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VLIV PRIDAVKU BENTONITU K CISTIRENSKYM KALUM
A PODMINEK JEJICH INKUBACE NA SORPCI KADMIA
V PUDACH

THE EFFECT OF BENTONITE ADDITION INTO SEWAGE SLUDGE
AND CONDITIONS OF ITS INCUBATION ON THE CADMIUM
SORPTION IN SOILS

J. Balik, P. Tlustos, J. Szakova, S. Kaewrahun, A. Han¢

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: The objective of our investigation was to determine the dynamics of Cd sorption in soils treated with incubated
mixture of sewage sludge with bentonite under aerobic and anaerobic conditions. There was sewage sludge from three different
wastewater plants tested. Untreated sludge and sludge treated with bentonite, in the rate of 30% of dry weight of sludge, have
been preincubated under aerobic and anaerobic conditions for eight months (Tab. IT). Over preincubation a part of dry matter
of sewage sludge was transformed and total content of Cd in sludge was increased. Differently conditioned sewage sludge
was analysed by sequential fractionation and the portion of Cd in individual fractions was determined. Portion of water soluble
and exchangeable Cd was strongly affected by different amount of air available during incubation than by bentonite application.
Sewage sludge treatments with bentonite showed an increase of water soluble and exchangeable portion of Cd compared to
untreated sludge. Preincubated analysed sewage sludge was used in new incubation experiments with three different soils
(Chernozems, Luvisols, Fluvisols) described in Tab. I. The applied rate of dry weight of preincubated sludge was 1.665 g.
The amount of sludge was thoroughly mixed with 30 g of soil (0 to 2 mm fraction) and incubated for 240 days. Five samples
(0, 14, 30, 60, and 240 days of incubation) were taken for determination of Cd availability by three different solutions
(1 mol.I™! NH4NO;, 0.025 mol.I”! NH4EDTA with pH 4.6, and 2 mol.I”! HNO;3). Due to the variation in total Cd content in
sludge and different rate of applied Cd, total element content applied was different, therefore results are displayed in relative
values showing the ratio of available Cd released by different exractants divided by total content of Cd in soil plus sludge.
The ammonium nitrate solution released only very small portion of Cd above all from Chernozems and Luvisols. Available
Cd portion did not reach detection limit in many treatments. This agent did not show any differences between treatments with
and without bentonite (Fig. 1). The extraction of incubated samples by EDTA showed differences between investigated
treatments (Fig. 2). Sewage sludge preincubation under aerobic and anaerobic conditions caused deeper changes in sludge
composition. Lower Cd availability in sludges preincubated under anaerobic conditions was determined by EDTA in soil
samples with addition of untreated and treated with bentonite sludge compared to the same treatments under aerobic incubation.
The effect of different environment over the incubation was not confirmed in case of untreated and treated soil extraction by
nitric acid (Fig. 3). The highest portion of extractable Cd was found at Luvisols and the lowest at Fluvisols (Fig. 5). Cd availability
was slightly affected by source of sludge (Fig. 6). The availability of Cd was more affected by different air availability during
incubation than by bentonite application before preincubation of sewage sludge.

Keywords: sewage sludge; cadmium; bentonite; aerobic and anaerobic conditions; extraction agents

ABSTRAKT: V inkubaénich pokusech byly sledovany zmény v sorpci Cd v pidé po aplikaci tfi rizné oSetienych Cistiren-
skych kal@, které byly pfedem inkubovédny po dobu osmi mésict pii teploté 20 °C. Testovany byly kaly neoetfené a kaly
s pridavkem bentonitu v davce 30 % z mnoZstvi suSiny kalu za aerobnich a anaerobnich podminek. Na podil vodorozpustné
a vyménné frakce v kalech mély podstatné vétsi vliv podminky aerace nez pridavek bentonitu. V dal3i fazi experimentl byly
s takto oSetienymi kaly zaloZeny nové inkubaéni pokusy se tfemi riznymi zeminami (¢ernozem, hnédozem a fluvizem). Davka
Cerstvého kalu Cinila 1,665 g suliny na 30 g jemnozemé&. Tyto pokusy trvaly 240 dni a v péti terminech bylo sledovano
extrahovatelné mnozstvi Cd tfemi odlisnymi vyluhovadly (1 mol.I™" NH4NO;, 0,025 mol.I™! NH4EDTA, 2 mol.I™! HNO;).
Rozbory nepotvrdily pfedpoklad o vhodnosti pfidavku bentonitu k Cistirenskym kalim za déelem sniZeni mobility Cd. Na
velikost sorpce méla vyraznéjsi vliv aerace pfedem inkubovanych kald neZ pouziti bentonitu.

Klicova slova: Cistirenské kaly; kadmium; bentonit; aerobni a anaerobni podminky; extrak&ni &inidla
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Zvyseny obsah rizikovych prvki patii k negativnim
vlastnostem ¢&istirenskych kalt. S cilem eliminovat mo-
bilitu Cd, a tim také jeho vyuZiti rostlinami, byly zkouSe-
ny ruzné zpusoby oSeteni Cistirenskych kald, nejcastéji
kompostovani (Gerzabek et al., 1992) nebo pridavek
vapenatych hmot (Balik et al., 1999). Dal§i moZnost
predstavuje pouZiti riznych sorbenti. Jak uvadéji Sims,
Boswell (1978), pridavek bentonitu (2,5, 5 a 10 %) sniZil
mnozZstvi extrahovatelného Cd, Zn a Ni (roztokem DTPA)
v zeminéch po aplikaci &istirenskych kald. V nadobovych
vegetacnich pokusech s bentonitem, realizovanych na na-
Sem pracovisti, jsme zaznamenali na neutralni pidé az
40% sniZeni obsahu Cd v rostlinach ovsa (Tlustos et al.,
1996). Obdobné také Richter, Hlusek (1991) zjistili sni-
Zeni obsahu Cd v nati brambor po aplikaci bentonitu do
pudy. Mobilita rizikovych prvki je ddle vyznamné ovliv-
néna oxidaéné-redukénimi procesy v pudach a v sub-
stratech (McBride, 1989).

Zamérem naSich experimentd bylo stanovit zmény,
ke kterym dochazi v pudé z hlediska sorpce Cd po ap-
likaci kalt pfedem oSetfenych bentonitem a inkubova-
nych za odli$nych podminek aerace.

MATERIAL A METODY

Inkubaéni pokus probéhl se tfemi riiznymi zeminami
a tfemi ruznymi Gistirenskymi kaly. Byly pouZity zemi-
ny (tab. I): ernozem (Praha-Suchdol), hn&dozem (Cer-
veny Ujezd) a fluvizem (Pferov nad Labem). Byly sle-

dovany kaly, které byly pfedem inkubovany po dobu
osmi mésict pfi teploté 20 °C. Testovany byly kaly
neoSetiené a kaly s pridavkem bentonitu v davce 30 %
z mnozstvi suSiny kalu za aerobnich a anaerobnich pod-
minek (tab. II). KaZda varianta byla tfikrat opakovéna.
Cerstvy kal byl promisen s odvaZenym mnoZstvim ben-
tonitu a vsypédn do 51 plastovych nadob, kazda nadoba
byla pripravena individudlné. V piipadé aerobni inkubace
byly nddoby opatfeny na dné a na boku otvory pro zvy-
Seni aerace. Kal byl jen volné vsypan do nadob a v pra-
videlnych 14dennich intervalech bylo doplnéno 60 %
ztrat hmoty deionizovanou vodou za dikladné aerace.
Pfi anaerobni inkubaci byl kal do nidoby napéchovan
a nasledné uzavren folii.

Po osmi mésicich preinkubace kall byly realizovany
inkuba¢ni pokusy se zeminami. Cerstvy kal v davce
1,665 g suSiny byl doddn do 250ml polyetylenovych

I. Agrochemicka charakteristika pud — Agrochemical characteristics
of soils

Zemina! ((f% pH/KCI (m\ﬁn’fg ) (m;fg_,)

Hn&dozem® | 1,54 7,0 145 0,136 + 0,035
Cernozem? 2,29 7.2 180 0,260 + 0,039
Fluvizem* 0,96 5,6 75 0,484 + 0,040

Referenéni materidl’: RM Silty Clay Loam (Analytika Co., Ltd.)
Certifikovdno®: 0,32 % 0,04 mg Cd.kg'l
Nalezeno: 0,28 + 0,02 mg Cd.kg_l

'soil, 2Luvisol, *Chernozem, *Fluvisol, *reference material, ®certi-
fied, "found

II. Obsah Cd a podil vodorozpustné a vyménné frakce pfi riznych zpiisobech oSetfeni kali po osmimési¢ni preinkubaci — Cd content and
portion of water-soluble and exchangeable fractions at different methods of sewage sludge treatments after eight-month preincubation

Kal' Varianta? % susiny? mg Cd.kg™' susiny Podil fraket (6)
vodorozpustné’® Cd vyménné® Cd
A 48,8 5,05 25 17,8
1 AN 27,1 5,16 0,5 0,5
A + bentonit’ 47,3 4,00 2,5 21,3
AN + bentonit 31,3 4,39 0,1 0,6
A 32,2 7,44 2 12,5
) AN 203 671 09 01
A + bentonit 459 5,26 2,9 18,2
AN + bentonit 229 553 0,5 0,3
A 31,3 1,92 1,7 19,6
3 AN 11,6 1,99 1,8 1,0
A + bentonit 253 1,51 1,0 16,2
AN + bentonit 17,5 1,63 1,5 1,0

A = aerobni inkubace — aerobic incubation

AN = anaerobni inkubace — anaerobic incubation
Referenéni materidl®;: RM 12-03-12 Sludge
Certifikovano’: 1,97 + 0,21 mg Cd.kg™"
Nalezeno'’: 2,17 + 0,22 mg Cd.kg'l

1 2 ; . g 3 g
sludge, “treatment, 3of dry matter, “poruon of fractions, *water-soluble, 5cxchangeable. "bentonite, *reference material, *certified, '“found
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lahvi. Pro spInéni podminky dosaZeni maximaélni vzdjem-
né homogenity kalu a zeminy byl zvolen tento postup:
— k navézce 1,665 g suSiny kalu bylo pfidano v zavis-
losti na zeminé takové mnoZzstvi deionizované vody,
aby bylo dosaZeno po pfidani zeminy jeji nasyceni
na 50 % retenéni vodni kapacity sypaného vzorku,
kal s vodou byl 30 min intenzivné tfepin,

po 1 h stani bylo priddno 30 g jemnozemé,

zeminy s kaly byly inkubovdny v uzavienych lah-
vich po dobu 240 dni pfi teploté 20 °C, v priabéhu
inkubace nebyly vzorky miseny,

analyzy na obsah Cd byly provedeny v péti termi-
nech: pocate¢ni stav (3 h po zalozeni), 14, 30, 60
a 240 dnt.

Pfi extrakei pudnich vzorki bylo postupovano podle

publikované metodiky (Tlustos, 1999):

- 1 mol.I"" roztok NH,;NO; v poméru 1 : 5 (w/v),

120 min tfepani, poté se 50 ml extraktantu centrifu-

govalo 10 min pii 3000 otd¢kach za 1 min (centrifu-

ga Hettich Universal 30 RP) a supernatant byl ulo-

Zen pii 6 °C do doby méfeni,

0,025 mol.I"! roztok NH4EDTA (pH 4,6) v poméru

1 :5 (w/v), 90 min tiepanf, poté se 50 ml extraktantu

centrifugovalo 10 min pfi 3000 otdckach za 1 min

(centrifuga Hettich Universal 30 RP) a supernatant

byl uloZen pfi 6 °C do doby méfeni,

2 mol.I"! roztok HNO; v poméru 1 : 5 (w/v), po 16 h

stani byla suspenze 6 h intenzivné protfepavana, poté

byl vzorek 10 min centrifugovan pti 3000 otackach
za | min (centrifuga Hettich Universal 30 RP) a ulo-

Zen pri laboratorni teploté do doby méreni,

u kazdého extraktantu probéhla vzdy dvé paralelni

stanoveni,

— k analyze bylo pouzito vzdy veskeré mnozstvi zemi-
ny + kalu (31,665 g), extrakce probihala pfimo v poly-
etylenovych lahvich tak, aby byly maximalné odstra-
nény nepiesnosti v dusledku nehomogenity
materidlu.

|

|

Celkovy obsah Cd v pudach byl stanoven separatné
v mineralizatech ziskanych pfedchozim dvoustupmo-
vym rozkladem s vyuzZitim pristroje APION (Miholova
et al., 1993) v suché fazi a naslednym rozkladem pev-
ného zbytku v prostfedi koncentrovanych HF + HNO;.
Pevny zbytek po rozkladu 0,5 g vzorku v APIONU byl
ve druhém stupni rozloZen smési koncentrovanych ky-
selin HF + HNO3 v poméru 1 : 2 na teflonové horké
desce v teflonovych kadinkach pfi teploté 150 °C. Od-
parek byl rozpustén ve zfedéné lucavce kralovské a ulo-
Zen pii laboratorni teploté az do doby méreni (Mader et
al., 1998).

Vzorek kalu byl rozloZen na suché cesté (Mader et
al., 1998) s naslednym rozpusténim popela ve ziedéné
lucavce kralovské.

Obsah Cd ve vzorcich byl stanoven metodou plame-
nové a bezplamenové atomové absorpéni spektrometrie
ve Stopové laboratofi katedry chemie a v laboratofi ka-
tedry agrochemie a vyZivy rostlin AF CZU v Praze na
pfistrojich Varian SpectrAA 40 a Varian SpectrAA 300.

ROSTLINNA VYROBA, 46, 2000 (1): 1-7

Pro kontrolu kvality analytického postupu byly po-
uzity certifikované referen¢ni materialy: RM Silty Clay
Loam (pida) a RM 12-03-12 Sludge (kaly).

K frakcionaci Cd v samotnych kalech bylo odebrino
0,5 g kalu, ktery byl navazen do centrifuga¢nich zku-
mavek a postupné extrahovan jednotlivymi roztoky
(Tlustos, 1999).

VYSLEDKY A DISKUSE

Pokusy probéhly se tiemi riznymi Cistirenskymi ka-
ly, které byly pfedem inkubovany po dobu osmi mésict
za aerobnich i anaerobnich podminek, a to s pfidavkem
a bez pridavku bentonitu. Byla vénovana znaCna pozor-
nost otdzce dosaZeni vysoké homogenity inkubovanych
Cistirenskych kalt a zejména dikladnému promiseni
kali s bentonitem. Takto preinkubované kaly byly né-
sledné vyuzity v inkubacnich pokusech se tfemi rizny-
mi zeminami, které se liSily obsahem Cd a dale sorpCni-
mi vlastnostmi (tab. I).

Kvalita kali po osmimé&si¢ni preinkubaci je uvedena
v tab. II. Z udaju je zfejmé, Ze pii aerobni inkubaci doslo
ke zvySeni podilu susiny, ktery ¢inil u kalu 1 u aerobniho
zpusobu 48,8 % a u anaerobniho zptasobu 27,1 %. U ka-
lu 2 byly stanoveny hodnoty 32,2 % a 20,3 % suSiny,
u kalu 3 31,32 % a 11,57 % suSiny. Pfi¢inou zvy$ené-
ho obsahu suSiny za aerobnich podminek byla skutec-
nost, Ze Cast organické hmoty byla postupné oxidovana,
a tim se zvysil podil anorganické frakce. Poklesu obsa-
hu vody nebylo zabranéno ani pravidelnym vlhcenim ve
l4dennich intervalech, nebot pii vy$S§im obsahu vody
u variant aerobné oSetfenych se vyraznéji ménila struk-
tura kald, dochazelo k rozplaveni agregati a k tvorbé
anerobnich podminek.

Vzhledem k tomu, Ze pfi skladovani se Cast suSiny
kalu transformovala, doslo v prabéhu preinkubace kala
ke zvySeni koncentrace Cd v kalech. Proto stanovené
obsahy Cd u variant kal + bentonit jsou vy38i, neZ by
odpovidalo 30% zastoupeni bentonitu v této smési, jak
tomu bylo na pocéatku pokust. V téchto pokusech byl
pouZit bentonit s nizkym obsahem Cd (0,12 mg.kg"),
a proto dodané mnoZstvi Cd bentonitem do celého sys-
tému kal + bentonit bylo zanedbatelné (fadové desetiny
procenta z Cd,, kal + bentonit). V pribéhu osmimé&sic-
ni preinkubace se chovaly jednotlivé kaly rozdilné a ob-
sahy Cd jsou uvedeny tak, jak jsme je stanovili pied
zaloZzenim inkubacnich pokusi se zeminami. Nelze
viak vyloucCit ur¢ité odchylky, vzniklé heterogenitou
pouZivaného materidlu.

Pred zaloZenim inkubacnich pokusti se zeminami byla
provedena frakcionace Cd, byl stanoven podil vodoroz-
pustného a vyménného Cd v kalech. Na podil sledova-
nych frakci mély podstatné vétsi vliv podminky aerace
neZ pridavek bentonitu. U kalu 1 byl v aerobnich pod-
minkdch obsah vodorozpustné frakce Cd 2,5 % a vy-
ménné 17,8 %, v anaerobnich podminkéch ¢inil obsah
vodorozpustné frakce 0,5 % a vyménné 0,5 %. U kom-
binace kal 1 + bentonit pfi aerobnim zptsobu bylo vo-
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dorozpustného Cd 2,5 % a vyménného 21,3 %, ale za
anaerobniho zpisobu pouze 0,1 % vodorozpustného
a 0,6 % vyménného Cd. K obdobnym zmé&nim doslo
také u kalu 2 a kalu 3 a jejich kombinaci s bentonitem.
Pfi aerobnim zpuisobu se zvygil pfedeviim podil vymén-
né frakce, ktera ¢inila u kalti pouZitych v na¥ich poku-
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1. Podil extrahovatelného Cd roztokem
NH,NO; (pramér ze tii zemin a tii kald) v zavis-
losti na zpiisobu oSetfeni kalu (v % v Cd,,) -
Portion of extractable Cd by NH,NO4 solution
(average for three soils and three sludges) in
dependence on the method of sludge treatment
(in % from Cd,,)

Vysvétlivky k obr. 1 azZ 3 — Explanations to
Figs. | to 3:

100 % aerob. Cd,,, = 0,531 mg.kg™'

100 % anaerob. Cd,, = 0,521 mg.kg™

100 % aerob. + bent. Cd,, = 0,467 mg.kg™'
100 % anaerob. + bent. Cd,, = 0,480 mg.kg™"
osa x: doba inkubace (dny) — x axis: incuba-
tion period (days)

2. Podil extrahovatelného Cd roztokem EDTA
(pramér ze tif zemin a tii kald) v zdvislosti na
zpusobu oSetfeni kalu (v % z Cd,,) — Portion
of extractable Cd by EDTA solution (average
for three soils and three sludges) in depend-
ence on the method of sludge treatment (in %
from Cd,,)

3. Podil extrahovatelného Cd roztokem HNO;
(pramér ze tfi zemin a tii kal) v zdvislosti na
zplisobu oSetfeni kalu (v % z Cd,,) — Portion
of extractable Cd by HNOj; solution (average
for three soils and three sludges) in depend-
ence on the method of sludge treatment (in %
from Cd,,)

sech 12 aZ 21 %. Je zajimavé, Ze u variant s pfidavkem
bentonitu se nezvysil podil vyménné frakce a také u vodo-
rozpustné frakce nelze stanovit rozdily proti kontrole.
Dosazené vysledky po 240 dnech inkubace takto oSet-
fenych kali s riznymi zeminami jsou zndzornény na
obr. 1 aZ 3. Na obr. 1 jsou uvedeny vysledky ziskané
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extrakei roztokem NN4NO3, na obr. 2 roztokem EDTA
a na obr. 3 roztokem HNO5. Divody k vybéru téchto
tii extrakénich ¢inidel uvadéji podrobnéji Balik et al.
(1999) a pfi naSem rozhodovéni jsme vychézeli pfedeviim
z praci, které publikovali Kozak et al. (1990), Zeien,
Briimmer (1991), Zeien (1995) a Liebe et al. (1997).

Vzhledem k tomu, Ze u jednotlivych variant byla do
pudy dodana rozdilnd mnoZstvi Cd, piedevsim u variant
s bentonitem, zvolili jsme princip relativniho vyjadieni
zmén v procentech k celkovému obsahu Cd v zeminé +
kalu. Dévkovani kalu bylo na principu dodaného mnoz-
stvi susiny a podle némeckych kritérii by to odpovidalo
stoleté davce. Hodnoty celkového obsahu Cd v jednot-
livych zeminach po aplikaci kali (Cd,y,) byly vypocte-
ny z Cd, zeminy + Cd,,, kalu a nebyly analyticky zjis-
tovany. S ohledem na prehlednost a ndzornost jsou
uvadény u kaZdého extrakeniho Cinidla dilci grafy (a aZ
@), ve kterych jsou demonstrovany pouze dvé porovna-
vané varianty. Jednotlivé body v grafech jsou primérné
hodnoty z 18 dil¢ich stanoveni (dvé opakovani x tfi
zeminy X tfi kaly), ¢imZ byla zna¢né omezena variabilita
vysledkl, zptisobena predevsim heterogenitou vychoziho
materidlu. Extrakce v terminu 14 dnu byla u 2 mol.I”!
HNO; vynechéna.

