and continual (K) grazing (1993 to 1996)

Stravitelnost
: Susina* (%) NEL (MJ) N létky’ Popel® organické hmoty* (" Vliknina® ADF* NDF*
Mésic (%)
R K R K R K R K R K R K R K R K
. x 19,09 17,88 5,18 5,04 190,80 | 202,70 87,93 92,64 | 80,30 74,80 18507 | 16542 | 21295 | 266,15 | 374,90 | 451,20
s 3,73 3,82 0,21 0,19 33,40 31,28 13,47 13,28 1,20 2,10 29,13 22,27 1,85 15,85 217,70 33,40
) x 20,77 18,84 4,82 4,85 171,72 | 191,83 88,82 93,78 | 72,00 73,70 231,99 | 207,01 | 30495 | 266,30 | 506,60 | 446,65
s 4,86 3,55 0,07 0,08 23,05 18,86 11,56 13,66 0,80 0,40 28,33 14,23 30,45 2,40 41,10 16,55
5 X 25,85 22,73 4,77 4,87 184,49 | 213,68 9542 | 100,86 | 70,65 76,15 204,56 | 181,60 | 307,05 | 259,05 | 551,75 | 439,20
5 9,79 4,34 0,15 0,17 42,29 28,67 8,51 8,36 3,15 3,25 36,52 29,03 39,05 55,45 61,75 57,10
& X 22,73 20,40 4,87 4,82 204,60 | 210,08 | 103,01 | 103,02 | 77,15 74,50 198,71 | 184,43 | 24895 | 26495 | 423,65 | 430,20
s 13,33 12,01 0,16 0,06 29,75 63,43 6,58 7.77 0,95 0,40 25,38 34,16 4,75 27,45 67,45 13,50
8 x 18,36 17,26 4,77 4,85 218,14 | 236,19 | 107,01 | 106,85 | 72,50 76,45 183,65 | 166,07 | 271,15 | 237,15 | 444,10 | 434,70
3,75 4,34 0,12 0,15 17,85 21,64 13,19 13,10 2,50 0,45 15,89 11,63 18,15 23,25 18,30 18,30
i x 22,13 20,12 4,88 4,88 194,72 | 211,64 98,27 99,72 | 74,59 75,12 200,04 | 180,32 | 269,01 | 258,72 | 460,20 | 440,39
s 7,84 5,98 0,21 0,16 34,52 39,74 13,29 12,64 4,05 2,04 32,55 28,24 42,65 32,38 78,18 33,05
I-test® (n = 62) NS NS - NS NS b NS NS
NS = statisticky neprikazny rozdil - statistically insignificant difference
** P < 0,01
**x P < 0,001

* pouze v roce 1995 a 1996 (n = 10) — only in 1995 and 1996 (n = 10)

Ymonth, 2total, *-test, ‘dry matter, *crude protein, Sash, 7digestibilily of organic matter, 8crude fiber
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II. Pramémy obsah

h latek v pas

pici (gkg™' suSiny) a jejich vzdjemné poméry pfi rotaéni (R) a kontinuélni (K) pastv& (1993, 1995 a 1996) — Mean content of mineral substances (g.kg" of dry

mattter) and their ratio in pasture forage under rotational (R) and continual (K) grazing (1993, 1995 and 1996)

Mésicl Ca P K Mg Na Ca/P K/Na K/Ca+Mg
R K R K R K R K R K R K R K R K
5. x 526 4,97 3,96 4,21 23,71 26,67 2,20 2,44 0,41 0,32 1,75 1,47 78,16 84,87 1,52 1,57
s 3,03 2,30 1,60 1,62 4,04 4,56 0,20 0,47 0,23 0,07 1,27 0,92 37,99 14,02 0,50 0,24
.. I3 4,46 5,87 3,75 4,15 24,89 23,99 1,93 2,39 0,22 0,32 1,51 1,70 140,00 81,00 1,84 1,30
K 2,06 1,87 1,33 1,37 2,15 2,29 0,53 0,28 0,10 0,09 1,06 0,96 64,30 26,38 0,55 0,30
7. x 5.82 6,34 4,05 4,35 29,77 30,78 2,49 2,98 0,30 0,38 1,57 1,59 115,22 82,52 1,55 1,43
K 2,14 2,47 1,16 0,90 8,82 5,75 0,39 1,15 0,17 0,06 0,70 0,78 38,69 18,35 0,27 0,29
& x 7,01 7,64 4,08 4,52 27,48 31,00 2,58 2,77 0,27 0,47 1,83 1,81 111,27 69,60 1,28 1,33
K 1,75 1,79 0,79 0,90 6,20 5,87 0,39 0,30 0,09 0,13 0,70 0,65 39,29 16,54 0,28 0,28
5 X 6,91 8,25 4,08 4,20 30,90 30,07 2,48 2,49 0,35 0,47 1,87 2,24 102,96 76,29 1,46 1,28
s 2,14 3,46 1,10 1,02 8,71 7,92 0,33 0,25 0,10 0,19 0,81 1,27 54,62 40,66 0,37 0,26
Celkem? x 5.95 6,67 3,99 4,29 27,50 28,65 2,35 2,62 0,31 0,40 1,72 1,77 108,60 78,74 1,52 1,38
s 2,46 2,77 1,22 1,20 7,22 6,30 0,44 0,64 0,16 0,14 0,94 0,99 51,64 26,16 0,44 0,30
r-test® (n = 40) NS NS NS . NS NS e NS
NS = statisticky neprikazny rozdil - statistically insignificant difference
* P<0,05
** P <001