Roztokem NH4;NO; byl uvolnén velmi maly podil Cd,
zejména na ¢ernozemi a hnédozemi, a nalezené hodno-
ty se velmi ¢asto nachazely pod hodnotami meze detek-
ce stanoveni (0,0006 mg Cd.kg'l). Pouze na fluvizemi
byly vys$si, v priméru zde byla extrahovdna 4 %
z Cdyy,. S ohledem na mald mnoZstvi uvolnéného Cd
(a z toho vyplyvajici zna¢nou analytickou chybu) je tfeba
zvézit, zda je 1 mol.I"! roztok NH4NOj vhodnym ex-
trakénim ¢inidlem pro stanoveni mobilnich forem Cd
v ptdé. Udaje na obr. la jsou znaéné rozdilné podle
terminu odbéru a nelze stanovit vyraznéjsi rozdily mezi
kaly oSetfenymi za piistupu a bez pfistupu vzduchu.
U variant kal + bentonit v aerobnich podminkéch lze
uvazovat o mirné tendenci ke sniZeni podilu extrahova-
telného Cd na pocatku pudnich testu, ale pfi odbéru po
30 dnech se obé& varianty jiZz velmi pfibliZuji, coZ také
odpovidd vstupnim hodnotdm analyz samotnych kali
(obr. 1b). Pomérna shoda dosaZenych vysledkd u variant
bez pridavku bentonitu a s nim je podpofena také sku-
te¢nosti, Ze u variant kalt s bentonitem bylo navySeni
kationtové vyménné kapacity pidy pfiblizné na trovni
desetin procenta, coZ lze pfi hodnoceni témé&f zanedbat.
Kromé toho konkuruji Cd pfi vyménné sorpci predeviim
ionty Ca a Mg, které také tvori rozhodujici podil v pad-
nim roztoku. Na zménéach mobility Cd u variant zemina +
kal se nutné projevily zmény dosaZené vlastnim ofetfe-
nim kali a ne zmény vyvolané ptisobenim bentonitu na
sorpéni vlastnosti zeminy. Z obr. lc je zfejmé, Ze va-
rianty s bentonitem se témé&f neli¥i bez ohledu na an-
aerobni i aerobni podminky.

Na obr. 2 jsou prezentovéany podily extrahované roz-
tokem EDTA. Preinkubace kali za odlisnych podminek
pristupu vzduchu se projevila v hlubsi zméné kvality
kalu, neZ bylo stanoveno v extraktantu NH4;NO;. Re-
dukéni podminky zfejmé vedly k ¢astenému rozkladu
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organickych vazeb se sirou, k jeji redukci a k tvorbé
pevnych vazeb Cd ve formé sulfidd (Bingham et al.,
1976), které vSak nejsou extrahovatelné roztokem EDTA.
Na zdkladé prace, kterou publikovali Ure et al. (1993),
lze predpokladat, Ze pfi naSem postupu extrakce jde
predev§im o Cd ve frakci vodorozpustné, vyménné +
organicky vazané. Jak uvadi Beckett (1989), miZe toto
vyluhovadlo uvolnit také ¢ast Cd vazaného na karbona-
tech a na oxidech, coz lze v téchto pokusech ocekavat
pifedevsim na ¢ernozemi a méné na hnédozemi. Pfitom
sniZend extrahovatelnost Cd po preinkubaci za omezené-
ho pristupu vzduchu se projevila jak u samotnych kala
(obr. 2a), tak i u kalu s pfidavkem bentonitu (obr. 2¢).

Jak je patrné z obr. 2b, extrahovatelny podil Cd v aerob-
nich podminkdch se vyraznéji nelisil u variant kal a kal +
bentonit. Toto zji§téni je v dobrém souladu s udaji
z tab. II, s podobnym podilem vodorozpustné a vymén-
né frakce u téchto variant.

Z hodnot uvedenych na obr. 2d je zfejmé, Ze po
piidavku bentonitu ke kalu za anaerobnich podminek se
zvysila extrahovatelnost Cd ve srovnani se samotnym
kalem. Pfic¢inu tohoto rozdilu lze spatfit v rozdilnych
oxidaéné-redukénich podminkach v priibéhu preinkubace
kald. U varianty s bentonitem byl zfejmé vyssi obsah
vzduchu v substritu. Tuto domnénku potvrzuje také vyssi
obsah suSiny u variant s bentonitem. PfestoZe nebyl pfi-
mo méfen redox potencidl v preinkubovanych kalech,
Ize predpokladat vyssi tvorbu sulfida u varianty se sa-
motnymi kaly. Pevnost téchto vazeb nebyla zfejmé na-
ru$ena ani néaslednou inkubaci takto oSetfenych kalu se
zeminami po dobu 240 dni, a proto jsme také zjistili
niZ8i hodnoty pfi extrakei roztokem EDTA.

Vysledky extrakce roztokem HNOj3 jsou zndzornény
na obr. 3. Oproti vyluhovadlu EDTA jsou zde rozdily
mezi jednotlivymi variantami podstatné niZzsi, coz také
odpovida nizsi selektivité HNO;. Jak pfedpokladali Em-
merich et al. (1982), je HNO5 schopna uvolnit prvky
sorbované viemi hlavnimi zpisoby v&etné t&ch, které
jsou vizané do sulfidi. Proto je tézko vysvétlitelny roz-
dil stanoveny mezi samotnym kalem a variantou kal +
bentonit v anaerobnich podminkéich (obr. 3d). Logicky
se zde nabizi pochybnost, zda je veSkeré mnoZstvi Cd
ze sulfidickych vazeb vytésnéno pfi extrakci HNO3, ne-
bo zda je vdzdno ve vnitfnich prostorech jilovych mi-
nerald.

Na obr. 4 je uvedeno extrahovatelné mnozstvi Cd v ab-
solutnich hodnotach u variant s pfidavkem a bez pridav-
ku bentonitu v aerobnich podminkach. U variant s ben-
tonitem bylo v priméru dodéano cca o 20 % méné Cd,
¢emuZ rdmcové odpovidaji i stanovené rozdily v zemi-
nach. V priméru vSech péti odbért a vSech zemin a ka-
It byl na neofetfené varianté¢ stanoven obsah Cd ve
vyluhu EDTA 0,193 mg.kg_l zeminy a u o$etiené va--
rianty s bentonitem 0,160 mg.kg"'. U HNOj bylo na
kontrolni variant& 0,272 mg.kg™" a u variant s bentoni-
tem 0,226 mg.kg'l. Byla zaznamenana postupna ten-
dence ke sniZeni extrahovatelnosti Cd v prib&hu inku-
bacnich pokust. Pric¢inou mizZe byt okludovani Cd na
oxidech, pfipadné jeho difuze do jilovych minerala a dale
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4. Vliv ofetieni kalu bentonitem na extrahovatelné mnoZstvi Cd (primér ze tii zemin a tii kali) — The effect of sludge treatment with bentonite

on extractable Cd amount (average for three soils and three sludges)

osa x: doba inkubace (dny) — x axis: incubation period (days)

%

Cernozem hnédozem fluvizem

kal 1

kal 3

vazba Cd v cheldtech v adsorpénich komplexech s vy§-
§i molekulovou hmotnosti.

Rozdily v extrahovatelnosti Cd v zdvislosti na po-
uzité zeminé jsou dokumentovéany na obr. 5, kde jsou
uvedeny prumérné hodnoty z aerobni inkubace vsech
odbérovych termint a kombinaci s bentonitem i bez né-
ho. Nejvyssich hodnot u obou extraktanti bylo dosaze-
no na hnédozemi. Roztokem EDTA bylo extrahovano
55,3 % z celkového mnoZstvi Cd v hnédozemi + kalu.
Na cernozemi jsme stanovili 38,8 % a na fluvizemi
pouze 22,7 %. Nizka extrahovatelnost Cd na fluvizemi
byla stanovena také u HNO3 (40,0 %). Na hnédozemi

6

5. Podil extrahovatelného Cd (Cd,,, = 100 %) v zivis-

losti na extrakénim Cinidle a pouZité zeminé (aerobni

inkubace, primér viech odbérovych termini) — Portion

of extractable Cd (Cd,,, = 100%) in dependence on ex-

traction agent and soil used (aerobic incubation, average
OEDTA for all sampled dates)
EHNO,

Cd,, = 0,467 mgkg ™"
Cd,, = 0,350 mg.kg™"
Cd,, = 0,679 mgkg™'

¢ernozem — Chernozem
hnédozém — Luvisol
fluvizem — Fluvisol

6. Podil extrahovatelného Cd (Cd,,, = 100 %) v zdvislosti
na pouZitém kalu a extrakénim ¢inidle (aerobni
inkubace, pramér tfi zemin) - Portion of extractable Cd
(Cd,,, = 100%) in dependence on the sludge used and
extraction agent (aerobic incubation, average for three
soils)

Cd,, = 0,544 mg.kg™'
Cdyy, - 0,669 mgkg™
Cdy, - 0.379 mgkg™

kal - sludge

bylo roztokem HNO3; mobilizovdno 68,2 % a na ¢erno-
zemi 52,0 %. DosaZené tdaje jsou ovlivnény predevsim
pevnosti sorpce Cd v pidé a jeho podilem v Cd,,, smé-
si zemina + kal. U ¢ernozemé ¢inil podil Cd puady
v priméru vSech variant 53 %, u hnédozemé pouze
37 % a nejvyssi byl u fluvizemé 67 %.

Souhrnné porovnani extrahovatelnosti jednotlivych
kalt v inkubacnich pokusech se zeminami je znazorné-
no na obr. 6. Jde rovnéz o vyjadieni podilu ze sumy
zemina + kal, nikoliv o hodnoty pro samotny kal. Nej-
vy$8i mira mobility Cd (vyluh EDTA a HNOj;) byla
zaznamenéna u kalu 3. S ohledem na nejniZs§i mnoZstvi
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Cd v tomtu kalu byl predpoklad pro jeho pevnéjsi sorp-
ci v zeminé, coz vSak tyto vysledky nepotvrzuji.

Pro hlubsi poznéni transformaci Cd ¢istirenskych ka-
10 v pidé je tieba provést detailni frakcionaci Cd v ka-
lech, v zeminé pfed zaloZenim pokusi a ndsledné ve
smési zemina + kal. Rozbory sice naznacuji, Ze prida-
vek stabilniho inertniho materidlu vede ke ziedéni ob-
sahu rizikovych prvki v kalech, ale nepotvrzuji pred-
poklad o vhodnosti pfidavku bentonitu k Cistirenskym
kalim za ucelem sniZeni mobility Cd. Zaroveii ukazuji
na potiebu sledovéani zmén v pevnosti sorpce Cd v pri-
béhu vlastniho skladkovani.

Tato publikace vznikla na zdkladé financnich pro-
stiedkit GA CR, projektu 526/97/0845.
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Z rozhodnuti akademickych organa fakulty zemédel-
ské, planovani krajiny a zahradnictvi byla 2. fijna 1999
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médélské univerzity v Praze za jeho celoZivotni védeckou
praci v oborech biologie obilnin, teorie tvorby vynosu
zrnin, jakosti obilovin a ekologického zemédélstvi.

Prof. Petr patii v zahrani¢i k nejcitovanéj$im ¢eskym
autorim z oblasti specialni produkce rostlinnd. Rada
jeho knih, které se spoluautory pripravil, byla pteloZena
do cizich jazyka. K nejvyznamnéjSim nalezi kniha
Tvorba vynosu hlavnich polnich plodin, ktera vysla
v ruském (Moskva), némeckém (Berlin), madarském
(Budapest) a anglickém (Elsevier, Amsterodam) piekla-
du. Kniha Pocasi a vynosy vysla v ruském a anglickém
vydani a dalsi publikace Intenzivni obilndrstvi v prekladu
do rustiny. Ocenéna byla rovnéZ spolecna Cesko-§véd-
ska publikace autort J. Petr, J. Dlouhy a kol.: Ekologic-
ké zemédélstvi, vydand v roce 1992 nakladatelstvim
Brézda.

Za bohatou kniZni publika¢ni ¢innosti se skryva in-
tenzivni védecka préce, kterou piedstavuje 72 puvodnich
védeckych praci, 206 referati prednesenych na védec-
kych konferencich, 35 zavére¢nyh zprav vyzkumnych
tikold a velmi Siroka oblast odborné prace (258 odbor-
nych ¢lanki, 20 metodik pro zemédélskou praxi, dva
patenty a spoluautorstvi v 54 publikacich urcenych ze-
jména pro studenty).

Udélenim Cestného doktoritu agronomie byla tézZ oce-
néna jeho aktivita ve funkci rektora pfi transformaci
prazské zemédélské univerzity na univerzitu evropského
typu, s obnovou vSech akademickych svobod a s pod-
statnou zménou charakteru vyuky. Zvlasté byl ohodno-
cen rozvoj mezinarodni spoluprice s evropskymi a ame-
rickymi zemédélskymi univerzitami s vyuZitim jejich
zkuSenosti, napf. pfi evaluaci VSZ prestizni Wagenin-
genskou zemédélskou univerzitou v letech 1992 az 1993.

Na katedie rostlinné vyroby pracuje prof. Petr nepfetr-
Zité od absolvovani vysokoSkolského studia. V soulas-
nosti, pfi zkraceném pracovnim uvazku, prednasi stu-
dentim discipliny, které po roce 1990 pomahal uvadét
v zivot (alternativni zemé&délstvi) a zabezpecuje vyuku
specidlniho agronomického pfedmétu na VSCHT. Sou-
stfedénou praci s doktorandy se intenzivné podili na
vychové mladé védecké generace. Své pedagogické
a védecké zkuSenosti a erudici vyuZziva i v dalSich ¢in-
nostech, jako je napf. predsednictvi v redak¢ni radé vé-
deckého asopisu CZU Scientia Agriculturac Bohemica
a v odborném &asopisu Uroda, dile predseda komisi
GA CR Rostlinn4 produkce a §lechténi a genetika a sam
je fesitelem fady védeckych projektu.

Slavnostni promoce na Svédské zemédélské univer-
zité v Uppsale méla tradicni pribéh, Cestni doktofi ob-
drzeli diplom, doktorsky klobouk a zlaty doktorsky prsten.

Mezindrodni ocenéni price ¢eského vysokoskolské-
ho ucitele a védce je pfedeviim uznanim aktivni Zivotni
¢innosti jmenovaného, je ale téZ ocenénim prace uni-
verzity a zejména vyzvou mlad$im pracovnikiim.

Doc. Ing. Viclav Hosnedl, CSc.
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THE ACCUMULATION OF POTENTIALLY TOXIC
ELEMENTS IN SPINACH BIOMASS GROWN ON NINE
SOILS TREATED WITH SEWAGE SLUDGE

HROMADENI RIZIKOVYCH PRVKU VE SPENATU PESTOVANEM
NA DEVITI ZEMINACH S PRIDAVKEM CISTIRENSKEHO KALU

P. Tlustos, J. Balik, D. Pavlikova, J. Szakova, S. Kaewrahun

Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: The effect of sewage application on nine arable soils with different properties was investigated in pot experiment
with spinach. Uptake of eight elements (As, Cd, Cr, Cu, Hg, Ni, Pb and Zn) by plants and their availability released by 0.01 mol.I”!
CaCl, after the harvest were investigated. The application of sludge significantly increased biomass yield of spinach in the
majority of soils used. The observed elements showed different accumulation potential and extractability. There are three
elements As, Pb and Cr showing the lowest changes in the availability and accumulation by spinach at sludge treatments. Cu
and Ni were easily extractable from treated soils and in case of Cu were more accumulated in plants. Highest accumulation
potential was found for Cd, Zn and Hg. Cd content in plants was not changed substantially but the portion of total Cd uptake
from sludge was the highest among all elements. Hg and Zn showed high accumulation in spinach at treated soils. High content
of Zn in plants was confirmed by higher availability of soil Zn at treatments with sludge. Availability of soil Hg was extremely
low below detection limit in all treatments.

Keywords: sewage sludge; potentially toxic elements; availability in soil; accumulation by plants

ABSTRAKT: Vliv pridavku Cistirenského kalu na kumulaci osmi rizikovych prvki v nadzemni hmoté $pendtu byl sledovan
v nadobovém vegeta¢nim pokusu na deviti odlisnych zemindch. Zeminy hlavnich pudnich pfedstavitelt (tab. I) byly odebrany
z ornice (0 az 20 cm). Po homogenizaci a prosati bylo 5 kg zeminy obohaceno NPK v pfipadé kontrolnich variant a NPK a Cerstvym
upravenym Cistirenskym kalem (tab. II) v ddvce 20 t suché hmoty kalu na | ha na oSetfenych variantdch. Takto pfipravené
nidoby byly osety $pendtem (odrida Monores) a pravidelné zavlaZovidny deionizovanou vodou na hodnotu 60 % MVK. Kazda
varianta byla zaloZena ve tfech opakovénich. Spendt byl sklizen ve fizi plné& vyvinutych listd a po zji§téni vynosu Cerstvé
a suché hmoty nadzemni biomasy byl analyzovan. Zemina odebrana z kazdé nadoby pfi sklizni $penatu byla na vzduchu
usudena a poté vyluhovéna 0,01 mol.I™! CaCl, ke zji8té€ni sorp&nich schopnosti jednotlivych prvkii na sledovaném souboru
zemin. V celém souboru bylo sledovdno osm prvki (As, Cd, Cr, Cu, Hg, Ni, Pb a Zn). K jejich stanoveni bylo pouZito
plamenové a bezplamenové atomové absorpéni spektrometrie s pravidelnou kontrolou kvality analyz s vyuzZitim referen¢nich
materidli. Ziskané vysledky ukazaly, Ze pridavek kalii vedl na vét§iné pad k ristu vynosu biomasy (obr. 1). Rozdilna hmotnost
biomasy $pendtu na neoSetfené a oSetfené variant€¢ méla vliv i na intenzitu hromadéni jednotlivych prvki ve $penitu. Podle
akumulacni schopnosti Ize rozdélit sledované prvky minimalné do tfi skupin (obr. 2 aZ 5). Do prvni skupiny se fadi As, Pb
a Cr. Jejich spole¢nym rysem je velmi slaby vzdjemny vztah mezi celkovym obsahem v pudé, jeho pfistupnym podilem
a piijmem téchto prvki $pendtem. Pridavek kali jen v nékolika malo pfipadech ovlivnil jejich vyssi pfistupnost rostlindm,
stejné jako rostouci kumulaci sledovanych prvkil v rostlinich. Do dalsi skupiny patii Cu a Ni. Oba prvky byly snadnéji
pfistupné rostlinim, coZ se projevilo v mirné vy$§im trendu uvoliiovat sledované prvky z oetfenych variant v porovnéni
s kontrolnimi. Snadnéjsi uvoliiovini bylo potvrzeno i vy$si kumulaci v rostlinach, zejména v pfipadé Cu. Posledni skupinu
tvori prvky Cd, Zn a Hg, které zpravidla prokazaly nejvyssi schopnost akumulace v rostlinach po aplikaci kalu. Jejich chovini
nebylo shodné. V pfipadé Cd, i kdyZ nebyl zji§tén jeho vyznamny narist ve Spenatu na variantach s kalem, doslo k odbéru
vysokého podilu Cd z dodaného kalu rostlinami $pendtu. U Hg a Zn byl akumulaéni potencidl vysoky. U obou prvkii byl
zjistén, i pres vysoky ziedovaci efekt, vy33i obsah sledovaného prvku ve ¥pendtu ve variantéch o¥etfenych kaly v porovnani
s kontrolnimi variantami. U Zn byl tento trend povrzen i jeho pfevladajicim vy§§im obsahem v piidnim vyluhu variant s kalem.
Vy338i akumulaci Hg v rostlindch nebylo moZné potvrdit pro nizkou extrahovatelnost pouZzitym vyluhovadlem. Z t&chto diivoda
i pro svoji toxicitu se Hg ukazuje jako nejvice problémovy prvek pfi béZnych déivkach Cistirenského kalu. Pfi hodnoceni piid
byla posuzovina rychlejsi odezva na piidavek kali zejména na kambizemich a fluvizemich s omezenymi sorpnimi schop-
nostmi a nizkou hodnotou pH. Celkovy obsah prvku v pudé nebyl jednozna&nym kritériem hromadéni prvki v listech $penitu.

Klicovi slova: Cistirenské kaly; rizikové prvky; pfistupnost v piidé; obsahy v rostlinich

ROSTLINNA VYROBA, 46, 2000 (1): 9-16 9



INTRODUCTION

Sewage sludge is valuable organic manure and soil
conditioner and has been successfully used as the ma-
terial conditioning soil fertility for several decades in
many European countries. Primary constituents as or-

. Main parameters of soils used in the experiment

The main objective of our investigation was focused
on the accumulation of eight potentially toxic elements
into the plant above ground biomass planted and on the
changes of their availability in nine soils with substan-
tially different soil properties treated with processed
fresh sewage sludge.

Soil | Location Soil type pHq ("n»;'gc_hlgéu; f{:}"ﬂ;‘:,‘; "fflgjggsn;' (‘”;,) (mvf\ffg.)
CuU Cerveny Ujezd Luvisols 6.2 134 249 144 1.5 158
Su Suchdol Chernozems 7.0 119 251 240 23 255
Pr Pferov nad Labem Fluvisols 5.1 298 201 73 1.0 89
Lu Lukavec Cambisols 6.1 98 254 126 1.8 128
Hu Humpolec Cambisols 45 84 342 187 2.0 159
Hn Hnévéeves Luvisols 53 80 373 190 1.8 179
Pi Pistany Fluvisols 6.5 103 379 274 1.7 208
Li Lipa Cambisols 53 75 178 83 1.5 125
Se Sedlec Chernozems 6.8 50 223 256 2.1 244

FAO classification, 1994

ganic solids, nitrogen and phosphorus are agronomically
beneficial to the crop growth, but municipal sludges
always contain potentially hazardous trace elements
(Kim et al., 1988; McGrath et al., 1993). Metals and
trace elements may persist in the soil indefinitely and
may be absorbed by growing plants in wide range of
quantities to effect the health of plants and/or consum-
ers (Chang et al., 1997).

To assess the risk of element uptake by plants, the
element binding capacity of the upper 30 cm or ploughed
layer is considered. Four attributes: pH, organic matter
content, soil texture and the content of sesquioxides, are
commonly used for evaluation of element adsorption in
soils (Towers, Paterson, 1997). The assessment has to
cover specific physicochemical properties of individual
elements, too (Gerritse, Driel, 1984). Simplified rela-
tionship of element binding in soil among main soil
properties and chosen elements published Blume (1994)
and showed low binding capacity for Cd, Zn and Ni and
high for Hg, Pb, Cr and Cu. Among mentioned factors
soil pH plays the most important role for all elements.
Organic matter and sesquioxides can adsorb metals more
strongly than clay particles.

Total accumulation of elements in plant biomass de-
pends not only on the soil properties but also on the
crop grown (Keefer et al., 1986; Tiller, 1989) and on
the distribution in growing plant (Kim et al., 1988).

There is a wide range of elements belonging to po-
tentially toxic ones in the soil. Among them eight heavy
metal elements (Cd, Cr, Cu, Mo, Hg, Ni, Pb and Zn)
and two metaloids (As and Se) have been often inves-
tigated to get cumulative loading limits (Chang et al.,
1997; Schmidt, 1997) or to introduce maximum con-
centration of some dangerous elements (CEC, 1986).
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MATERIAL AND METHODS

The accumulation of eight elements (As, Cd, Cr, Cu,
Hg, Pb, Ni and Zn) was investigated in pot experiment.
Nine soils taken from surface layer (0 to 20 cm) of
arable land was chosen to cover the dominant agricul-
tural areas of the Czech Republic. Soils used in the
experiment introduced four main soil types with a wide
range of agrochemical properties described in Tab. I.
Total content of investigated elements for each soil is
displayed in Figs. 2 to 5. Among all soils only Pistany
showed elevated content of metals (Cd, Cr, Hg and Zn)
higher than Czech limit values and with the restriction
for waste application. Other soils did not substantially
exceeded average content of investigated elements in
Czech soils.

Fresh homogenous sewage sludge with 26% of dry
matter and the total content of potentially toxic ele-
ments described in Tab. II were used in the experiment.

I1. Content of potentialy toxic eleménts (mgAkg"] dry matter) in the
applied sewage sludge

Element x s
As 5.04 0.18
Cd 3.57 0
Cu 256.2 25.8
Pb 181.9 73
Zn 1580 32
Cr 92.11 2.37
Ni 47.52 5.01
Hg 53 0.21
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The content of elements was only in case of Pb and Hg
higher than.mean values from more than 300 sludge
samples analysed in 1997 in the Czech Republic (Saiika
et al., 1998).

Soils taken in the field were passed through a 5 mm
sieve predried and 5 kg of each soil (based on dry weight)
was thoroughly mixed with 0.5 g N, 0.16 g P and 0.4 g
K applied in ammonium nitrate and potassium hydro-
gen phosphate at control treatments and with the same
amount of N, P, K nutrients plus processed fresh sewage
sludge in equivalent to 20 Mg.ha"' at observed treat-
ments. Mixture was filled into plastic pots, sown by
spinach (Spinacia oleracea L.) var. Monores and planted
with regular moisture control (60% of MWHC) up to
full leaves development. After harvest an above ground
biomass was gently washed with deionised water,
checked for fresh and dry biomass, ground and ana-
lysed.

Plant material was decomposed by modified dry ashing
procedure in the mixture of oxidizing gases by APION
equipment (Miholova et al., 1993). Total soil content
was determined after two step decomposition, using
APION in the first step and wet digestion by the mix-
ture of HF + HNOj in the second step (Mader et al.,

III. Quality control of soil and plant analyses

1990). Available portion of elements was determined in
the extract of 0.01 mol.I™! solution of CaCl, in the ratio
of 1: 10 (w/v) (Novozamsky et al., 1993). Content of
all elements was determined by atomic absorption spec-
trometry. Mercury by AMA 254 equipment and the rest
of elements by flame and flameless technique on
VARIAN SpectrAA-40 equipment in Trace Laborato-
ries of Chemistry and Agrochemistry Departments of
Czech University of Agriculture in Prague. Quality of
plant analyses was controlled by reference materials
SRM 1515 Apple leaves in the case of Hg with certified
value 0.044 + 0.004 mg I-Ig.kg_l and obtained 0.049 +
0.000 mg Hg.kg'l. RM 12-02-03 Lucerne for the rest
of elements. Total content of elements in soil was con-
trolled by RM 7003 Silty Clay Loam. Results of analy-
ses of both materials are shown in Tab. IIL

RESULTS AND DISCUSSION

Application of sewage sludge has affected nutrient
status and properties of all soils tested. Spinach grown
on all treated soils gave higher yield than at untreated
ones (Fig. 1). More detail comparison of yields showed

Hleirieiit RM 7003 Silty Clay Loam RM 12-02-03 Lucerne

certified obtained certified obtained
As 16.7 3.1 19.0 + 4.0 0.263 + 0.007 0.283 £ 0.047
Cd 0.32 + 0.04 0.34+0.13 0.136 + 0.003 0.119 £ 0.043
Cu 29.1 £08 358+93 11.6 £ 0.4 10.1 £0.2
Pb 335+24 322+ 14 1.84 + 0.08 2.16 £0.27
Zn 81.0x7.6 782+ 48 33.2%+05 340+ 0.1
Cr 79.8+6.7 79.2+ 6.6 0.9% 0.6 +0.1
Ni 31315 31.1°£ 57 2.54 £0.08 3.14 + 0.64
Hg 0.096 = 0.014 0.114 £ 0.01 see text

* information value only

location
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L. The yield of fresh matter of spinach leaves
planted at nine soils treated with sewage sludge

Explanations to Figs. 1 to 5:
[ untreated soil

treated soil

4 total soil content
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the highest yield increase at Humpolec soil due to limi-
tation of negative effect of high acidity on the spinach
development at sludge treatment. Spinach yield at other
soils observed showed also significant yield increase at
sludge treatments compared to control ones. Better
yield response usually corresponded with the improve-
ment of limiting soil parameters except loamy sandy
soil of low sorption capacity (Pferov), introducing only
insignificant yield effect of sludge application. Positive
mean yield effect of sludge application also found on
four growing crops (Balik et al., 1998a). Direct yield
effect of sludge application was lower than subsequent
one. Positive effect of elevated rates of sewage sludge
application on the grain and stover yield of maize pre-
sented Rappaport et al. (1988) and at lower rates of
sludge for lettuce John, Laerhoven (1976).

The application of sewage sludge has not made clear
pattern of element accumulation in spinach leaves.
Figs. 2 and 3 introduce the content of eight elements in
spinach biomass compared to soil differences in fertil-
ity, total element content and sludge application. The

12

location

accumulation of As in spinach biomass did not corre-
spond with total element content. Soils with highest As
content (PiStany, Humpolec, Sedlec and Hnévcéeves)
showed lower than average concentration of As in spinach
leaves, but the Prerov soil with the lowest total content
of As delivered spinach with highest As concentration.
Weak correlation between total As concentration in soil
and in spinach leaves and roots was also confirmed by
Tlusto§ et al. (1998). Sludge application caused insig-
nificant As increase in biomass at two soils only (Lu-
visols and Chernozems) and other treated soils intro-
duced spinach with lower As content than untreated
one. The highest difference in As content on treated and
untreated soils were found at Lukavec and Hnév&eves
soils and showed specific sorption properties. On other
soils the As fall partly corresponded with dilution effect
of higher yield.

Similar trend was found for Cr (Fig. 2). There was
also almost no relationship between total Cr concentra-
tion in soil and its accumulation in plants. Addition of
sludge caused only slight increase of Cr accumulation

ROSTLINNA VYROBA, 46, 2000 (1): 9-16
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in spinach leaves at two soils (Lukavec and Sedlec)
with the highest uptake of Cr determined from applied
sludge at the level of 0.16%. Other seven soils showed
lower Cr accumulation in leaves at sludge treatments,
four of them significant.

Also Pb content in spinach has not correlated with
total element content in soil (Fig. 2). Sewage sludge
application increased Pb concentration insignificantly
in spinach at three different soils (Ujezd, Pferov and
Sedlec). Pb uptake from sewage sludge was even lower
with the maximum of 0.07%.

Slightly better correlation between total element con-
tent in soil and its accumulation in spinach showed Ni
with the exception of Prerov soil. Application of sludge
did not change Ni content in biomass substantially. Only
at two Luvisols (Ujezd and Hnév&eves) was found a sig-
nificant drop of Ni concentration at treated soil. Oppo-
site effect was observed with Cambisols from Lukavec.

Next four elements Cd, Cu, Zn and Hg showed higher
mobility and their spinach uptake was higher at treated
soils. Accumulation of Cd in plants showed better rela-

ROSTLINNA VYROBA, 46, 2000 (1): 9-16

location

tionship with total soil Cd content (Fig. 2). Three most
acid soils (Pferov, Humpolec and Lipa) with low total
Cd content introduced high potential for Cd accumula-
tion and confirmed priority of soil pH in uptake of Cd
by plants (Eriksson, 1989). Also Cd bounds in sewage
sludge were weaker compared to above-mentioned ele-
ments and the Cd content in spinach of treated soil was
similar to control treatments except at Humpolec soil
with high growth reduction at treatment without sludge.
Comparison with other investigated elements showed
a few times higher offtake of Cd from applied sludge
with the maximum more than 10% at acid soils.

Cu accumulation in spinach did not depend on total
soil content, too. In spite of high concentration of or-
ganic matter in applied sewage sludge and strong bind-
ing capacity of Cu on organic matter (McBride, 1989),
the content of Cu in spinach at treated soils was insig-
nificantly higher at four soils and significantly at Cam-
bisols from Lukavec. Due to high content of Cu in sewage
sludge was highest Cu uptake from sludge ten times
lower than in the case of Cd with the maximum 1.27%.
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Last two investigated elements Zn and Hg showed
different relationship between plant and soil (Fig. 3).
Content of Zn in plants correlated much tightly with its
total content in soil than Hg. The addition of sewage
sludge has increased the content of both elements in
spinach grown on majority of treated soils. In the case
of Zn was higher plant content found on eight soils,
only at PiStany soil, with the content of Zn exceeding
Czech limit value, was plant Zn content lower at treat-
ment with sludge. Significantly higher accumulation of
Zn in spinach was determined at five soil without any
respect to investigated soil parameters. Easy uptake of
Zn from sludge was clearly confirmed at Humpolec soil
with highest yield difference between untreated and
sludge treatments. Uptake of Zn from applied sludge
was second highest after Cd with the maximum 5.6%.

While Zn is known as one of micronutrients and its
suitable level in soil and in plant tissue can be evaluated
again, Hg plays in soil — plant relationship negative role
and can cause toxicity for plants and easily for consumers.
Application of sludge caused almost uniform effect and
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increased the concentration of Hg in spinach at eight
treated soils. Significantly higher content was found at
Lukavec, Humpolec and Hnévceves treated soils. Dan-
gerous accumulation of Hg in plants is necessary to
stress up by very low uptake from applied sludge with
the maximum of 0.54%. High accumulation activity of
spinach for Hg and low offtake from sludge can cause
long-term serious difficulties arising with high amount
of sludge application.

The different binding effect of individual elements
should cause a change of their content in plants and also
their availability in soil. Figs. 4 and 5 show the effect
of soil parameters on the extractability of investigated
elements their relationship with total soil content and
the effect of sludge addition on the available portion of
elements. Extracts made by 0.01 mol.I™! CaCl, released
only very low portion of total element content which
corresponded with results of Novozamsky et al. (1993),
Tlusto§ et al. (1994) and Balik et al. (1998b) and in the
case of Hg was not released any detectable amount among
the range of soils.
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5. The availability of Zn, Cr and Ni in soils treated with sewage sludge and its relationship to total soil element content

Content of extractable As did not correlate with the
As uptake by plants. Low sorption capacity at Fluvisols
showed highest extractability of As and supported high-
est uptake of As by spinach at Pferov soil. At Cam-
bisols and Luvisols the As availability was very low.
Sludge application made only small changes in available
As concentration with the exception of Prerov sandy
soil. The lack of binding spots at sandy soils probably
caused significantly higher available portion of As in
treated soil.

Extractability of Cr was low at majority of soils with
the exception of PiStany. On this soil the total Cr con-
tent exceeded maximum permissible value. The addi-
tion of Cr by sludge did not increase concentration of
available Cr probably due to sufficient binding capacity
of both materials. There was no significant effect of
sludge application on the extractability of Cr found in
the whole group of investigated soils.

The same pattern of low extractability except PiStany
soil was found also for Pb (Fig. 4). Only soil with high
content of Pb led to sufficient release of element, but
with no response to plants. The sludge application did
not make almost any effect on the fluctuation of Pb
availability and confirmed high binding capacity of that
element in soils and in sludge, too.

Availability of Cu also was not in relationship with
total element content in soil (Fig. 4). Low portion of
available Cu was almost found at Cambisols and the
highest at Pferov soil with low clay and organic matter
content. Also content of Cu in biomass was not in good
relationship with available Cu content in soil. The ap-
plication of sludge increased the availability of Cu in
the average of soils, but clear pattern of soil behaviour
was not found.

Ni was the first element with higher correlation bet-
ween available amount (Fig. 5) and the biomass con-
tent. Greater availability was found at acid lighter soils
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(Humpolec, Lipa and Pferov) above all. Addition of
sludge into these soils and into Luvisols from Hnévceves
caused insignificant increase of Ni availability. The rest
of soils bound applied Ni tightly.

Higher correlation between soil available content and
plant accumulation showed Cd than Ni. The portion of
extractable Cd showed good correlation with total Cd
content in nonacid soils. High extractability of soil Cd
was confirmed at all three most acid soils. There was
no any significant change found after addition of sewage
sludge into the soil. Cambisols showed lower sorption
capacity and slight increase of available Cd, but in both
Fluvisols was a high portion of extractable Cd at control
treatments insignificantly decreased by sludge application.

High relationship between total and available amount
of element was found in the case of Zn, too. The effect
of pH on the availability of Zn was lower, but clearly
visible in case of Pferov and Humpolec soils (Fig. 5).
The available part of element was in good correlation
with Zn uptake by spinach and showed this extract agent
very powerful for estimation of element uptake by plants.
The application of sludge substantially change the Zn
availability in soils. Except two Luvisols the sludge
addition led to increase of available amount of Zn in
soils, at Chernozems Suchdol and at two Fluvisols the
effect was significant. Investigation showed only lim-
ited sorption capacity of soil as well as sludge to bound
Zn and regulate its uptake by plants.

Overall evaluation of sewage sludge application
showed high differences in elements behaviour and soil
properties. High binding was found in case of As, Cr
and Pb and their content in spinach biomass was usually
lower than in control treatments almost due to dilution
effect of higher yield. The sludge application has not
changed very tight binding of mentioned elements and
their significantly higher available amount was found
in only few cases. Next two elements, Ni and Cu, were
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accumulated in spinach at higher amount at treated soils.
Cu was slightly more absorbed by biomass than Ni,
with higher mutual correlation of Ni. The changes of
their availability showed very similar pattern. Last three
elements Cd, Zn and Hg showed highest accumulation
potential in spinach leaves at treated soils. Among them
Cd was at least accumulated at treated soils, but the
availability has grown on Cambisols. Higher accumula-
tion potential showed Hg but its very low availability
will cause difficulties to estimate limit value for safe
application of sewage sludge. The highest accumulation
potential showed Zn caused probably its high content
in sludge. The amount of Zn in available form in sludge
and released during sludge mineralization was not bound
into the soil and then could be taken up by plants. Higher
availability of Zn at treated soils was also confirmed by
extraction of CaCl,.
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NITRATE CONCENTRATION IN TUBERS OF EARLY
POTATOES

KONCENTRACE NITRATU V HLIZACH RANYCH BRAMBOR

J. Hlugek', J. Zrast?, M. Jazl'

'Mendel University of Agriculture and Forestry in Brno, Czech Republic
2Potato Research Institute, Havlickiiv Brod, Czech Republic

ABSTRACT: In 1995 to 1997 field experiments were carried out with four varieties of very early potatoes (Impala, Ukama,
Krystala and Koruna) on two localities with different climate (Zabtice 184 and Vale¢ov 460 m altitudes) and two N doses
(60 and 120 kg N.ha™) to study the content of nitrates in the tubers. The highest content of nitrates was found in the Dutch
variety Impala (296.2 mg NO_{.kg'I of fresh matter), the lowest in the other Dutch variety Ukama (184.1 mg NO_;.kg_1 of
fresh matter). The Czech varieties Krystala and Koruna were very balanced (251.8 and 252.4 mg NO}.kg". respectively) and
considerably differed from the two Dutch varieties. The N dose was also found to be a very important factor. After the
application of 60 kg N.ha™! the average concentration of N was 207.4 mg NO}.kg'l of fresh matter on both localities, after
the application of 120 kg N.ha™' the concentration of nitrates increased to 284.7 mg NO_;.kg". The nitrate concentrations in
Valecov were significantly lower than in Zabgice (212.4 and 279.6 mg NO;.kg_l of fresh matter, respectively). Potatoes are
also influenced by the specific conditions of the respective year. The later the potatoes are harvested, the lower are the nitrate
concentrations in tubers.

Keywords: early potatoes; nitrate concentration in tubers; varieties; N doses; locality; years

ABSTRAKT: V polnich pokusech, vedenych na dvou lokalitich s odlisnym klimatem (Zab&ice 184 m a Valetov 460 m n.
m.), pii dvou davkéch dusiku (60 a 120 kg N.ha™h) byl béhem let 1995 az 1997 sledovan obsah nitratii v hlizach ¢tyf velmi
ranych odrad brambor (Impala, Ukama, Krystala a Koruna). Nejvy$§im obsahem nitratd se vyznaCovala holandskd odrida
Impala (296,2 mg NOg.kg’1 Cerstvé hmoty), nejnizsi koncentrace byla naméfena rovnéZ u holandské odriidy Ukama (184,1 mg
NO}.kg_] Cerstvé hmoty). Ceské odridy Krystala a Koruna byly velmi vyrovnané (251,8 a 252,4 mg NO}kg_l) a vyznamné
se lidily od obou holandskych odrid. Davka dusiku se projevila rovnéZ jako velmi dileZity faktor. Pfi hnojeni 60 kg N.ha™!
hlizy obsahovaly v priméru obou stanovist 207,4 mg NO;.kg"' ¢erstvé hmoty, po hnojeni 120 kg N.ha™! se hladina nitrata
zvysila na 284,7 mg NO_}.kg“I. Ve Valetové byly naméfeny pritkazné niZsi koncentrace nitritii neZ v Zabgicich (212,4 a 279,6 mg
NO_;kg"l Cerstvé hmoty). Pfi péstovani brambor je tieba pocitat rovnéz s vlivem ro¢niku. Ukdzalo se také, Ze ¢im pozdgji se
brambory sklizeji, tim niZ3i koncentraci nitrati hlizy obsahuji.

Klicova slova: rané brambory; koncentrace nitrati v hlizdch; odrady; davky N; lokality; roky

INTRODUCTION

Nitrates are a natural part of the environment. They
occur in soil, in water and in food of plant and animal
origin. They are a natural component of plant matter.
The interest of the professional public in nitrates in
agricultural production is permanent and is based on the
fact that increased concentrations of nitrates are desirable
due to their potential conversion into nitrites, or ni-
trosans. A-nitroso compounds belong to the most potent
and most versatile chemical carcinogenic substances
known today (Prugar, 1998).

In terms of the nitrate concentration, potatoes are
listed in the lower half of the spectrum of plant products,
but as much as 25% of the daily intake of nitrates in
human food come from potatoes, a frequently consumed
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and very popular foodstuff (Beranek, Vala, 1997). Ac-
cording to results of research carried out in Canada,
Quebec (Marin et al., 1998), 14.4 to 9.2% of the daily
intake of nitrates came from potatoes, while studies
from Great Britain said that it was 27%.

Nitrate accumulation in potato tubers reflects the dis-
proportion between the intake and the capacity of the
plant to utilise nitrates in organic nitrogenous substances.
This undesirable phenomenon is the result of the action
of several factors. Frydecka-Mazurczyk, Zgorska
(1996) stressed the importance of the variety, N dose
and climatic conditions. In the experiments of Sikora
(1995) the nitrate level was affected mostly by the va-
riety and the specific conditions of the respective year.
Rymar-Scerbina (1993) studied the effect of storage of
tubers and found that the nitrate level decreased by 46%
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within five months. Miedzobrodska et al. (1992) found
different levels of nitrate in tubers of the same variety
grown under the same conditions.

Fertilisation, particularly nitrogenous, is often con-
sidered to be an important agent of the increased con-
centration of nitrates in potato tubers. Although the
farmer can effect this factor considerably, even reduced
nitrogen doses may not result in below-limit values. On
the other hand Neubauer, Pienz (1993) indicated that
target applications of nitrogen significantly increased
yields and reduced the nitrate level. But it is important
to select a suitable variety. The earlier the variety, the
higher the nitrate level.

The objective of the present study was to evaluate
the nitrate concentration in tubers of four very early
potato varieties grown for three years on different locali-
ties with two different levels of nitrogen fertilisation.

MATERIAL AND METHODS

The nitrate level in tubers was studied in accurate
field experiments established on two localities in 1995
to 1997. One at the School Farm of Mendel University
of Agriculture and Forestry Brno (Zabgice), on heavy
soil, in an altitude of 184 m. The other at the experi-
mental station Valecov which belongs to the Research

. Sampling of tubers for chemical analyses

Zabgice Valecov
Year
L. 1L 101 1. 1L 111
1995 14. 6. 29. 6. 13.°7. 27. 6. 11.77. 24. 7.
1996 14. 6. 27. 6. 7.7 L7, 16. 7. 30. 7.
1997 19. 6. 3.7 17T 23. 6. 8,7 22. 7.