For 1-3 see Tab. |




26.1883

129.1983

86.1994

0

26.1993 129. 1883 86.1994

1. Botanické sloZeni porostu ~ Botanical composition of the stand

229.1994

229.1994

255.1995 18.9. 1995

36.1906

239.1996

255.1995 189. 1995

356.1966

239.1998

BR travy — grasses; Bl ostatni byliny — other herbs; (3 Trifolium repens L.; & prizdna mista - empty places; Il Taraxacum officinale Web.

tek nalezeny v Cervenci aZ zafi. Primérny obsah Mg
byl 2,35 (R) a 2,62 (K) g.kg'l a byl vzdy vyssi u va-
rianty (K). Rozdily mezi variantami byly statisticky vy-
znamné (P < 0,05). Primérné obsahy Na dosahovaly
hodnot 0,31 (R) a 0,40 (K) g.kg™' bez statisticky pri-
kaznych rozdild. Celkovy primér poméru Ca/P byl
1,72 (R) a 1,77 (K). V roce 1993 byly tyto hodnoty
vlivem vysokého obsahu Ca v pastevni pici dvakrat
vy38i neZ v roce 1995. Rozdily mezi variantami nebyly
statisticky prikazné. Pomér K/Na byl vZdy vyssi u va-
rianty (R). Rozdily mezi variantami byly statisticky vy-
znamné (P < 0,01). Pomér K/Ca+Mg (meq.) byl v pru-
méru 1,52 (R) a 1,38 (K), bez statisticky vyznamnych
rozdild mezi variantami.

DISKUSE

Obsahy energie a vldkniny byly niZ3i, ale obsahy N
latek a stravitelnost organické hmoty byly vy$§i nez
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hodnoty, které jsou udavané pro primérné pastevni po-
rosty v naSich klimatickych podminkdch (Vencl,
1990; Zeman, 1995). Na vysoké obsahy N latek
v pastevni pici sklizené rychlou rotaci pfi vylouceni
minerdlniho hnojeni upozoriiuji také Rais, Krélo-
vec (1989) a Krdlovec, Rais (1991). Pfi¢inou
bylo spasani nizkého mladého porostu, ktery ma nizky
obsah vldakniny a vysoky obsah N latek. Statisticky
prikazné rozdily mezi rotaéni a kontinudlni pastvou
byly v obsahu N litek a vldkniny, kdy u kontinualni
pastvy byl jejich obsah o 10 % vy33i a obsah vlakniny
0 10 % niZ8i neZ u rotalni pastvy. U varianty (K) byly
také zaznamendny vy$si obsahy Ca a Mg. Tyto rozdily
pravdépodobné souvisely se spasanim niZ8i mladsi pice
a s celkové vét§im zastoupenim jetele plazivého (Tri-
folium repens L.) u varianty (K) (obr. 1), ktery vse-
obecné obsahuje vice N latek, Ca, Mg a méné vlakniny
(Klapp, 1971; Spears, 1994). Obsahy ADF, NDF
byly v pici u obou pastevnich systémi obdobné (Popp
etal., 1997) a zhruba odpovidaly nékterym ddajom z li-
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teratury (Sormunen-Cristian et al,, 1996) pro
pastevni porosty mirného pasma; doméci udaje nebyly
k dispozici.

Obsah minerédlnich latek, krom& niZ3i koncentrace
Na v roce 1995, a ostatnich sledovanych Zivin odpovi-
dal hodnotdm uddvanym pro naSe klimatické podminky
(Neuberg,1990; Velich, 1991; Zeman, 1995).
Pfes pomérné vysoky obsah K v pici byl tetanicky po-
mér K/Ca+Mg (meq.) vlivem vy3§iho obsahu Ca a Mg
v pici vyrazné pod kritickou hodnotou 2,2 u obou va-
riant. Mirn& vy3§i obsah K u varianty (K) miZeme dat
do souvislosti se spasdnim mladsi niZ8i pice s jeho vys-
i koncentraci. Koncentrace Na byla vyS$8i u varianty
(K) s vétsim zastoupenim jetele plazivého (Trifolium
repens L.), ktery ma vy3§i obsah Na neZ travy (Ze-
man, 1995). Vy33i podil Na v pici u varianty (K) sta-
tisticky vyznamné sniZil pomér K/Na oproti varian-
& (R).

Z kvalitativniho hlediska byl v pici porosti obou
variant zji§tén pifebytek N latek a K a naopak nedosta-
tek energie, vldkniny a Na, coZ je pro pastevni porosty
v naSich pudné-klimatickych podminkéch typické.
Rozdily v kvalit& pastevni pice mezi obéma variantami
neovlivnily primé&rné denni pfiristky pasenych jalovic
(Pavlu, Velich, 1997). Vyssi obsah N latek a niZ-
§i obsah vldkniny v pastevni pici u kontinudlni pastvy
dava vétsi predpoklad pro vznik metabolickych poruch
(Pavla, 1997), a proto je nutné u tohoto pastevniho
systému vénovat vétSi pozornost doplnéni krmné davky
zvifat krmivy s vy3§im obsahem vldkniny a energie.
Jako nejvhodné;si Ize doporudit dopliikovou pfileZitost-
nou pastvu star§iho pastevniho porostu.

Na rozdil od naSich vysledku jsou v literatufe uva-
dény rozdily v kvalité pice mezi kontinudlni a rotaéni
pastvou jako nepritkazné (Ernst et al., 1980; Wal-
ker etal, 1989; Hoveland etal, 1997; Popp et
al., 1997 aj.), av8ak zileZi na typu porostu, vySce spa-
sdni, zplisobu obhospodafovani a pudné-klimatickych
podminkach.

Préce byla podporovaina GA CR (reg. &. 503/95/0899).
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