I1. Average concentration of nitrates in potato tubers (mg NO}.kg")
Zabgice 1995

Variant of Sampling

experiment L 1. I
Impala N 60 186.9 204.3 373.5
Impala N 120 326.1 237.7 275.4
Ukama N 60 143.5 95.2 149.3
Ukama N 120 388.5 130.5 230.4
Krystala N 60 96.0 91.4 111.6
Krystala N 120 194.2 192.8 243.5
Koruna N 60 259.4 147.9 268.1
Koruna N 120 195.7 195.7 204.3

Level of significance: varieties 0.0000, N dose 0.0000, locality
0.0000, year 0.0000, sampling 0.0072

< 0.01 = highly significant differences

> 0.01, < 0.05 = significant differences

> 0.05 = insignificant differences
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Institute for Potato Growing in Havlickav Brod, with
lighter to medium soil in an altitude of 460 m.

The soil in Zab&ice had a good level of P, satisfac-
tory level of K and high reserves of Ca and Mg. In
Valecov the soil P level was high, the levels of K and
Mg satisfactory. The Ca reserve was low. The soil reac-
tions in Zabgice and Valetov were, respectively, neutral
and acid.

The method of vertically divided plots, with four
repetitions and uniform spacing 750 x 250 mm, i.e.
53 300 plants.ha"l, was used for the experiments. In
Zabgice the potatoes were planted on 5 April 1995,
18 April 1996 and 23 April 1997 and in ValeCov on
6 May 1995, 30 April 1996 and 23 April 1997, and were
fertilised with two basic doses of N (60 and 120 kg.ha™).
P and K were applied in uniform doses of 50 kg.ha'l
and 130 kg.ha—l, respectively.

Four very early potato varieties (the Dutch Impala
and Ukama and the Czech Krystala and Koruna) were
used. The date of tuber sampling for chemical analyses
is given in Tab. L.

Chemical analyses of the tuber samples were based
on agrochemical principles (thorough rinsing and peel-
ing). For the nitrate determination proper a mixed sample
after extraction with hot 1% Aly(SO,4); on a Senkyi-Petr
ion selective electrode was used. Results of analyses
were statistically worked by analysis of variance and
tested by Tukey test.

RESULTS AND DISCUSSION

The results of chemical analyses show Tabs. II to
VIIL The nitrate content in tubers is a relevant qualitative
indicator. The results of three-year experiments indicated
that nitrate accumulation in potatoes is an important
varietal property (Fig. 1). This fact was mentioned by
Reda et al. (1993) who found 98.4 and 199.4 mg
NOg.kg_l of fresh matter in the Bruza and Fauna varie-
ties, respectively. Their own results proved different
nitrate concentrations in tubers of very early varieties.
The highest concentration (over three years) was found

III. Average concentration of nitrates in potato tubers (mg NOg.kg'l)
Valecov 1995 :

Variant of Sampling

experiment I IL 1L
Impala N 60 63.3 124.7 147.9
Impala N 120 204.3 242.0 246.4
Ukama N 60 82.8 68.8 68.0
Ukama N 120 175.4 155.1 79.7
Krystala N 60 58.0 124.7 100.6
Krystala N 120 162.4 187.0 172.5
Koruna N 60 84.4 76.6 137.7
Koruna N 120 79.7 236.2 146.4
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IV. Average concentration of nitrates in potato tubers (mg NO}.kg")
Zabtice 1996

V. Average concentration of nitrates in potato tubers (mg NO;}kg")
Valecov 1996

Variant of Sampling Variant of Sampling

experiment L 1L 1L experiment L 1. 1L
Impala N 60 144.9 519.2 400.0 Impala N 60 2435 130.4 149.3
Impala N 120 429.0 503.4 389.9 Impala N 120 308.7 256.5 295.7
Ukama N 60 208.7 208.7 121.7 Ukama N 60 178.3 71.9 79.7
Ukama N 120 3334 85.16 150.7 Ukama N 120 146.4 197.1 105.8
Krystala N 60 340.6 366.7 288.4 Krystala N 60 147.8 1247 136.2
Krystala N 120 413.1 391.3 3754 Krystala N 120 431.9 295.7 236.2
Koruna N 60 205.8 298.6 175.4 Koruna N 60 226.1 160.9 84.4
Koruna N 120 458.0 3203 389.9 Koruna N 120 397.1 217.4 240.6

VI. Average concentration of nitrates in potato tubers (mg NO}kg'l)

~ Zabgice 1997

VII. Average concentration of nitrates in potato tubers (mg NO;.kg‘l)
Valecov 1997

Variant of Sampling Variant of Sampling
experiment L 1L 1L experiment L 1L 1L
Impala N 60 340.6 3218 3203 Impala N 60 387.0 3513 2116
Impala N 120 408.7 320.1 3826 Impala N 120 4855 392.8 2783
Ukama N 60 308.7 2522 158.0 Ukama N 60 1913 156.5 200.0
Ukama N 120 3276 2275 279.8 Ukama N 120 358.0 2957 2203
Krystala N 60 308.7 305.8 308.7 Krystala N 60 2913 230.4 288.4
Krystala N 120 3218 355.1 2913 Krystala N 120 4015 373.9 317.4
Koruna N 60 408.7 287.0 378.3 Koruna N 60 223.2 258.0 192.8
Koruna N 120 3435 3826 389.9 Koruna N 120 373.9 3725 360.9
500 ] 500

=, 400 - 1 g 400

= 300 - ."of; 300 T [

<2) 200 - ’_h ' i 200 l J-

£ 100 E 100 |

0 T - ; 0 T
Impala  Ukama Krystala Koruna 60kgN 120 kg N

1. Influence of variety

in the Dutch variety Impala (i.e. 296.2 mg NO_;.kg'l of
fresh matter) and the lowest in the Dutch Ukama
(184.1 mg NO;.kg_l of fresh matter). The difference
between these two varieties is statistically highly sig-
nificant. The Czech varieties Krystala and Koruna are
very balanced, the three-year average being, respec-
tively, 251.8 and 252.4 mg NOg.kg_l of fresh matter. It
was also proved statistically that the Czech varieties
accumulated significantly less nitrates than Impala and
more than Ukama. Putz (1991) discovered that the level
of nitrates in early potato varieties was 120 to 150 mg
NOg.kg’1 of fresh matter.

In literature stress is often put on the fact that in-
creased concentrations of nitrates are due to N fertilisa-
tion. Neubauer, Pienz (1993) consider the control of N
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2. Influence of N doses

fertilisation, the value of Ny, in the soil and the appli-
cation of nitrification inhibitors to be important nitrate-
reducing measures. Their results indicated that the ef-
fect of increased N doses on nitrate concentrations in
tubers of very early varieties was significant (Fig. 2).
The three-year average concentration of N after apply-
ing 60 kg N.ha™! was 207.4 mg NO;.kg'l, after apply-
ing 120 kg N.ha™! it increased to 284.7 mg NO3.kg™!
of fresh matter, i.e. a 37% increase. This difference was
statistically highly significant. With increased doses of
N this situation could become even worse (Prosba-Bial-
czyk, 1996).

In our experiments we grew four varieties of very
carly potatoes on two localities differing in altitude,
sums of precipitation, soil type and temperature. The
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3. Influence of locality

climate and conditions of the locality decisively af-
fected the nitrate accumulation in tubers (Fig. 3). Lo-
calities with higher sums of precipitation, more perme-
able soils in higher altitudes appear to be more suitable
for growing potatoes of good quality and lower nitrate
concentrations. This is the case of ValeCov where the
three-year average content of nitrates in tubers reached
212.4 mg NOg.kg_l of fresh matter. In the warmer re-
gion with heavy soils and lower precipitation (Zabgice)
the average nitrate concentration in tubers for the same
period was 279.6 mg NO_;kg'l of fresh matter. This
difference (31.6%) is statistically highly significant.
Miedzobrodska et al. (1992) observed that the differ-
ence in nitrate contents in tubers in the two localities
was statistically significant, what was particularly due
to the effect of different temperatures. The conclusions
of Sikora’s (1997) experiments were the same.

The field experiments in Zabgice and Valetov were
carried out in 1995 to 1997. Significance between the
individual years was proved both in our experiments
and in experiments of authors from abroad. Grassert et
al. (1990) came to the conclusion that the effect of
specific conditions of the respective year is relevant
especially under higher average temperatures and lower
precipitation when the nitrate concentration in tubers
increases. The differences among the experimental years
(Fig. 4) were statistically highly significant. From 1995
the nitrate concentration increased, this increase being
statistically highly significant and supported by the av-
erage values measured on both localities in the respec-
tive years, i.e. 169.9, 257.8 and 310.9 mg NO3.kg™' of
fresh matter, the differences being caused by changes
in meteorological conditions, particularly by low pre-
cipitation during vegetation.

Evaluations of the effect of the time of sampling on
nitrate concentration showed that it was the highest at
the beginning of production and that during the vegetation
period it decreased. Juzl (1993) found similar results in
Prior and Impala and explained them as the result of
increasing yields. The actual average values measured
on both localities are as follows: 1st sampling 266.0, 2nd
sampling 239.8 and 3rd sampling 232.3 mg NO3.kg™!
of fresh matter. The difference between the Ist and 3rd
sampling was statistically significant giving a reduction
of 33.6 mg NO3.kg™" of fresh matter (i.c. 13%).
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4. Influence of years

CONCLUSION

Three-year results of studies of four very early po-
tato varieties (Impala, Ukama, Krystala and Koruna)
grown on two localities showed that all the factors af-
fecting the nitrate concentration in tubers (variety,
N dose, locality, influence of the conditions of the re-
spective year, climate and date of sampling) were sta-
tistically highly significant. The highest accumulation
of nitrates was observed in Impala, the lowest in
Ukama. A higher single dose of (120 kg N.kg"') con-
siderably increased the nitrate content. An important
factor is the locality, the character of the climate being
one of the most decisive factors affecting the nitrate
level in tubers. Higher altitudes with light to medium
soils a higher precipitation provided more suitable con-
ditions. The influence of the specific conditions of the
respective year was also significant and in terms of the
vegetation period early potatoes should be harvested in
the stage of physiological maturity when the nitrate
content in the tubers is the lowest. If the quality of very
early potatoes containing below-limit amounts of ni-
trates is to be high, the selection of the variety, locality,
determination of the appropriate N dose and date of
harvest are very important.
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INFLUENCE OF ENVIRONMENTAL CONDITIONS
AND WAY OF CULTIVATION ON THE REDUCING SUGAR
CONTENT IN POTATO TUBERS

VLIV PODMINEK PROSTREDI A ZPUSOBU PESTOVANI NA OBSAH
REDUKUIJICICH CUKRU V HLIZACH BRAMBOR

K. Hamouz', B. Vokal’, J. Lachman', J. Cepl®

'Czech University of Agriculture in Prague, Czech Republic
’Potato Research Institute, Havlickiiv Brod, Czech Republic

ABSTRACT: In 1995 till 1997 field trials was investigated effect of soil-climatic conditions of regions with different altitude,
variety, year of cultivation and ecological way of cultivation on reducing sugar (RS) content in fresh tuber matter. From three
years results there was determinated tendency to lower RS content in potatoes from drier and warmer low situated regions
(0.44%) in comparison with more humid and cooler traditional potato growing regions with higher altitudes in Czech Republic
(0.56%). Significant effect on RS content had variety. From four investigated varieties significantly differed Ornella (0.26%)
and Agria (0.37%) varieties with lower RS content from Santé (0.61%) and Rosella (0.72%) varieties. The greatest effect on
RS content had the year of cultivation. There were found significant differences in RS content among individual investigated
years, in which average value varied from 0.22% (1997) to 0.81% (1996). In ecological way of cultivation there was
demonstrated a definite decrease of RS content in comparison with conventional way of growing, that has varied from 8%
(1996) to 59% (1997). Difference was significant only in the 1997 year.

Keywords: potatoes; reducing sugars; conditions of environment; ecological way of growing; variety; year of cultivation

ABSTRAKT: Byl sledovédn obsah redukujicich cukri (RC) v hlizdch brambor vypéstovanych v rozdilnych pidné-klima-
tickych podminkéch tradiénich bramborafskych oblasti CR (vysSich poloh) a niZich poloh, kde doslo v 90. letech ke znadnému
nartstu ploch konzumnich brambor. Dile byl sledovén vliv ekologického zpisobu péstovani, vliv roéniku a odriidové rozdily.
Presné polni pokusy se &tyfmi odridami (obr. 2) prob&hly v letech 1995 aZ 1997 na $esti stanovidtich kaZdé oblasti, které
bliZe charakterizovali Hamouz et al. (1999). Hlizy byly po sklizni a po primérném &tyftydennim hojivém obdobi skladovany
pii teploté 5 °C po dobu 12 (v roce 1996 14) tydnu aZ do rozbori. Na obsah RC (glukozy a fruktézy) byly hlizy analyzovény
metodou podle Luff-Schoorla (Davidek et al., 1977). Byl zjidtén trend k vy$§imu obsahu RC u brambor z vy38ich poloh (obr. 1).
Souvisi to s hordi vyzrélosti hliz v dobg sklizn& (Putz, 1995), kterd se v nadich pokusech ¢astéji projevila u brambor z vy33ich
poloh jako dusledek vy3$§i nadmoiské vysky s niZsi teplotou v dob& vegetace (tab. I) a prodlouZenim vegetaéni doby. Hor3i
vyzrélost hliz z vy38ich poloh potvrzuje i jejich mensi odolnost k mechanickému poskozeni (tab. III). Vyznamny vliv na obsah
RC méla odrida. Ze &tyf pouzitych odrid nejméné kumulovaly RC odridy Ornella a Agria, u odrid Santé a Rosella byl
v porovnani s nimi zaznamenén prikazné vyssi obsah RC (obr. 2). Ponékud vy3§i hodnoty obsahu RC v hlizich z naseho
pokusu, neZ byvaji v priméru u stejnych odrid udavény, souvisi s jejich stiednédobym skladovanim pii teploté 5 °C (Poppr
et al., 1995). Nejvyraznéj§i vliv na obsah RC ze sledovanych faktori mél ro¢nik (tab. II). Jednotlivé roky se mezi sebou
prikazné liSily obsahem RC (obr. 3). Vyrazné nejvy3si obsah RC byl zji$tén v roce 1996, kdy byla zaznamenéna nejniZsi
primérna teplota za vegetaCni obdobi ze tfi pokusnych let. Nizké teploty a zejména velmi chladny mésic zéfi s primérnou
teplotou o0 2,7 °C pod trovni dlouhodobého priiméru pfi mirné nadprimérnych srazkach (tab. I) negativné ovlivnily vyzralost
hliz pfi sklizni. V tomto roce byla zji§t€na nejniZ3i odolnost hliz k mechanickému poskozeni ze viech pokusnych let (tab. III).
Naopak nizky obsah RC v roce 1997 pfi¢itime velmi teplému a suchému zévéru vegetace (tab. I). U brambor z ekologického
péstovani byl zjistén v tfiletém priméru vysledku trend k niZ§imu obsahu RC v hlizach oproti brambordam vypéstovanym
konvenéni technologii (obr. 4).

Klicova slova: brambory; redukujici cukry; podminky prostiedi; ekologické p&stovani; odriida; roénik

INTRODUCTION cause undesirable so called non enzymic browning, i.e.
caramelisation and Maillard reaction (Kadam et al.,

During the heat processing of potatoes (frying, back-  1991a). Specific sugar degradation (caramelisation) in
ing, drying) are proceeding two types of reactions that ~ which is in higher degree degrading also sucrose is

ROSTLINNA VYROBA, 46, 2000 (1): 23-27 23



according energetical demand during frying at higher
temperatures (220 °C) exerted in lesser amount. More
important for colour changes is Maillard reaction be-
tween reducing sugars (RS) and amino acids. At usual
temperatures of frying (165 to 170 °C) proceedes brown-
ing of sugars only in the presence of amino acids. More
distinctive browning is at temperatures about 100 °C in
the process of drying of potato pulp and during of long-
term storage processing performance of potato products
at usual temperature (Burton, 1989). In potatoes are
o-amino compounds only rarely a limiting factor and
therefore intensity of colour changes depends especially
on the RS content (Kadam et al., 1991a). High correla-
tion (r = —0.8965) between potato chip colour and RS
content have found Poppr et al. (1995). Rodriguez-
Saona, Wrolstadt (1997) have found that RS concentra-
tion can not completely explain or predict colour qual-
ity of chips when it was present in low concentrations
(ca < 0.06%). Multiple correlation analysis of their re-
sults have showed negative association of fructose
(r=-0.7) and glucose (r = -0.7) with potato chip colour.
From practical point of view are reactions of non-en-
zymic browning important especially for fried products.
Prevention of colour changes depends especially on
choose of suitable raw material for processing. Sup-
ported maximal RS content in potatoes for chips pro-
duction could not be higher than 0.2% and in contrary
for obtaining of desired colour could not be lower than
0.1%. In the case of potato crisps the maximal sup-
ported RS content is higher — bellow 0.8% (Kadam et
al.,, 1991b). Against these facts Burton et al. (1992)
consider for maximally acceptable level for chips 0.25 to
0.3% RS and for crisps ca 0.5% in fresh tuber matter.
RS content (especially glucose and fructose) is influ-
enced with many factors and is very closely connected
with saccharide metabolism (Manrique-Klinge, 1998).
Putz, Lindhauer (1994) have found that the amount of
RS in potatoes is highly influenced with selection of
variety, stage of maturity, and storage. Also Jakuczun
et al. (1995) confirm that the RS content is in a great
deal significantly affected by the year of evaluation, storage
temperature and genotype. Putz (1995) has obtained re-
sults showing that the content of RS decreased with
maturity. Burton et al. (1992) describe that high RS
content could be found immediately after harvest and
curing period. In many cases it however increased dur-
ing storage period. These authors arbitrarily divided
factors affecting RS content into major effects (cultivar,
maturity, storage temperature, reconditioning) and mi-
nor effects (soil composition, fertilisation, environment,
water supply). Poppr et al. (1995) have found at the end
of a storage period a negligible increase RS content at
storage temperature 8 to 10 °C but the lower storage
temperature (2 to 3 °C) was associated with a greater
accumulation of RS. Zgoérska, Frydecka-Mazurczyk
(1982) have found that in the even warm years of cultiva-
tion RS content decreased. In contrary sufficient water
supply and low temperatures during vegetation and high
nitrogen fertilising amounts sugar content increased.

24

From literature it is known that RS content is af-
fected by storage, variety, factors determinated with
weather, conditions of given locality, and the way of
cultivation. Results obtained for a concrete influence of
given factors are not always explicit. The aim of this
work was to compare RS content in potatoes cultivated
in different soil and climatic conditions of traditional
potato growing regions and lower situated regions of
CR where in 90th years was a significant increase of
areas where ware potatoes are cultivated. The other aim
was to determine effect of ecological way of cultivation
and to investigate varietal differences and effect of
a given year of cultivation.

MATERIAL AND METHODS

In 1995 to 1997 field trials on twelve localities in
CR were cultivated Agria, Ornella, Santé and Rosella
potato varieties according unique farming techniques.
Six localities were situated in lower, warmer and drier
regions with fertile predominantly loam soils (prevail
Orthic Luvisol and black Luvic Chernozem) and in this
contribution they are indicated with common term lower
regions. Other six localities were situated in higher,
cooler and more humid regions with less fertile pre-
dominantly sandy loam soils (prevails Cambisol) and
they represent traditional potato growing regions in CR.
In our contribution we have indicated them as higher re-
gions. On two localities there was besides conventional
way of potato cultivation included into the trials the
other variant — growing in accordance with ecological
way of cultivation without using of chemical protection
and industrial fertilisers. Further details and charac-
teristics of trial localities have described Hamouz et al.
(1999). Rainfalls and temperature values in investigated
vegetation periods and in the most important period for
tuber maturity is given in Tab. I. Tubers of mentioned
varieties of all localities were after harvest and an average
four week curing period storaged for 12 weeks period
(in the year 1996 for 14 weeks) at 5 °C and investigated
runningly. There were used unpeeled potato tubers of
medium size for preparation of samples. For RS content
tubers were analysed according to the Luff-Schoorls’
method (Davidek et al., 1977). For statistical evaluation
was used programme Microsoft Excel.

RESULTS AND DISSCUSION
Effect of region

From all investigated factors the region has shown
to have the lowest effect on RS content what was docu-
mented with calculated F-values in Tab. II. Potatoes
cultivated in lower regions contained in all investigated
years lesser RS amounts in comparison with potatoes
originated from higher situated regions, but difference
in RS content in potatoes from both regions was not

ROSTLINNA VYROBA, 46, 2000 (1): 23-27



. Characteristics of weather in vegetation period in the years of cultivation

X Average temperature (°C) Sum of precipitation (mm)
Year Region :
August September April-September August September April-September
LR 18.92 13.57 15.63 90.6 82.4 439.9
1995 HR 16.15 11.80 13.42 100.2 113.0 521.7
x 17.53 12.68 14.53 95.4 97.7 483.8
LR 18.23 11.10 14.57 73.3 53.1 463.5
1996 HR 16.12 9.02 12.40 97.1 69.0 490.9
x 17.18 10.06 13.48 85.2 61.1 4772
LR 19.90 13.98 15.02 46.9 29.3 391.8
1997 HR 18.02 12.70 13.12 33.6 25.6 487.9
X 18.96 13.34 14.07 40.2 27.3 439.8
LR 18.03 14.28 15.15 71.5 45.4 360.1
Long-term
average HR 15.83 11.23 12.73 83.2 522 424.7
x 16.93 12.76 13.94 77.3 48.8 392.4
LR — lower regions (average of six localities)
HR — higher regions (average of six localities)
X — average of 12 localities

11. Calculated F-values for three years results of reducing sugar con-
tent

l Regions  10.42 Varieties  37.12 Years 104.11 l|

III. Percentage of undamaged tubers (pendulum index) on pendulum
MIDAS 88 PP (average of four varieties from six localities of every
region)

; Years
Region
1995 1996 1997 average
Higher 81.65 41.73 59.33 62.90
Lower 90.75 62.65 69.20 74.20

1995

1996 1997 Average

B Lower regions OHigherregions |

1. Reducing sugar content in % of fresh tuber matter affected by
environmental conditions of region (average of four varieties from
six localities of every region)

statistically significant (Fig. 1). Our trials have shown
that in cooler and more humid conditions of higher
regions was found tendency to higher RS in potato tu-
bers. It is generally known that higher altitude and low
temperature cause prolonged vegetation period in pota-
toes and therefore in higher regions of CR we meet
often worse tuber maturity in harvest period in compari-
son with the same cultivars cultivated in lower situated
regions. This fact was found in our trials in which we
recorded in lower regions significantly higher tempera-
ture averages and lower rainfall sums during vegetation
period in comparison with higher situated regions. This
was found also in August and September when potatoes

ROSTLINNA VYROBA, 46, 2000 (1): 23-27

matured. Exceptions formed only moderately higher rain-
fall sums in lower situated regions during the end of
vegetation in 1997 year that was in both regions ex-
traordinary dry (Tab. I). Lower average tuber maturity
from higher regions demonstrates also their lesser resis-
tance against mechanical damage. This is documented
with results obtained with tests on Electronic Pendulum
MIDAS 88PP that were performed after harvest (Tab. III).
With lower tuber maturity coheres higher RS content as
it was reported by e.g. Putz, Lindhauer (1994), Burton
et al. (1992), Putz (1995) and Poppr et al. (1995).

Effect of variety

Significant effect on RS content had variety (Fig. 2).
From four used varieties in average of three years the
lowest accumulation has shown Ornella and further Agria
variety. In Agria variety difference in RS content in
comparison with Ornella variety was not significant. RS
content in Santé and Rosella varieties was significantly
lower in comparison with values determinated in Or-
nella variety and differences in both varieties were in
comparison with results obtained for Ornella and Agria
varieties significant.

Ornella and Agria varieties belong in CR to well-es-
tablished varieties for processing of qualitative fried
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4. Reducing sugar content in % of fresh tuber matter affected by way
of cultivation (average of four varieties from two localities)

chips. In spite of this fact they in our experiments did
not satisfied to the demand for maximally acceptable
RS level for obtaining of attended color. That level is
shown in range from 0.2 to 0.3% (Kadam et al., 1991b;
Burton et al., 1992) of fresh tuber mass. It could be
explicated with medium-term long period storage of our
samples at temperature 5 °C what is in accordance with
results described in literature (Poppr et al., 1995). This
storage has apparently caused certain RS content in-
crease in all varieties. Our experiments confirmed sig-
nificant effect of the variety on RS content what was
referred by many authors (Putz, Lindhauer, 1994,
Jakuczun et al., 1995; Poppr et al., 1995). Variety has
shown greater effect on RS content than region (Tab. II).

Effect of year of cultivation

From investigated factors had the most significant
effect on RS content year of cultivation (Tab. II). Indi-
vidual years have significantly differed among them-
selves (Fig. 3). Significantly highest RS content was
recorded in 1996 year, when it was reached 172% of
the value of 1995 year and 368% of the value of 1997
year. This result could be correlated with worse tuber
maturity from our experiments in 1996 year when from
three years trials was recorded the lowest average tem-
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3. Reducing sugar content in % of fresh tuber matter affected by year
of cultivation (average of four varieties from 12 localities)

perature during vegetation period and before all very
cool month September with average temperature 2.7 °C
below the level of long-term average (Tab. I). Rainfalls
in the final period of vegetation of this year were moder-
ately above long-term average. Such weather type ac-
cording Zgérska, Frydecka-Mazurczyk (1982) increases
sugar content in tubers. In 1996 year we concurrently
found the lowest tuber resistance against mechanical
damage in comparison with all other years (Tab. III).
In contrary low RS content in the 1997 year could be
attributed to very warm and dry end of vegetation, when
average month temperature in August exceeded long-
term average by 2.03 °C and in September by 0.58 °C.
Rainfalls have reached in August only 52.1% and in
September 56.4% of long-term average values (Tab. I).
Significant effect of the year of cultivation on RS con-
tent that has appeared in our experiments was in corre-
spondence with results obtained by Jakuczun et al.
(1995) and Poppr et al. (1995). Lesser meaning to this
factor has been attached by Burton et al. (1992).

Effect of ecological way of growing

In potatoes cultivated in ecological way was deter-
minated in three years average of results and in 1995
and 1996 years tendency to lower RS content. In the
1997 year was difference in RS content between these
two technologies actually significant (Fig. 4). Obtained
results could be in connection with absence of nitrogen
fertilizing in ecological variant because it is generally
known that application of nitrogen fertilizers could share
on protraction of vegetation period and delaying of phy-
siological maturity of potatoes. Zgorska, Frydecka-
Mazurczyk (1982) have determinated that high levels of
nitrogen increased sugar content in tubers.
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VLIV DUSIKATYCH HNOJIV NA ZASOBU LABILNICH
FOREM SIRY A DUSIKU V PUDE

THE EFFECT OF NITROGEN FERTILIZERS ON POOL OF LABILE
FORMS OF SULPHUR AND NITROGEN IN SOIL

J. Matula, M. Sychova, A. Drmotova

Research Institute of Crop Production, Praha-Ruzyné, Czech Republic

ABSTRACT: In incubation experiments with 45 soils from top soils of significant localities of winter rapeseed growing in
the Czech Republic the possibility of influencing the pool of labile sulphur (H,O-extractable) forms was tested by mineralizable
processes in interaction with fertilization by ammonium nitrate, urea and ammonium sulfate. Information on tested set of soils
and scheme of incubation experiments is given in Tabs. I to III. Before and after incubation of soils (three and six weeks)
concentration of total sulphur in water extracts was determined on spectrometer ICP-OES Trace SCAN (Thermo Jarrell Ash),
concentration of sulfates and mineral nitrogen forms (NO3, NHj) in H,O extracts of soil (1 : 5) was determined on analyzer
San Plus System (SKALAR). Results of incubation tests were expressed in the product of pure incubation of sulphur and
nitrogen, i.e. after reduction of the found concentration of elements before incubation and nitrogen doses, or sulphur with
applied fertilizer. The correlation relationships found among basic characteristics of tested soils and pure incubation product
are presented in Tabs. IV and V. The positive correlation was found between the content of total carbon, nitrogen and sulphur
in soil and CEC values for nitrification but there was no correlation to production of labile sulphur. No correlation was found
between soil pH and nitrification. However, the trend of negative correlation of soil pH with pure production of labile sulphur
was recorded, particularly in the variant of SA incubation (Tab. V and Fig. 1). After six-week incubation the trend of significant
correlation between starting content of the total labile sulphur in soil determined by KVK-UF diagnostic test and water (1 : 5) and
pure product of labile sulphur in soil determined spectrometrically ICP (Tab. VI and Fig. 2) was found. In the variants without
nitrogen fertilization (control) after six-week incubation a significant pure production of sulfates was found only in half of
investigated soil ranging from 0.4 to 3.4 mg S-SOZ'/kg. In the second half of soils immobilization of sulfates was rather
manifested. The possibility of low sulphur mobilization from soil pools (organic soil matter) and prevailing immobilizing
tendency and disharmony with nitrification processes should be connected with character of organic soil matter which was
marked by balanced ratio C/N (in the value 9.5 with low variability 10.9%) and much variable ratio C/S (70.6%) (Tab. II).
Behaviour of different soils in reaction to incubation and addition of N-fertilizers was markedly individual. The different
results are presented on example of six soils (Figs. 3 to 8). Marked similarity in reaction to incubation and N-fertilization was
finding within analogous soils from identical locality. Despite great individuality in reaction of different soils on addition of
N-fertilizers, the general character of depression of pure incubation product (labile sulphur forms and nitrification) to the
transition to negative values — immobilization of sulfates, that is in all soils, was found. In the variants (SA) with ammonium
sulfate immobilization of sulfates in all cases ranging from 1 to 30 mg S/kg of soil, i.e. 2 to 53% from applied dose of sulphur
in ammonium sulfate was finding. Results of incubation experiments indicate from practical aspect that in the soils of Czech
Republic no one can expect more significant contribution to nutrition of sulphur-demanding crops from mobilization of pools
of total sulphur in soil. On the contrary, immobilization of labile sulphur which was strengthened by application of N-fertilizers
was found.

Keywords: sulphur; nitrogen; soil; incubation test

ABSTRAKT: V inkubaénich pokusech byla ovéfovana moZnost mobilizace H,O-extrahovatelné siry ve 45 pudach v interakci
s hnojenim dusi¢nanem amonnym, mocovinou a siranem amonnym. Pfed inkubaci zemin a po ni byla v H,O-extraktech
stanovena koncentrace siry na spektrometru ICP-OES a SO%“, NO;, NHj na analyzétoru Skalar. Byla zji§téna korelace mezi
obsahem celkového uhliku, dusiku, siry v pidé a nitrifikaci, ale nebyl nalezen Zadny vztah k produkci H,O-extrahovatelné
siry. Po Sestitydenni inkubaci zemin bez hnojeni dusikem byla zji§téna produkce siranii pouze u poloviny ptd v rozpéti 0,4 aZ 3,4 mg
S-SOg_lkg. Pfes zna¢nou individudlnost v reakci pid na dusikaté hnojeni byl zjitén obecny trend deprese nitrifikace a pro-
dukce labilnich forem siry aZ imobilizace siranti. Po aplikaci (NH,),SO,4 dochézelo k imobilizaci sirani u viech pid v rozpéti
hodnot 1 az 30 mg S/kg pudy, tj. 2 aZ 53 % z aplikované davky siry v siranu amonném. Z praktického pohledu vysledky
inkuba&nich experimentt indikuji, Ze v piiddach CR nelze pocitat k vyzivé plodin niro¢nych na siru s vyznamng&j§im pfispév-
kem z mobilizace zdsob celkové siry v pudé, zvIasté pii soucasné aplikaci dusikatych hnojiv.

Kli¢ovi slova: sira; dusik; plida; inkubalni testy
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Sira je dualeZita hlavni Zivina. Naroky jednotlivych
zem&délskych plodin jsou zna¢né rozdilné a pohybuji
se v rozpéti 10 az 90 kg S/ha. Ve srovnéni s nirokem
zemé&délskych plodin na fosfor potiebuji brukvovité
plodiny tfikrat vice siry neZ fosforu. U leguminéz je
narok vyrovnany a obilniny vyZaduji o tfetinu mén¢ si-
ry neZ fosforu (Jones et al., 1991). VyZivé a hnojeni
zemé&d&lskych plodin sirou se aZ doneddvna nevénovala
patfi¢na pozornost, nebot se predpoklddal dostatecny
pfivod siry do pidy v tzv. balastni sloZce béZnych hno-
jiv a pesticidd, ¢i z imisi, hlavné po spalovani fosilnich
paliv v tepelnych elektrarnach.

Ve vétsiné pud je pfevazna Cast celkového obsahu
siry soucasti organické ptdni hmoty. Tabatabai (1982)
uvadi hodnotu prevySujici 95 % pro pidy humidnich
a semihumidnich regioni. Sira v pidé se tak v mnoha
rysech podobé dusiku. Podle naSich poslednich Setfeni
se obsah celkové siry v naSich pidéach nejcastéji pohy-
buje v rozmezi 85 az 250 mg S/kg. V jarnim obdobi
stanovujeme po zimé v naSich pidach obsah aktualné
dostupné siry pro rostliny ve formé siranii nejcastéji
v rozmezi hodnot 4 aZ 13 mg S/kg zeminy ornice (Ma-
tula, 1999), coZ je pro naro¢né plodiny ziejmé ne zcela
dostateCny obsah. Je otazkou, do jaké miry maZe mine-
ralizace organické hmoty v naSich padach pfispét k vy-
Zivé porostl sirou, a to zvlasté v obdobi intenzivniho
ristu naroénych plodin. Informace o vyskytu deficitu
siry u naro¢nych plodin v Evropé pochézeji prevazné ze
severnich oblasti Evropy (McGrath et al., 1994; Schung,
Haneklaus, 1994; Siman, 1994; Withers et al., 1995).

Cilem naSeho vyzkumu bylo zjistit, do jaké miry
mohou mineralizaéni pochody pfispét k dopliiovani zaso-
by labilnich (H,O-extrahovatelnych) forem siry v naSich
pudach pii soucasném stavu hospodareni na pudé. Jeli-
koZ jaro je stéZejnim obdobim hnojeni zemédélskych
plodin (fepky, pSenice) dusikem, zajimali nas i piipad-
né interakce s dusikem, resp. jakym smérem muzZe du-
sikaté hnojeni ovlivnit i pfemény siry v naSich pudach

z hlediska zabezpeceni vyZivy porostil sirou. O chovani
a zméndch labilnich forem siry v naSich pidéch neexis-
tuji prakticky Zadné informace. K tvodnimu vyzkumu
jsme zvolili metodu inkubacnich test za fizeného teplot-
niho a vlahového reZimu na pestrém souboru pid z te-
ritoria CR.

MATERIAL A METODY

Padni vzorky k inkubanim pokusim byly odebirany
z ornic zem&dé&lsky obhospodafovanych pozemku
v 11 lokalitach, pfevazné z vyznamnych oblasti pésto-
vani ozimé fepky, v prib&hu biezna aZ prvni poloviny
dubna 1998. Seznam lokalit a pocet odebranych pid-
nich vzorku z jednotlivych pozemku je uveden v tab. 1.

Po zékladni upravé pidnich vzorkit (vyschnuti na
vzduchu, homogenizace, proseti pfes 2mm sito) byly
zeminy analyzovany na obsah Zivin (S, K, Mg, Ca, P,

I. Pavod a pocet pidnich vzorki pokusného souboru — Origin and
number of soil samples of experimental set

Lokalita'
(n=11)

Dolany u Néchoda

Horni Police

Potet vzorki?

Kolove¢

Kravafe v Cechach
Novy Jicin

Pust&jov

Ruzyné

Senozaty (Pelhfimov)
Slapy u Tibora
Suchdol (Kutnd Hora)

Y N N R VR G O O N R

Svibenice na Hané
z

'S
w

lk)cnlityv Znumber of samples

II. Charakteristika pouZitého souboru pid (n = 45) — Characteristics of the used set of soils (n = 45)

AL Popisnd statistika®
X medidn min max smérodatnd odchylka® | variabilita® (%)

G (elkg) 13.8 124 8.6 384 50797 36,8
(o (glkg) 13,5 12,1 9.8 36,2 43640 328
Niacs (g/kg) 1,44 1,31 091 34 0,4340 30,1
. (g/kg) 153 135 34 563 84,0664 549
sto-soﬁ- (mg/kg) 8,6 6,3 1,3 48,34 7,2311 84,1
C/N 9,54 9,42 15 12,4 1,0409 10,9
C/S 108,98 88,52 53 506 76,9096 70,6
N/S 11,105 9,449 6,04 42,65 6,3000 56
KVK (mmol+/kg) 142 127 76 250 46,2410 32,6
pH/KCI 5,95 6 4,2 T2 0,8223 13,8

!characteristics, “descriptive statistics, *standard deviation, *variability

30
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I11. Schéma inkubacnich testi — Scheme of incubation tests

s N'g Doba
E 3 Popis® inkubace*
E g (tydny*)

1A K kontrola bez N-hnojeni® 3

1B K kontrola bez N-hnojeni 6

2A M 50 ppm N v mogoving’ 3

2B M 50 ppm N v mocoviné 6

3A DA | 50 ppm N v dusi¢nanu amonném® 3

3B DA 50 ppm N v dusi¢nanu amonném 6

4A SA 50 ppm N v siranu amonném’ 3

4B SA 50 ppm N v siranu amonném 6

2 2 = 3 N6 i £ A s
Yvariant, 2marking, *description, *incubation period, *wecks, “control
. Py . . . . . 9.
without N-fertilization, "in urea, %in ammonium nitrate, *in ammo-
nium sulfate

Mn a B) ve vodném extraktu (20 g zeminy + 100 ml
H>0; po 1h tfepéni na rotacni tfepacce a ndsledné cen-
trifugaci) a v extraktu KVK-UF, v¢etné stanoveni hod-
noty kationtové vyménné kapacity (Matula, Pirkl, 1988).
Dile byl v pidéch stanoven obsah celkové siry, dusiku
a uhliku na analyzatoru LECO CNS-2000 a obsah orga-
nického uhliku oxidacnim postupem (Sims, Haby, 1971).
Charakteristiky pouZitého souboru pud jsou uvedeny
v tab. IL

S kolekci zemin byly zakladany inkubacni testy
v délce trvani tii a Sest tydnt podle schématu uvedené-
ho v tab. IIL. Teplotni rezim inkubace byl: 16 h 20 °C;
8 h 15 °C. KaZda varianta byla zaloZena v trojndsobném
opakovani. Vlhkost pidniho vzorku byla udrzovana ko-
lem polni vodni kapacity, ktera byla stanovena vypoc-
tem pro kazdou zeminu na zakladé experimentalné zjis-
téného vztahu polni vodni kapacity k hodnoté sorpcni
kapacity pady (KVK):

ml H,0/20 g zeminy = KVK (mmol+/kg)®>* 0,288

Po terminech inkubace ((fi a Sest tydnt) byly zeminy
variant extrahovany vodou (1 : 5). V extraktech byla
stanovena koncentrace celkové siry na spektrometru

ICP-OES Trace SCAN (Thermo Jarrell Ash), koncen-
trace siranti a minerdlnich forem dusiku (NO3, NHZ) na
analyzdtoru San Plus Systém (SKALAR). Detekce siry na
spektrometru ICP v sob& navic oproti stanoveni na auto-
analyzatoru Skalar zahrnovala i pfipadny obsah H,0O-extra-
hovatelnych organickych substanci.

Vysledky inkubaénich testi byly vyjadieny v produktu
Cisté inkubace siry a dusiku, tj. po odpoctu zjiSténé kon-
centrace prvki pred inkubaci a davky dusiku, popfipadé
siry s aplikovanym hnojivem. Ke zpracovani experimental-
nich vysledki bylo pouZito statistického programu GrafPad
PRISM, CA, USA, version 2.0 a Microsoft Excel 97.

VYSLEDKY A DISKUSE

Zjisténé Kkorela¢ni vztahy mezi zédkladnimi charak-
teristikami testovanych pud (obsah celkového C, N a §,
sorp¢ni kapacita a pH pudy) a Cistym inkubacnim produk-
tem (nitrifikace, produkce celkové labilni siry [stanovené
ICP] a sirany) jsou uvedeny v tab. IV a V.

Byl zjiStén kladny tésny vztah mezi obsahem celkové-
ho uhliku, dusiku a siry v pid€ k nitrifikaci, ale Zadny
vztah k produkci labilni siry. Obsah uhliku stanoveny oxi-
dacnim postupem (Sims, Haby, 1971) vykazoval tendenci
t€snéjsi korelace s nitrifikaci nez celkovy uhlik stanoveny
analyzatorem LECO.

Dile byla shledana vyznamna korelace mezi kationto-
vou vyménnou sorpcni kapacitou pady a nitrifikaci. Toto
zjisténi se zda byt logické v souvislosti s obecné znamym
kladnym vztahem mezi obsahem jilovych minerdli a ob-
sahem organické padni hmoty, které jsou podstatou sorpc-
ni schopnosti pad.

Dosti piekvapujici byl nepriikazny korelacni vztah me-
zi pudni kyselosti a nitrifikaci, pfestoZe na$ soubor pid
vykazoval znacné rozpéti hodnot pH (0,2 M KCl) od 4,2 az
do 7,2. Byl vsak registrovan zaporny trend korelatniho
vztahu mezi pH pudy a Cistou produkei labilni siry (tab. V),
zejména ve varianté inkubaéniho pokust (SA) s pridav-
kem dusiku ve formé siranu amonného. Korela¢ni bodové
pole a trendy vztahu mezi pH pudy a cistou produkei la-
bilni siry u varianty se siranem amonnym jsou uvedeny
na obr. 1. Pfi¢ina jevu by mohla souviset s okyselujicim

IV. Vztahy mezi zdkladnimi charakteristikami testovanych pud a &istym produktem nitrifikace (korelacni koeficienty, n = 45) — Relationships
between basic characteristics of tested soils and pure nitrification product (correlation coefficients, n = 45)

Dob('.:y'lg:;?)ace' Viisgitad (o (Sims, HCzA‘gy. 1971) NLeco Steco KVK pH/KCI

K 0,7416 0,7532 0,7984 0,7134 0,5620 0,0305

3 M 0,6645 0,7752 0,7549 0,6835 0,4708 0,1311

DA 0,6916 0,7606 0,7748 0,6514 0,5167 0,1846

SA 0,6189 0,7191 0,6979 0,5637 0,4853 0,3460

K 0,7223 0,7049 0,7619 0,6871 0,5793 -0,0388

6 0,7154 0,7658 0,7628 0,7334 0,5136 -0,0698

DA 0,7782 0,8042 0,8020 0,7449 0,5753 0,0133

SA 0,7439 0,8332 0,7949 0,7641 0,5365 0,0984

lincubation period, weeks, “variant
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V. Vztahy mezi zdkladnimi charakteristikami testovanych pid a istym produktem mineralizace siry (korelacni koeficienty, n = 45) —
Relationships between basic characteristics of tested soils and pure product of sulphur mineralization (correlation coefficients, n = 45)

e y,'g:f;?;‘“l Zpisob, | varianta® |  Cieco Cos Nigoo - KVK pH/KCI
K -0,1350 -0,0652 -0,0918 -0,1841 0,1603 0,2147
3 Icp M -0,1092 -0,0912 -0,1338 -0,2493 0,1441 0,3267
DA -0,0092 -0,0635 -0,0851 -0,2783 0,2781 0,4752
SA -0,0259 -0,0469 -0,0471 -0,2620 0,0976 0,5017
K -0,0394 0,0170 -0,0754 -0,1773 0,0431 0,3566
3 Skalar M 0,0630 0,1137 0,0152 -0,1218 0,1015 0,4247
DA 0,1118 0,1561 0,0577 -0,0778 0,1058 0,4377
SA 0,2147 0,1764 0,1451 -0,0796 0,0777 0,5634
K 0,0146 -0,0601 -0,0228 -0,1835 0,2779 0,2583
6 ICP M -0,0329 -0,0979 -0,0961 -0,2165 0,1521 0,3040
DA 0,02449 -0,0783 -0,0438 -0,2059 0,1742 0,3227
SA -0,0765 -0,0992 -0,1427 -0,2206 -0,0040 0,3613
K -0,0034 -0,0116 -0,0932 0,0467 -0,1058 0,1346
6 Skalar M -0,0356 -0,0206 -0,1207 0,0600 -0,1513 0,1406
DA 0,0045 0,0063 -0,0627 0,0847 -0,0933 0,0218
SA 0,1343 0,0435 -0,0404 -0,2705 0,0835 0,619
lincubation period, Zweeks, *detection method, *variant
(mg S/kg) (mg S/kg)
25 3
SA (3t: IcP) 2 %
y=3,7617x- 15,148 o (K)
R2=02517 1 R o y =-0,0725x + 0,8366 5% |
i o 04 o R?=0,2991
{ o M |
P) SA (6t: IP) 0¥ [
y = 4,0696x - 20,014 A DA |
R?=0.1305 Linearni

ar)

SA (3t; Skatar)
y =3,2746x - 31,246

R?=0,3174
SA (6t; Skalar)
y = 4,666x - 38,9
R?=0,3835
35 4 45 5 55 6 65 7 75 8
pH (0,2 M KCI)

L. Vztah mezi pH pidy a Cistym produktem inkubace siry (mg S/kg)
u varianty SA (n = 45) — Relationship between soil pH and pure
product of sulphur incubation (mg S/kg) in the variant SA (n= 45)

Vysvétlivky k obr. 1 aZz 8 — Explanations to Figs. 1 to 8:
osa y: gisty produkt inkubace — y axis: pure product of incubation

osa x: varianty inkubacniho pokusu — x axis: variants of incubation trial

K = kontrola bez N-hnojeni — control without N-fertilization
M = mocovina - urea

DA = dusi¢nan amonny — ammonium nitrate

SA = siran amonny — ammonium sulfate

efektem dusikatych hnojiv v pidé, zv1asté po siranu amon-
ném, a s naslednou depresi biologické aktivity pid.

Po Sestitydenni inkubaci byl zji§tén trend vyznamné
korelace mezi vychozim obsahem celkové labilni siry v pi-
dé, extrahované metodickymi postupy KVK-UF a vodou
(1 :5), a Cistym produktem labilni siry v pudé stanove-
nym spektrometricky ICP. Vysledky korelacnich vztahti
jsou uvedeny v tab. VI a na obr. 2.
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5 R?=0,3255 i
y=-0,0928x + 0,3157 ,
s R?=0,3101 o
7
5 10 15 20 25 30 35 40 45 SO S5

KVK-UF (mg S/kg)

2. Vztah mezi pidnim testem KVK-UF a &istym produktem inkubace
siry (mg S/kg) po Sesti tydnech (detekce siry ICP) — Relationship be-
tween soil test KVK-UF and pure product of sulphur incubation (mg
S/kg) after six weeks (sulphur detection ICP)

extrakce siry vodou — sulphur extraction by water
Scclk - Slol

detekce ICP — detection ICP

inkubace: 3 a 6 tydni — incubation: 3 and 6 weeks
nitrifikace — nitrification

Na variantach bez hnojeni dusikem (kontrola) po Ses-
titydenni inkubaci byla zji$téna prikazné &istd produkce
siranti pouze u poloviny sledovanych ptd. Z toho vyznam-
néjsi produkce byla stanovena pouze ve &tyfech piipa-
dech, a to v rozmezi 2,3 a7 3,4 mg S-SOZ /kg. U zbytku
ptd produkujicich sirany se Cista produkce pohybovala
v rozmezi nizkych hodnot (0,4 az 1,5 mg S/kg). U druhé
poloviny pud se spie projevovala imobilizace sirand.
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VI. Korelace mezi vychozim obsahem labilni siry v pidé a istou produkei siry po Sesti tydnech inkubace (korelacni koeficienty, n = 45) —
Correlations between starting content of labile sulphur in soil and pure sulphur production after six weeks of incubation (correlation

coefficients, n = 45)

Vychozi stav' Varianty” (inkubace 6 tydni?®; detekce ICP)

Padni test® K M DA SA
KVK-UF, detekce ICP -0,5469 -0,5705 -0,5569 -0,4131
Voda (1 : 5), detekce ICP -0,5601 -0,6053 -0,5562 -0,3479
Voda (1 : 5), detekce Skalar -0,5487 -0,6048 -0,560 -0,3392

'staning state, variants, incubation 6 weeks, “detection, *soil test

(mg S/kg; mg N-NOs.2/kg)

(mg S/kg; mg N-NO3.2/kg)

15 25
Extrakce siry vodou G
10 Extrakce siry vodou
g : Bea L e
-50," detekce ICH 2
. A (detel P) — o S-S0, mf::k‘m Inkubace
@3 tydny In 3 tydny
06 tydnu 06 tydnu
5
o [ ay - '
K M D K M DA SA

Nitrifikace

3. Vysledky analyz po inkubaci zeminy ze stanovi$té Pust&jov, pida
Pustéjov 5 — Results of analyses after soil incubation from the
Pusté&jov site, soil Pustéjov 5 (pH/KCI 6,6; KVK 117 mmol+/kg; C; gco
11.2 g/kg; Nigco 1,27 gke: Seco 121 mgke; Sy o-icp 8,6 mg/ke)

(mg S/kg; mg N-NOs.2/kg)

Nitrifikace

4. Vysledky analyz po inkubaci zeminy ze stanovi§té Kravare, pada
Kravafe 6 — Results of analyses after soil incubation from the Kravafe
site, soil Kravare 6 (pH/KCI 6,06; KVK 76 mmol+/kg; C; gco 10 g/kg;
Nygco 1,05 g/kg; Spgco 117 mglkg; SHzo_lcp 10,6 mg/kg)

(mg S/kg; mg N-NO,.2/kg)

20
Extrakce siry vodou

15
Scell(.

10

(detekce ICP)

Inl

35
30 SPE— | PSS,
Extrakce siry vodou
25
20 |—
15 scelk. .
.50, (detekce ICP) Inkubace
10 . 1 | |@3tydny |
5 - | |06 tydnu
I - R |
K M DA SA| K M DA SA
Nitrifikace
15 =

5. Vysledky analyz po inkubaci zeminy ze stanovi$té¢ Suchdol
u Kutné Hory, pida Suchdol KH 2 — Results of analyses after soil
incubation from the Suchdol near Kutna Hora site, soil Suchdol KH 2
(pH/KCI 5,9; KVK 164 mmol+/kg; Cipeo 10,4 g/kg: Nigeo
1,16 g/kg: Sygco 115 mg/kg; SHzo,lcp 6,8 mg/kg)

O nizké mineralizaci siry v nddobovém pokusu s péti
danskymi pidami referuji Eriksen et al. (1995), ktefi
uvadéji hodnoty mineralizace v rozmezi 3,3 aZ 6,7 mg
S/kg pudy za cely rok. Jde o mnoZstvi mineralizované
siry, které je nedostate¢né pro korekei S-deficitu na sta-
novisti.

MoZnost malé mobilizace siry z pidnich rezerv (or-
ganické pudni hmoty) a pfevazujici imobilizaéni trend
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B3 tydny
06 tydni
K M DA SA

Nitrifikace

6. Vysledky analyz po inkubaci zeminy ze stanovi§té Svibenice na
Hané, pida Svibenice 1 — Results of analyses after soil incubation
from the Svdbenice na Hané site, soil Svibenice 1 (pH/KCI 6,8;
KVK 196 mmol+/kg; Cigco 17,2 g/kg; Nygco 145 g/kg; Sieco
34 mg/kg; Sy,o-icp 6,9 me/kg)

u naSeho souboru pud, resp. nesoulad s nitrifikadnimi
pochody byly ponékud neocekavanymi vysledky oproti
vychozim predpokladim. Podstata téchto vysledkl by
mohla souviset s charakterem organické pudni hmoty.
V nasem souboru ptid byl zjiitén velmi stabilni pomér
mezi C/N v hodnoté 9,5 s malou variabilitou (10,9 %).
Naproti tomu pomér C/S 70,6 % byl velmi variabilni
(tab. II).
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(mg S/kg; mg N-NOs.2/kg)
25

| |
Extrakce siry vodou
15— =
10— scalk. R g . _
il S-SO.z‘ (detekee ICP) HiEE e
) S - : 3 tjony
5@@@ EKIWK M DA (D8 tydnar|
-10
Nitrifikace
-15 =]
-20

7. Vysledky analyz po inkubaci zeminy ze stanovisté Kolovec, pida
Koloved 1 - Results of analyses after soil incubation from the
Kolove¢ site, soil Kolove¢ 1 (pH/KCI 4,7; KVK 118 mmol+/kg;
Creco 141 g/kgi Nigeo 1,27 g/kg; Spgeo 179 me/kg: Sy o-ice
9,2 mg/kg)

Choviéni jednotlivych pad v reakci na inkubaci a pfi-
davek dusikatych hnojiv byl zna¢né individudlni. Ukaz-
ka jednotlivych vysledka je uvedena na prikladu Sesti
pud (obr. 3 az 8). Zamérné byly vybrany pudy se zfej-
mou moznosti Cisté mobilizace siry z padnich rezerv,
resp. pudy s vyloZené silnou imobiliza¢ni tendenci. Znac-
na podobnost v reakci na inkubaci a dusikaté hnojeni
byla zjiStovana v ramci obdobnych pid ze stejné lokality.

Pies znacnou individudlnost v reakci jednotlivych pid
na pridavek dusikatych hnojiv byl zji§t€n obecny rys
deprese Cistého produktu inkubace (tj. mobilizace labil-
nich forem siry a nitrifikace) u vSech pid. U ptid s moz-
nosti produkce sirani do$lo k vyraznému poklesu az
k pfechodu do zépornych hodnot, resp. k imobilizaci
sirand. U pud s imobilizaéni tendenci pfidavek dusika-
tych hnojiv tuto tendenci jesté vice zesiloval.

U variant se siranem amonnym byla zji§tovana imo-
bilizace siran ve vSech piipadech, a to v rozpéti hod-
not 1 az 30 mg S/kg pudy, tj. 2 aZ 53 % z aplikované
davky siry v siranu amonném. NejbéZnéji (v Cetnosti
84 % piipadi) se imobilizace sirani pohybovala v roz-
mezi 9 aZ 32 % z aplikované davky siry v siranu amon-
ném. Rozdily v obsahu siry ve vodnim extraktu na ana-
lytické koncovce Skalar (sirany) a ICP spektrometru
(celkovy obsah labilnich forem siry) nasvédéuji, Ze do-
dana mineralni sira interferuje s celkovym obsahem si-
ry v organické pidni hmoté a labilni formy siry jsou
bezprostiedné zapojovany do transformaci organické ptd-
ni hmoty. MoZnost rychlého a vyznamného zapojovani
labilni siry do volné organické slozky pudy (béhem 8 az
14 dni) uvadi Eriksen (1997). Zabudovavani a redistri-
buce do organické ptidni hmoty propojené s mineralni
slozkou pidy je pozvolnéjsi (Eriksen, 1997).

Z praktického pohledu vysledky naSich inkubaénich
pokust indikuji, Ze v naSich pudéch nelze pocitat s vy-
znamnéjSim prispévkem k vyZivé plodin narocnych na
siru z mobilizace z4sob celkové siry v pudé. Naopak,
v naSem souboru pud byl ve zna¢ném rozsahu zjistén
imobilizacni trend labilni siry, ktery byl zesilovan apli-
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8. Vysledky analyz po inkubaci zeminy ze stanovi§té SenoZaty, pida
SenoZaty 7 — Results of analyses after soil incubation from the
Senozaty site, soil Senozaty 7 (pH/KCI 5,1; KVK 113 mmol+/kg;

Cieco 13,6 g/kg; Nigco 1,71 g/kgs Speco 248 mg/kg: Sy,o-icp
6,9 mg/kg)

kaci dusikatych hnojiv. Vnos mobilniho aniontu SOﬁ'
do pidy miZe byt i ve zna¢né mife a v kratké dobé
imobilizovan, resp. biologicky sorbovan.

Podékovani

Vyzkum byl umoznén finan¢ni podporou NAZV
v ramci projektu EP0960006472 a GACR 521/99/0470.
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VLIV SIRANOVYCH A CHLORIDOVYCH DRASELNYCH
HNOJIV NA ELUCI VAPNIKU Z PUDY

THE EFFECT OF SULFATE AND CHLORIDE POTASSIUM FERTILIZERS
ON ELUTION OF CALCIUM FROM SOIL

S. Kuzel, L. Kolar, R. Ledvina

University of South Bohemia, Faculty of Agriculture, Ceské Budéjovice, Czech Republic

ABSTRACT: Anion of potassium fertilizer has an effect on calcium elution from soil only at extremely high doses of fertilizer
(over 600 kg.ha") when an inhibitory sulfate anion K,SO, starts to be manifested against CI” of potassium salt. On the
contrary Ca”* elution is dependent on CaCO4 amount from soil as well as on the dose of potassium fertilizer. The main source
of mobile Ca®* which is eluted from soil is the reaction: CaCO; + H,0 + CO, & Ca®* +2 HCO;. The elution is not dependent
on temperature and partial pressure of CO,, but it is dependent on CO, amount in soil, that is on microbial activity of soil
and primary organic matter in soil.

Keywords: elution of calcium; types of potassium fertilizers; dose of fertilizer; partial pressure of CO,; organic matter;
microbial activity; CaCO; content in soil

ABSTRAKT: Aniont draselného hnojiva ma na eluci vapniku z pidy vliv aZ pfi extrémné vysokych davkédch hnojiva (nad
600 kg‘ha_'), kdy se za¢ina inhibi¢né projevovat siranovy aniont K,SO, proti CI™ draselné soli. Eluce Ca®* je naopak zdvisla
na mnoZzstvi CaCO; v piidé a na ddvce draselného hnojiva. Hlavnim zdrojem mobilniho Ca™, ktery je eluovén z pudy, je
reakce: CaCOj + H,0 + CO, < Ca** +2 HCO;. Eluce neni zévisld na teplot€ ani parcidlnim tlaku CO,, av8ak je zévisld na
mnozstvi CO, v pidé, tedy na mikrobidlni aktivité piidy a primarni organické hmoté v pudé.

Klicova slova: eluce vépniku; typy draselnych hnojiv; davka hnojiva; parcidlni tlak CO,; organickd hmota; mikrobidlni

aktivita; obsah CaCO; v pidé

UvVoD

Cilem préce bylo standardizovat pokusné podminky
pro eluci vépniku a vySetfit vliv KCl a K,SO4 na jeho
mobilitu v padé v zdvislosti na druhu a ddvce hnojiva,
obsahu CaCO; v piidg, resp. na teploté a parcidlnim tla-
ku CO, a rovnéZz ovéfit vyznam mikrobidlni aktivity
pidy a obsahu primérni organické hmoty v pade.

Mobilitu vapniku v pidé, a tim i jeho eluéni mnoZstvi
vétSinou prednostné ovliviiuje vratna reakce: CO, + H,O
+ CaCOj3 < Ca?* 4.2 HCO3. Jeji rovnovéhu uréuje
koncentrace CO,, ktery je oznaCovan jako CO, rovno-
vazny, protoZe udrzuje vodorozpustny Ca(HCOj),
v roztoku (Pitter, 1981). Z toho vyplyva pfimd zavis-
lost mobility ptidniho vapniku na mnoZstvi CO, v pudg,
tedy na jeji mikrobialni aktivité a na podminkéch, které
Ji pfiznivé ovliviiuji, tj. na optimélni vlhkosti, optimal-
nim pH, dostatku energetického substratu, tj. primarni
organické hmoty v pudé. Po aplikaci draselnych hnojiv
do pudy pfi jejich dobré rozpustnosti ve vodé dochézi
k rychlé elektrolytické disociaci a uvolnéné anionty CI~
a SO3~ ovlivituji pravdépodobné mobilni Ca®* velmi
rozdilng. Zatimco SO(Z{ tendenci k tvorbé& povlaki CaSO,
s omezenou vodorozpustnosti mohou mobilitu Ca?*
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sniZzovat, anionty CI™ tvorbou velmi dobfe vodorozpust-
ného a dokonce silné hygroskopického CaCl, mohou
mobilitu Ca>* naopak silné zvySovat, pfi¢emZ mobilita
pudniho drasliku dva- aZ Sestkrat vzroste.

Vzhledem k tomu, Ze primérné celkové obsahy vap-
niku v pudach leZzi v intervalu 0,07 az 50 % a celkové
obsahy drasliku v intervalu 0,01 aZ 3,7 % (Benes§, 1993)
a draselna hnojiva jsou vodorozpustna, je ziejmé, Ze
v mobilnim vztahu Ca — K pfi draselném hnojeni bude
dominantnim faktorem mira a rychlost tvorby iontové-
ho Ca®*, at u? z uvedené reakce & uvolnénim ze sorp¢-
niho pudniho komplexu [Fiedler, Reissig (1964) tvrdi,
Ze iontovyménna kapacita pad je z 50 aZ 90 % nasyce-
na véapnikem, Sirovy (1967) povaZuje za idealni 65 %],
nebo nové vzniklého ptdotvornymi procesy z neroz-
pustnych forem vapniku, ptidotvorného substratu &i ji-
nych zdroji. Takovym vyznamnym zdrojem je napf.
atmosféricky spad (Podzimek et al., 1973). MnoZstvi
vyménného vapniku v pidéch lezi v Sirokém intervalu
400 az 4000 mg.kg'l (Finck, 1969) a je pravdépodobné,
Ze také dalsi zdroje budou velmi variabilni. MnoZstvi
vyplaveného vapniku z pidy za rok se pohybuje v $iro-
kém intervalu 9 az 50 kg Ca.ha™! (Scheffer, Schacht-
schabel, 1976). Jini autofi uvadéji mnohem vyssi hod-
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noty, aZ stovky kg (Silar, 1979). V CR byl odhad ro¢-
nich ztrat vapniku z pudy také vyssi, ¢inil 130 kg.ha'l
(Silar, 1976, 1979).

Eluce vapniku z pudy vlivem silné rozpustného
CaCl, je velmi vyznamné brzdéna samotnymi rostlina-
mi, které pfijimaji CI™ rychle (asi dvakrat rychleji nez
SO%') a ¢asto v obdivuhodném mnozstvi. Nadzemni or-
gany zemédélskych plodin obsahuji v susiné 3 az 30 mg
Clg™! (Mayr, Kiihn, 1969). Rychlost pfijmu K* a CI”
rostlinami je zhruba stejna, a proto draselné soli jsou
z hlediska fyziologické kyselosti neutralni (Silar, 1975).

MATERIAL A METODY

Rozpustnost soli ve vodé uvadi pro orientaci tab. 1.
Pokusnou zeminou byla jemnozem ornicni vrstvy pisci-
tohlinité kambizemé pseudoglejové na kyselé vyvieling,
jejiz analyza je uvedena v tab. II. Tato zemina byla
obohacena sraZzenym CaCO; ve dvou variantich
(0,1 a 1,0 hm. % k su§ing). Vliv mikrobialni aktivity byl
sledovan také ve dvou variantach, ve vzorcich s ptivodni
mikroflérou podpofenou pfidavkem 1 hm. % peptonu
a 2 hm. % glukézy a ve vzorcich sterilizovanych. Jako
zdroj primarni organické hmoty slouZila smés jemné mle-
té vojtéskové mouky a fosforecného esteru bramborového
$krobu AMYLEST (Skrobérny Cervena Regice) v pomé-
ru 4 : 1, ktera byla davkovana v mnozstvi 0 az 5 hm. %.
Pokusy probéhly v chromatografickych kolonkach priméru
24 mm s vySkou sloupce zeminy 126 mm technikou ob-
vyklou pfi sloupcové chromatografii. Nesterilizované va-
rianty byly zvlhéeny na 50 % reten¢ni vodni kapacity na-
satim prevafené destilované vody a umistény do
termostatu pii 28 °C na dobu 30 dnii s moZnosti kontaktu
s ovzdu$im termostatu, jehoZ relativni vlhkost pfi dané
teploté byla 98 %. Vzorky sterilizované fady byly chemic-
ky sterilizovany prosdvanim par metylbromidu a formalde-
hydu pfi teploté 28 °C a pro§ly mikrobiologickou kontro-
lou. Poté byly sterilné zvlhéeny stejné jako vzorky
nesterilizované a rovnéz uloZeny na 30 dnd do termostatu
pfi 28 °C jen s tim rozdilem, Ze byly v téchto podminkéch
v sterilizovanych neprody$nych pouzdrech.

Po mésicni inkubaci byl na povrch zeminy v kolon-
kach sterilné vpraven roztok hnojiva ve dvou variantich
(0,01 a 0,1 hm. % hmotnosti suSiny zeminy v kolon-
kach pro variantu s KCI i K,80,). VSechny varianty,
sterilované i nesterilované, s 50% zvlhéenim podle jejich
retencni vodni kapacity, byly poté dokonale zbaveny
zbytku vzduchu nasatim destilované vody (resp. destilo-
vané vody s rozpusténym CO,) zdola, resp. ve sterilnich
podminkach pfi pisobeni vakua shora, samoziejmé pri
lamindrnim toku. Po tomto oSetfeni byly vSechny va-
rianty je$té tyden inkubovany za stejnych podminek.

Po inkubaci byly kolonky umistény do podtlakového
zafizeni a pfi teplotach 10, 18 a 25 °C rychlosti 30 ka-
pek za 1 min (regulace vypustnymi kohouty kolonek)
byly kolonky eluoviany celkem 500 ml destilované vody
tak, aby nad povrchem zeminy v kolonce byl stale slou-
pec vody 10 az 20 mm vysoky. Naplni kolony procha-
zel jen lamindrni proud, nikoliv turbulentni.
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Ve variantich, ve kterych byl sledovén vliv parcial-
niho tlaku CO, na eluci vépniku, byly kolonky pfed
tydenni inkubaci pfi vytésnéni vzduchu z naplné zaplnény
vodou s analyticky stanovenym riznym mnoZstvim
CO, a tato voda byla pouzita také pro eluci véapniku,
v téchto variantach bez pouziti podtlaku. Vyska pudni-
ho sloupce v kolonkéch byla sniZena zhruba na tfetinu.

Prepocet koncentrace CO, v elu¢ni vodé na jeho par-
cidlni tlak uvadi tab. III. Eluovany Ca®* ve vyluzich byl
stanoven atomovou absorb¢ni spektrofotometrii na pfi-
stroji VARIAN SPEKTR AA-200.

Matematicko-statistické zpracovani vSech vysledka
s pétinasobnym opakovanim bylo provedeno Lordovym
testem, vhodnym pro maloprvkové soubory z hlediska

I. Rozpustnost soli ve vodé, vyjddiend koncentraci nasyceného roz-
toku soli pfi 10 °C v hmotnostnich procentech (Kolektiv VUMCHP,
1953) — Solubility of soils in water expressed by concentration of
saturated salt solution at 10 °C in weight percentage (Team
VUMCHP, 1953)

CaCo, 0,0015 (Pitter, 1981)
Ca(HCO;), *x

CaCl, 39.39

Caso, 0,19%

KCl 23,84

K,S0, 8,42

K,CO;4 52,01

* Cerstvé srazeny CaSO,, ktery v tomto pripadé v pidé muze
vzniknout, ma aZ dvojnisobnou rozpustnost, neZ uvadi tabulka; i pfes
tento fakt je to rozpustnost relativné nepatrni — Freshly condensed
CaSO, which can arise in soil in such case has double solubility than
presented by Table; despite this fact the solubility is relatively neg-
ligible

** Tuhy Ca(HCO,), neni znam; predpokldda se jeho existence pouze
v roztoku podle uvedené rovnice; 1000 ml vody nasycené CO,
rozpousti pii 2,8 °C 1450 mg CaCOj, pii 13,2 °C 1300 mg CaCOs;
je-li voda nasycend CO, ve styku s CaCO3, z | molu volného CO,
vznikaji 2 moly HCOJ3; tibytek volného CO, 0 10 mg.l_l pusobi zvySeni
koncentrace HCO; o 27,7 ng" a reakce probiha tak dlouho, aZ
v systému je pouze CO, rovnovizny (CO, volny = CO, nadbytecny
+ CO, rovnovazny; Pitter, 1981) — Solid Ca(HCO;), is not known;
its existence is predicted only in solution according to the given
equation; 1000 ml of water saturated with CO, solves 1450 mg of
CaCO; at 2.8 °C, 1300 mg of CaCO; at 13.2 °C; if water is saturated
with CO, in contact with CaCOy;, from | mole of free CO, 2 moles
of HCOj arise; the loss of free CO, by 10 mg.l‘1 acts on increase of
HCOj concentration by 27.7 mg.I”" and reaction passes so long that
in the system is only CO, balanced (CO, free = CO, excessive + CO,
balanced; Pitter, 1981)

11. Analyza pokusné zeminy — Analysis of experimental soil

PHkcL 5,92
KVK (mmol.1000 g™") 168,5
Caghk (%) 59,7
Cay,, (%) 1,21
CapenLIcH 1 (mg.1000 g™) 1325
cof- (%) 0.1
Cox wt (%) 0,83
St =Coxnk+rk/ Coxior- 100 (%) 16,81
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I11. Parcidlni tlak CO, pfi ruznych teplotich a procento CO, v desti- [mg.kg"]
lované vodé (mm Hg) — Partial pressure of CO, at different tempe- 120
ratures and percentage of CO, in distilled water (mm Hg)
100 74 0,01% KCI (K,S0,)
10 °C 18 °C 25 °C h [J 0.10% KCI (K,80,)
% CO, Pco, % CO, Pco, % CO, Pco, 80 A =0,1% CaCO,
B = 1,0% CaCO,
0,024 81,7 0,022 92,3 0,020 98,9
t=18°C
0,061 206,1 0,060 229.8 0,050 253,2
0,130 424,1 0,114 491.4 0,103 540,0
0,197 644.8 0,174 744,5 0,156 822,2

spravnosti vysledku, interval spolehlivosti byl poCitin
podle Deana a Dixona rovnéz z rozpéti vysledkt (Eck-
schlager et al., 1980).

V zavéru prace byl realizovdn demonstraéni pokus
na zabudovanych lyzimetrech pokusného pozemku. By-
ly pouZity stejné davky CaCO; (zapraven do vrstvy 0 aZ
100 mm), stejné davky KCI a K,SO4 (aplikovany jako
zalivka 10% roztokem na povrch pidy, udrzovany bez
vegetace). Zemina v lyzimetru byla totoZnad s materi-
lem z pfedchozich experimentl. Vapnik zvIast eluovan
nebyl, jeho mnozstvi bylo uréeno analyzou lyzimetrické
vody. Pokus trval od poloviny bfezna do poloviny zafi
(Sest mésict).

VYSLEDKY A DISKUSE

Analyza pokusné zeminy laboratornich pokusi i ly-
zimetrického demonstracniho pokusu z hlediska obsahu
a forem Ca®* (tab. II) ukazuje, Ze jde o nevapnitou ze-
minu slabé kyselou, s niZ§im obsahem vapniku a s jeho
nizkym zastoupenim v sorpénim komplexu, s nizkym
obsahem organickych latek a niz§im stupném jejich hu-
mifikace.

V pokusech pouZivand destilovana voda s rozpusté-
nym CO, pii teplotach 10, 18 a 25 °C odpovida parcial-
nimu tlaku Pco, podle tab. III.

Na obr. 1 je patrny vliv pfidavku CaCOj; na eluci
vapniku pri aplikaci niZsi (0,01 %) a vyssi (0,1 %) dav-
ky KCI a K,S80y v nesterilizovanych vzorcich. Ukazalo
se, Ze pri nizké davce hnojiva v pokusu (0,01 %) a pri
niz8§im obsahu CaCO; v zeminé neni mezi KCI
a K»,S0, Zadny rozdil. (Nizkad divka hnoljiva v pokusu
by v praxi odpovidala ddvce 600 kg.ha™ hnojiva, coZ
je davka extrémni.) Pfi vy38i davee (0,1 %), odpovida-
jici 6000 kg.ha‘l hnojiva, se teprve zadind projevovat
inhibi¢ni efekt K,SO,4 na eluci vapniku. PFi vy3§im ob-
sahu CaCOj3 v zeminé (1 %) jsou vysledky podobné,
KCl a K,SO, v davce 0,01 % (tj. 600 kg.ha™! hnojiva)
se v eluci Ca®* ze zeminy prakticky neli$i. PFi vyssi
dévce hnojiv (0,1 %) je inhibiéni vliv K;,SO4 na eluci
Ca®* uz velmi markantni, proti KCI klesa eluce na méné
neZ poloviéni hodnotu. Vzhledem k tomu, Ze bé&Zné po-
uzivané davky draselnych hnojiv jsou mnohem niZ3i,
druh draselného hnojiva eluci vapniku z pudy proti na-
Semu odekédvani vabec neovliviiuje. Z obr. 1 je zfejmé,
Ze cluce vapniku ze zeminy vzristd velmi markantng
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1. Mnozstvi eluovaného vipniku (mg.kg‘l) v nesterilovanych varian-
tich v zdvislosti na kombinaci oznafenych faktori — Amount of
eluted calcium (mg.kg") in non-sterilized variants in dependence on
combination of denoted factors

100
75 0,01% KCI (K,S0,}
D 0,10% KCI (K,;SO,)
50 4—— A =0,1% CaCO,
B =1,0% CaCO,
25 t=18°C
oL [ 1 H /B
A A B B A A B B
I

2. MnoiZstvi eluovaného vapniku (mg.kg") ve sterilovanych varian-
taich — Amount of eluted calcium (mgkg'l) in sterilized variants

[mg.kg™]
100
0,01% KCI (K,80,)
75 [ 0,10% KCI (K,SO,)
- A=0,1% CaCO,
B =1,0% CaCO,
25 1=10"C
2=18°C
0 3=25°C

A AAAAABUBU BSEB

Kel | k.so,

3. Mnoistvi eluovaného véipniku (mg.kg") v nesterilovanych varian-
tach pii rdznych teplotich — Amount of eluted calcium (mg.kg") in
non-sterilized variants at different temperatures

s diavkou CaCOg, a to pfi aplikaci 0,01% piidavku KCl
¢i K,SO4 zhruba dvojnésobné. (Pri aplikaci 0,1% KCl
dokonce trojnasobné, pfi aplikaci 0,1% K,SO, je evi-
dentni uZ vysoka inhibice eluce vapniku.)

Ve sterilizovanych vzorcich (obr. 2) je eluce Ca®*
zcela zfetelné mnohem niZ§i ve vSech pfipadech
a zvIast napadny je fakt, Ze vy§si obsah CaCO; v pidé
u na eluci Ca>* nema prakticky zadny vliv.
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[mg.kg"]

4. Mnozstvi eluovaného vapniku (mg.kg’l) ve steri-
lovanych a nesterilovanych variantdch pfi tydenni

L inkubaci s H,O a CO, a riizné teploté eluce — Amount
14 t2a4 ¢ gy t1 2846 1278 of eluted calcium (mg.kg") in sterilized and non-ster-
B oovsxa oy ilized variants at weekly incubation with H,O and
100 i _} [ o10% ka xsoy CO, and different temperature of elution
V7 %é%é}
“TE | e
o
s
N e
-
0.
- . Z=gico.
BBBBBBBBBBBBBBBBBBBSB
KCl K,SO,
[mg.ka™ IV. MnoZstvi CO, (g), které se rozpusti ve 100 ml vody pfi tlaku
175 plynu a péary nad roztokem 760 mm Hg — CO, amount which is
Pco, = 540 mm Hg dissolved in 100 ml of water at gas and steam pressure over the
150 solution 760 mm of Hg
\ °C CO, (g.100 ml™")
125 0 0.3347
\ 10 0,2319
1.00 18 0,1789
75 T T - 25 0,145
5 10 15 20 25
el

5. MnoZstvi eluovaného vapniku (mg.kg") v nesterilované varianté
s 1% CaCOj pfi aplikaci 0,01% KCI pfi stejném parcidlnim tlaku
CO, (540 mm Hg) a tfech ruznych teplotich (10, 18, 25 °C) -
Amount of eluted calcium (mgkg'l) in non-sterilized variant with
1% CaCOj at application of 0.01% KClI at identical partial pressure
of CO, (540 mm Hg) and three different temperatures (10, 18, 25 °C)

Na obr. 3 jsou uvedeny vysledky stejnych kombinaci
faktort jako na obr. 1, ale s rozdilnou teplotou eluce
(10, 18 a 25 °C) pfi stejné teploté inkubace vzorka
(28 °C). Teplota v daném teplotnim intervalu samotnou
eluci vapniku viibec neovliviiuje. Na obr. 4 jsou uvede-
ny vysledky vybranych kombinaci sledovanych faktora
na eluci vépniku ze zkoumané zeminy z nesterilovanych
i sterilovanych variant, ve kterych byly vzorky posledni
tyden inkubace s plnym nasycenim vodou s rozpu§té-
nym CO, inkubovény pii 28 °C a poté eluovény stejnou
vodou pfi 10, 18 a 25 °C. Z téchto zavislosti lze vyvo-
dit dva zavéry: S mnozstvim rozpusténého CO, mnoZ-
stvi eluovaného vapniku zfetelné stoupd, se vzestupem
teploty pii eluci nepatrné klesa. Rozdil mezi sterilova-
nymi a nesterilovanymi variantami je mensi, nez vyply-
va z obr. 1 a 2, a tento rozdil se dile zmen3uje, ¢im je
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koncentrace CO, v inkubacni i eluéni vodé vyssi. Ve vo-
dé rozpustény CO, ziejmé do jisté miry nahrazuje CO,
v pudé vznikajici dychanim pidnich mikroorganismu.
Ocekavali jsme, Ze vliv CO, se markantné projevi
v pokusech, ve kterych byl sledovan vliv parcidlniho
tlaku CO, na eluci vapniku z pidy. Vysledky (obr. 5)
byly uréitym zklamanim. Eluce védpniku pfi stejném
parcidlnim tlaku CO, = 540 mm Hg pfi teploté 10, 18
a 25 °C neni stejna, ale s rustem teploty klesa, jak klesa
koncentrace CO, v roztoku. Neni tedy pro eluci Ca®*
z pudy rozhodujici parcidlni tlak CO,, ale pouze kon-
centrace CO,. Lze tedy zobecnit, Ze ¢im bude niZsi
teplota pudy, tim ?fi relativné stalé produkci CO, v pi-
dé bude eluce Ca™" vysii. ‘
Pii vysSich teplotach je eluce Ca>* nizsi, protoze
rozpustnost CO, s vy§3i teplotou klesd. Rozpustnost
CO, ve vodé je uvedena v tab. IV (Lhotsky, 1954).
Kombinace sledovanych faktora 0,01% KCI,
1% CaCOs, 18 °C v nesterilizované varianté s riiznym
piidavkem organické hmoty je znazornéna na obr. 6.
Eluce Ca?* a7 do 3% Cox zfejmé v dusledku zvySujici
se produkce CO, béhem inkubace prudce stoupala, pfi
vySSich piidavcich doslo k obratu a poklesu vyvoje CO,.
Pri¢inou bylo vyc¢erpani pufracni kapacity pudni naplné
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[mg.kg"] V. Hodnoty matematicko-statistického hodnoceni — Values of mathe-

120 matic-statistical evaluation
100 Graf! R 55 Lys
52 4,6 30,5+ 2,6
55 4.9 344+28
6,8 5.1 60,3 £3,5
| 10,3 9.1 93:5:%:5.2
5,0 4.4 303+25
0 4 - , 46 4,1 288+23
¢ 1 =2 =| 4 3 65 5.8 582433
% Cox 57 5,0 427+29
1 ; g 2.4 2,1 102+ 1,2
6. Mnozstvi eluovaného vapniku (mg.kg ') v nesterilované varianté 5% 20 03572
s 1% CaCO; pfi aplikaci 0,01% KCI a teplot¢ 18 °C s riznym i ) 2, :
pridavkem organické hmoty pred inkubaci, vyjadieném v % C,, - 2,6 2,3 244 £13
Amount of eluted calcium (mg.kg'l) in non-sterilized variant with 1% 2 2:2 1,9 244 % 1,1
CaCOs at application of 0.01% KCI and temperature 18 °C with differ- 29 1.9 9.9+ 1.1
_ ent addition of organic matter before incubati din C,, % ’ ' o
ent addition ol organic matier ore incubation expressed in ox 70 2‘1 1'8 9,8 + l,]
24 2.1 162+ 1,2
% Cox 2.3 2,0 125+ 1,2
10 48 42 29,2+24
4,6 4,1 34,1+£23
4.8 4.2 290+24
4.7 42 343+24
- 3 45 4.0 29,1 £23
/"/ 48 42 34,2424
1 72 6.4 68,3 +3,7
10 100 6.4 5,7 418+33
83 g 68,0 £4,2
mg.kg™ ’ ' o
[mgka] 6.5 5.8 41,1 £33
o L 4 8.8 7.8 71,0£45
7. Logaritmickd zdvislost pfirastku eluovaného vipniku (mg.kg™) 5
z vzestupné Casti kiivky obr. 6 na piidavku organické hmoty vy- 9.3 8,2 80,4 £ 47
jadiené % C,, — Logarithmic dependence of increase of eluted cal- 10,7 95 90,6 £ 5,5
cium (mgkg™) from ascending part of curve of Fig. 6 on addition 10,5 93 88,5+ 5.4
of organic matter expressed in C,, % 10,5 93 852 +54
6,9 6,1 49,8 £3,5
[mg.kg] 7.3 6,5 59,6 +3,7
100 8,4 7.4 71,4+£43
8,4 7.4 70,1 £43
0O 4 8.2 73 68,6 £4,2
0.01% KCI (K,S0,)
017% KC (:<,so.) 8.4 7.4 704 £ 43
10% KCI (K;SO,) 9,1 8.1 82,5 £ 4,6
10,6 9.4 94,6 +55
10,0 89 90,0 £ 5,1
9.8 8,7 89,9 5,0
7.1 6,3 60,3 3,6
735 6.6 69,7 £38
8. MnozZstvi eluovaného vipniku (mg.kg") v demonstraénim lyzi- 8,3 7.3 784 £43
metrickém pokusu v terénu ve varianté s 1% CaCO; - Amount of 9,0 8,0 84,6 + 4,6
eluted calcium (mg kg ") in demonstration lysimetric trial in the field 10,4 9,2 94,5 +53
in the variant with 1% CaCO; 1.2 9.9 405+ 57
12,5 11,1 503 6,4
i 2 . - - . 14,0 12,4 6387,
kolonky, silné okyseleni a potlaZeni &innosti mikroflory 8
% % o e 11,9 10,5 39,8 6,1
vzorku. Prozkoumali jsme vzestupnou &ést kiivky eluce fiie i e
Ca®*. Na logaritmickém papiru davi zavislost eluce g . =
v . - - v 2
Ca®** na pridavku organického materidlu pfimku, do- & i i ]

mnivame se proto, Ze jde obecn€ o zavislost danou rov- g
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nici: Ca®* = a.P),, kde P, = pfidavek organické hmo-
ty (obr. 7), vyjadreny C,.

Tyto skute¢nosti prozrazuji dominantni vliv CO, na
eluci Ca’* z pudy, ktera je tim vétsi, ¢im je zemina lépe
zdsobena CaCO; a pochopitelng, ¢im je produkce CO,
v ptdé vyssi. Potvrdil se tedy pfedpoklad, Ze rozhodu-
jici vliv na eluci vépniku z pidy ma reakce: CaCO5 +
H,0 + CO, ¢> Ca”" + 2 HCOj3. Dokazuje to vyznam
obsahu primérni organické hmoty v padé a jeji mikro-
bidlni aktivity proti malo vyznamnému aniontu drasel-
ného hnojiva.

Pomineme-li fadu nekontrolovatelnych faktoru,
ovliviiujicich eluci vapniku v demonstraénim pokusu,
i extrémné vysokou davku hnojiv KCI a K,SO, (odpo-
vidajici 600 a 6000 kg.ha’l) a také zcela jiné podminky
eluce, 1ze konstatovat, Ze mnoZzstvi eluovaného vapniku
je mnohem niZ3i a eluce vépniku pfi aplikaci KCI je
vy383i neZ u K,SOy4 (obr. 8), aviak jen pfi extrémni
davce hnojiva (1000 kg.ha").

Matematicko-statistické hodnoceni (tab. V)

1l

S
peti

Sp=k R

smérodatna odchylka zji§téna z pramérného roz-

=l

Pocet opakovani = 5 vzorku
Pocet paralelnich stanoveni z jednoho vzorku = 2
Pro n =2 je k, = 0,8862

R=1/5(R; +...Rs)

Pfi hladiné vyznamnosti o = 0,05 je koeficient spo-
lehlivosti (1 — a) = 0,95 podkladem pro vypocet
100 (1 — )% intervalu spolehlivosti podle vztahu:

Li,=XtK,R

Pro pétindsobné opakovani n = 5, (1 — o) = 0,95
ak,=051

Spravnost vysledki, tj. statistickou vyznamnost roz-
dilu priméru x od skute&né hodnoty & (ktera neni zna-
ma), jsme testovali jako shodnost vysledkt jednotlivych
opakovani mezi sebou podle Lordova testu:

(=)
o
R, +R,

Pro o= 0,05 je kritick4 hodnota pron=2 aug, = 1,714.
Odlehlé vysledky byly vyfazeny a nejsou uvadény.

ZAVER

Laboratorni experimenty i demonstracni lyzimetric-
ky pokus ukézaly, Ze na eluci vapniku z pady ma roz-

hodujici vliv mnoZstvi CaCO4 v pidé a mnoZstvi CO,
v pudni vodé. Hlavnim zdrojem mobilniho véapniku,
ktery je eluovan z pudy, je reakce: CaCOj3 + H,O +
CO, & Ca® + 2 HCO;3.

Eluce neni zavisld na teploté, neni zavisla na parcial-
nim tlaku CO,, az do davky 600 kg.hzfl hnojiva ji
neovliviiuje aniont draselného hnojiva, ¢im je davka
draselného hnojiva vyssi, tim je eluce vapniku z pady
vetsi. Pozitivné ovliviiuji eluci Ca?* faktory, které zvy-
Suji produkci CO, — mikrobidlni aktivita v pidé a zdroj
rozlozitelnych organickych latek. V demonstracnim te-
rénnim lyzimetrickém pokusu byla eluce Ca®* mnohem
mensi nez v laboratornich podminkach.

Zjisténé vysledky byly ziskdny s financni podporou
MSMT id. kéd: CEZ: J 06/98: 122200002.
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HISTORIE PESTOVANI REPKY (BRASSICA NAPUS SUBSP.
NAPUS) A REPICE (BRASSICA RAPA SUBSP. OLEIFERA)
NA UZEMI CR A SR

HISTORY OF CULTIVATION OF OILSEED RAPE (BRASSICA NAPUS
SUBSP. NAPUS) AND TURNIP RAPE (BRASSICA RAPA SUBSP.
OLEIFERA) IN THE TERRITORY OF THE CZECH AND SLOVAK
REPUBLICS

" A. Fabry
Czech University of Agriculture in Prague, Czech Republic

ABSTRACT: In the territory of the former Czechoslovakia cultivation of two oil-bearing crops of the genus Brassica, that
is oilseed rape (Brassica napus subsp. napus) and turnip rape (Brassica rapa subsp. oleifera) has been investigated since the
14th century together with their processing in oil plants, mills and soap production. The knowledge of cultivation penetrated
to our territory from West-European countries, such as France and the Netherlands. Cultivation of both the species was found
on the basis of the study of manuscripts, economic documents, instructions of breeding patrimonial offices and archives of
C.K. Imperial Patriotic Economic Society. Great propagator of cultivation of oil-bearing crops was in the time of the Enlight-
enment the imperial government in Vienna in a great effort to support economic development of the Austrian Empire. The
development of cultivation of oil-bearing crops was connected with application of crop rotation and use of vegetable oils to
lighting, lubrication of machines and with limitation for food production purposes. The decrease of the interest on cultivation
of these crops by the end of the 19th century was connected with the use of mineral oils, gas street lighting, import of cheap
raw materials from colonies and with competition of domestic animal fats. Before the World War II there were efforts to
revive an interest on oil-bearing crops with an aim to improve the structure of plant production and achievement of self-suf-
ficiency in fats and oils.

Keywords: oilseed rape; turnip rape; oil-bearing crops; history of cultivation; Central Europe

ABSTRAKT: Na zikladé studia rukopisnych pramenii, archivnich zdznami a star$i hospodéiské literatury byly zpracoviny
dgjiny péstovani brukvovitych olejnin fepky a fepice od nejstar§ich dob a% do 2. svétové vélky na tzemi CR a SR za
pfedpokladu, Ze znalost d&jin pomahd pfi feSeni soucasnych problémi.

Kli¢ovi slova: fepka; fepice; olejniny; historie péstovani; stfedni Evropa

Uvod dani zdroji genetické variability zdjem o genové rezer-
vodry a o primarni oblasti vzniku kulturnich rostlin.
Déjiny péstovani uvedenych druhi jsou spojené se
vznikem regiondlnich forem a razi a s jejich pohybem
v Casu a prostoru vlivem vymény osiv, nedrody, resp.
valeCnymi udalostmi. Proto jsou jiz dnes tyto zdroje

Repka a fepice, dvé plodiny dnes celosvétového vy-
znamu, se péstuji na izemi dnesni CR a SR jiz od doby
pozdniho stiedovéku a velkého rozsireni dosdhly ke
konci 20. stoleti.

Historii péstovani uvedenych druhi jsme se vénovali
Jiz zhruba pied &tyficeti lety (Fébry, 1957; Fébry, Han-
nich, 1964), ov§em na zédkladé ziskani novéjsich udaji
a pramenl povaZzujeme za Gcelné poznatky znovu roztii-
dit a interpretovat v souladu s dne$nim stavem poznéni.

Pozornost, ktera je vénovana introdukci do péstovani,
neni samotcelna, protoZe od doby, kdy Vavilov (1926)
uverejnil studii o genovych centrech, zvySuje se pfi hle-
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poznamendny ¢aste¢nou univerzalnosti, pfitom vSak ne-
jsou vechny moznosti jejich vyuZiti vylerpany hlavné
ve vychodni Evropé.

Vymezeni pojmu

Pfi posuzovéni historickych pramena do doby puaso-
beni Linného (1753 — cit. Engstrom, 1978) a Metzgera
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(1833) az na malé vyjimky se klasifikace a nazvoslovi
u druht B. napus, B. rapa a B. juncea vzijemné proli-
naji a také se i dnes v celosvétovych statistickych pra-
menech pro uvedené druhy uZivé spole¢ny nazev Rape-
seed. Nepochybné B. rapa (2n = 20) je starSim
univerzélngj§im druhem, péstovanym na euroasijském
kontinent& (Sinskaja, 1928). U B. napus (2n = 38) je
obecné pfijata hypotéza vzniku jako pfirozeného amphi-
diploidu druht B. rapa (2n = 20) a B. oleracea (2n = 18)
(Andersson, Ohlson, 1961). Za oblast vzniku B. napus
se povazuje zdpadni a jihozapadni Evropa pfi existenci
dal§iho centra vzniku ve vychodni Evropé a u B. rapa
ve stfedni Asii (Vavilov, Bukinich, 1921; Zeleny, 1992).

Historické prameny o péstovani druhu rodu
Brassica sp. v evropském prostoru

Olejnaté druhy z rodu Brassica se velmi pravdépodob-
né péstovaly v zdpadni Evropé jiz ve 14. stoleti (Mila,
1942). V bylinafi (Dodonei, 1578) je tdaj o péstovani
B. rapa z roku 1470 jako ozimé plodiny a cenného krmi-
va. Sklizené semeno sedldci prodévali v Gentu i jinde
(Fussel, 1955). Ve star§ich bylinafich a botanickych
sdélenich se obecné uvadi péstovani uvedenych druhi
hlavné v Belgii a v Holandsku (Bock, 1577; Matthioli,
1596) jako ,,Belgae oleum ex semine expressum (Do-
donei, 1616). V 16. stoleti péstovani téchto druht bylo
Jjiz bézné v Poryni, dale v Anglii pro krmné tcely a pro
olejnatd semena (Fussel, 1955). Zasluhu na rozsifeni
fepky i fepice v zapadni Evropé méli holandsti emig-
ranti a znalost péstovani se postupné rozsifila do Duryn-
ska, Saska, Slesvicko-Hol$tynska a Braniborska (Lan-
genthal, 1847-1856). Podle ¢etnych prament se v Evropé
nejdrive péstovala fepice a az pozdéji fepka. V dusled-
ku vyssi hospodatské vykonnosti vytlacila fepka fepici,
ktera se udrzela jen v drsnéjSich severnich a vychod-
nich oblastech Evropy. Tyto druhy postupné pronikaly
do stfedni a severni Evropy. Linné (1779 — cit. Engstrom,
1978) uvadi jejich péstovani na nepatrné plose ve Svéd-
sku. Ve Francii se tyto druhy objevuji pod nazvem Col-
za a Navette, v Holandsku Raepsaet a Sloren, v némec-
kych zemich jako Raps nebo Kohlreps a Riibsen, Rips
¢i Ribenrips (Fuss, 1796; Fussel, 1955).

Péstovani fepky a Fepice na tizemi Ceského
kralovstvi

Znalost téchto druht se §ifila ze zapadni Evropy na
vychod, a to imérné ristu trovné zemédélstvi a pravdé-
podobné i na zakladé vyssi kvality osivového materia-
lu, resp. krajovych odrid s vyssi vykonnosti a zimo-
vzdornosti. Zemé Koruny ¢eské mély zvIaStni postaveni
ve stiedni Evropé, protoZze za vlady Lucemburkd od
roku 1316 zde byly velmi ¢ilé kontakty s Francii, coZ
se projevilo i v rozvoji vinohradnictvi a v dalSich od-
vétvich hospodafstvi. Repkovy olej mél pivodni nazev
olej brabantsky (kraj Brabant je dnes soucasti Belgie

44

a Holandska). Za poslednich Premyslovci se dovaZel
a vyvazel mdk, fepka a jind semena. V roce 1336 vznikl
v Praze jako jeden z prvnich v Evropé mydlarsky cech
a v&si pocet tzv. olejniki pusobil ve 14. stoleti uz
v Praze, Kutné Hore, Lovosicich, v Hradci Kralové
i jinde (Winter, 1906). Tato femesla zpracovavala len,
konopi, mak i fepku.

Narodnim muzeu v Praze je rukopisna sbirka kuchy-
skych predpisii z 15. stoleti, ve které se doCteme ,,a kdyZ
Stokfis dobre bude... omast maslem novym, nebo sta-
rym jestli v masopusté. Pakli by bylo v pousté tehdy
dfevnym nebo lampovym olejem®. Pod lampovym ole-
jem rozumime olej Inény, konopny, ale i fepkovy. Tento
udaj je zv1ast zajimavy, protoZe vétSina prament uvadi
toho Casu pouzivani fepkového oleje ke sviceni. Zajimavé
je pojednani Jana Brtvina z Ploskovic z roku 1540 a Za-
teckého méstana Mikulage Cernobyla ,, Sprava a spiisob
hospodareni“ (vydal 1587 Daniel Adam z Veleslavina),
kde se docteme: ,RZepny téZ olej bywa welmi dobry,
kdyZ z ného kdo umij horkost wytdhnauti.* Tento do-
kument (obr. 1 a 2) je dokladem o pouZiti fepkového
oleje k jidlu zpracovaného uréitym zpusobem rafinace.

V instrukcich k hospodaieni na ¢eskych panstvich se
ukladalo poddanym tyto druhy vysévat po vysuSenych
rybnicich (Instrukce pardubického panstva, 1523) pro
ziskani oleje ke sviceni (Instrukce Frydlantska, 1682).

W a :
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Qindfratfiiford
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welmi viitecnd/ Ererak Statet fivig
y Dieonijfy froé fjoiti,fprawowati
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pocnauc 0d Heyemana,teerys & Viednjtim
dobléda, purgtrabé, Podpurgtrabé, pis
fas, Rudbmifie,tlién e, Sfaffar/a tatwifes
liyacy Viednjey,Ereit)s conaprdcy ¢ womos
cy [wé magtj/Beerak fc gedenta3dy pii froém
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1. Titulni list ,Sprdva a spisob hospodafeni* (Mikula§ Cernobyl,
1587; knihovna Narodniho muzea, Praha)
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2. ,RZepny téz olej bywa welmi dobry, kdyZ z né¢ho kdo umij hoikost
wytdhnauti (Mikuld§ Cernobyl, 1587; knihovna Nirodniho muzea,
Praha)

A ponévadz ve dvorich Zadnou louc¢i nebo tiiskami
svititi bezpe¢no neni, a svickami aby se spofilo, ma
purkrabi se o to priciniti, aby fep kvétlic dal u kazdého
dvoru néco siti, aneb kolniku na semeno nechati, jak
z tech, tak i z jinych semen dati volej délati a ve dvo-
rech dati svititi.” (Kalousek, 1905, 1906). Udaj je zaji-
mavy, protoze uvadi vyuZiti dvou brukvovitych druhd,
a to B. napus a B. rapa. Zemédélska literatura z prelo-
mu 18. stoleti v Cechdch a na Moravé v jazyku &eském
a némeckém vénuje pozornost brukvovitym olejninam.
Fuss (1796) jiz rozliSuje fepku vysévanou mezi 10. az
24. srpnem a fepici a uvadi, Ze tyto druhy jsou v Ce-
chéich dobte znamé. TiZebitcky (1800) a Kriinitz (1817)
rozliSuji oba druhy i formy ozimé a jarni, podobné Frass
(1852) rovnéz popisuje oba druhy.

Prameny ze Slovenska

Ve slovenskych urbarech jsme nenasli prameny o pés-
tovdni t&chto druht s vyjimkou udaje ze Sari§ského
panstvi, kde v rdmci inventarizace je uvedeny rzepczin,
ktery ziskali vy&i§ténim je¢mene. Tento tGdaj je zajima-
vy jako jedna z cest zkulturnéni plevelnych druhu, které
jako sekundérni kulturni rostliny na zdkladé vyS§i vita-
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lity a krat8i vegetacni doby vytlac¢ily kulturni rostliny.
Wiegand (1773) piSe: ,,...pland nebo polna fepa z jej to
semene olej se piesuje”. O fepici ve spojitosti se vCeli
pastvou se setkdvame v hospodarské kniZce Lyczea,
vydané v roce 1705 v Trnavé (pozdéji Fandly, 1792,
1802).

Repka a fepice od trojhonného k st¥idavému
hospodareni

V obdobi trojhonného hospodareni se fepka a fepice
péstovaly prevazné v zahradach, na mimohonech, resp.
po letnéni rybnika. V instrukci pana z Pern$tejna pro
Pardubické panstvi se do¢teme: ,,Kazdy rok vzdycky to
pfichézi, Ze se n&ktefi rybnici na tom panstvi se susi.
Pak chci tomu, aby na téch rybnicich k ruce mé byvala
setd obili jard a semene k olejuom.* (Cerny, 1930).

Rozsiteni fepky branilo trojhonné hospodafeni:
1. dhor, 2. ozim, 3. jaf. Ozimou fepku a fepici bylo
mozné vysévat jedin€ na tikor ozimych obilnin, jejichZ
produkce byla primarni. Jarni fepku bylo mozné pésto-
vat na thorném honé, ale byla silné poskozena diep¢ikem
a blyskdckem a poskytovala minimélni vynos, a podda-
ny, ktery zasel fepku na ihorném honé, si nebyl jisty,
zda jeho porost nebudou spasat panské ovce nebo do-
bytek ostatnich poddanych. V roce 1767 probihal na
Sternberském panstvi pokus s konzumovéanim fepko-
vych pokrutin skotem. Cisafska vlada se za panovani
Marie Terezie a Josefa II. administrativnimi opatfenimi
i osvtou snazila v Cechach, na Moravé i v Uhersku,
a tim i na Slovensku roz§ifit plochu pro péstovani pri-
myslovych plodin, hlavné fepku a fepici. Olej fepkovy
se pouzival v dolech, v hutnictvi, dile jako svitivo
a k mazéni stroji. V roce 1780 vychéazi ndvod na pés-
tovani fepky pfeloZeny z francouzS§tiny a nafizeni
o olejninach vychazi v roce 1786, 1787 a 1790 (Archiv
C. K. vlastenecko-hospodaiské spole¢nosti, Praha 1779).
Cisafovna se snazila v roce 1774 prosadit zdsadu, aby
z obdélavaného thoru se nedodaval desatek, ale uher-
ska Slechta to razné odmitla (Bakacz, 1946). OvSem
nebylo to jednoznacné, Kodym (1862) doporucuje seti
fepky do dhoru. Velmi brzy se vSak klasicky trojhonny
postup pozvolné naru$uje v oblastech s velkou hustotou
obyvatelstva. V okoli Prahy v roce 1831 jiZ neexistoval
thor. Repka v 18. stoleti byla jiz v Cechéch a na Mo-
ravé znamou plodinou, ale péstovala se na malych plo-
chéach. Sedlédci ji neméli v oblibé, protoZe vyzZadovala
mnoho price, a proto radéji svitili lou¢emi a pokrmy
mastili sddlem a maslem. Vynosy byly nizké a nejisté,
protoZe sedlaci v dobé roboty nebyli pany svého Casu,
a tak se jim sklizen Casto nevydafila (Archiv C. K. vlas-
tenecko-hospodéiské spolecnosti, Praha 1779). Uspés-
néjsi bylo péstovani na velkych panstvich v MniSku, na
Zatecku, na Klatovsku, v Polabi a jinde. Vynosy byly
malé a zpenéZeni Spatné (Cerny, 1927). Pfi vysevu jed-
né méfice se sklidilo devét az 16 méfic semene, coz se
rovna u fepky piiblizné 42 kg. Neni divu, Ze propaga-
tofi péstovani fepky byli i propagatory stfidavého hos-
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podéfstvi a soudasné i véelaistvi. V Cechéch to byl Hor-
sky (1864), na Slovensku Fandly (1792, 1802), Lyczei
(1707), Pethe (1805-1813) a dalsi. Horsky (1864) uva-
Zuje o troj-, Ctyi-, péti- a vicehonnych osevnich postu-
pech pro fepku.

Rozvoj péstovani v 19. stoleti

V poloviné 19. stoleti soub&zné se vznikem velkych
meést narostla vlivem rozvoje manufaktur, Zelezni¢ni
a lodni dopravy a moderniho pramyslu spotieba rost-
linnych oleju k mazani, sviceni, ale i k lidské vyZivé.
V Cechach se v roce 1870 péstovala fepka na 10 600 ha
a v roce 1890 na 18 740 ha. Na dzemi Moravy a Slez-
ska v§ak péstovéni fepky nedoséhlo drovné Cech nebo
Pruského Slezska. V obdobi kolisani cen obilovin
(napf. v roce 1870) bylo doporu¢ovano nahradit je pri-
myslovymi plodinami. Repka se péstovala na velkych
plochich na cisafskych panstvich v Pavlovicich a na
fadé dalSich Slechtickych velkostatki. Ukazuje se, Ze
a Hospodai'skd spolecnost moravskd v roce 1843 kon-
statovala, Ze rolnici se o fepku madlo staraji, a proto se
semeno dovaZi z Cech, Pruského Slezska a z Uher. Vedle
fepky byly evidovany pokusy s hoi€ici Cernou, bilou,
slunecnici, madii setou a dal§imi jarnimi olejninami.

Repka se stala tzv. $kolskou plodinou, protoZe vyvo-
lala nutnost zavedeni kvalitnéjSich péstitelskych postupi,
lepSiho zpracovani pidy a vhodné predplodiny. Péstitel
byl prakticky bezbranny proti ZivoCiSnym Skiadcim,
a proto se doporucovalo péstovat ji ve vysSich polohach.
V tomto obdobi se staly eské kraje velkymi vyvozci
fepkového semene a moravsky autor d’Elvert (1866,
1870) uvadi, ze Cechy doséhly v p&stovani této plodiny
vyjime¢nych vysledkt a blahobyt jednotlivych kraji po-
chazi z dob zavedeni péstovani fepky.

Udaje o péstovani fepky na Slovensku bylo tfeba
Cerpat z celouherskych pramena (Fényes, 1836, 1847).
V Bratislavské Zupé byla lisovna v Rarboku. Na velko-
statku v Kosiitoch na zapadnim Slovensku se fepka pés-

ha

tovala na 10 % pudy (Fekete, 1862). Dile se péstovala
v Zemplinské, Novohradské zupé, v Levoci i jinde.
V obdobi 1870 az 1879 se v Uhréach plochy oseté fep-
kou pohybovaly okolo 90 000 ha a péstovana byla hlav-
né v jiZnich oblastech. Jeji produkce ve stfedni Evropé
byla silné ovlivnéna cenou obili: ,,Cena fepky spadla od
mésice srpna znamenité.” (Listy pro hospodiére, 1840).
Velké odbytisté fepkového oleje bylo v Ceskych Budg-
jovicich, v Pisku a v Tabote (Horsky, 1864).

Pouzivané osivo a krajové odrady

V minulosti se selo osivo rizného ptivodu a prove-
nience:
Repka oby&ejna — nejéastéji pouZivani, méné niroéna
na pudu, dobfe piezimovala, rana sklizef, vysoky vynos
semene
Kralovecka — silna, malo vétvici lodyha, méné Sesuli,
velkd semena, uspokojiva kvalita, niz§i vynos
Hollandska velkosemennd fepka — ndrofnd na pudu,
horsi piezimovani, pozdni sklizefi
Ruskd studend — kvetla pozdéji, spletené SeSule, mensi
vydrol, dobra sklizefi
Trpaslici fepka — péstovala se v severnim Némecku,
pozdgji kvetla, méné trpéla mrazy a poskytovala dobry
vynos
Parasolova fepka — nazev podle postaveni listi, tvofila
previslou razici, SeSule sméfujici svisle dold, odolnd
proti mrazu, pozdni

Dile byla jesté znama fepka HolStynska, Saskd a Ba-
natska (Mandekic, 1915). Prvni §lechténé odridy byly
dovédzené z Némecka, napf. odrida Lembkeho, Janet-
zkeho a dalsi. Chmelaf, Simon (1934) provedli pokusy
s novymi odridami fepky a fepice a pouZili ¢eskou
krajovou odriidu od Kolina, moravskou z KoZichovic
u Tiebice (pozdé&ji odrida Tiebi¢skd), slovenskou od
Bratislavy (Esterhazy), $lechténé odridy Lembkeho a Ja-
netzkeho z Némecka, Mansholtovu z Holandska a Ba-
natskou fepici. PoCatky Ceského Slechténi fepky byly
zaznamendny ve 30. letech pred 2. svétovou valkou.

3. Vyvoj osevnich ploch a primérnych
vynosi v Cechach a na Moravé v obdobi
1874 az 1937 (VUZE)
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4. Vyvoj osevnich ploch a primérnych vynost na Slovensku v ob-
dobi 1920 az 1937 (VUZE)

— osevni plocha
-~ pramérnd tiroda

Doba dpadku péstovani a obnova ke konci
20. stoleti

S rozvojem péstovani cukrové fepy, dovozem olej-
nin z kolonidlnich zemi, dovozem mineralnich oleju,
resp. pfechodem na sviceni petrolejem a pozdéji sviti-
plynem péstovani fepky upadalo. K poklesu péstovani
fepky a ostatnich olejnin (nejnizsiho stavu) bylo dosa-
Zeno v roce 1933, kdy bylo fepkou a fepici oseto pouze
298 ha. Statistické udaje o rozsahu jejich péstovani od
roku 1831 s preruSenim do roku 1960 uvadéji Fébry,
Hannich (1964). Situaci v Cech4ch a na Moravé v obdobi
1874 az 1937 ilustruje obr. 3 a na Slovensku v letech
1920 az 1937 obr. 4. V obdobi 1895 az 1916 se hekta-
rové vynosy v Ceskych krajich pohybovaly nad 1,0 t/ha.
Nejvyssi celostétni vynos v ¢eskych krajich v roce 1938
byl 1,7 t/ha a v celé byvalé CSR 1,58 t/ha. V roce 1935
zatind mirny nérdst ploch fepky v Cechach, na Moravé
i na Slovensku na ca 2000 ha. V roce 1934 probéhla
anketa CZA s cilem zvysit produkci olejnin a dosah-
nout sobésta¢nosti. Navrh piedstavoval 60 000 ha na
kryti potfeby olejnin mirného pasma a v piipadé néhrady
olejnin z tropt a subtropli bylo mozZno pocitat s narts-
tem na 250 000 ha (Chmelaf a kol., 1935). Navrhovana
orientace na olejniny méla fe¥it nadprodukci obilovin
pfiblizné v rozsahu 300 000 ha a problémy s odbytem
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cukru. Uvedené predstavy se nesplnily pro nizké vy-
kupni ceny vlivem konkurence Zivoci$nych tukd. Pred-
stava citovanych autort se naplnila aZ v roce 1999, kdy
bylo fepkou oseto v CR 350 000 ha, na Slovensku
110 000 ha a obé zemé se staly vyvozci fepky.
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